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Preface and Acknowledgments

Siempre me acordaré¢ perfectamente. Fue a la temprana edad de 6 afios cuando supe lo
que queria ser de mayor: paleontdlogo. Fue en una clase cualquiera de gimansia en la
escuela, en un campo cercano donde nos llevaron a brincar, correr... disfrutar, vamos.
Aquel dia tocaba jugar al escondite y me escondi en una hondonada del terreno, a cual
trinchera, detrds de una piedra a ras de suelo. Fue en ese momento cuando miré hacia esa
“piedra” que tenia delante y mi mirada se fijo en una concha, perfectamente conservada
con sus ornamentaciones y forma, tal y como tantas otras veces las habia visto en la playa.
Desde ese momento, y durante todo el tiempo que duro el juego, estuve completamente
absorto plantedndome toda una serie de dudas: ;cémo habia llegado aquella concha alli,
donde no habia mar alguno? ;porqué estaba tan dura como una piedra, si yo ya habia roto
algunas con la mano en la playa? Etcétera. Desde ese mismo momento, supe que queria
conocer todas las respuestas a las preguntas que rodeaban a esa concha. Cuando llegué a
casa, se lo conté euforica y repetidamente a mi madre y a mi padre, los cuales, pobres, al
igual que mis compaiieros de clase, no supieron darme ninguna explicacion convincente.

Mi tozuderia hizo que, poco a poco, curso tras curso de primaria, me fuera interesando
de manera intensa en todo lo referido a los fosiles y a todo lo que les rodea, hasta que le
pude poner nombre: Paleontologia. Esta “obsesion” hizo que quisiera estudiar
Paleontologia y trabajar como paleontdlogo. El instituto de secundaria fue el primer lugar
donde conoci por primera vez a una persona que tenia los mismos intereses
paleontologicos que yo, Mario Salerno, al cual le debo muchas tardes de charlas,
excursiones a lugares cercanos con afloramientos fosiliferos (como el Papiol), libros, etc.
Desgraciadamente, y por circunstancias de la vida, nuestras carreras se separaron a final de
esta etapa de secundaria, cuando yo entré en la Universitat Autonoma de Barcelona a
estudiar, como no, Geologia, mientras que Mario se quedod en el instituto. Hasta que llegué
a la universidad, s6lo supe lo qué queria ser; pero durante mis estudios universitarios, ya
supe como lo tenia que hacer. Alli tuve la oportunidad de conocer a muchisima gente que
compartia mis inquietudes. A algunos de ellos atn los tengo como compaiieros a dia de
hoy (Bernat Vila, Joan Madurell-Malapeira y Isaac Casanovas-Vilar), mientras que a otros
ya no (David Franch, Oriol Pujols, Fernando Lacasta, Ornella, Marc, Manel, etc.).

Durante los estudios univeristarios, realizé practicas de empresa en Geoterna S.L., junto

con Bernat Vila, donde conoci a mucha gente del mundo de la empresa privada y recibi
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consejos por parte de Xavier Ros y Jordi Palomar. Fue durante estas practicas de empresa
cuando, por primera vez desde que era pequefio, pude hacer lo que siempre habia querido:
trabajar de paleontdlogo. Fue en Incarcal, un yacimiento del Pleistoceno, donde nos
llevaron a excavar a Bernat y a mi, y alli fue dénde conoci a Angel Galobart, director de la
excavacion. A partir de aqui en adelante, y hasta el dia de hoy (al menos, cuando la agenda
me lo permite), participé como voluntario en distintas campanas veraniegas de
excavaciones de dinosaurios en Isona o de mamiferos miocenos en el Vallés-Penedes.
Después de finalizar, el afio 2002, la carrera de Geologia, gracias a la confianza de Isaac
Casanovas-Vilar, empez¢ a trabajar en lo que contintia siendo actualmente mi trabajo: las
excavaciones paleontolégicas que se llevan a cabo en el Abocador de Can Mata (ACM).
Alli empezé como técnico, llegando a ser director al cabo de unos afios. Alli comparti
trabajo, inicialmente, con Isaac Casanovas-Vilar, y también conoci a David M. Alba
(director del presente trabajo) y a Jordi Galindo Torres, que entonces eran los directores de
la intervencion paleontoldgica. A lo largo de los afios, con ellos he pasado innumerables
horas, situaciones, explicaciones, broncas, consejos, ensefianzas, etc., que me han ensefiado
lo que es la profesion de paleontdlogo. Lejos de lo que se ve en las peliculas, es un trabajo
muchas veces duro, sacrificado y sufrido, aunque también es de lo mas gratificante,
permitiéndote recuperar fosiles de hace millones de afios que nadie ha visto antes. Por el
ACM han pasado multitud de personas, las cuales han aportado su granito de arena a tan
magna empresa paleontologica, contribuyendo a recuperar un excepcional patrimonio
paleontologico.

Durante el afio 2003 y paralelamente al trabajo en el ACM, empezé el Master de
Geologia Experimental por la Universitat de Barcelona. Alli conoci a Jordi Martinell, Rosa
Doménech, Jordi Batllori, Nuria y Jordi Maria de Gibert. Este Gltimo empezd a dirigir mi
trabajo de master, que debia versar sobre equinoideos miocénicos del Valles-Penedes, pero
que desgraciadamente no llegué a concluir, puesto que mi trabajo en el ACM copd todo mi
tiempo. Finalmente, en 2007 me matriculé en el recientemente creado Master de
Paleontologia de la Universitat Autonoma de Barcelona y la Unitat de Barcelona, con un
trabajo sobre un grupo de carnivoros del ACM dirigido por David M. Alba. Una vez
finalizado, en 2008, decidi continuar mis investigaciones en este campo en el marco de la
presente tesis doctoral, que durante todos estos anos he compatibilizado con mi trabajo
como co-director de las sucesivas intervenciones paleontologicas en el ACM.

Son, pues, muchas las personas e instituciones a las que tengo algo que agradecer. Me

gustaria empezar por dar las gracias a la institucion que me acogi6 desde el comienzo de



PREFACE AND ACKNOWLEDGMENTS 15

esta aventura personal, el Intitut Catala de Paleontologia Miquel Crusafont (ICP), y muy
especialmente a su director, el Prof. Salvador Moya-Sola, por haberme permitido el acceso
a un material fosil tan espectacular; por esa confianza depostiada en mi; por tener siempre
la puerta de su despacho abierta para lo que necesitara (dudas, consejos, etc.),
contagiandome toda su energia y su pasion por esta disciplina cientifica.

En segundo lugar, quisiera agradecer también al Dr. David M. Alba, director de esta
tesis, toda la confianza depositada en mi durante tantos y tantos afios de trabajo y de
investigacion. Gracias a dicha confianza, he podido trabajar de lo que siempre he querido,
de paleontologo, y tener continuidad en un trabajo muy relacionado con mi vocacion.
Igualmente, le doy las gracias por darme la oportunidad de trabajar con un grupo de
mamiferos que siempre me ha fascinado, los carnivoros; por la paciencia que ha tenido
conmigo a la hora de contestarme tantas, tantas, tantas y tantas dudas que he tenido durante
tantos largos y cortos cafés; y por dirigirme este trabajo durante tanto tiempo.

En tercer lugar, quiero darle las gracias al Dr. Isaac Casanovas-Vilar por su confianza
en mi, ddndome la oportunidad de poder trabajar en paleontologia, un campo en el cual, a
dia de hoy, todavia contintio al pie del cafion. Asimismo, agradecerle su paciencia conmigo
a la hora de contestar mis preguntas, la gran cantidad de articulos y correos electronicos
llenos de informacion (que me han servido de mucho en este trabajo), y por considerarme
un gran compaiero de trabajo.

Por supuesto, no quiero dejarme al resto de compaiieros y colegas del ICP durante todo
este tiempo. Este grupo incluye a muchas personas que pasaron por el antiguo Institut de
Paleontologia M. Crusafont de Sabadell de la Diputacio de Barcelona, algunos de los
cuales actualmente todavia trabajan en el actual ICP, asi como otros que se incorporaron
mas tarde, y otra mucha gente, que por un motivo u otro, ya no estan. Quiero agradecer de
corazon las muestras de amistad, bromas, chistes, cafés, y demds buenos momentos en
general, que me han proporcionado las siguientes personas: David M. Alba, Isaac
Casanovas-Vilar, Joan Madurell-Malapeira, Marc Furi6, Sergio Almécija, Bernat Vila,
Josep Fortuny, Guillem Pons, Arnau Bolet, Judit Marigd, Josep Aurell, Laura Celia, Marta
March, Jordi Galindo, Angel H. Lujan, Carolina Cancelo, Nuria Guerrero, Marta Valls,
Massimo Delfino, Marta Pina, Marta Palmero, Manel Méndez, Josep Marmi, Dani
DeMiguel, Josep Torres, Salvador Moya-Sola, Novella Razzolini, Pere Figuerola, Gretell
Garcia, Raef Minwer-Barakat, Joan Femenias, Ivette Susanna, Nekane Marin, Blanca
Moncunill, Meike Kolher, Miriam Pérez de los Rios, Maria Pérez, Xavi Jordana, Sandra

Val, Monica Cucurella, Maria Pereira, Manel Llenas, Inma Roig, Albert Garcia, Enric
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Menéndez, Hanneke Meijer, el Sr. Farrer (conserje) y Angel Galobart. Una mencion
especial merecen mi compafieras del ICP Judit Marigd, Nekane Marin y Gemma Prats,
ademas de la Dra. Assumpcié Malgosa de la Unitat d’Antropologia de la UAB, por
resolverme tantas y tantas dudas con respecto al doctorado y los tramites burocraticos
necesarios para llevar esta tesis a buen puerto.

Esta tesis no hubiese sido posible si no se hubiesen llevado a cabo las sucesivas
intervenciones paleontoldgicas en el ACM, financiadas por CESPA Gestion de Residuos,
S.A.U., en las que llevo trabajando desde hace ya cerca de once afios (que no todo el
mundo lo puede decir). Gracias a ello he tenido la oportunidad de dedicarme a mi
profesion (y vocacion), ademas de conocer a toda una serie de gente que no quiero dejar de
mencionar aqui: Arsenio (el abuelo) e hijo, Silvestre, Marta, Noemi, Ramon (gerente y
hombre de palabra), Jucla, Darwin, Pedro, Mercé (gracias por todas las mafanas de
charlas, medio dormidos, preguntado por nuestro trabajo), y tantos otros trabajadores y
trabajadoras que han pasado por alli, y otras que todavia siguen al pie del cafion dia tras
dia.

Muy especialmente, pues, quiero dar también las gracias a mis compafieros directores
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Chapter 1. General introduction and aims of this dissertation

1.1. Aims and structure of this work

Motivation of this dissertation

The Valles-Penedés Basin is one of the richest areas in fossil remains of Miocene
vertebrates from the Iberian Peninsula. When the present doctoral dissertation, focused on
the mammalian order Carnivora, was planned in 2009, it was already clear that no
systematic research had been carried out on the extinct representatives of this group in the
Vallés-Penedes for several decades. This situation contrasted with that in other areas from
Iberia, and evidenced that the knowledge on the Vallés-Penedés carnivoran record was in
need of profound revision. At the same time, new paleontological discoveries from the
Vallés-Penedes Basin, especially from the local stratigraphic series of Abocador de Can
Mata (ACM, els Hostalets de Pierola) since 2002 (Alba et al. 2006, 2007, 2009, 2010a,
2011b), had provided a huge wealth of new, unpublished carnivoran material.

From the beginning, it was clear-cut that an exhaustive revision of all the available
material was beyond the possibilities of this work. This was because of several reasons: (a)
the great diversity of carnivoran groups recorded from this basin; (b) the large amount of
new, unpublished (and largely unprepared) material; and (c) the obsolete knowledge of this
group in the Vallés-Penedés Basin, with the most recent systematic works devoted to them
dating back more than thirty years ago. Given the time constraints to perform a doctoral
dissertation, it was decided that the best way to approach the study would be to devote the
work to selected carnivoran taxa, for which new material had been recently recovered. In
this way, it would be possible to contribute to a better knowledge on the taxonomy and/or
paleobiology of these taxa at a more global level while, at the same time, further
contributing to a better knowledge on the Vallés-Penedés carnivorans. Particular emphasis
was put on the Miocene primate-bearing sites or fossiliferous areas from the Valles-
Penedes Basin, and especially in the ACM series. At the same time, the dissertation also
intended to provide an updated overview of the carnivoran record from the Valles-Penedés
Basin, which is provided in the Appendix 2 and the Discussion and Conclusions. This

overview provides a new state-of-the-art summary of Vallés-Penedés Miocene carnivorans,
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which hopefully will serve as a starting point for further research on this topic in the near
future.

The present work is therefore devoted to all the Miocene carnivorans from the
Vallés-Penedes Basin, with particular emphasis on selected taxa mainly from primate-
bearing localities. The dissertation has mainly a systematic perspective, being mostly
devoted to the taxonomy and phylogeny of carnivorans, although other paleontological
topics (such as paleobiology, biostratigraphy and paleoenvironmental reconstruction) are

also included.

Type of dissertation and general overview

This work is not structured as a ‘classical’ dissertation, but rather as a compilation of
the research previously published by the author in various journals. Each of these papers
corresponds to one of the main chapters and Appendix 1 of this dissertation, which further
includes several introductory chapters at the beginning, as well as a discussion, a summary
of the conclusions and an appendix at the end. In total, the dissertation is structured into
five blocks (Introduction, Results, Discussion and Conclusions, Literature Cited and

Appendixes), which in turn make up to ten different chapters. They are the following:

L. Introduction: This first block includes a first, introductory chapter, as well as two other
chapters in which the methodology and the geographic background, respectively, are
discussed. Thus, in Chapter 1, both the aims and the structure of the dissertation are
explained, together with an introduction to carnivorans, such as a summary on
carnivoran anatomy is provided, with emphasis on the cranium, mandible and
dentition—given that most of the descriptive parts of the work rely on either teeth or
skulls, as well as a brief historical account on the previous work on these mammals in
the Valles-Penedes Basin. In Chapter 2, Material and Methods are provided. Finally, in
Chapter 3 the geographic and geologic background of the area of study is provided.

II. Results: This block constitutes the main scientific contribution of this dissertation, with
each of its six different chapters corresponding to the papers published or in press in the
framework of this work. They are the following:

* Chapter 4: It provides an updated chronology for the Miocene hominoid radiation

in Western Eurasia, with particular emphasis on Valleés-Penedes localities, and
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further incorporating new biostratigraphic and magnetostratigraphic data from
ACM. Thus, although this chapter is mainly devoted to primates, it equally
provides the necessary chronological framework for dicussing the carnivoran
record from primate-bearing localities of this basin.

* Chapter 5: In this chapter, the extinct mustelid Trocharion albanense is revised
from a taxonomic and phylogenetic viewpoints, based on the Vallés-Penedes
remains, with particular emphasis on the previously-unpublished cranial remains
from the ACM. This taxon, in spite of its wide geographical distribution throughout
Eurasia, was previously known based only on scarce and fragmentary fossil
remains. Therefore, the taxonomic revision and cladistic analysis provided in this
chapter represent a significance addition to the knowledge of this fossil mustelid.

* Chapter 6: This chapter provides a systematic revision of the barbourofelid genus
Albanosmilus—previously considered a subjective junior synonym of
Sansanosmilus—based on the remarkable record from the Vallés-Penedés Basin,
and with emphasis on the previously-unpublished cranial material from the ACM.
This chapter therefore provides the first description of an almost complete cranium
of this genus, which enables to provide an emended diagnosis as well as to perform
a cladistic analysis focused on the internal phylogeny of the tribe Barbourofelini.

* Chapter 7: In this chapter, new remains of the felid genera Pseudaelurus and
Styriofelis from the ACM are described. Although no taxonomic revision of these
taxa is required, the newly described craniodental remains enable a considerable
extension of the chronological range of these genera in the Iberian Peninsula, and
further provide new anatomical details for species of Pseudalurus.

* Chapter 8: In this chapter, all of the available fossil remains of the sabertooth felid
genus Machairodus from the Vallés-Penedés Basin are revised, including a
significant amount of previously-unpublished remains from various localities of
this basin. The described remains include not only craniodental, but also postcranial
remains, some of which are described and figured for the first time in this taxon.
Part of the described material further enables to refine the known stratigraphic

range of Machairodus aphanistus in the Vallés-Penedés Basin.

I11. Discussion and Conclusions: This block synthesizes and further discusses the data
reported in the various chapters of the Block II. Chapter 9, in particular, globally

discusses the main results of the dissertation, as well as its implications for the
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knowledge on carnivoran evolution as a whole. In turn, Chapter 10 provides a
succinct summary of the dissertation’s main conclusions along with prospects for the

future regarding the study of fossil carnivorans from the Vallés-Penedes Basin.

IV. Literature Cited: As explained above, the various chapters from Block 2

correspond to manuscripts published or in press, and therefore each of them has its
own references section. The same applies to the published paper and the unpublished
manuscript reproduced in Appendixes 1 and 2, respectively. Therefore, the Literature
Cited Block, which is not subdivided into chapters, provides the references cited

elsewhere in this work (e.g., in Blocks I and III).

. Appendixes: This block contains two main appendixes. In Appendix 1, a new ursid

genus (Kretzoiarctos), based partly on fossil dentognathic remains from ACM, is
described. A cladistic analysis further shows that this taxon belongs to the giant
panda lineage, with significant paleobiogeographic and chronologic implications for
bear evolution as a whole. Appendix 2, in turn, contains an updated review of all the
Miocene carnivorans from the Valles-Penedés Basin from a taxonomic and
chronological viewpoint. This appendix not only incorporates the works reproduced
in Block II and Appendix 1, but further provides the remaining unpublished results

of the work performed in the framework of this dissertation.

1.2. An introduction to the Carnivora

What is a carnivoran?

Carnivoran diversity. The Carnivora Bowdich, 1821 are a mammalian order of

medium diversity, with about 271 extant species (Wozencraft 2005; MacDonald & Kays
2005), of which 36 are marine (pinnipeds) (MacDonald & Kays 2005; Hunter 2011) and
245 are terrestrial (Hunter 2011).

Carnivorans vs. carnivores. The name of the group literally means “meat eater”

(Turner & Anton 1997), and refers to the adaptations displayed by its members for cutting,

stabbing, tearing and eating flesh with their specialized shearing teeth (the carnassials),

which are the sole unique evolutionary hallmark of this order. This feature allows to
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distinghish carnivorans from their shrew-like ancestors (Kruuk 2001; MacDonald & Kays
2005). Althought many of the members of this group, such as some canids, felids and most
mustelids are generally carnivorous (meat-eaters; e.g., Canis simensis), an important
number of them—especially some ursids, canids and procyonids—are herbivorous (plant-
eaters; e.g. Ailuropoda melanoneuca), insectivorous (insect-eaters; e.g., Proteles cristatus,
Otocyon megalotis), frugivorous (fruit-eaters; e.g., Nandinia binotata, Potos flavus),
omnivorous (e.g., Canis adustus) or even marine invertebrate-eaters or piscivorous (e.g.,
Enhyndra lutris). All these diverging dietary adaptations, together with other (locomotor,
cognitive, etc.) specializations, have resulted in carnivorans displaying a wide geographical
distribution all around the world.

Although, from an ecological viewpoint, the term ‘carnivore’ refers to any
carnivorous organism (mostly animals) that regularly consumes meat as food items, many
authors further employ this term as the English version of the Latin Carnivora. However, in
order to avoid any misunderstanding, in this work we follow most recent authors in
employing ‘carnivorans’ as the English version of Carnivora (Van Valen 1969; Flynn &
Galiano 1982; Wyss & Flynn 1993; Wolsan & Bryant 2004). Such a distinction cannot be
unfortunately made in many other languages, such as for example Catalan or Spanish, in

which there is a single term to refer to carnivorans and to ecological carnivores.

Carnivorans and humans. Carnivorans include some of the most popular animals
among humans, since both dogs and cats are frequently raised as pets in most human
societies. On the other hand, several members of the carnivoran order have been
sistematically killed by humans, either in order to exploit their furs, meat or bones, to
prevent their pernicious effects for cattle raising or fishery exploitation, or merely for the
pleasure of hunting. In the case of some felids and mustelids, these human activities have

put at risk many populations and have led several species near to extinction.

Biology

Body size. In terms of body size, carnivorans are, togheter with primates (Fleagle
2013), one of the most diverse groups of mammals (Anyonge 2001; MacDonald & Kays
2005; Hunter 2011), ranging in body length from a few centimeters (Mustela nivalis, 11
cm) to several meters (Mirounga leonine, 6.9 m), and in body mass from a few grams

(Mustela nivalis, 80 g) to almost a ton in terrestrial carnivorans (Ursus maritimus, 800 kg)
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or even more in the marine pinnnipeds (Mirounga leonine, 3.000 kg). Among carnivoran
populations there can also be a significant amount of interindividual variation in body size,
as shown for example by Canis lupus, which ranges from 15 to 80 kg (Ewer 1973; Savage
1977; Anyonge 2001; Kruuk 2001; MacDonald & Kays 2005; Hunter 2011).

Diet. Although many carnivorans (e.g., some canids, felids and most mustelids) are
carnivorous (meat-eaters; e.g., Canis simensis), an important number of them (especially
some ursids, canids and procyonids) are herbivorous (plant-eaters; e.g. Ailuropoda
melanoneuca), insectivorous (insect-eaters; e.g., Proteles cristatus, Otocyon megalotis),
frugivorous (fruit-eaters; e.g., Nandinia binotata, Potos flavus), omnivorous (e.g., Canis
adustus) or even marine invertebrate-eaters or piscivorous (e.g., Enhyndra lutris)
(MacDonald & Kays 2005; Hunter 2011). All these diverging dietary adaptations of
carnivorans, together with other (locomotor, cognitive, etc.) specializations, have resulted

in the wide geographical distribution of this group all around the world.

Locomotion and lifestyle. Carnivorans are mainly terrestrial, with the exception of
the marine pinnipeds (seals, sea lions and walrus) and of some groups that have
secondarily adapted to a (semi-)aquatic lifestyle in freshwater (Hydrictis maculicollis) or
marine (Enhyndra lutris) environments (Hunter 2011). Among terrestrial carnivorans, most
of them are cursorial ground-dwellers (Canis lupus), therefore displaying powerful limbs.
However, several members of the order are arboreal (Martes martes), semi-arboreal
(Cryptoprocta ferox) or fossorial (Taxidea taxus) (Hunter 2011). With regard to daily
activity, carnivorans may be either diurnal (Ursus arctos) or nocturnal (Meles meles).

Traditionally, in relation to locomotion, carnivorans have been classified into
plantigrades (walking on their soles, with the heels touching the ground; e.g., Ursus arctos
and Meles meles) and digitigrades (walking on their toes; e.g., Felis tigris and Canis lupus)
(Ginsburg 1961a; Ewer 1973; Savage 1977; Turner & Antén 1997; Anyonge 2001;
MacDonald & Kays 2005; Sanderson & Watson 2011). Plantigrades are generally ground-
dwellers, and either omnivorous or opportunistic feeders (Ginsburg 1961a; Ewer 1973),
with non-retractable claws as well as short and robust limbs. Digitigrades, in contrast,
display varied locomotor repertoires (from arboreal or semi-arboreal, to cursorial, with

retractable claws, and more elongated limbs and metapodials (Turner & Antén 1997).
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Even among carnivorous carnivorans, hunting techniques vary widely. Solitary
nocturnal carnivorans, such as Meles meles, have a body design and other adaptations that
allow them to chase prey in burrows and other refuges, using a single bite (by stabbing
with their upper canine between the last cervical and the first thoracic vertebrae, to
dislocate these bones, lacerate the spinal cord, and inflict paralysis or death; Anyonge
2001; Kruuk 2001; MacDonald & Kays 2005). Felids, such as Panthera leo, display in turn
blunt and flattened faces suitable for a powerful bite, together with other adaptations
enabling a powerful first punch (Anyonge 2001; Kruuk 2001). In contrast, other
carnivorans, such as Hyaena hyaena or Lycaon pictus, are more diurnal pack hunters. The
latter collectively run and follow their prey in open habitats, until the prey falls exhausted
as is attacked by one member of the group with a non-lethal bite, while other members
hold the prey until it dies (Colbert et al. 1991; Anyonge 2001; MacDonald & Kays 2005).
However, it must be emphasized that not all carnivorans are carnivorous. Some taxa even
use their long (Cryptoprocta ferox) or prehensile (Potos flavus) tails as a fifth limb,
allowing them to move in arboreal settings and securely catch fruits (Colbert et al. 1991;

Anyonge 2001; MacDonald & Kays 2005).

Main adaptations. The main adaptations displayed by carnivorans are related to
food gathering and processing. These adaptations include skeletal modifications in their
limbs, in overall body design and especially in the skull and teeth (see below for further
details). Thus, in the carpus the scaphoid and the lunar are fusioned into a single bone
(scapholunar). Carnivorans commonly display pentadactyl (sometimes tetradactyl, e.g.,
Lycaon pictus; Martinez-Navarro & Rook, 2003) limbs, with sharp claws on each digit, the
first one (pollex and hallux) being non-opposable and commonly reduced or event absent
(Nowak 2003). The claws can be retractable or non-retractable. Together with their
specialized limbs, in many carnivorans the clays facilitate prey capture, either when
covering long distances in open spaces, or when hunting in more closed areas (in burrows,

such as Meles meles, or ambushing their preys, as in the case of Panthera leo).

Habitat and geographic distribution. Carnivorans as a group are adapted to inhabit
almost every habitat on Earth (MacDonald & Kays 2005), ranging from deserts (e.g.,
Fennecus zerda) to grasslands (e.g., Suricatta suricatta), woodlands (e.g., Helogale
parvula), tropical rain forests (Potos flavus) and even the Arctic icecap (Ursus maritimus),

freshwater environments (e.g., Lutra lutra) and the seas (e.g., Enhyndra lutris, pinnipeds).
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The worldwide geographic distribution and wide habitat occupation of the order Carnivora
as a whole contrasts with the restricted distributions displayed by most of their individual
members (Hunt 1996; MacDonald & Kays 2005). This fact is attributable to many factors
(MacDonald & Kays 2005), both ecological (habitat preference, dispersal ability,
sensitivity to human activity) and historical (related to the particular evolutionary history
of each group as well as the geological history of Earth). It is noteworthy that there are 25
diversity hotspots around the globe, in which many carnivoran species overlap in
distribution and exploit the same habitat (Macdonald & Kays 2005). The most important
hostspots correspond to Sundaland (Borneo, Java and Sumatra), Madagascar,
Mesoamerica, Western Ghats and Sri Lanka, and the Guinean Forests of West Africa. All
these areas display a high number (22%) of endemic species (Macdonald & Kays 2005).
Examples of whole endemic groups are the euplerids (Malagasian carnivorans) and the

New World procyonids (Sechrest et al., 2002; MacDonald & Kays, 2005).

Systematics and phylogeny

Systematics, phylogeny and biological classification. In order to deal with the
evolutionary history and fossil record of any group of organisms, it is indispensable to
employ a particular classification of it. In other words, for practical reasons, it is necessary
to distribute organisms into distinct classes, which are termed taxa, which are grouped into
a nested hierarchy of nested taxonomic ranks. Among life sciences, systematics is the
scientific discipline that deals with biodiversity and the classification of living organisms
(both extant and extinct), according to pre-established principles that intend to provide
with a ‘natural’ (as opposed to ‘artificial’) classification. Taxonomy, in contrast, rather
deals with the practical rules (taxonomic nomenclature, taxon description, etc.) involved in
the practice of systematics. Given the fact that organismal evolution is the unifying
paradigm in life sciences as a whole, phylogeny plays a central role in systematics and
provides the theoretical justification for the hierarchical structure of the classification
system. Therefore, there is currently a universal acceptance among researchers that
systematics must reflect the evolutionary relationships between organisms.

Over the years, however, the practice of systematics has experienced a significant
theoretical revolution, leading to significant changes in the way higher-level taxa are
defined. Thus, the more traditional school of evolutionary systematics (e.g., Simpson 1945)

incorporated phylogeny but further emphasized morphological disparity in biological
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classification. In contrast, with the advent of the currently favored school of phylogenetic
systematics or cladistics (Hennig 1966), the emphasis on biological classification shifted to
phylogeny alone. Both schools agree that only similarities based on community of descent
(homologous features) must be employed, but cladistics further emphasizes that only
‘synapomorphies’ (shared-derived features, as opposed to primitive or ‘plesiomorphic’
features) must be employed to define natural groups (e.g., strictly monophyletic groups, or
‘clades’) as taxa. There is therefore a general agreement that polyphyletic groups
(including taxa that do not share a single common ancestor) cannot be considered natural,
but there is some controversy on whether paraphyletic groups (including taxa that share a
common ancestor but not all of its descendants) should be defined as taxa, since they
represent ‘grades’ instead of clades.

At lower taxonomic levels, paraphyly is inevitable, for any species must have
evolved from a pre-existing one (Carroll 1988). To solve this problem, adherents of the so-
called phylogenetic nomenclature school have even proposed to abandon binominal
nomenclature and mandatory Linnean ranks. However, such a radical transformation of
taxonomic nomenclature has been criticized by many other researchers (e.g., Benton
2000). In fact, adherence to phylogenetic nomenclature implies a misunderstanding of the
difference between phylogeny and biological classification. The latter must necessarily be
arbitrary to some degree, because besides reflecting phylogeny it must be also practical for
transmitting scientific information (see discussion in Benton 2000). Therefore, the present
work adopts the use of Linnean ranks and all other provisions of the International Code of
Zoological Nomenclature (ICZN 1999), which has the merits of being explicit, universal
and stable. At the same time, this work adopts a cladistic approach not only in
phylogenetic reconstruction but also in the practice of systematics, by trying to avoid the
use of paraphyletic taxa at suprageneric ranks (thus recognizing that clades are more
natural than paraphyletic groups).

Traditionally, supraspecific taxa were defined based on characters, until the adoption
of phylogenetic systematics, which led to apomorphy-based definitions of taxa.
Subsequently, clade-based definitions of taxa (based on common ancestry, instead of a set
of derived features) were also proposed. Two types of clade-based definitions of taxa are
possible (Benton 2000): node-based definitions and stem-based definitions. The
International Code of Zoological Nomenclature (ICZN 1999) does not specify how taxa
should be defined, so that the use of Linnean ranks is not restricted at all to character-based

definitions of taxa (Benton 2000). Although different types of definition can be employed,



30 JOSEP M. ROBLES
Miocene carnivorans from the Vallés-Penedes Basin (NE Ibérian Peninsula)

depending on the specificities of each group, the use of stem-based definitions is favored
here for groups with both extant and extinct representatives. Given a presumably
holophyletic extant taxon, we may distinguish the crown group from the stem lineage
(Jefferies 1979; Hennig 1981; Ax 1985), which together consitute a closed descend
community termed the total group of the taxon. The crown group is the clade that includes
all the extant representatives of the taxon, whereas the stem lineage is a paraphyletic
assemblage of basal subtaxa that are more or less distantly related to the crown group, but
which are more closely related to the latter than to its sister-group, and which are not more
closely related to any members of the crown group than to others. It is sometimes difficult
to determine whether a particular extinct species is a stem or crown member of a particular
clade, but at least with the adoption of stem-based definitions, the inclusion of this
particular species into the taxon as a whole remains stable. Whereas the crown group
constitutes a clade and can be therefore formally erected as a subtaxon, the stem lineage
must not necessarily constitute a clade and, hence, might conform a paraphyletic taxon if

formally designated.

Carnivoran phylogeny and systematics. With the progressive change of the
theoretical principles of systematics, coupled with the accumulation of knowledge on the
phylogeny of both living and fossil carnivorans (e.g., Cope 1880; Trouessart 1885;
Wortman & Matthew 1899; Matthew 1901; Wortman 1901; Matthew 1909; Gregory &
Hellman 1939; Simpson 1945; Kretzoi 1945; Maclntyre 1966; Young 1971; Cray 1973;
Tedford 1976; Savage 1977; Flynn & Galiano 1982; Wyss & Flynn 1993; Vrana et al.
1994 and Janis et al. 1998), the systematics of this group has considerably changed over
the years. For this study, we will consider to simplificate the systematics of the Carnivora
(Table 1.1) based on the most recent studies, such as Wesley-Hunt & Flynn (2005),
Finarelli & Flynn (2006), Spaulding et al. (2010) and Tomiya (2011, 2013).

The order Carnivora Bowdich, 1821 has long been considered a clade, e.g., a strictly
monophyletic (holophyletic) group, by most authors (Maclntyre 1966; Young 1971), being
traditionally included into the superorder Ferae Linnaeus, 1758, together with the order
Creodonta Cope, 1875. Subsequent studies, such as Tedford (1976), Savage (1977) and
Flynn & Galiano (1982) excluded the creodonts from the order Carnivora, given the lack in
the former of a non-ossified entotympanic bullae, as well as the position and development
of the carnassials (P4/m1 and dP3/dp4 in carnivorans and M1/m2 or M2/m3 in creodonts).

The morphology of the tympanic bullae has been always been of great significance for



INTRODUCTION AND METHODOLOGY — CHAPTER 1 31
General introduction and aims of this dissertation

carnivoran systematics (Simpson 1945; Hough 1948; Hunt 1974; Tedford 1976; Savage
1977). Tedford (1976) stressed the presence of an ossified bulla in crown carnivorans of
suborders Caniformia Kretzoi, 1943 and Feliformia Kretzoi, 1945. However, this character
is absent among the basal-most carnivorans (Miacidae), so that this features is no longer
considered diagnostic of the Carnivora as a whole by subsequent authors. According to
Flynn & Galiano (1982) the Carnivora would be characterized by the following
diagnositeic features: P4/m1 modified as the principal carnassial teeth, lacking a migratory
locus for the carnassial as found in the Creodonta, but with retention of some subsidiary
shear on other teeth; P4 protocone located anterolingually, far forward of the paracone;
extremely elongate P4 metastyle wing with a well-developed metastyle blade and
carnassial notch; well-developed, elongate p4 talonid with at least M2-M3 and m2-m3
reduced in size; processus hyoideus formed by a ventromedial prolongation of the
squamosal. In turn, according to these authors, carnivorans would be primitively
characterized by the following features: retention of M1-M3 and m1-m3; P4 with a small,
but distinct parastyle cusp; P3 lacking a protocone; all molar talonids short, basined, with a
large hypoconid as the highest talonid cusp, and an obliquely oriented cristid obliquid;
molar trigonids high, with the paraconid < metaconid < protoconid size; molar paraconids
and metaconids moderately closely apressed, resulting in a closed-V between the
paralophid and protolophid in the trigonid; upper molars with both a paraconule and
metaconule; molar hypocones absent as distinct cusps, precingulum and postcingulum not
continuous around lingual base of protocone; small p4 anterior accessory cuspid; p4
lingual accessory cuspid absent; entotympanic bulla unossified; schapoid, lunar, and
centrale separate; calcaneal fibular facet present; scapula without teres major process or
secondary scapular spine.

Althought Flynn & Galiano (1982) established clear diagnostic features for the
Carnivora, later works could not resolve the relationships between stem carnivorans (such
as miacids and viverravids) and crown carnivorans (feliforms and caniforms), due to the
scarcity of the available material (Flynn & Galiano 1982; Bryant 1991; Wang & Tedford
1994; Hunt & Tedford 1993; Wyss & Flynn 1993; Flynn 1996, 1998; Turner & Antén
1997; Hunt 1998a). During the 1980s and 1990s, several authors tryied to relate the origin
of crown Carnivora with miacids, based on dental and basicranial features, and employing
modern methods of phylogenetic reconstruction (Flynn & Galiano 1982; Gingerich &
Winkler 1985; Hunt & Tedford 1993; Wyss & Flynn 1993; Wolsan 1993; Bryant 1996).

These works led some authors to restrict the order Carnivora to the crown members of this
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group (feliforms and caniforms), which required the erection of a new clade, the
Carnivoramorpha Wyss and Flynn, 1993, to include all mammals more closely related to
the Carnivora than to taxa referred to Creodonta by Carroll (1988). Such a restricted
definition of the Carnivora is now followed here. In other words, Carnivora are here not
restricted to the crown members of the group, but further includes the members of the stem
lineage, such as the families Viverravidae Wortman and Matthew, 1899 and Miacidae
Cope, 1880. Whereas viverravids are considered a monophyletic group of basal-most
carnivorans (carnivoramorphans), miacids (also referred to as the “non-Viverravidae
group”’; e.g., Spaulding et al. 2010) are considered a paraphyletic array of stem taxa closer
to the crown carnivorans than viverravids (Wolsan 1993; Wyss & Flynn 1993).

The monophyletic status of Carnivora s.l. (=Carnivoramorpha) (Fig. 1.1) is currently
very well supported, especially after the discovery of new postcranial remains of
viverravids (Polly et al. 2006) and the description new cranial features (related to the
tympanic bulla) in the non-viverravid group (Spaulding & Flynn 2009; Spaulding et al.
2010). Yet another clade has been recently erected within carnivorans, the
Carnivoraformes Flynn et al., 2010, was recently erected to include all carnivorans more
related to the crown group (represented by Canis lupus) than to Viverravidae (represented
by Viverravus) (Flynn et al., 2010). This sublcade is primarily defined based on
craniodental features (round infraorbital foramen, blunt mastoid process, rostral
entotympanic, and non-elongated m2 talonid, among other features). For adherents to
phylogenetic nomenclature, the erection of this clade would enable to discount the family
Miacidae (or superfamily Miacoidea), which has been widely employed as a “wastebasket”
(paraphyletic assemblage) of basal carnivoramorphans more closely related to crown
carnivorans than viverravids (Simpson 1945; Maclntyre 1966; Young 1971; Flynn &
Galiano 1982; Gingerich 1983; Gingerich & Winkler 1985; Wyss & Flynn 1993; Heinrich
& Rose 1995, 1997; Wesley-Hunt & Flynn 2005; Heinrich & Houde 2006). Given the
more traditional, Linnean taxonomic approach followed in this work, the family Miacidae
has been provisionally maintained in this work, although recognizing that it is clearly a
paraphyletic assemblage. Although no rank is attributed to carnivoraforms, this clade
remains useful to distinguish all carnivorans (or carnivoramorphans) with the exclusion of
the viverravids, which are well established as the basal-most members of the whole group
(Spaulding et al. 2010; Tomiya 2011, 2013; Spaulding & Flynn 2012; Solé et al. 2013).
Unfortunately, due to the lack of the proper fossil remains, the phylogenetic relationships

between viverravids and the basal-most members of crown carnivoran lineages are not yet
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well established (Bryant 1991; Hunt & Tedford 1993; Wyss & Flynn 1993; Flynn 1996,
1998; Janis et al. 1998; Flynn et al. 2010).
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Figure 1.1. Schematic phylogeny of the Carnivora s.l. (=Carnivoramorpha). Simplified and redrawn from
Flynn et al. (2010).

The division of crown group of Carnivora into two monophyletic infraorders
(Feliformia and Caniformia; Fig. 1.2) is currently widely accepted (Bryant 1991, 1996;
Wolsan 1993; Hunt & Tedford 1993; Wyss & Flynn 1993; Vrana et al. 1994; Wang &
Tedford 1994; Flynn et al. 2000); Flynn 1998; Flynn & Nedbal 1998; Janis et al. 1998;
Anyonge 2001; Sato et al. 2004, 2006; Yu et al. 2004; Wolsan & Bryant 2004; MacDonald
& Kays 2005; Wang et al. 2005b; Flynn & Wesley-Hunt 2005; Wesley-Hunt & Flynn
2005; Wesley-Hunt & Werdelin 2005; Fulton & Strobeck 2006; Yu & Zhang 2006;
Arnason et al. 2007; Barycka 2007; McKenna & Bell 1997; Finarelli 2008; Flynn et al.
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2005, 2010; Hunter 2011; Spaulding & Flynn 2012). This contrasts with the classically
division of the Carnivora by Simpson (1945) into the suborders Pinnipedia Illiger, 1811
and Fissipedia Blumenbach, 1791, based on their strikingly different adaptations to aquatic
and terrestrial environments, respectively. Following Tedford (1976) and other subsequent
authors (Savage 1977; Flynn & Galiano 1982), the taxon Feliformia Kretzoi, 1945
(including part of Simpson’s Fissipedia) was resurrected, together with Caniformia

Kretzoi, 1943 (including Simpson’s Pinnipedia and the remaining Fissipedia).
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Figure 1.2. Schematic cladogram of extant Carnivora. Redrawn from Flynn et al. (2010).
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Feliforms include all members of Carnivora that are more closely related to Feloidea than
to Canoidea, being characterized by the following features (Flynn & Galinao 1982; Wyss
& Flynn 1993; Bryant 1996: P4 parastyle enlarged; very deep, narrow, and slit-like
carnassial notch in the metastyle blade of P4; M3/m3 lost; M2 reduced in size and
simplified in morphology; m2 talonid extremely elongate, and entire tooth with elongate
oval outline; m2 hypoconulid larger than, or equal to, hypoconid size (particularly in
height). The phylogenetic relationships between feliform families are however not yet well
resolved (Janis et al. 1998; Flynn & Wesley-Hunt 2005, Flynn et al. 2010; Barycka 2007),
so that the most widely accepted systematic arrangement has been adopted in this study. A
single superfamily Feloidea Hay, 1930 is distinguished by many authors among feliforms
(Simpson 1945; Tedford 1976; Flynn & Galiano 1982; Wyss & Flynn 1993; Bryant 1996),
being characterized by several cranial and postcranial features. Some authors (e.g., Hunt &
Tedford 1993) have used instead the term Acluroidea Flower, 1869, which is invalid for
this superfamily (Simpson 1945; Flynn & Galiano 1982), because it is based on a genus
name (Aelurus, currently Ailurus) that is considered a canoid. In spite of this fact, this term
has been widely used by many authors, sometimes at the infraorder rank (Hunt 1974, 1987,
1989, 1991, 1996, 1998a, 2001; Hunt & Solounias 1991; Janis et al. 1998; Morales et al.
2000; Sato et al. 2004). Given the nomenclatural problems of this term, as well as other
problems related to its definition (Barycka 2007), the term Aeluroidea is rejected here in
favor of Feloidea (see also Flynn & Nedbal 1998; Wesley-Hunt & Flynn 2005; Flynn et al.
2005; Barycka 2007; Flynn et al. 2010).

Classically, feloids (Fig. 1.3) included the families Hyaenidae Gray, 1821,
Viverridae Gray, 1821 and Felidae Fischer de Waldheim, 1817, but excluded the
Nimravidae Cope, 1880 (Wyss & Flynn 1993; Bryant 1996; Wesley-Hunt & Flynn 2005;
Flynn et al. 2010). The phylogenetic position of nimravids is still uncertain. Over the years,
they have been included among feliforms (Kretzoi 1945; de Beaumont 1964; Hunt 1974,
1987; Martin 1980; Tedford 1978; Baskin 1981; Bryant 1996; McKenna & Bell 1997,
Tomiya 2011), among caniforms (Flynn & Galiano 1982), as a basal taxon, sister of
feliforms (Martin 1998a; Bryant 1991; Flynn & Wesley-Hunt 2005; Wesley-Hunt & Flynn
2005), and most recently as a monophyletic clade of carnivoraforms diverging before the
split of crown carnivorans (Spaulding & Flynn 2012). Following the latter authors, here
nimravids are provisionally considered stem carnivorans, but the possibility cannot be
excluded that they are more closely related to feliforms than to caniforms, as traditionally

considered.
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Among the families traditionally included in the Feliformia, the Viverridae have
experienced the most significant changes in content, being currently split into different
families (Hunt & Tedford 1993; Wyss & Flynn 1993; Veron 1994, 1995, 2010; Flynn &
Nebdal 1998; Bininda-Edmonds et al. 1999; Hunt 2001; Gaubert & Veron 2003; Yoder et
al. 2003; Flynn & Wesley-Hunt 2005; Wozencraft 2005; Gaubert & Cordeiro-Estrella
2006; Koepfli et al. 2007; Barycka 2007; Flynn et al. 2010; Veron 2010; Hunter 2011).
Classically (Simpson 1945; Wyss & Flynn 1993; Wolsan 1993; Wozencraft 2005; Hunt
2001), viverrids included not only genets, oyans and civets (Viverridae as conceived here),
but also mongooses (Herpestidae Bonaparte, 1845), Nandinia binotata (Nandiniidae
Pocock, 1929), linsangs (Prionodontidae Horsfield, 1821) and Malagasian carnivorans
(Eupleridae Chenu, 1852 ). Hunt (2001) excluded the nandiniids from the Viverridae,
whereas, since previous phylogenetic analyses (Flynn & Nebdal 1998; see also Gaubert &
Veron 2003; Yoder et al. 2003; Gaubert & Cordeiro-Estrella 2006) concluded that they
represent a unique combination of ancestral dental and auditory features, suggesting that
they are the basal-most members of the Feliformia (being thus excluded from the
Feloidea). Regarding prionodonts, they were traditionally included into the Viverridae due
to several morphological convergences, but molecular data (Gaubert & Veron 2003) and
morphological similarities with primitive felids (retractile claws, hairy metapodials,
hypercarnivorous dentition, and basicranial features; Hunt 2001; Veron 2010) indicate that
they constitute a distinct, monophyletic family closer to felids. Similarly, herpestids and
euplerids were traditionally viverrid subfamilies, but molecular analyses and craniodental
features (Veron 1994, 1995, 2010; Yoder et al. 2003) indicate that they constitute distinct
groups of their own, with euplerids being the sister taxon of herpestids (Yoder et al. 2003;
Flynn et al. 2005; Veron 2010), and both sharing some derived features with hyaenids
(Veron 1994, 1995, 2010).

The monophyly of the Hyaenidae among feliforms is widely accepted (Werdelin &
Solounias 1991; Wyss & Flynn 1993; Bininda-Edmonds et al. 1999; Hunt 2001; Gaubert
& Veron 2003; Flynn & Wesley-Hunt 2005; Flynn et al. 2005; Wozencraft 2005; Gaubert
& Cordeiro-Estrella 2006; Koepfli et al. 2007; Barycka 2007; Flynn et al. 2010; Veron
2010; Hunter 2011), and molecular analyses indicate that they are closely related to
herpestids and euplerids (Flynn et al. 2005; Gaubert & Cordeiro-Estrella 2006). This has
led to the recognition of a Herpestoidea clade (Flynn et al. 2010), which is here
provisionally recognized as a superfamily distinct from feloids. However, the phylogenetic

relationships between Herpestoidea, Felidae and Viverridae remain controversial (Yoder et
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al. 2003; Flynn et al. 2005; Gaubert & Cordeiro-Estrella 2006; Flynn et al. 2010). The
Felidae, in turn, are characterized by several cranial features suggesting that they constitute
the sister clade of Viverridae and Hyaenidae (Martin 1998b; Binninda-Edmonds et al.
1999; Gaubert & Cordeiro-Estrella 2006; Barycka 2007; Flynn et al. 2005, 2010). They
include two extant subfamilies (Pantherinae Pocock, 1917 and Felinae Fischer de
Waldheim, 1817), globally referred to as conical-toothed cats, as well as the extinct
Machairodontinae, which differ from the former by their sabertoothed morphology and
other cranial features (Turner & Anton 1997; Martin 1998b; Salesa et al. 2003, 2005a,b,
2012; Barycka 2007).
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Figure 1.3. Synthetic phylogenetic tree of extant Feliformia, based on molecular and morphological data.

Redrawn from Veron (2010).
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Table 1.1. Systematics of the Carnivora to the family level adopted in this work, based on Wolsan (1993),
Wyss & Flynn (1993), Finarelli & Flynn (2006), Finarelli (2008), Flynn et al. (2010), Veron (2010) and

Hunter (2011). Extinct taxa are denoted with a dagger.

Class Mammalia
Infraclass Eutheria
Cohort Placentalia
Grandorder Laurasiatheria
Superorder Ferae
Order Carnivora s.1. (=clade Carnivoramorpha)
Suborder incertae sedis
Family Viverravidaef
“Subclade Carnivoraformes”
Family Miacidae¥
Family Nimravidaef
Suborder Feliformia
Superfamily incertae sedis
Family Nandiniidae
Superfamily Feloidea
Family Viverridae
Family Prionodontidae
Family Felidae
Family Stenoplesictidaef
Family Barbourofelidaef
Superfamily Herpestoidea
Family Herpestidae
Family Hyaenidae
Family Eupleridae
Family Percrocutidaef
Suborder Caniformia
Infraorder incertae sedis
Superfamily Amphicyonoideaf
Family Amphicyonidaef

Infraorder Cynoidea
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Superfamily Canoidea
Family Canidae
Infraorder Arctoidea
Parvorder Ursida
Superfamily Ursoidea
Family Ursidae
Family Hemicyonidaef
Superfamily Phocoidea (=Pinnipedia)
Family Enaliarctidaet
Family Otariidae
Family Phocidae
Family Odobenidae
Pavorder Mustelida
Superfamily Musteloidea
Family Mustelidae
Family Mephitidae
Family Procyonidae

Family Ailuridae

Besides the above-mentioned, extant families, three extinct families of feliforms are
distinguished: Stenoplesictidae Schlosser, 1923; Barbourofelidae Schultz et al., 1970; and
Percrocutidae Werdelin & Solounias 1991. The systematic position of stenoplesictids
among feliforms have been controversial, and although some authors (Morales et al. 2000)
considered them as a basal subfamily of Viverridae s.l., more recently they have been
considered a monophyletic group of their own (Morlo et al. 2007), even though their
relationships with viverrids remain unclear. Barbourofelidae, in turn, were erected by
Morlo et al. (2004) for saber-toothed carnivorans traditionally included in the Nimravidae
(Neff 1983; Hunt 1987; Bryant 1991; McKenna & Bell 1997; Peigné 2003; Barycka 2007),
but which are more closely related to felids (Morales et al. 2001). The distinction of
barbourofelids from nimravids is supported by craniodental features (particularly from the
tympanic region; Morlo et al. 2004; Tseng et al. 2010; Robles et al. 2013a,b), although
their relationships with felids are still unresolved. Finally, Percrocutidae are closely related
to hyaenids, from which they differ by more derived dental features (Werdelin & Solounias

1991).
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With regard to the Caniformia, they are characterized by the following features
(Flynn & Galiano 1982): loss of calcaneal fibular facet in the pes; great reduction or
absence of parastyle in P4; reduction in size of the P4 protocone; lingual cingulum on all
upper molars complete around the base of the protocone; large teres major process on the
scapula. From a phylogenetic viewpoint, the Caniformia can be defined as carnivorans
more closely related to Canoidea than to Feloidea (Wyss & Flynn 1993; Wolsan 1993;
Bryant 1996). Two main monophyletic clades are distinguished among caniforms, here
referred to as infraorders Cynoidea Flower, 1869 and Arctoidea Flower, 1869 (McKenna &
Bell 1997; Janis et al. 1998). Among the former, classical studies (Tedford 1976; Flynn &
Galiano 1982) distinguished a single superfamily Canoidea Fischer de Waldheim, 1817
including not only the family Canidae Fischer de Waldheim, 1817, but also the
Amphicyonidae Haeckel, 1866. The latter possess several postcranial features (e.g., loss of
calcaneal fibular facet in the pes) that indicate closer phylogenetic affinities with caniforms
than with feliforms. However, subsequent studies (Wyss & Flynn 1993; Bryant 1996;
Flynn & Nebdal 1998; Flynn et al. 2005; Wesley-Hunt & Flynn 2005; Finarelli 2008;
Finarelli & Flynn 2006; Spaulding & Flynn 2012; Tomiya 2011) showed that
amphicyonids are less closely related to canids than previously assumed, so that the
Canoidea should be restricted to the Canidae. Many studies have therefore concluded that
amphicyonids occupy an uncertain systematic position among stem caniforms (Bryant
1996; Wolsan 1993; Wyss & Flynn 1993; Janis et al. 1998; Finarelli & Flynn 2006; Flynn
et al. 2010), even being excluded from the latter by some authors (Wesley-Hunt & Flynn
2005).

Arctoidea, in turn, are characterized by several craniodental features (reduction or
loss of posterior accessory cusps on premolars, widening of the basioccipital, and position
of the infraorbital foramen above the distal half of the P4; Bryant 1996; Wesley-Hunt &
Flynn 2005; Flynn et al. 2010). From a phylogenetic viewpoint, they can be defined as the
clade including the most recent common ancestor of species referred to Procyonidae Gray,
1825, Mustelidae Fischer de Waldheim, 1817, including Mephitidae Bonaparte, 1845,
Ursidae Fischer de Waldheim, 1817, Ailuridae Gray, 1843 and Pinnipedia Illiger, 1811 and
all its descendants (Bryant 1996; Wesley-Hunt & Flynn 2005). It must be taken into
account, however, that the phylogenetic relationships between cynoids and arctoids still
remain unclear (Flynn & Nedbal 1998; Wesley-Hunt & Flynn 2005; Finarelli 2008;
Tomiya 2001). Two main arctoid clades are distinguished (Tedford 1976; Wolsan 1993;
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Bryant 1996), Ursida Tedford, 1976 and Mustelida Tedford 1976, here distinguished as
distinct parvorders.

Ursida, in turn, include two sister groups, (Wyss & Flynn 1993; Bryant 1996;
McKenna & Bell 1997; Flynn & Nedbal 1998; Wang et al. 2005b; Finarelli & Flynn 2006,
Yonezawa et al. 2007), here distinguished as superfamilies Ursoidea Gray, 1825 and
Phocoidea (Gray, 1821) (the latter corresponding to the classical denomination of
Pinnipedia, still considered a distinct order by some authors; Riedman 1990; Reeves et al.
1992; Nowak 2003). Although the monophyly of these two groups is well supported by
both morphological and molecular data, their phylogenetic relationships are not completely
well resolved (Arnason & Widegren 1986; Colbert et al. 1991; Wyss & Flynn 1993; Flynn
& Nedbal 1998; Flynn 1998; Arnason et al. 2006; Flynn et al. 2010), with some authors
considering that pinnipedes are more closely related to the Mustelida than to Ursidae
(Flynn et al. 2005, 2010; Finarelli 2008). As much as four phocoid families (one of them
extinct) are distinguished, whereas only two families are included in the Ursoidea: the
extant Ursidae Fischer de Waldheim, 1817 and the extinct Hemicyonidae Frick, 1926, the
latter having a more primitive and complete dentition than the former (Abella et al. 2014).

Unlike Ursida, the pavorder Mustelida includes a single superfamily Musteloidea
Fischer de Waldheim, 1817 with several families (Wolsan 1993; Wyss & Flynn 1993;
Bryant 1996; McKenna & Bell 1997; Flynn & Nedbal 1998; Janis et al. 1998; Finarelli
2008; Flynn et al. 2010): Ailuridae Gray, 1843 (red pandas), Mephitidae Bonaparte, 1845
(skunks and badgers), Procyonidae (raccons and coatis), Mustelidae (weasels and allied
taxa). The phylogenetic relationships between these musteloid families remain mostly
unresolved (Flynn et al. 2010; Morlo & Peigné 2010). Traditionally, mephidids were
merely distinguished as a mustelid subfamily (Simpson 1945; McKenna & Bell 1997), but
current molecular and morphological features support their distinction at the family rank
(Flynn & Nedbal 1998; Flynn et al. 2000, 2005, 2010; Arnason et al. 2007; Finarelli 2008;
Hunter 2011). The phylogenetic relationships among the remaining mustelid subfamilies
are currently uncertain to a large degree (Hunter 2011), and some of their most basal forms
are informally referred to as “paleomustelids” (basal Mustelidae s.l.) or “paleomustelids”
(basal mustelids+mephitids), being closer to the Mustelidae than to Procyonidae (Finarelli
& Flynn 2006). The latter, in turn, are the most likely sister-taxon of the Mustelidae based
on molecular data (Koepfli et al. 2007; Hunter 2011).
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Evolutionary history

The past diversity of carnivorans, with about 355 extinct genera, surpasses that of the
living representatives of the order (about 129 extant genera; Goswami 2010). In spite of
such a relatively profuse fossil record, the origins of the order Carnivora are poorly known.
Althought the creodonts were traditionally included in the Carnivora (see above), it
currently seems that they evolved independently, perhaps from ancestral insectivores, or
from the same basal stock that gave rise to the Primates and Chiroptera (Novacek 1992;
Wozencraft 1989; Wyss &Flynn 1993).

The extinct viverravids are the basal-most members of the Carnivora. They were
small arboreal animals recorded in from the early Paleocene to the late Eocene of North
America, Asia and Europe (McKenna & Bell 1997; Janis et al. 1998; Polly et al. 2006;
Barycka 2007). In turn, basal carnivoraforms such as miacids are small and carnivorous,
viverrad-like animals recorded from the late Paleocene to the early Eocene (McKenna &
Bell 1997; Janis et al. 1998), being characterized by the possession of primitive features
(such as a non-ossified tympanic bulla and scaphoid not fused with the lunar; Ginsburg
1961a; Martin 1989; Colbert et al. 1991; Heinrich & Rose 1995, 1997; Anyonge 2001;
Kruuk 2001; Wesley-Hunt & Flynn 2005; Heinrich & Houde 2006; Polly et al. 2006;
Spaulding & Flynn 2009, 2012). Stem carnivorans reached their maximum diversity during
the Eocene, becoming extinct before the Oligocene (Wesley-Hunt & Flynn 2005;
Spaulding et al. 2010), with the exeption of nimravids, which are first recorded by the late
Eocene of North America and Asia, but spread to Europe during the early Oligocene
(Peigné 2003; Spaulding & Flynn 2012). Based on molecular data, the divergence between
crown carnivorans (caniforms and feliforms) is dated to the early Eocene (Gaubert &
Cordeiro-Estrella 2006; Bininda-Edmonds et al. 1999) or somewhat later, by the
middle/late Eocene transition (Yoder et al. 2003; Polly et al. 2006). However, only a few
of the extant families, such as Nandiniidae among feliforms, and Canidae, Mustelidae and
Ursidae among carniforms, are currently recorded by the Eocene (McKenna & Bell 1997,
Munthe 1998; Wesley-Hunt & Flynn 2005; Gaubert & Cordeiro-Estrella 2006; Barycka
2007; Finarelli 2008; Flynn et al. 2010; Spaulding & Flynn 2012).

Nandiinids (including the extant African palm civet) is considered the earliest group
to diverge from the remaining feliforms, based on both morphological (Hunter 2011) and
molecular (Veron 2010) data. Felids would have been the second feliform family to

diverge around the middle to late Eocene (Gaubert & Cordeiro-Estrella 2006; Bininda-
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Edmonds et al. 1999), although they are not recorded until the Oligocene of Europe, not
dispersing into North America until the early Miocene (Hunt 1998a; Barycka 2007) and
attaining their highest diversity during the middle Miocene (Barycka 2007). Viverrids
might have also diverged by the middle Eocene (Gaubert & Cordeiro-Estrella 2006),
although their oldest record is scarce and fragmentary until the the early Miocene of Asia,
suggesting at least an Asian origin during the Oligocene (Bininda-Edmonds et al. 1999;
Gaubert & Cordeiro-Estrella 2006; Veron 2010) and later spreading to Africa and Europe
(Barycka 2007; Gaubert & Cordeiro-Estrella 2006). Based on molecular data (Gaubert &
Cordeiro-Estrella 2006; Barycka 2007; Veron 2010), prionodontids are closely related to
felids, having probably diverged by the late Eocene (Gaubert & Cordeiro-Estrella 2006).
Hyaenids, in turn, would have diverged by the middle Oligocene (Koepfli et al. 2007) or
the Eocene/Oligocene transition (Gaubert & Cordeiro-Estrella 2006) based on molecular
data, although they are not recorded until the middle Miocene of Europe (Barycka 2007).
Apparently, hyaenids share a common African ancestor with herpestids and euplerids
(Yoder et al. 2003; Gaubert & Cordeiro-Estrella 2006; Baricka 2007), which are
considered sister taxa (Veron 2010). Based on molecular data, hyaenids, herpestids and
euplerids would have diverged sometime during the Oligocene (Bininda-Edmonds et al.
1999; Yoder et al. 2003; Barycka 2007; Gaubert & Cordeiro-Estrella 2006; Veron 2010).
However, herpestids are not recorded until the early Miocene of Africa and Europe, not
reaching Asia until the late Miocene (Gaubert & Cordeiro-Estrella 2006; Barycka 2007;
Hunter 2011). Euplerids are restricted to Madagascar, and although their origins are
unclear, they probably originated from an ancestral herpestid-like form that dispersed from
Africa into Madagascar (Hunter 2011). Among the extinct feliform families, only the
phylogenetic affinities of percrocutids (closely related to hyaenids), recorded from the
Miocene up to the Pliocene in Africa and Eurasia (Werdelin & Solounias 1991) are clear.
The origin of the false sabertooths of family Barbourofelidae, which are first recorded in
Africa by the early Miocene, and subsequentlyd dispersing into Eurasia and North
America, is unclear (Robles et al. 2013a). Similarly, Stenoplesictidae include civet-like
animals recorded from the late Eocene until the middle Miocene of Africa (Morlo et al.
2007). They might have diverged from viverrids by the Eocene/Oligocene transition
(Binninda-Edmonds et al. 1999), although this is far from clear (Morlo et al. 2007).

With regard to caniforms, amphicyonids would have originated by the middle
Eocene (Finarelli & Flynn 2006), very close to the divergence between caniforms and

feliforms at about the middle/late Eocene transition (Yoder et al. 2003), although they are
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not recorded until the late Eocene of North America (Hunt 1998c). Regarding crown
caniforms, the split between Cynoidea (or Canidae) and Arctoidea is considered to have
occurred by the middle Eocene (Finarelli & Flynn 2006; Flynn et al. 2010; Bininda-
Edmonds et al. 1999). Earliest canids were restricted to North America until the late
Miocene (Munthe 1998; Flynn et al. 2010), when they spread across other continents, thus
becoming the most widely distributed caniform family (Munthe 1998; Hunter 2011).
Among arctoids, the split between Ursoidea, Phocoidea and Musteloidea would have taken
place by the late Eocene (Finarelli & Flynn 2006; Bininda-Edmonds et al. 1999), when
ursids are first recorded in North America (Hunt 1998b). However, the relationships
between these three clades are unclear, with some authors arguing that phocoids (or
pinnipeds) would have diverged from musteloids (Finarelli & Flynn 2006) by the early
Miocene (Bininda-Edmonds et al. 1999). Phocoid origins are obscure due to the
fragmentary nature of their earliest fossil record, having originated and scarce, being first
recorded by the middle Miocene (Berta et al. 1989). Among musteloids, the divergence
between “paleomustelids” + ailurids from procyonids + mustelids and allied families is
considered to have taken place at least by the late Oligocene (Finarelli & Flynn 2006;
Bininda-Edmonds et al. 1999). Ailurids would have diverged by the late Oligocene (Flynn
et al. 2010; Morlo & Peigné 2010) or the middle Miocene (Finarelli & Flynn 2006), being
first recorded in Europe (Morlo & Peigné 2010). Procyonids, in turn, would have diverged
by the early to middle Oligocene (Sato et al. 2003; Finarelli & Flynn 2006; Koeplfi et al.
2008; Hunter 2011), being first recorded in the late Oligocene of Europe (Koepfli et al.
2007, 2008), although they experienced their greatest diversification subsequently in North
and South America (Baskin 1998; Koepfli et al. 2007; Hunter 2011). Mephitids would
have diverged from mustelids by the early Miocene (Finarelli & Flynn 2006), when they
are first recorded in the Europe (Wang et al. 2005a), subsequently spreading across Asia as
well as North and South America (Hunter 2011). Finally, mustelids include the most
derived caniforms, having originated close to the Oligocene/Miocene transition in Europe
(Sato et al. 2003; Finarelli & Flynn 2006; Koepfli et al. 2008), and subsequently spreading
to North and South America across Asia during the Miocene (Sato et al. 2003).
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1.3. Carnivoran anatomy

Dentition

Most of the main adaptations of carnivorans are reflected in their craniodental
anatomy, especially their teeth (Fig. 1.4). Thus, the dentition of carnivorans is quite
characteristic of the group, since it generally displays conspicuous adaptations for meat
consumption—although with considerable variations depending on each particular group
and their respective dietary adaptations. Among the Carnivora we can distinguish various
dental patterns reflecting the way in which they kill preys or obtain their food (Kruuk
2001; Holliday & Steppan 2004). Strictly meat-eaters (such as most felids) have a
hypercarnivorous dentition, which is characterized by long shearing edges (composed by
the trigon of the upper fourth premolar and the trigonid of the lower fist molar), as well as
a reduction or loss of the postcarnassial dentition (the second and third lower molars and
the first and second upper molars). In contrast, other carnivorans with a less strict meat-
eating diet (such as most mustelids, ursids or canids) display a hypocarnivorous dentition,
which is characterized by more grinding occlusal surfaces and a non-reduced

postcarnassial dentition, which allows them to chew or grind the consumed food.

e&al
gb p2 p|3

10 mm

hngual

Figure 1.4. The masticatory apparatus of carnivorans. A. Upper teeth in Feliformia (Crocuta crocuta); B.
Lower teeth in Feliformia (Crocuta crocuta); C. Upper teeth in Caniformia (Canis familiaris); D. Lower
teeth in Caniformia (Canis familiaris); Color legend: Incisors in magenta; canines in green; premolars in

yellow; carnassials in red and non-carnassial molars in blue. Modified from Hillson (2005).
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Generalities. The permanent dental formula in extant and extinct carnivorans is
generally as follows (Hillson 2005): 31 1C 2-4P 0-2M / 3i 1c 2-4p 1-3m. Pinnipeds,
however, display a slightly different formula (Hillson 2005): 31 1C 5-6 PC / 2-3i lc 5pc,
since postcanine teeth cannot be distinguished into premolars and molars. In turn, the
decidous dental formula is generally as follows (Hillson 2005): 31 1C 3P / 3i 1c 3-2p.
Pinnipeds, however, have a diphyodont dentition, with deciduous teeth being resorbed in
utero of just after birth (Hillson 2005).

The carnivoran dentition is characterized by the possession of a shearing blade
between the last upper premolar (P4) and the first lower molar (m1) among the permanent
dentition, and between the third upper deciduos premolar (dP3) and the last upper
deciduous premolar (dp4) among the deciduous denttion. These teeth are referred to as
“carnassials” or “carnassial teeth”. Their shape depends on the dietary specializations of
each group, but generally the P4 displays a triangular occlusal profile, with a well-
developed cutting edge constituted by the paracone and the metacone or mestasyle crest,
with the protocone reduced or even absent. In the m1, the main cutting edge is formed
from high ridges of the protoconid and paraconid; the metaconid is generally reduced, and
the talonid remains as a crushing area in most families, being absent in others. The upper
and lower carnassials act together as a blade-like structure, by shearing against each
another (like a pair of scissors) and thus cutting and crushing throught the meat and skin.
This is particularly true for specialized carnivorous taxa, whereas more generalized
carnivorous or omnivorous carnivorans (such as ursids and mustelids) display a less
specialized dentition, with a well-developed talonid, robust teeth and bunodont cusps,
which are mainly used for crushing food items (Ewer 1973; Colbert et al. 1991;
MacDonald & Kays 2005). In contrast, the carnivorans most adapted to meat-eating (such
as felids and barbourofelids) display a very specialized (“hypercarnivorous”) dental
morphology, which is characterized by sharper and more blade-like carnassials with a
reduced talonid, sharper and taller cusps, and larger upper canines (Hillson 2005;
Sanderson & Watson 2011). Other carnivorans display particular dental specializations to
their particular dietary regimes, such as insectivory (e.g., the hyeaenid Proteles cristatus or
the canid Otocyon megalotis), resulting in very pointed teeth. Bone-cracking hyaenids, in
turn, display very well-developed premolars, which together with other (cranial and

digestive) adaptations allow them to crush bones (MacDonald & Kays 2005).
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Incisors. The incisors of carnivorans (Fig. 1.4; in magenta) are generally small
relative to the remaining teeth (Hillson 2005; Sanderson & Watson 2011) and unicuspid
(although frequenly they display accessory mesial and distal cuspules). Most carnivorans
possess three permanent incisors on each tooth row (both upper and lower), although with
some exception and further being reduced or lost in pinnipeds (Colbert et al. 1991).
Commonly, the first incisor is the smallest one, whereas the third one is caniniform, being
larger and higher-crowned than the remaining incisors; this is most marked in the upper

dentition, although the I3 is still smaller than the canine.

Canines. The canines (Fig. 1.4; in green) are generally large and well-developed,
clearly prodruding from the occlusal plane of the postcanine toothrow, although they
considerably vary in size and sharpness depending on the taxa (Hillson 2005; Sanderson &
Watson 2011). The upper canines are generally slightly separated from the incisors by a
small space (diastema). In contrast, the lower canines are juxtaposed to the third incisor.
Both the upper and lower canines are unicuspid, high-crowned and elongate, recurved,
pointed and sharp, although the crown cross-section from apex to base varies among
groups (Hillson 2005; Sanderson & Watson 2011), from round (e.g., felids) to elliptical
(e.g., canids; MacDonald & Kays 2005). The canines are generally used to hold and
dispatch prey, either by strangulation or by stabbing. In some pinnipeds, the upper canines
constitute hypertrophied tusks. The shape of the canine has biomechanical implications,
with circular cross-sections being more resistant against stressed from all angles (as in
felids), whereas elliptical sections are less resistant against stresses perpendicular to the
main cross-sectional crown axis (as in canids). The circular section of felid canines
(circular knife-like) allows them to inflict a deep and great damage to the prey, during
which stresses across the teeth may come from any direction without danger of breakage.
In contrast, the elliptical section of canids allows them to inflict rapid and shallow damage,
by applying pressure along the main axis of the elipse section. Among machairodontine
felids, barbourofelids and nimravids, the lower canines are smaller than the upper ones,
more closely resembling in size the third lower incisor, while the upper canines are
desproportionately large. The smaller size of the lower canine allows them to fit well the
larger upper canine between the lower dentition without increasing of length of the

mandible.
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Premolars. In carnivorans, the premolars (Fig. 1.4; in yellow) are usually adapted
for cutting and shearing chunks of meat (Hillson 2005; Sanderson & Watson 2011). They
are composed by a single main cusp, which is generally situated at about mid-crown
length, up to 3 (mesial and distal) accessory cups, the crown being labiolingually
compressed and thus suitable for catching and holding prey (Hillson 2005). The upper
carnassial (P4) displays a mesiodistally-aligned and labially-situated main cutting edge,
constituted by the paracone, the metacone and, in some groups (such as felidae and
barbourofelids), even a mestastyle (Hillson 2005). The parastyle is mesiodistally
positioned relative to the paracone and is variously protruding (Hillson 2005). In contrast,
the P4 protocone is usually an individualized and mesiolingually-situated cusp, which may
be absent in some families (e.g., Barbourofelidae). In pinnipeds, the premolars are
secondarily simplified to conical and pointed teeth (Colbert et al. 1991). In hyaenids, the
lack of molars is compensated by the presence of particularly buttressed precarnassial

premolars (MacDonald & Kays 2005).

Molars. The upper molars are situated behind the upper carnassial (P4), but the first
lower molar (ml) constitutes the lower carnassial (ml) (Fig. 1.4; carnassials in red and
molars in blue). The postcarnassial dentition enables crushing bones and other hard food
items in some groups (such as canids, some mustelids and ursids), and further retain hard
foods after the hunt against other predators such as voltures and other carnivorans (Colbert
et al. 1991; Anyonge 2001; MacDonald & Kays 2005). The upper molars have higher
buccal than lingual cusps, although the differences among them vary acccording to their
classification (Hillson 2005). Thus, caniforms generally display a continuous cingulum
sorrounding the protocone in the upper molars and lack a parastyle in the upper carnassial
(Flynn & Galiano 1982; Garrido & Arribas 2008). The trigonid of the lower carnassial is
further constituted by an isolated and generally reduced metaconid, which is usually
situated at about mid-crown length towards the lingual side (Hillson 2005). Behind the
trigonid, most families (such as ursids and hyaenids) display a lower talonid that performs
a crushing function, whereas in some other carnivorans (such as felids and barbourofelids)
it is considerably reduced or even vestigial. In some groups (such as some canids), there is
a single residual postcarnassial lower molar (m2), which may be even absent in some felids

and hyaenids.
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Skull (cranium and mandible)

As a result of the varied killing and feeding behaviors among extant and extinct taxa,
carnivorans not only displayed different dental adaptations, but also significant differences
in craniomandibular morphology (including their length, robusticity and weight). Felids,
for example, generally display short-snouted (brachycephalic) skulls (Fig. 1.5A), which
allow them to focus the bite strenght in the front of their mouth. In contrast, canids display
longer (telocephalic) skulls (Fig. 1.5E), which enable them to focus the bite strenght more
posteriorly (Turner & Anton 1997; Anyonge 2001; Holliday & Steppan 2004; MacDonald
& Kays 2005).

Cranium. The cranium of carnivorans, as in other mammals, is composed by many
different bones (Fig. 1.5), some paired and others non-paired, which together constitute an
integrated whole that simultaneously performs masticatory and sensory functions (by
hosting and protecting the brain and various sense organs). The facial skeleton
(splanchnocranium) constitutes the most anterior portion of the cranium (the muzze),
serving simultaneously various functions (respiratory, olfactory and masticatory) and being
integrated by the paired premaxillae, maxillae, palatines, lacrimals, nasals and zygomatic,
and the unpaired vomer. The braincase (neurocranium), which protects the brain, is
composed by the unpaired frontal, and the paired parietals, temporals and occipitals.
Finally, the basicranium is composed by the unpaired basisphenoid, the unpaired
pterygoid, the unpaired occipital bone and the tympanic portion of the temporal bone,
which contains the tympanic bulla.

The most hypercarnivorous carnivorans (felids and barbourofelids) generally have
brachyocephalic skulls, with very developed sagittal and nuchal crests, coupled with a
reduced number of cheek teeth, a reduced pterygoid area, and a deep and large masseteric
fossa in the mandible. These adaptations allow them to concentrate the strenght of their
bite behind the upper canine for a unique dead bite without lateral movements (Young
1971; Ewer 1973; Anyonge 2001; Turner & Antén 1997; MacDonald & Kays 2005;
Sanderson & Watson 2011). Other taxa (such as canids, mustelids or ursids) are
characterized by telocephalic skulls with a lesser developed temporalis muscle and non-
reduced cheek teeth, which give them a greater shearing power but a less powerful upper

canine bite (Sanderson & Watson 2011).
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Figure 1.5. Skulls and mandibles of feliforms and carniforms. A-C, Skull of an extant feliform (Panthera
leo), in lateral (A), dorsal (B) and ventral (C) views. D, Mandible of an extant feliform (Panthera leo), in
lateral view; E-H, Skull and mandible of an extant caniform (Canis familiaris), in lateral (E), dorsal (F) and
ventral (G) view. H., Mandible of an extant caniform (Canis familiaris), in lateral view. Scale bar equals 5

cm. Modified from Pales & Garcia (1981).
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Mandible. The mandible (Fig. 1.5), it is composed by a single bone (the dentary),
which is more or lest robust depending on the group. The two dentaries (right and left
hemimandibles) are not fused, and anteriorly converge to the more or less verticalized
mandibular symphysis. The mandibular bodie host the lower teeth, diverging posteriorly
from the symphysis until the angular process. In sabertooth carnivorans, the mandibular
corpus may display a genial flange at about the level of the diastema between the lower
canine and the first lower premolar, to fit in the upper canine. The mandibular corpus
displays near the mandibular symphysis a mental foramen. Each mandibular rami includes
a coronoid process (its dorsal-most portion) extending upward and outward, a transversely
elongated and sagittally convex mandibular condyle (or articular process), which is part of
the temporomandibular joint, and an angular process (the posteroventral portion of the
mandible, which constitutes an attachment for the pterygoid and the masseter muscles). On
the lateral surface of the ramus, the masseteric fossa serves as the insertion of the masseter
muscle, being delimited by the coronoid crest and by the condyloid crest (Evans 1993). In

the most hypercarnivorous taxa, the masseteric fossa is very deep and large.

Postcranium

The postcranium includes all the bones situated behind the skull, generically
referred to as postcranials. They can be divided into two main regions: the axial skeleton
(including the ribs and the vertebral column) and the apendicular skeleton (including the

forelimb and the hind limb).

Axial skeleton. The vertebral column, which supports the skull, the rib cage and
the limbs, can be subdivided into five regions, which display a different number of
vertebrae depending on the taxa; from anterior to posterior, they are the following (Ewer
1973; Evans 1993): cervical (7 vertebrae), thoracic (13-16), lumbar (4-8), sacral (2-6) and
caudal (9-34). The rest of the axial skeleton is composed by the ribs, which articulate with
the thoracic vertebrae and, much more uncommonly, are also present in the last cervical

vertebrae (Evans 1993).

Apendicular skeleton. The forelimb articulates with the vertebral column through
the thoracic girdle, which is composed by the scapula. The glenoid fossa of the scapula

articulates with the head of the humerus, forming the shoulder joint. Distally, the humeral
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epiphysis is composed by the trochlea and the capitulum, which respectively articulate
with the ulna and radius, forming the elbow joint. Several features of the humerus, such as
the development of the deltoid tuberosity, development of the epicondyle, and the
articulation axis relative to the ulna, enable the distinction between plantigrade and
digitigrade forms (Ginsburg 1961a). The ulna is the longest bone of the carnivoran
forelimb, whereas the radius is the main weight-bearing bone of the forearm. These bones
articulate with the humerus and with each other proximally, and with the carpus distally.
Several of their morphological features, such as the morphology of the olecranon process
of the ulna, further enable to distinguish between plantigrade and digitigrade forms. The
set of bones including the carpus, metacarpus and phalanges are colectivelly referred to as
the forepaw. The carpal bones (scaphholunar, pyramidal, pisiform, trapezoium, magnum
and unciform) constitute the wrist joint. One of most distinctive features of crown
carnivorans is the fusion between the scaphoid and lunar into a single bone (scapholunar),
which articulates with the radius proximally and with other carpals distally, and whose
morphology is also distinctive between plantigrades and digitigrades. Unlike the carpals,
the metacarpals elongated bones (longer in digitigrades than in plantigrades), situated
between the carpus and the phalanges. Generally, five metacarpals are present, although
those from rays Il to V are the most important one. They articulate with the phalanges
though a distinctive trochlear crest present on their distal epiphysis. The phalanges
(proximal, middle and distal) , compose the digits. Among carnivorans, the distal phalanx
displays a conical and mediolaterally compressed shape, being attached to a horny claw.
Finally, several small sesamoid bones are usually present between the metarcapals and the
phalanges, serving articulating purposes.

With regard to the hind limb, it articulates with the vertebral column through the
pelvic girdle, which is composed by the two os coxae, the sacrum and the first caudal
vertebra. Each os coxae is composed by the ilium, ischium and pubis, which together
constitute the acetabulum for articulation with the femoral head. The femur is the most
massive bone of the carnivoran skeleton, being composed by an hemispherical head for
articulation with the acetabulum, separated from the long shaft by a distinct femoral neck,
and further characterized by the presence of two (greater and lesser) distinctive trochanters.
This bone articulates with the tibia by though two distal condyles, which define a femoral
trochlea for articulation with the patella. The shape of the femoral cross-section, as well as
the insertion of the gluteus maximums, also serve to distinguish between plantigrade and

digitigrade taxa. The tibia, which articulates with the femur proximally and with the tarsus
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distally, is much stouter than the fibula. The former displays proximally a triangular cross-
section, becoming more cylindrical distally, until it articulates with the astragalus. The
muscular insertions on its proximal diaphysis are also useful to distinguish between
plantigrades and digitigrades. The fibula is much thinner than the tibia. It articulates
proximally with the tibia and distally with the astragulus, serving for muscular attachment
but supporting little weight. The tarsus, metatarsus and phalanges collectively constitute
the hindpaw. Besides the above-mentioned astragalus, and the calcaneus (which is the
largest tarsal bones), the tarsus includes several bones (calcaneus, navicular, cuboid and
three cuneiforms), which constitute the hock. The cuneiforms and the cuboid articulate
with the metatarsals, the shape of the tibiotarsal articulation further being distinctive
between plantigrades and digitigrades. The metacarpals are situated between the tarsus and
the phalanges, generally resembling in shape but being longer than the metacarpals, from
which they can be distinguished by the shape of their proximal articular surface. The

phalanges of the hindpaw are also very similar in shape to those from the forepaw.

1.4. Previous research on fossil carnivorans from the Vallés-Penedés Basin

Early studies

Earliest pioneering studies by Bataller. The first report of carnivorans from the
Valles-Penedes Basin corresponds to that of the hyaenid Hyaenictis graeca Gaudry, 1862
from Sant Miquel del Taudell in the area of Viladecavalls (Bataller 1921; Fig. 1.6), which
was subsequently reassigned to Hyaenictis almerai Villalta Comella & Crusafont Pairo,
1948 in the original description of the latter taxon (Villalta Comella & Crusafont Pair6
1948). Shortly afterwards, Bataller (1924) added additional carnivoran species to the
faunal list of Miocene mammals from the Vallés-Penedés Basin, such as Hyaena eximia
Roth & Wagner 1854 [currently Adcroctua eximia (Roth & Wagner, 1854), after Werdelin
& Solounias (1991)] and Machairodus ogygius Zittel 1893 [currently attributed to
Albanosmilus jourdani (Filhol, 1883) by Robles et al. (2013a)] from Sant Quirze del Valles

(Barcelona).

Crusafont and Villalta during the early postwar period. The Spanish Civil War
(1936-1939) represented a serious stagnation of scientific research in Spain. Just after the

war, Bataller still published some research on fossil vertebrates from the Vallés-Penedes
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Basin, by focusing his work on the Penedés sector of the basin. In particular, Bataller
(1924, 1941) reported new discoveries and localities around the areas of Masquefa, els
Hostalets de Pierola and Piera (such as Mas Marimon, Gall Mullat, Can Mata de la Garriga
and Font d’Ocata). Bataller’s (1941) report for each locality included a considerable
amount of carnivorans, which were simultaneously described and figured by Villalta
Comella & Crusafont Pairé (1941). In fact, these two young paleontologists were the ones
that most significantly contributed to the knowledge of Valles-Pened¢es fossil vertebrates

during the following decades, as a continuation of Bataller’s pioneering studies.

Figure 1.6. Lateral view of the holotype of Hyaenictis almerai from Sant Miquell del Taudell

(Viladecavalls), housed in the Museu de Geologia de Barcelona (MGB). Scale bar equals 5 cm.

Villalta Comella & Crusafont Pairé (1941) provided the first complete compilation
of previously-known localities with carnivorans in both the Penedés sector (els Hostalets
de Pierola, Masquefa and Piera; see above) and the Valles sector of the basin. The latter
included the following localities: Subsol de Sabadell, San Quirico de Tarrassa [currently
Sant Quirze del Valles] and Sant Miquel del Taudell in Viladecavalls. Villalta Comella &
Crusafont Pair6 (1941) also provided the most comprehensive faunal list of carnivorans
published until then from the area of els Hostalets de Pierola, with Can Mata 1 as its main
fossiliferous site (see below). Moreover, slighly later the same authors (Villalta Comella &
Crusafont Pair6 1943a) published a more extensive monograph on carnivorans and
insectivores from the Vallés-Penedés Basin. In this publication, these authors revised the
remains from the previously reported localities (Villalta Comella & Crusafont Pair6 1941),
and further complemented them with newly discovered sites from the same basin. These

authors reported a faunal list for each locality, together with the then known stratigraphic
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range of each taxon from the Early to Late Miocene in the Valleés-Penedés Basin. The most
important fossiliferous area mentioned in Villalta Comella & Crusafont Pair6 (1943a), as
far as carnivorans are concerned, corresponded to els Hostalets de Pierola (in the Penedés
sector), and especially to locality Can Mata 1, followed that of Sant Quirze (in the Vallés
sector).

Intensive paleontological fieldwork in several areas of the Valles-Penedes Basin was
carried out by Miquel Crusafont and Josep F. de Villalta (e.g., see Crusafont Pairé &
Villalta Comella 1952; Villalta Comella & Crusafont Pairo 1944, 1948; Villalta &
Crusafont 1952 and Crusafont Pairé 1952). These authors published a complementary
appendix (Villalta Comella & Crusafont Pairé 1944) to their previous study (Villalta
Comella & Crusafont Paird 1943a), in which they first reported several carnivoran taxa for
the Valleés-Penedes Basin: Pseudocyon sansaniensis Lartet, 1851 [currently Hemicyon
goeriachensis (Toula, 1884), after Ginsburg & Morales (1998)]; Indarctos vireti Villalta
Comella & Crusafont Pair6, 1943; ?Agriotherium sp.; Herpestes guerini Villalta Comella
& Crusafont Pairo, 1948 [currently Plioviverrops guerini (Villalta Comella & Crusafont
Pair6 1948), after Werdelin & Solounias (1991)]; Crocuta eximia [currently Adcroctua
eximial; Hyaenictis almerai; ?Plesictis mutatus Filhol, 1883 [currently attributed to
Semigenetta sansaniensis, after Golpe-Posse (1981a); and Trocharion albanense Major,
1903. The research by these authors (sometimes in collaboration with other researchers)
was further reflected in the erection of new carnivoran taxa (Villalta Comella & Crusafont
Paird 1943a, b, 1945, 1948, 1955; Viret & Crusafont-Pair6o 1955; Crusafont Pair6 1950;
Crusafont Pair6 1959a): Indarctos vireti; Palaeomeles pachecoi; Ictitherium montadai
Villalta Comella & Crusafont Paird6 1943 [currently Thalassictis montadai (Villalta
Comella & Crusafont Paird 1943)]; Hyaenictis almerai Villalta Comella & Crusafont
Pair6, 1948; Enhydriodon lluecai Villalta and Crusafont, 1945 [currently Sivaonyx lluecai
(Villalta Comella & Crusafont Paird, 1945), after Alcala et al. (1994)]; Felis vireti
Crusafont, Villalta and Truyols, 1955 [attributed in part to Viverridae by de Beaumont
(1961) and to Felinae indet. by Robles et al. (in prep.)]; Herpestes guerini Villalta Comella
& Crusafont Pairo, 1948 [currently Plioviverrops guerini (Villalta Comella & Crusafont
Pair6, 1948)]; Limnonyx sinerizi Crusafont Pairdé 1950; Amphicyon (Ictiocyon) dehmi
Crusafont, Villalta and Truyols 1955 [currently Ictiocyon socialis Schlosser, 1904 after
Ginsburg (1992)] and Plesiomeles cajali Viret and Crusafont Paird 1955.
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The collaboration between Crusafont and Truyols. During the 1950s, Josep
Truyols Santoja began to collaborate with Crusafont and Villalta, the former being
involved in the establishment of the proper stratigraphic framework for the Miocene
localities of the Vallés-Penedés Basin (Crusafont Pair6 & Truyols Santoja 1954; Crusafont
et al. 1955). Crusafont & Truyols (1954) further published an extensive and updated list of
all the then-known Miocene sites from the Vallés-Penedés and Calatayud-Daroca-Teruel
basins, with their respective faunal lists. The intensive research activity of Villalta,
Crusafont and Truyols during this decade, however, was not only focused on the
publication of systematic papers or on the report of new citations and localities. In
particular, Crusafont, with the aid of Truyols, further performed more paleobiological
researches on the evolution of fissiped carnivorans from a morphometric viewpoint
(Crusafont-Pairé 1959b; Crusafont & Truyols 1953; Crusafont-Pair6 & Truyols-Santoja
1956, 1957a, b, 1958). These papers represented a very advanced paleontological approach
by that time, and might be probably considered the most significant pioneering work on
morphometrics applied to paleontology in Spain.

The collaboration between Crusafont and Villalta was interrupted in the late 1950s,
and Crusafont’s evolutionary studies on feliforms and carniforms, based on morphometric
considerations, were interrupted in the early 1960s (his last contribution in this regard
corresponding to Crusafont Pair6 1962), more or less coinciding with the attainment of the
Paleontology Chair at the Universitat de Barcelona by Crusafont. Systematic studies on
Vallés-Penedes carnivorans, however, continued throughout this decade, being mainly
devoted to the remains from the locality of Can Llobateres, which had not been subjected
to intensive research until Crusafont Pair6 (1959a), Crusafont Pair6 & Truyols Santoja
(1960) and Crusafont Pair6 (1964). In the latter study, Crusafont Pair6 (1964) also reported

an updated faunal list of carnivorans from Sant Quirze.

Modern studies

The contribution by Petter. Throughout the 1960s, many significant advances in
the knowledge of Iberian carnivorans are attributable to the work by the French
paleontologist Germaine Petter, who published several systematic papers on the mustelids
from the Valleés-Penedes and Calatayud Teruel basins (Petter 1963, 1964, 1967). This
author updated identifications as well as erected new genera and species, mainly on the

basis of previous citations of carnivorans from the Vallés-Penedés (e.g., Villalta Comella
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& Crusafont Paird 1941; Villalta Comella & Crusafont Pairé 1943a; Crusafont Paird
1950), although further including previously unpublished material from other Valles-
Penedés localities. The new citations of Vallés-Penedés carnivorans provided by Petter
include: Mesomephitis medius Petter, 1967 and Martes aff. andersoni Schlosser, 1924 from
Can Poncic 1; Mesomephitis medius from els Hostalets de Pierola; Martes melibulla Petter,
1963, Proputorius medius Petter, 1963 [currently Mesomephitis medius, after Petter (1967,
1976)], Sabadellictis crusafonti Petter, 1963, Marcetia santigae Petter, 1967, Circamustela
dechaseauxi Petter, 1967, Ischyrictis sp., Taxodon cf. sansaniensis Lartet, 1851 and
Trocharion albanense from Can Llobateres; and Promephitis pristinidens Petter, 1963
from Can Purull.

Subsequently, Petter continued to devote to other carnivorans in collaboration with
Miquel Crusafont, jointly publishing a taxonomic revision of the Hyeanidae in the Iberian
Peninsula (Crusafont Pair6 & Petter 1969). They further revised and updated the record of
the genera Progenetta (=Thalassictis), Ictitherium and Plioviverrops, including their
previous citations from the Valleés-Penedés Basin (Crusafont Paird 1962, 1964; Villalta
Comella & Crusafont Pair6 1943a). By the late 1960s, Crusafont Pair¢ et al. (1968) further
reported a new Miocene locality in the Valles sector of the basin (Costablanca), in which

two unidentified carnivorans were recorded.

The subsequent collaboration between Crusafont and other researchers.
Already in the 1970s, Crusafont continued working on the Vallés-Penedés carnivorans,
either alone or in collaboration with other researchers. Thus, Crusafont-Paird (1972)
revised the genus Ischyrictis in the Miocene, erecting the species Ischyrictis petteri
Crusafont-Pair6, 1972; based on the material from Can Llobateres previuosly described as
Ischyrictis sp. by Petter (1963). Crusafont-Paird (1972) further first reported Ischyrictis
(Hoplictis) helbingi Viret, 1951 [currently Hoplictis helbingi (Viret, 1951), after Ginsburg
(1961b)] from this basin, on the basis of material from Castell de Barbera (then still
referred to as Santa Maria de Barberd). Crusafont-Pair6 & Aguirre (1972), in turn,
described a new genus and species of Felinae, Steinailurus teilhardi Crusafont-Paird &
Aguirre, 1972, from the Turolian locality of Piera (in the Penedés sector). In collaboration
with Juana M. Golpe Posse, Crusafont further reported new discoveries from Castell de
Barbera (Crusafont Pair6 & Golpe Posse 1972, 1973a) and erected a new subspecies of
Progenetta montadai Villalta Comella & Crusafont Pair6, 1943: P. montadai vallesiensis

Crusafont Pair6 & Golpe Posse, 1973 from Sant Quirze [currently considered a junior
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subjective synonym of the nominotypical subspecies, currently referred to as Thalassictis
montadai, after Werdelin & Solounias (1991)], from Sant Quirze.

Golpe-Posse (1974) complemented the above-mentioned conributions to Valleés-
Penedes carnivorans by publishing updated faunal lists that represented the most complete
and updated database for Tertiary sites of the Vallés-Penedés Basin (together with lists for
other basins from the Iberian Peninsula and the Balearic Islands). The paleontological
localities from the Vallés-Penedés basin with Miocene carnivorans reported by Golpe-
Posse (1974) are the following: Barranc Gran, Can Barra, Can Canals, Can Julia, Can
Llobateres 1, Can Mata 1, Can Marcet, Ca n’ Almirall, Can Poncic 1, Can Purull, Can Vila,
Castell de Barbera, Costablanca, El Canyet, La Vinya Vella, LaTarumba 1, Les Cases de la
Valenciana, Mas Bernic (=Mas Barnich), Moli Calopa, Sant Mamet, Trinxera del
Ferrocarril (Sant Quirze del Vallés), Santiga, Sant Miquel del Taudell, Subsol de Sabadell
and Torrentet de Traginers.

Slightly later, Crusafont Pairé & Kurtén (1976) revised the ursidae and amphicyonid
remains from Can Llobateres and Can Poncic 1, thereby updating the faunal lists
previously provided by Crusafont Pair6 (1964), Petter (1967) and Golpe-Posse (1974).
They rected the genus Protursus Crusafont & Kurtén, 1976 from Can Llobateres 1, and
first reported Ursavus primaevus, Amphicyon cf. major and Canidae indet. from Can
Poncic 1. By the same time, Petter (1976) continued the work on smaller carnivorans
(Petter 1963, 1964, 1967), thereby adding new taxa to the faunal lists from the Vallés-
Penedes and other Iberian basins (such as Calatayud-Teruel and the Tagus area). The new
taxa reported from the Vallés-Penedés by Petter (1976) include Martes cf. basilii Petter,
1964 and two Melinae indet. [currently Plesiomeles aff. cajali, after Robles et al. (in
prep.)] from Can Poncic 1, another Melinae indet. [currently Plesiomeles sp., after Robles
et al. (in prep.)] from Castell de Barbera, Trochictis narcisoi Petter, 1976 and Semigenetta
ripolli Petter, 1976 from Can Llobateres, and Martes pusilla (?) Viret, 1951 [currently
Mesomephitis medius (Petter, 1963)] from Santiga.

In the late 1970s, Golpe Posse et al. (1979) and Golpe Posse (1979) reported
additional carnivoran-bearing Miocene localities (Can Perellada and Can Jofresa) from the
area of Terrassa (in the Valles sector). Finally, Crusafont-Pairé (1979a) also reported new
dental remains attributed to Ischyrictis mustelinus from Can Mata 1. The research on
Valles-Penedes fossil carnivorans was subsequently continued during the early 1980s by
Crusafont & Golpe-Posse, who published several papers in this regard (Crusafont-Pair6 &

Golpe-Posse 1981; Crusafont Pair6 and Golpe-Posse 1982; Golpe-Posse (1981a,b, 1984),
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soon before Crusafont’s decease in 1983 and the subsequent retirement of Golpe-Posse
from paleontological research afterwards. Thus, Crusafont-Pair6 & Golpe-Posse (1981)
erected the species Semigenetta grandis Crusafont-Pairdé & Golpe-Posse, 1981 from
Castell de Barbera, corresponding to the previous citation of Viverridae indet. by Crusafont
Pair6 & Golpe Posse (1973a). Golpe-Posse (1981a,b) further compared this taxon with the
material from other European localities. Crusafont Pair6 & Golpe Posse (1982) further
published new remains of Palaeomeles pachecoi Castell de Barbera, while de Beaumont &
Crusafont (1982) revised the presence of Machairodus aphanistus, Sansanosmilus spp. and
even erected the subspecies S. jourdani vallesiensis [currently Albanosmilus jourdani, after
Robles et al. 2013a] in the Vallés-Penedes Basin. These authors reported the presence of
Machairodus cf. aphanistus from Can Llobateres, Can Poncic and Santiga, whereas the
barbourofelid remains from Can Poncic, Santiga and Castell de Barbera were attributed to
Albanosmilus jourdani. Finally, in one of her last papers, Golpe-Posse (1984) provided a
complete revision of the Melinae [currently Plesiomeles sp., after Robles et al. (in prep.)]
and Gulolinae from the Vallés-Penedés Basin (including Plesiomeles cajali, Palacomeles

pachecoi, Sabadellictis crusafonti and Trochictis narcisoi).

State of the art

The 1980s and 1990s. Crusafont’s death marked a significant inflection point in the
study of Miocene carnivorans (and other fossil mammals) from the Vallés-Penedes Basin.
Thus, although some contributions were made subsequently, the pace of research in the
late 1980s and throughout the 1990s is not comparable with that of previous decades.
Among the few contributions regarding carnivorans from this basin, Agusti et al. (1984,
1985) updated some identifications of Valles-Penedes carnivorans in their revision of some
Miocene localities. Probably, the most important contribution from this time corresponds
to Pons-Moya’s (1990) revision of fossil carnivorans from the area of Terrassa (MN10).
Otherwise, during the following decade, Vallés-Pened¢es carnivorans were mainly cited in
museum catalogs (Goémez-Alba 1997) or in the faunal lists reported from newly-discovered
localities of the basin (e.g., Agusti & Galobart 1997; Checa Soler & Rius Font 2000).

The discovery of the Early Miocene (MN4) locality of Els Casots in the late 1990s
provided new remains of fossil carnivorans, among many other mammals (Moya-Sola &
Rius Font 1993). However, the study of the carnivorans from Els Casots was never

completed and did not result in any publication specifically devoted to this group, unlike
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with artiodactyls (Alba et al. 2014). An updated list of this site not published by
Casanovas-Vilar et al. (2011b,c), without including substantial revision of the carnivoran

remains.

Abocador de Can Mata. No significant new finds were done until the beginning
late in 2002 of the works of paleontological control at Abocador de Can Mata (MN7+8), in
the area of els Hostalets de Pierola (Alba et al. 2006, 2007, 2009, 2010a, 2011b; Carmona
et al. 2011; Casanovas-Vilar 2007; Casanovas-Vilar et al. 2006, 2008, 2011a,d). The
numerous discoveries at ACM soon evidenced that the Valles-Pened¢s carnivorans were in
need of revision, so that in-depth studies were required not only for the newly-discovered
remains, but also from the classical finds from this basin. Excavations at ACM must be
therefore considered the triggering factor that ultimately resulted in the present
dissertation, whose author was involved in the fieldwork at ACM almost since the
beginning. The study of the newly recovered remains was commissioned by Salvador
Moya-Sola (who was supervising the fieldwork at ACM) to the author of this thesis, under
the supervision of David M. Alba (then director of the paleontological works at ACM).
Initially, only preliminary identifications of some carnivorns from ACM were published in
the faunal lists reported in varous papers on this stratigraphic series (Alba et al. 2006,
2007, 2009, 2010a, 2011b; Casanovas-Vilar 2007; Casanovas-Vilar et al., 2006, 2008,
2011a,d). Subsequently, however, several systematic papers specifically devoted to
carnivorans were published in the framework of the present dissertation (Abella et al.
2012; 2014; Robles et al. 2010a,b, 2013a,b).

The revision of Miocene carnivorans from the Vallés-Penedés Basin is still an
unfinished task, given the large amount of new remains recovered during the last decade.
The list available before the work performed in the framework of this dissertation is

updated and summarized in the Discusson (see Tables 9.1 and 9.2).



Chapter 2. Materials and methods

2.1. Sample, anatomical nomenclature and measurements

Studied sample

As explained in the preceding chapter, it is beyond the scope of this dissertation to
revise in detail all (or even the most representative) Miocene carnivoran remains from the
Valles-Penedes Basin. Below, the studied sample is succinctly described (see Chapters 5 to
8 for further details). However, in the framework of this dissertation, all public collections
with Vallés-Penedes fossil carnivorans were visited. Mainly, the puclicly available
carnivoran remains from this basin are housed in the Institut Catala de Paleontologia
Miquel Crusafont (ICP, Sabadell and Universitat Autonoma de Barcelona), the Museu de
Geologia del Seminari Conciliar de Barcelona, and the Museu de Geologia de Barcelona
(Museu de Ciéncies Naturals de Barcelona). Up to 55 species, belonging to 41 genera and
11 families, of carnivorans from the Early to the Late Miocene are considered to be
recorded in the Vallés-Penedes Basin, following the work reported in this dissertation (see
Chapters 9 and 10 for further details).

This work is mainly focused on craniodental material—including complete and
partial skulls, maxillary and mandibular fragments, and isolatd upper and lower cheek
teeth. To a lesser extent, postcranial material is also described in detail for some taxa. The
emphasis on craniodental over postcranial material in this work is due to several reasons:
(1) the mechanical properties of enamel and other dental tissues (Hillson 2005), so that
isolated teeth as well as mandibular and maxillary fragments are harder than other bony
structures and, hence, more frequently represented in the fossil record; (2) the relatively
larger amount of taxonomic information provided by dental and cranial remains compared
to postcranial ones, so that the former are usually more easily identifiable to the species
level when no associated skeletons are preserved; and (3) the emphasis on the preparation
of craniodental elements over isolatd postcranial fossils, for the reasons exposed in the
preceding point.

It should be taken into account that many of the fossils studied in this work come
from surveys and excavations performed at Abocador de Can Mata (ACM) in the

framework of the building works of a landfill. This means that the recovery of fossil
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remains (funded by the company exploiting the landfill) has been prioritized over the
preparation of the remains for its scientific study. The latter process, carried out and funded
by the former Institut de Paleontologia Miquel Crusafont, and subsequently by the Institut
Catala de Paleontologia Miquel Crusafont, has inevitably proceeded at a much slower pace
than that of recovery. As a result, for many carnivoran taxa from ACM, only craniodental
remains have been prepared, whereas most carnivoran postcranial isolated remains remain
unprepared and unidentified. The fact that different, similarly-sized carnivoran taxa,
frequently from the same family (e.g., mustelids), are recorded at a single locality (this is
particularly dramatic at Can Llobateres) further hinders the identification to the species or
even genus level of many isolated postcranial remains. These factors explain why, in this
work, postcranial material has been only described for the felid Machairodus aphanistus
(Chapter 8), which was available from classicial collections of various localities, and

which can be readily identified on the basis of size and other morphological details.

Anatomical nomenclature

The dental terminology used in this work mainly follows the general
recommendations by Smith & Dodson (2003), as well as those by Ginsburg (1999) and
Hillson (2005). With regard to cranial and postcranial anatomy, nomenclature mainly

follows Ginsburg (1961a), Schultz et al. (1970), Pales & Garcia (1981), and Evans (1993).

Measurements

Standard dental measurements, such as labiolingual breadth or mesiodistal length,
are employed in this work. The measurements of the described material were taken by the
authors of the various chapters, or compiled from the literature for the comparative sample.
Original measurements were taken with a digital caliper to the nearest 0.1 mm, following
the general recommendations provided by Salesa et al. (2012). The definition of other
measurements (such as maxium cranial length and width, among others) was taken from

Schultz et al. (1970), Salesa et al. (2012) and other sources detailed in each chapter.
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2.2. Analytical methods

Taxonomy and comparative anatomy

As already explained in Chapter 1, this dissertation follows the provisions of the
International Code of Zoological Nomenclature (ICZN 1999), which regulates the
nomenclatural usage of species-, genus- and family-group taxa. However, with the
exception of the chapters that have been already published in various journals, none of the
contents of this dissertation are intended to be considered as a formal publication in the
sense of the Code (ICZN; 1999: Articles 7, 8, 9). For the reasons further explained in
Chapter 1, this work does not use so-called phylogenetic nomenclature, and hence relies on
the more traditional (but still most useful) Linnean ranks. This work is more devoted to
alpha-taxonomy than to systematics at higher taxonomic levels, the former being the
scientific discipline devoted to finding, describing and naming taxa, both extant and extinct
(Carroll 1988). However, this work adopts a cladistic viewpoint, according to which the

use of paraphyletic taxa should be avoided when possible, at least at suprageneric ranks.

Phylogenetic reconstruction

Besides dealing with alpha-taxonomy, this work is also focused on the phylogenetic
relationships of several of the studied carnivoran taxa. Phylogenetic reconstruction is based
on a cladistic methodology, which delivers one or several preferred trees (cladograms)
depicting sister-taxon relationships, but not ancestor-descendant hypotheses (Felsenstein
2004; Swofford & Sullivan 2009). The preferred cladograms are derived based on the
principle of maximum parsimony, according to which the phylogenetic hypotheses
requiring least changes in characters are to be preferred over those requiring more
character state transitions. It must be always borne in mind that most parsimonious
cladograms are just the best hypotheses (those with a higher explanatory power) that can
be derived based on currently available features. Therefore, they are merely provisional
hypotheses that must be subjected to further testing as more data or analyses become
available. Given that this dissertation deals with extinct organisms, cladistic analyses were
based on morphological features. Theoretically, there is an infinite number of characters
that can be defined for each organisms, and the definition of character states depends to a

large extent on the skills of the researcher as a morphologists and taxonomist. Accordingly,
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there is always some inherent subjectivity in cladistic analyses. However, they have the
advantage that analyses are repeatable, because characters are explicitly defined and
scored, so that other researchers can subject them to further scrutiny.

From the viewpoint of parsimony, constant characters (with no change in character
states) or autapomorphic characters (with only a single taxon with a different state) are
parsimony-uninformative, i.e., useless for supporting any phylogenetic hypotheses.
Accordingly, cladistic analyses are derived based on synapomorhic (shared-derived)
features, which are used to support clades (monophyletic groups of taxa). The polarity of
characters (i.e., determining which are primitive and which are derived for each clade) was
determined by the outgroup method, either using a theoretical outgroup or an actual one
(see Chapters 57 for further details). Character statements (character and character state
definitions) were taken from previously-published literature, although they were revised
and modified based on both recent publications and the studied material. These data are
arranged into a character matrix (taxon x character), in which the state of each character for
each taxon is scored (or left as missing data if it cannot be ascertained due to lack of proper
material). The matrix is then analyzed by means of a computer algorithm using specialized
software, which in the case of this dissertation was PAUP* (Parsimony Analysis Using
Parsimony And Other Methods; Swofford 2003). Given the amount of characters and taxa,
it would have been too time consuming to perform exhaustive searches (looking at all the
possible combinations). Accordingly, the cladistic analyses performed in this dissertation
were performed by using PAUP*’s ‘branch-and-bound method’ (Henry & Penny 1982;
Swofford & Sullivan 2009).

When more than a single most parsimonious cladogram is found by the analysis, it
means that all the phylogenetic hypotheses depicted by these cladograms have the same
explanatory power. Accordingly, the analysis cannot resolve certain clades, which is
shown based on the strict consensus tree. The latter shows those clades recovered by all
maximum parsimonious cladograms, and collapses the rest. It should be taken into
account, however, that not all the clades recovered by the maximum parsimonious tree(s)
are equally stable, which is assessed based on metrics of clade stability. In particular, this
work employed Bremer’s indices (which measure the number of additional steps, or
character transitions, required to collapse each tree; Bremer 1994) as well as bootstrap
analysis. The latter is a method of resampling that delivers a probability that measures how

frequently a particular clade is recovered (Farris 1983; Felsenstein 1983, 1985, 2004; Soltis
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& Soltis 2003); only clades with a bootstrap percentage of 50% or more are retained in the
so called bootstrap 50% majority rule consensus tree.

Finally, it is necessary to remark that, in cladistic studies, homoplasy (false
homology, i.e., similarities due to independent evolution instead of community of descent)
is not evaluated a priori, but a posteriori, according to the topology or branching order
among the various taxa based on the most parsimonious tree(s). Normally, homoplasy
levels are quite high. This is evaluated by means of several metrics (Farris 1989a,b,
Klassen et al. 1991, Williams 2007): the Consistency Index (CI), the Retention Index (RI)
and the Homoplasy Index (HI). These metrics can be computed for individual characters or
whole cladograms (in the latter case, as a summatory for all the characters), based on the
following formulae: CI =m / s; HI =1 — CI; and Rl = (M — s5) / (M — m); where m is the
minimum number of steps, s the observed number of steps, and M the maximum
conceivable number of steps. CI scales total homoplasy relative to minimum necessary
change (thus reflecting the fit of characters to the most parsimonious cladogram), ranging
from 1 (no homoplasy) towards 0 (as homoplasy increases). RI scales total homoplasy

relative to maximum possible homoplasy for the data.

Computed tomography

This dissertatin mostly relies on the study of the external morphology of fossil
remains. However, in particular cases, it was necessary to further assess the internal cranial
anatomy of some taxa. This was donce by means of computed tomography (CT) scans.
This is a non-invasive technique based on X-ray radiation that enables obtaining internal
sections of specific areas of the scanned fossil. A digital geometry processing software is
used to generate a three-dimensional image of the internal parts of the fossil, by using a
large series of two-dimensional radiographic images (Herman 2009). CT-scans of some of
the studied fossil remains were performed at the Hospital Mutua de Terrassa (Barcelona,
Spain) with a medical tomograph Siemens Sensations 16. The technical details on the
performed scans are specified in the relevant chapter (Chapter 6). Images were processed

using the software MIMICS (Materialise, Belgium).






Chapter 3. Geology of the Vallés-Penedeés Basin

3.1 An introduction to the Vallés-Penedés Basin

Geographic situation

The Valles-Penedés Basin is located in the NE Iberian Peninsula (Fig. 3.1), in the
Catalan shires (comarques) of I’Alt Penedes, I’ Anoia, el Baix Llobregat, el Baix Penedes,
el Valles Oriental and el Vallés Occidental (province of Barcelona, Catalonia, Spain). The
most important Miocene vertebrate fossiliferous sites are located in the municipalities of
Subirats (I’Alt Penedes), els Hostalets de Pierola and Piera (I’ Anoia), in the Penedes sector
of the basin, and Barbera del Vallés, Rubi, Sabadell, Sant Cugat del Valles, Sant Quirze,
Terrassa and Viladecavalls (el Vallés Occidental) and Martorell (Baix Llobregat) in the
Valles sector (Fig. 3.2).
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Figure 3.1. Geographic map of the Iberian Peninsula (top left) showing the position of Catalonia (in red),

containing the geographic position of the Valles-Penedés Basin (in grey).

Tectonosedimentary history

The Vallés-Penedés Basin is a half-graben of NNE-SSW orientation, about 100 km
in length and 12-14 km in breadth (depending on the area). It is situated along the Catalan
continental margin (the NW margin of the Valencia Trought, see below), being limited by

the two (Littoral and Pre-littoral) Catalan Coastal Ranges.
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Figure 3.2. Schematic geological map of the Valles-Penedés Basin, showing the main geological units.

Modified from Robles et al. (2013a).

The progressive collision between Europe and Africa during the Mesozoic and the
Tertiary generated several marginal basins as a result of an indirect subduction processes
that occurred in eastern areas of the Western Mediterranean. The Catalan-Balearic Basin is
one of these marginal basins, which commonly displays several compressive structures in
the SE of the margin, related to the Alpine thrust belt. In contrast, in the NW of the
Catalan-Balearic Basin, the extensional structures are predominant, giving rise to
distensional areas, such as the Valencia Trought, extending aproximately 60 km in width
along the Catalan coastline. All of these distensional faults of the basement, which were
NE-SW to NNE-SSW oriented (Roca & Guimera 1992; Bartrina et al. 1992; de Gibert &
Casanovas-Vilar 2011), reactivated during the Oligocene-Miocene transition, or even
before (such as in some other small grabens like the Barcelona Plain or the Campins Basin,
which initiated their infilling during the late Oligocene). Shortly afterwards, during the
lastest Oligocene-Early Miocene, a first phase of rifting and half-graben generation started
in the Catalan continental margin, and the sediment infilling of those half-grabens (one of
them corresponding to the Vallés-Penedés Basin) began. After this distensional event, a

cortical cooling in this area enabled the beginning of a phase of thermal subsidence during
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the middle and late Early Miocene (Casanovas-Vilar et al. 2011a). The sediment infilling
of the Vallés-Penedés Basin thus started during the Early Miocene (20 to 17 Ma), and was
irregular, depending on the subsidence and the amount of sediment coming from the source

arcas.

Main stratigraphic units of the Valles-Penedes Basin

The Miocene deposits of the Vallés-Penedés Basin have been classically subdivided
into three or four stratigraphic units (Agusti Ballester & Cabrera 1980; Agusti et al. 1985;
Casanovas-Vilar et al. 2011a; de Gibert & Casanovas-Vilar 2011). The morphology of
these units is asymetrical, depending on the area of the basin, reaching a maximun
thickness (over 2,500 m) in the Pre-littoral Range and less than 1,000-2,000 m near the
Littoral Range (Agusti et al. 1985). These units are the following (Agusti et al. 1985;
Cabrera & Calvet 1990; Casanovas-Vilar 2007; Casanovas-Vilar et al. 2011a,c; de Gibert
& Casanovas-Vilar 2011):

Basal Unit of Breccias. The sedimentation of the Basal Unit of Breccias started during
the Early Miocene (20-17 Ma) and ended by the Middle Miocene (14.8 Ma; Agusti et al.
1985; Casanovas-Vilar 2011a,d). This unit is mainly composed by breccias of clays and
conglomerates (Agusti et al. 1985) and apparently corresponds to proximal facies of
alluvial fans. It is restricted to the proximal margins of the Littoral and Pre-littoral Catalan
Coastal Ranges. The presence of continental fossil localities are restricted to the locality of

Tur6 de les Forques (TDF).

Lower Continental Complexes. These complexes were deposited from the Early
Burdigalian (Ramblian; Early Miocene) to the Early Langhian (earliest Aragonian; Early
Miocene). The thickness of these deposits is about 1.5 km in some areas such as Martorell
(Agusti et al. 1985). They are characterized by mostly reddish terrigenous litologies, such
as conglomerates, which correspond to proximal, medium and distal facies of alluvial fans.
In some areas, however, these complexes are composed of lutites, which are barely
interbedded with gypsums and lignite desposits that correspond to distal alluvial fan facies
(Agusti et al. 1985; Casanovas-Vilar et al. 2011a). The Lower Continental Complexes can
be observed in the southern margins of the basin, and they contain some important

paleontological site in the municipalities of Sant Cugat del Valles, Martorell and Subirats
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(Agusti Ballester & Cabrera 1980; Agusti et al. 1985; Casanovas-Vilar 2007; Casanovas-
Vilar et al. 2011a, c). The deposits of the Lower Continental Complexes can be further
subdivided into three distinct units (Casanovas-Vilar et al. 2011¢):

a) Lower Detritic Unit (LDU): It is the lower unit of these complexes, being
composed by coarse-grained, class-supported red breccias. These materials are covered by
channel deposits, consisting in red conglomerates and sands interbedded with dark-red
lutites, which are interpreted as proximal to medial facies of alluvial fans.

b) Detritic-Carbonated Unit (DCU): This is a discontinuous unit which crops out at
different points of the basin, such Moli de Can Calopa (MC), El Canyet (EC), Can Canals
(CC), Les Cases de la Valenciana (LCV), Costablanca (CBL), Els Casots (CS), Torrent de
Vilaroc (TV), La Vinya Vella (VV), Can Julia (CJ) and Sant Andreu de la Barca (SB),
reaching a maximum thickness of about 150 m. The lithology of this unit consists in a
succession of carbonate and clay layers with abundant invertebrate fossils, punctually
interbedded with thin gypsum layers. All these lithologies describe a marked cyclicity
(there is a recurrent pattern in the alternation of clay and carbonate layers).

¢) Upper Detritic Unit (UDU): It is composed by red-orange conglomerates, sands
and lutites, reaching a maximum thickness of about 450-580 m, with a great lateral
continuity. The top of this unit includes fossils of marine mollusks within conglomerates,

showing processess of reworking in a transitional environment.

Marine and Transitional Complexes. These deposits are related to the marine
transgressions that took place from the late Burdigalian to the Langhian (Early Miocene to
Middle Miocene transition; Agusti et al. 1985; Casanovas-Vilar 2007; Casanovas-Vilar et
al. 2011a). The lithology of these complexes varies depending on the sector of the basin
(Valles or Penedés) as well as its particular local depositional conditions. These
trangressions came from the southwestern margin of the basin in different events, differing
in intensity and in range, and reaching a maximum trangressional level at the current cities
of Sant Cugat and Cerdanyola in the Vallés sector. By the late Burdigalian (earliest
Aragonian), some evaporitic formations developed in restricted areas of el Baix Penedes
(Vilobi Gypsums) in the Penedes sector, due to presence of residual lagoons (Casanovas-
Vilar 2007; de Gibert & Casanovas-Vilar 2011). By the latest Burdigalian to early
Serravallian (early-late Aragonian), during the maximum extension of sea water over the
basin, the sedimentation became siliciclastic, creating terrigenous  and

terrigenous/carbonate platform-bay deposits in some areas such El Penedes and El Camp
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areas, together with developed reefs, only present in protected and isolated areas from the
siliciclastic sources (from the Litoral and Pre-Litoral ranges), such Sant Pau d’Ordal or
Sant Sadurni d’Anoia (Agusti et al. 1985; Navas et al. 1994; Casanovas-Vilar 2007).
Because of the marine transgressions and the lack of continental sedimentation during this
time span, the presence of continental fossil sites are restricted to the single locality of Ca

n’Almirall (CAL).
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Figure 3.3. Paleobiogeographic map of the Vallés-Penedés Basin during the late Aragonian and early
Vallesian. The main alluvial fan systems are indicated with numbers as follow: 1. Olesa-Les Fonts System; 2.

Terrassa-Vialdecavalls System; 3. Castellar del Vallés System and 4. Hostales de Pierola System.
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Upper Continental Complexes. Their sedimentation started by the Langhian and
finished during the latest Tortonian (early Aragonian-middle Turolian). These deposits
reach a maximum thickness greater than 1,000 m (Agusti et al. 1985). The lithology of
these complexes is very similar in composition to that of the Lower Continental
Complexes. However, unlike the latter, the Upper Continental Complexes did not originate
exclusevily from the northern source areas, and the color of their sediments is not
exclusively reddish, but also yellowish, grayish or ocher. Among the various alluvial fan
systems that can be discerned within these complexes (Cabrera & Calvet 1990; Garcés
Crespo 1995), four of them must be higlighted on the basis of their significance for
vertebrate fossil localities of this basin. They are the following (the first three mostly
correspond to the Valles sector, and the last one to the Penedés sector; see Fig. 3.3):

1) Olesa-Les Fonts System: This system is a long-radius alluvial fan of about 14 km,
sourced from the NE of the Vallés-Penedés Basin. This alluvial fan system also includes
part of the Penedés area, although its most important paleontological localities are located
in the Valles sector. Its proximal facies are situated in the sourroundings of Olesa de
Montserrat, reaching the southern margin of the basin with its distal facies. This system is
interbedded with the Terrasa-Viladecavalls system in the northeastern margin of the basin.
The huge catchments of the former include a variety of metamorphic Paleozoic clasts and
sedimentary Mesozoic, Triassic and Paleogene rocks (Agusti et al. 1997; Casanovas-Vilar
2007). The distal parts of this alluvial fan contain the main fossiliferous sites such as Creu
Conill (CCN), Autovia Orbital de Barcelona B-40 stretch Olesa de Montserrat-
Viladecavalls (B40OV), Can Perallada (CPE), Can Poncic (CP), Creu Conill (CCN), Sant
Miquel del Taudell (SMT), Trinxera Sud Autopista (TSA) and Viladecavalls (VL) (Fig.
3.4).

2) Terrassa-Viladecavalls System: This system developed synchronously with that of
the Olesa-Les Fonts system, although the former is smaller, reaching a long radius of less
than 10 km (Agusti et al. 1997). Its proximal facies are very close to Viladecavalls and
Terrassa, being mainly composed by polygenetic breccias of Paleozoic clasts (Casanovas-
Vilar 2007). As in the above-mentioned alluvial fan, the distal facies of the Terrassa-
Vialdecavalls System also contains its main fossiliferous sites, such Can Missert (CMS),
La Tarumba (LTR), Torrent de Febulines (TF) and Trinxera Nord Autopista (TNA) (Fig.
3.4).
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Figure 3.4. Geological map of the Vallés sector, showing the main geological units and its main fossiliferous
Miocene localities. Abbreviations: B400V, Autovia Orbital de Barcelona B-40 stretch Olesa de Montserrat —
Viladecavalls; S5A, S5B and S5P, B400OV sectors; CB, Castell de Barbera; CBL, Costablanca; CLL, Can
Llobateres; CM, Can Missert; CCN, Creu Conill; CP, Can Poncic; CPO, Can Poal; LTR, La Tarumba; MC,
Moli Calopa; ROS, Ronda Oest de Sabadell; A1 and D6, ROS sectors; SA, Santiga; SM, Sant Mamet; SMT,
Sant Miquel del Taudell; SQ, Sant Quirze; TDF, Tur6é de les Forques; TF, Torrent de Febulines; TNA,
Trinxera Nord Autopista; TSA, Trinxera Sud Autopista. Modified from Garcés Crespo (1995) and
Casanovas-Vilar et al. (2011a).
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3) Castellar del Vallés System: This system was synchronously deposited with those
of the Olesa de Montserrat-Les Fonts and Terrassa-Viladecavalls. Like the Olesa de
Montserrat-Les Fonts System, the Castellar del Vallés one is a long-radius system that
reaches the sourthern parts of the margin of the basin, its source areas being situated near
Castellar del Vallés and Matadepera. Its deposits are mainly composed by Paleozoic clasts,
as well as more commonly grayish and ocher lutites towards its distals facies (Casanovas-
Vilar 2007). Its main fossiliferous sites include Can Llobateres (CLL), Castell de Barbera
(CB), Ronda Oest de Sabadell (ROS), Santiga (SA) and Sant Quirze (SQ) (Fig. 3.4).

Figure 3.5. Geological map of the Penedes sector, showing the main geological units and its main
fossiliferous Miocene localities. Abbreviations: ACM, Abocador de Can Mata; CM1, Can Mata 1; CM3, Can
Mata 3; CMV, Can Marti Vell; CS, Els Casots; CV, Can Vila; ECM, Ecoparc de Can Mata; FO, Font
d’Ocata, LCV, Les Cases de la Valenciana; TT, Torrentet de Traginers. Redrawn from maps 1:25.000 and
1:50.000 of Institut Cartografic i Geologic de Catalunya.

4) Els Hostalets de Pierola System: It is a short-radius alluvial fan system, sourced

from the NW margin of the basin (thus originating from the Pre-littoral Range), and
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located in the sourroundings of els Hostalets de Pierola. This system is characterized by
sedimentary sequences from the Middle to Late Miocene that cover the Ilate
Aragonian/early Vallesian tansition. They include the late Aragonian and early Vallesian
fossil localities from the Abocador de Can Mata (ACM) and Ecoparc de Can Mata (ECM),
as well as classical localitites from els Hostalets de Pierola, such as Can Mata 1 (CM1) and
Can Vila (CV), further extending to the Turolian in Piera, wich localities such as Torrentet
de Traginers (TT) and Torrent del Gall Mullat (TGM). This system is interbedded with the
Olesa-Les Fonts system, and includes metamorphic Paleozoic clasts, brown mudstones,
sandstones, breccias and conglomerates, although it is dominated by reddish-brown,
grayish mottled and pale yellowish mudstones (Casanovas-Vilar 2007; Moya-Sola et al.
2009; Alba et al. 2011a) (Fig. 3.5).

3.2 The vertebrate fossil record from the Vallés-Penedés Basin

The continental vertebrate fossil record from the Vallés-Penedés basin ranges in age
from the Ramblian (Early Miocene) to the Turolian (Late Miocene), being partly
interrupted by marine and transitional sediments from the early Aragonian (early Middle

Miocene).

Early Miocene (MN3; Ramblian; early and middle Burdigalian). The deposits
infilling the Valles-Penedés Basin are composed by basal breccias. These deposits have
provided several fossil remains from the sites of Tur6 de les Forques (TDF), Sant Andreu
de la Barca (SB) and Moli Calopa (MC), which have delivered taxa such as Procervulus
(Crusafont Paird et al. 1968), Anchitherium (Rotgers et al. 2011) and Gomphotherium
(Agusti & Galobart 1997). These sites are dated to the Ramblian (MN3) based on the
presence of micromammals (Pseudotheridomys, Ligerimys, Melissiodon, Simplomys and
Armantomys), allowing their correlation with localities of this age from other Iberian

basins such as Calatayud-Daroca (Casanovas-Vilar et al. 2011a).

Late Early Miocene (MN4; early Aragonian; late Burdigalian). Latest Early
Miocene localities from the Vallés-Penedés Basin, such San Mamet (SM), Can Marti Vell
(CMV), Les Cases de la Valenciana (LCV), Can Julia (CJ), or Els Casots (CS), have
provided characteristic micromammals associations including Democricetodon hispanicus,

Megacricetodon minor primitivus and Eumyarion weinfurteri (Agusti 1983; Agusti et al.
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1985; Casanovas-Vilar et al. 201lab,c), coupled with macromammals such as
Prodeinotherium, Listriodon, Dorcatherium crassum and Bunolistriodon lockharti, which

overall indicate an MN4 age between 17 Ma and 16 Ma (Casanovas-Vilar et al. 2011a).

Middle Miocene (MN5-MNG6; early to middle Aragonian; Langhian and early to
middle Serravallian). During the early and middle Aragonian, and because of the marine
trangressions, the continental vertebrate localities in the Vallés-Penedés during this time
interval are very few ones: Vilobi (VI), Ca n’Almirall (CAL) and Les Conilleres (LCC).
The scarce fossil remains recovered from these sites, including Megacricetodon crusafonti
and Democricetodon, together with Muscardinus, Cricetodon, and Eumyarion medium,
enable the correlation of these localities with MN5, MN6, but also with MN7+8.
Therefore, a detailed study of thes micromammals from these localities would be required

to provide a more precise dating (Casanovas-Vilar et al. 2011a).

Middle to Late Miocene (MN7+8; late Aragonian; late Serravallian and early
Tortonian). The Vallés-Penedés fossil vertebrate localities correlated to the MN7+8
correspond to the basal-most part of the Upper Continental Complexes (see above). In the
Vallés sector, the fossiliferous outcrops of this age are scarce and restricted to the Castellar
del Valles System. Several localities from Sant Quirze (SQ) have been classically
attributed to the late Aragonian (MN7+8), based on biostratigraphy, since there are no
magnetostratigraphic data available (Crusafont Pair6 & Golpe Posse 1973a; Crusafont-
Pair6 & Golpe-Posse 1981, 1982; Golpe-Posse 1974; Petter 1976; Aguilar et al. 1979;
Casanovas-Vilar 2007; Robles et al. 2010a; Casanovas-Vilar et al. 2011a; Rotgers & Alba
2011; Alba et al. 2011a; Almécija et al. 2012). The rodent assemblages correspond to the
Megacricetodon ibericus + Democricetodon crusafonti local biozone (Alba et al. 2006;
Casanovas-Vilar 2007), which corresponds to the latest Aragonian (late MN7+8, or MNS§
sensu Mein & Ginsburg 2002), which would be close the Middle/Late Miocene transition
at 11.6 Ma. The main biostratigraphic problem of the Aragonian/Vallesian transition is that
the first appearance datum of hipparionin horses (dated to 11.1 Ma in the Vallés-Penedes
Basin; Garcés et al. 1997) is not accompanied by conspicuous concomitant changes in the
rodent faunas (Agusti et al. 2001), since the typically Vallesian genus Cricetulodon does
not immediately become a common element.

In the Penedes sector, all the early Aragonian to early Vallesian localities correspond to

the area els els Hostalets de Pierola, which belong to the Hostalets the Pierola System. The



INTRODUCTION AND METHODOLOGY - CHAPTER 3 77
Geology of the Valles-Penedes Basin

fossiliferous localities from this area have long been documented (Bataller Calatayud
1938; Bataller 1941; Crusafont & Truyols 1954; Golpe-Posse 1974; Agusti et al. 1985;
Alba et al. 2006, 2007, 2009, 2011a; Carmona et al. 2011). The classical localities from els
Hostalets de Pierola were traditionally grouped into Hostalets Inferior (late Aragonian) and
Hostalets Superior (late Vallesian) (e.g., Agusti et al. 1985), mostly based on the
absence/presence of hipparionins. Unfortunally, as noted by Alba et al. (2006), most of
these localities (with the exception of Can Mata 1) are not paleontological localities in a
strict sense (i.e., corresponding to a single fossiliferous layer), but loosely defined areas.
The exact location of many of these localities is unknown, which coupled with the lack of
stratigraphic data, makes their age somewhat uncertain. This situation contrasts with the
detailed stratigraphic control of the local series of Abocador de Can Mata (ACM) and
Ecoparc de Can Mata (ECM), which together with some classical localities from that area
constitute the series of Can Mata (Alba et al. 2011a, 2012). The Can Mata series includes
the Middle/Late Miocene boundary (11.6 Ma) as well as the Aragonian/Vallesian transition
(11.1), although the ACM series is exclusively late Aragonian in age. The latter includes
more than 250 formally-defined localities, which are scattered along a composite series of
about 300 m in thickness, which span a time interval of about one million years, from 12.5
to 11.5 Ma (Alba et al. 2006, 2007, 2009, 2011a; Moya-Sola et al. 2009; Casanovas-Vilar
et al. 2011d). Initially, based on certain cricetid taxa, Alba et al. (2006) divided the ACM
stratigraphic series into three local biozones, with the lowest portion corresponding the
MNG6, although subsequent findings have shown that an alternative correlation to the
MN7+8 of the whole series is more likely (Alba et al. 2011a). Currently, the upper portion
of the ACM sequence is correlated to the Megacricetodon ibericus + Democricetodon
crusafonti local biozone (Alba et al. 2011a; Casanovas-Vilar et al. 2011a,d), and hence to
the late MN7+8 (or MN8 sensu Mein & Ginsburg 2002). The lower portion, in contrast, is
corelated to the M. ibericus + D. larteti biozone (Alba et al. 2011a; Casanovas-Vilar et al.
2011d), and hance to the early MN7+8 (or MN7 sensu Mein & Ginsburg 2002). The limit
between these two biozones is correlated to subchron C5r.3r, with an estimated age of

11.9-11.8 Ma (Alba et al. 2011a; Casanovas-Vilar et al. 2011c).

Late Miocene (MN9-MN10; Vallesian; middle Tortonian). The Vallés-Penedés
fossiliferous localities dated from the Vallesian (MN9-MN10) correspond to the middle
portion of the Upper Continental Complexes. In the Vallés sector, these localities are

concentrated on the distal deposits of several alluvial fan systems. They include the Olesa-
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Les Fonts System, with sites such as those from Autovia Orbital de Barcelona B-40 stretch
Olesa de Montserrat — Viladecavalls (B400OV), Can Poncic (CP), Can Perallada (CPE),
Creu Conill (CCN), Sant Miquel del Taudell (SMT), Trinxera Sud Autopista (TSA) and
Viladecavalls (VL). The oldest locality of this time span corresponds to one of the Creu
Conill (CCN) localities, which represents the first appearance datum of Hippotherium
(marking the beginning of the Vallesian) in the Valleés-Penedés Basin, dated at 11.1 Ma
(Garcés Crespo 1995; Garcés et al. 1996, 1997; Casanovas-Vilar 2007; Casanovas-Vilar et
al. 2011a). The presence of Cricetulodon hartenbergeri in Autovia Orbital de Barcelona B-
40 stretch Olesa de Montserrat — Viladecavalls (B400OV), Can Poncic (CP) and
Viladecavalls (VL), togheter with Hippotherium, indicates for these localities an early
Vallesian (MN9) age of ca. 10.4-9.9 Ma (Alba et al. 2010b; Casanovas-Vilar et al. 2011a;
Pineda-Mufioz et al. 2011). Regarding to the late Vallesian; the co-existence of
Progonomys and Rotundomys montisrotundis with Rotundomys bressanus in the locality of
Trinxera Sud Autopista (TSA), togheter with the first appearance of carnivorans such as
Hyaenictis almerai from Sant Miquel del Taudell (SMT), indicates a late Vallesian
(MN10) age of 9.2-9.0 Ma (Casanovas-Vilar 2007; Casanovas-Vilar & Agusti 2007,
Casanovas-Vilar et al. 2011a; Pineda-Muifioz 2011).

Regarding to the Terrassa-Viladecavalls System, it includes the localities of Can
Missert (CMS), Can Poal (CPO), La Tarumba (LTR), Torrent de Febulines (TF) and
Trinxera Nord Autopista (TNA). The locality of Can Missert has been traditionally
attributed to the latest Aragonian (Agusti et al. 1985, 1997, 2001, 2005; Moya-Sola &
Agusti 1990; Aldana Carrasco 1992; Casanovas-Vilar et al. 2006; Casanovas-Vilar 2007)
based on the absence of Hippotherium, thus being correlated to the local biozone
Megacricetodon ibericus + Democricetodon crusafonti (Agusti et al. 1985, 2005).
However, this association is is also found in the earliest Vallesian (Agusti et al. 1997,
2001; Casanovas-Vilar et al. 2006), and given the proximity of Vallesian levels with
Hippotherium in Autovia Orbital de Barcelona B-40 stretch Olesa de Montserrat —
Viladecavalls (B400V) as well as Can Poal (Alba et al. 2010a; Tomas et al. 2010; Robles
et al. 2011; Pineda-Muioz et al. 2011), it seems much more likely that Can Missert is early
Vallesian (MND9) in age (Robles et al. 2011) despite the lack of Hippotherium. The faunal
association of La Tarumba (LTR) and Trinxera Sud Autopista (TNA), corresponding to the
local biozone Progonomys + Rotundomys montisrotundis, indicates a late Vallesian age
(MN10) of 9.7-9.4 Ma (Alba et al. 2010a; Casanovas-Vilar et al. 2011a). These localities

record the first appearance of some macromammals, such as Cremohipparion
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mediterraneum, Tragoportax gaudryi and cf. Promegantereon ogygia, as well as the last
appearance of others, such as the crouzeliid Egarapithecus narcisoi (Moya-Sola 1983;
Moya-Sola et al. 2001; Casanovas-Vilar et al. 2011a).

Finally the Castellar del Vallés System, encompasses Castell de Barbera (CB), Can
Llobateres 1 (CLL1) and Can Llobateres 2 (CLL2), Ronda Oest de Sabadell (ROS; sectors
A and D) and Santiga (SA). The locality of Castell de Barbera, given the lack of
magnetostratigraphic data, has the same dating problems as Can Missert (Almécija et al.
2012; Alba & Moya-Sola 2012). The rodent assemblage from this locality would
correspond to the Megacricetodon ibericus + Democricetodon crusafonti local biozone
(Alba et al. 2006; Casanovas-Vilar 2007). Therefore, in the past, most authors attributed
Castell de Barbera to the late Aragonian (late MN7+8; e.g., Crusafont Pairé & Golpe Posse
1973a; Crusafont-Pair6 & Golpe-Posse 1981, 1982; Golpe-Posse 1974; Petter 1976;
Aguilar et al. 1979; Agusti et al. 1985, 2001; Begun 2002; Robles et al. 2010a), and only a
few authors attributed it to the early Vallesian (MNO; e.g., Andrews et al. 1996). The
correlation of Castell de Barbera to the MN9 apparently stems from De Bruijn et al.
(1992), given the faunal similarities of the rodent assemblage (Aguilar et al. 1979) with
that of Can Llobateres. Neverthelss, Crusafont-Pair6 & Golpe-Posse (1974) reported the
find of a Hippotherium remain from some level that could be at most situated a few meters
above the main fossilifereous layer of Castell de Barbera, and Rotgers & Alba (2011) also
reported a Hippotherium molar from the site among the collections of the Institut Catala de
Paleontologia Miquel Crusafont (Alba & Moya-Sola 2012), thereby favoring an MN9 age
for this site. Regarding Can Llobateres 1 (CLL1), an early Vallesian age is consistent with
the presence of Cricetulodon sabadellensis (Agusti et al. 1996; Casanovas-Vilar et al.
2011a; Alba et al. 2011b), whereas at Can Llobateres 2 (CLL2), the association of
Cricetulodon sabadellensis with Progonomys and Rotundomys cf. montisrotundi (1.
Casanovas-Vilar, pers. com.) enables a correlation with the late Vallesian Rotundomys
montisrotundi + Progonomys biozone (Agusti et al. 1996; Casanovas-Vilar 2007;
Casanovas-Vilar et al. 2011a; Pineda-Munoz 2011; Alba et al. 2011b). Moreover,
magnostratigraphic data reveal an inverse polarirty in the lower part of the stratigraphic
section of Can Llobateres, indicating a correlation of Can Llobateres 1 (CLL1) to subchron
C4Ar.3r and that of Can Llobateres 2 (CLL2) to the base of chron C4Ar.2r, with estimated
interpolated ages of 9.72 Ma and 9.65 Ma, respectively (Garcés Crespo 1995; Agusti et al.
1996; Alba et al. 2011b; Casanovas-Vilar et al. 2011d).
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In the Penedes sector, all the Vallesian localities correspond to the Hostalets the Pierola
System, in the area of els Hostalets de Pierola. As explained above, the classical localities
with Hippotherium, and hence correlated to the Vallesian, were traditionally grouped into
Hostalets Superior (HPS) (e.g., Agusti et al. 1985). Unfortunally, due to the lack of the
proper stratigraphic context and uncertainties in their exact location, in most instances the
age of these localities cannot be further specified. There are however some exceptions to
this: Can Mata 1 (CM1), without Hippotherium, has been traditionally considered to be
latest Aragonian in age, whereas the nearly locality of Can Mata 3 (CM3), situated a few
meters stratigraphically above the former, would be the first one recording the entry of
Hippotherium in this area (Moya-Sola et al. 2009; Alba et al. 2011a). The Ecoparc de Can
Mata stratigraphic series (ECM), including 10 formally-defined localities distributed along
a composite series of 170 m in thickness, is stratigraphically situated above Can Mata 1
(CM1) and 3 (CM3), and hence considered earliest Vallesian in age (Alba et al. 2011a,
2012; Carmona et al. 2011). This is confirmed by magnetostratigraphic data (Alba et al.
2012), indicating that the whole ECM series corresponds to the long normal chron C5n
from the earliest Vallesian, as well as by some micrommamal data (Alba et al. 2012), thus
contrasting with the lack of hipparionin remains from the whole series. The case of ECM
thus most clearly shows that the lack of hipparionins is not a reliable dating criterion, so
that additional biostratigraphic and magnetostratigraphic data are required to accurately

date early Late Miocene localities close to the Aragonian/Vallesian boundary.

Late Miocene (MN11-MN12; early and middle Turolian; late Tortonian and early
Messinian). In the Vallés sector, the stratigraphic series of Ronda Oest de Sabadell (ROS)
encompasses at least three localities from two different that overall cover the MN10-MN11
transition (see above regarding the MNI10 sector ROS-D). The joint record of
Huerzelerimys vireti, Kowlaskia fahlbuschi and Hispanomys cf. peralensis in sector ROS-
A indicates an MNI11 age, being correlated to zone K of the Teruel basin, with an
estimated age of 8.7—8.0 Ma (I. Casanovas-Vilar, pers. com.).

With regard to the Penedes sector, there are several fossiliferous localities (such as
Torrentet de Traginers and Torrent del Gall Mullat) from the area of Piera that correspond
to the transition between the Tortonian and Messinian (Late Miocene), being restricted to
the Hostalets de Pierola System. The mammalian association from these localities, with the
carnivorans Stenailurus and Adcrocuta, the artiodactyls Tragoportax and Birgerbohlinia,

and the rodent Occitanomys (Casanovas-Vilar 2007) indicate a Turolian age, but there is
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no geological background or magnetostratigraphic correlation for them. Classically, the
localitites from Piera were thus attributed to the MN11, but most recently they have been
re-assigned to the MN12 based on the small mammals assemblage from Torrentet de

Traginers (I. Casanovas-Vilar, pers. com.).
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Extant apes (Primates: Hominoidea) are the relics of a group that
was much more diverse in the past. They originated in Africa
around the Oligocene/Miocene boundary, but by the beginning of
the Middle Miocene they expanded their range into Eurasia, where
they experienced a far-reaching evolutionary radiation. A Eurasian
origin of the great ape and human clade (Hominidae) has been
favored by several authors, but the assessment of this hypothesis
has been hampered by the lack of accurate datings for many
Western Eurasian hominoids. Here we provide an updated chro-
nology that incorporates recently discovered Iberian taxa and
further reevaluates the age of many previously known sites on
the basis of local biostratigraphic scales and magnetostratigraphic
data. Our results show that identifiable Eurasian kenyapithecins
(Griphopithecus and Kenyapithecus) are much younger than pre-
viously thought (ca. 14 Ma instead of 16 Ma), which casts serious
doubts on the attribution of the hominoid tooth from Engelswies
(16.3-16.5 Ma) to cf. Griphopithecus. This evidence is further con-
sistent with an alternative scenario, according to which the Eur-
asian pongines and African hominines might have independently
evolved in their respective continents from similar kenyapithecin
ancestors, resulting from an early Middle Miocene intercontinental
range extension followed by vicariance. This hypothesis, which
would imply an independent origin of orthogrady in pongines
and hominines, deserves further testing by accurately inferring
the phylogenetic position of European dryopithecins, which might
be stem pongines rather than stem hominines.

paleoprimatology | biostratigraphy | magnetostratigraphy

nferring the phylogeny of both living and extinct taxa is essential

for understanding the evolutionary history of any particular
clade. In this regard, chronostratigraphic data are of utmost sig-
nificance, not only for testing paleobiogeographic scenarios but
even for testing phylogenetic hypotheses (1). Current evidence
indicates that hominoids originated in Africa, where they expe-
rienced an impressive early radiation during the Early Miocene
(2, 3). During the Middle and Late Miocene, however, hominoids
are also known from Eurasia, where they are recorded by a
plethora of new forms, coinciding with a likely decline in homi-
noid diversity recorded in Africa. This Eurasian radiation partly
reflects the acquisition of diverging adaptative strategies along
several lineages in response to new habitats and changing envi-
ronmental conditions through time (4-6), although geographic
isolation followed by vicariance probably also played a significant
role (7-9). Our understanding of the Miocene hominoid radiation
in Eurasia and its implications for the origin of the great ape and
human clade has been seriously hampered by the lack of a robust
chronostratigraphic background and accurate datings for many
sites. Here we provide an updated chronology for the Miocene
hominoid sites of Western Eurasia (Europe, Turkey, and Geor-
gia) which incorporates Iberian sites where several new hominoid
taxa have recently been described. Particular emphasis is placed
on those localities for which controversial and uncertain ages
have been previously reported, and their implications for homi-
noid evolution are further discussed.

5554-5559 | PNAS | April 5, 2011 | vol. 108 | no. 14

Results and Discussion

Oldest Eurasian Hominoid? A partial upper third molar from
Engelswies (Bavarian Molasse Basin, Germany), previously ten-
tatively attributed to Griphopithecus (a discussion of the taxonomy
of Miocene Eurasian hominoids is provided in SI Appendix, Text
1), has been considered to be the oldest Eurasian hominoid (10)
(Fig. 1). An age of ca. 17 Ma was favored for Engelswies on the
basis of associated mammals and lithostratigraphic correlation with
the main units of the Bavarian Molasse (10) (see SI Appendix, Text 2
for more details on the regional chronological systems units and
Dataset S1 for additional data on the chronology of the Miocene
hominoid sites of Western Eurasia). Preliminary magnetostrati-
graphic data (11) enabled a correlation of the short (less than 5 m)
Engelswies section to longer magnetostratigraphic profiles of the
Bavarian Molasse (12, 13), resulting in a correlation to geo-
magnetic polarity chron C5Cr (17.235-16.721 Ma) that confirmed
previous age estimates. On biostratigraphic grounds, Engelswies
can be correlated to the Keramidomys—Megacricetodon bavaricus
Overlap zone of the Swiss Molasse, which ranges from 16.2 to 16.7
Ma (14). The Middle Miocene biozonations for the Swiss and the
Bavarian Molasse are identical but for an age discrepancy (di-
achrony) regarding the boundaries of the different units, so that
older ages are usually proposed based on the Bavarian Molasse
succession (14). Such discrepancy is attributable to the fact that the
Bavarian Molasse magnetostratigraphic sections record too few
geomagnetic reversals, which precludes an unambiguous correla-
tion to the geomagnetic polarity timescale (GPTS). Therefore,
correlations for the Bavarian Molasse frequently rely on second-
and even third-order lithostratigraphic correlations, together with
the occurrence of radiometrically dated bentonites within the
successions (12, 13). If the higher-resolution record of the Swiss
Molasse is considered, the reversed magnetozone of the Engelswies
section best correlates either to chron C5Cn.1r (16.303-16.268 Ma)
or C5Cn.2r (16.543-16.472 Ma), that is, immediately before the
Langhian. Hence, if the exact stratigraphic provenance of the
hominoid teeth is accurately recorded (10), hominoids would have
dispersed into Eurasia by the latest Early Miocene. This earliest
occurrence is, however, very surprising, because it predates the
other oldest Eurasian sites by at least 1.3-1.5 Myr (see below). Even
more surprising is that hominoids have not been recorded from
Sandelzhausen, a temporally equivalent locality from the Bavarian
Molasse that after decades of excavation has delivered more than
50,000 identifiable specimens (15).

Middle Miocene Sites. After Engelswies, the oldest hominoid sites
of Western Eurasia are Pasalar and Candir in Turkey. Both record
Griphopithecus alpani, and recently a second hominoid, Kenyapi-
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Fig. 1. Early and Middle Miocene hominoid localities of Western Eurasia and their correlation to the geological timescale. Three different regional chro-

nological systems are included (from left to right): for the Iberian Peninsula and France, for Central and Eastern Europe, and for Turkey. Preferred mag-
netostratigraphic correlations are indicated by solid blue lines and alternative correlations with dashed blue lines. The scale is the same for all of the
magnetostratigraphic sections. Red bars indicate biostratigraphic correlations based on mammal faunas, the length of the bar referring to the uncertainty in
this correlation. Correlations based in marine/freshwater stages are indicated with a green bar, and the length of this bar also refers to the uncertainty in the
correlation. A question mark indicates a highly uncertain correlation because of lack of data. For additional details regarding the local/regional chronological
systems used, see S/ Appendix, Text 2; for more data on the age of a particular site, see Dataset S1.

thecus kizili, was reported from Pagalar (16). On biostratigraphic
grounds, Candir can be correlated to either Mammal Neogene
Zone 5(MN5) or MN6 (17, 18). Unfortunately, magnetostrati-
graphic results (19) do not allow an unambiguous correlation to
the GPTS; three correlations are possible: CSACn (14.095-13.734
Ma), C5ABn (13.605-13.369 Ma), or C5Cn (16.721-15.974 Ma).
Although the latter correlation requires assuming large sedi-
mentary and/or tectonic hiatuses in the Candir section, it has been
favored by some (20). Based on biostratigraphy, Candir was ini-
tially correlated to the MN6 (18) and subsequently to the MNS5
(17). The presence of Megacricetodon collongensis argues against
the former correlation, because this taxon is last recorded in the
MN4 in Central Europe and in the MNS in Spain. However, be-
cause the disappearance of this rodent appears to be highly dia-
chronic, an alternative correlation to the MN6 and chron C5SACn
or C5AB, as favored by Krijgsman (19), is supported by the rest
of the fauna, resulting in an estimated age of ca. 13.4-14.1 Ma.
Regarding Pasalar, the correlation must entirely rely on bio-
stratigraphy. The rodent fauna suggests a correlation to the MN6
(21) or to the equivalent Turkish Zone F (22). Therefore, as
further suggested by the macrofauna (23), Pagalar would be close
in age to Candir, although slightly older. A hominoid tooth from
the Lower Sinap Member (24) in Turkey might be somewhat
older, although the exact situation of this ancient find is unknown.
On the basis of the associated fauna, this find has been correlated
to the locality of Inonii with an estimated age of ca. 15 Ma (25, 26)
(Dataset S1). Be that as it may, this earliest occurrence is much
younger than customarily assumed by most paleoprimatologists
(4, 5, 20), and postdates by at least 1.3 Myr the earliest Eurasian
occurrence of hominoids as documented by Engelswies.
Regarding the hominoid sites from Slovakia (Devinskd Néva
Ves) and Austria (Klein Hadersdorf), they include several teeth
and postcranials attributed to Griphopithecus suessi (=G. darwini;
SI Appendix, Text I). These localities occur in transitional facies
that delivered a mixed assemblage of terrestrial vertebrates with
both MN6 and MN7+8 elements (27). Planktonic foraminifera
from the same facies allow a correlation to zones MMi9/MMi13
(28), whereas nannoplankton indicates an MNN6/MNN7 age
(29), suggesting an age not older than 11.6 Ma. Similarly, the clay

Casanovas-Vilar et al.

pit of St. Stefan im Lavanttal (Austria), the type locality of the
nominal taxon Dryopithecus fontani carinthiacus (here considered
a junior synonym of D. fontani), can be correlated to the Central
Paratethys stages. The mollusk fauna from this site indicates
a Late Sarmatian (Upper Emvilia Zone) age (30), which is con-
gruent with the results provided by the rodent fauna indicating an
MN7+8 age (31).

The densest Middle Miocene hominoid record occurs at the
Vallés-Penedes Basin (Catalonia, Spain) (see SI Appendix, Text 3
for an updated synthesis of the biostratigraphy and magneto-
stratigraphy of the Valles-Penedés record). Comprehensive
fieldwork in the 250-m-thick Abocador de Can Mata (ACM) local
stratigraphic series (els Hostalets de Pierola) has recently led to
the description of two new genera and species, Pierolapithecus
catalaunicus (32) and Anoiapithecus brevirostris (33), as well as to
the recovery of new material of D. fontani (34) and some frag-
mentary hominoid remains yet to be described. High-resolution
magnetostratigraphic studies at the ACM series allow an un-
ambiguous correlation to the GPTS (34). The series spans from
ca. 12.5 to 11.4 Ma and includes more than 150 mammal locali-
ties, enabling a detailed local biozonation. The oldest hominoid
occurrence corresponds to locality ACM/C1-E*, with an esti-
mated age of 12.2-12.3 Ma, whereas the youngest occurrence is
a single tooth from Can Mata I (35), which would be close to 11.2—
11.1 Ma. The remaining ACM hominoid sites cluster in a tight
interval of less than 0.2 Myr (11.8-11.9 Ma). The holotype of
“Sivapithecus” occidentalis (nomen dubium) has an uncertain
stratigraphic provenance, so that an estimated age spanning the
whole ACM series (12.5-11.4 Ma) cannot be further specified.

On biostratigraphic grounds, other hominoid sites from the
Valles-Penedes Basin can be correlated to the ACM series. Thus,
Castell de Barbera and Sant Quirze correspond to the Democri-
cetodon crusafonti + Megacricetodon ibericus Concurrent range
zone and would be somewhat younger than most of the ACM
hominoid sites. This local biozonation can also be recognized in
France, which allows refining the age of some ancient localities,
including the fissure fillings from La Grive-Saint-Alban (Dataset
S1 and SI Appendix, Text 3). D. fontani has been reported from La
Grive fissures M and L3 (or L5) (Dataset S1). La Grive M is
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correlated to the Valles-Penedes D. larteti + M. ibericus Concur-
rent range zone (ca. 12.4-11.8 Ma), whereas La Grive L3 and L5
sites are correlated to the D. crusafonti + M. ibericus Concurrent
range zone (11.8-11.2 Ma). Finally, the karstic site of Saint Gau-
dens, the type locality of Dryopithecus fontani, has delivered a poor
macromammal assemblage that merely suggests an MN7+8 cor-
relation (ca. 12.5-11.1 Ma), not allowing further accuracy.

Late Miocene Sites. During the early Vallesian (earliest Late
Miocene), hominoids are still diverse and widespread across
Western Eurasia. In the Iberian Peninsula, most hominoids oc-
cur in the Valles-Penedes Basin, where they are represented by
Hispanopithecus laietanus and H. crusafonti. This genus occurs at
several early Vallesian sites (i.e., Can Poncic, Can Llobateres 1)
but becomes rarer during the late Vallesian, being last recorded
at La Tarumba 1. The range of Hispanopithecus in the Valles-
Penedés Basin can be constrained between 11.1 and 9.5 Ma,
thanks to the detailed bio- and magnetostratigraphic data
available for most of the sites (Fig. 2) (SI Appendix, Text 3).
Regarding the mandible of cf. H. crusafonti from Teuleria del
Firal (36, 37), in the small intra-Pyrenean Seu d’Urgell Basin,
such detailed information is not available. This locality delivered
a macromammal assemblage that includes Hippotherium pri-
migenium, indicating a Vallesian age. The location of this site in
the lithostratigraphic unit of Bellestar enables further refinement
of this age, on the basis of two micromammal sites (38) from the
same unit. These localities can be correlated to the Cricetulodon
hartenbergeri Local range zone of the Vallés-Penedes, indicating
an age close to that of Can Poncic (10.4-9.9 Ma), which is the
type locality of H. crusafonti.

In Germany, isolated hominoid molars have been recovered
from a series of fissure fillings and from Wissberg and Eppel-
sheim. These sites are located within the well-known Dinother-
iensande Formation, which ranges from the early Vallesian to
the early Turolian, and consists of an alternation of conglom-
erates and sands of fluvial origin. Part of the assemblage may be
reworked, because some fossils show signs of abrasion (39). The
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fauna associated to the as yet undescribed material from
Eppelsheim (40) clearly points to an early Vallesian age (MNO).
On the other hand, the fauna from Wissberg is a mixture of
predominantly Vallesian elements with Astaracian (Prodeino-
therium bavaricum, Anchitherium aurelianense) and Turolian
ones (cf. Mesopithecus pentelicus). Regarding the karstic sites,
Salmendingen, the type locality of Neopithecus brancoi (nomen
dubium), deserves special attention. The poor fauna from Sal-
mendingen includes a few taxa that may indicate a Vallesian age
as well as the beaver Dipoides, which dispersed into Europe from
North America during the early Turolian (MN11) (41). Hence,
Salmendingen has been assigned to either the MN9/MN10 (37)
or the MN11 (27), and it is likely that the fauna represents
a mixture of Vallesian and Turolian elements, as it is frequent in
karstic sites. The same situation may apply to Melchingen, which
apparently mixes Vallesian and Turolian elements, including
Dipoides. The remaining German Kkarstic sites, Ebingen and
Trochtelfingen, have not delivered additional material to the few
primate teeth, so nothing can be said about their age.

The chronology of Gotzendorf and Mariathal, in the Vienna
Basin (Austria), is more firmly established because they are lo-
cated in fluvial and lacustrine sediments related to Lake Pannon.
The successions of the Vienna Basin have been intensively stud-
ied and a highly detailed biostratigraphy based on molluskan
faunas is available (42). On this basis, Gotzendorf can be corre-
lated to the late Pannonian Zone F2 (i.e., latest early Vallesian)
(43). Mariathal is correlated to the early to middle Pannonian age
(zones C or D) (44), indicating a slightly older Vallesian age. All
these finds are very fragmentary and contrast with the much more
complete material recovered from Rudabanya (Hungary) attrib-
uted to Hispanopithecus hungaricus. This site, located within la-
custrine sediments of Lake Pannon, delivered an extremely rich
fossil assemblage that suggests an MN9 age (45). Nevertheless,
the occurrence of Hippotherium intrans, a derived member of the
Hippotherium primigenium lineage, may indicate an age of 10.0-
9.8 Ma, closer to the early/late Vallesian boundary (46).
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Late Miocene hominoid localities of Western Eurasia and their correlation to the geological timescale. For the regional chronological systems used

and conventional symbols, see Fig. 1. For the Italian sites, the red line refers to a radiometrically dated tuff layer within the Baccinello succession (see text for
details). For additional details regarding the local/regional chronological systems used, see S/ Appendix, Text 2; for more data on the age of a particular site,

see Dataset S1.
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During the Vallesian, two additional distinct hominoid genera
are recorded in the Eastern Mediterranean: Ankarapithecus in
Turkey and Ouranopithecus in Greece. The former is known from
the densely sampled Sinap Formation, and its age is well-con-
strained by the means of bio-, litho-, and magnetostratigraphy (25,
26). The specimens, including postcranial and cranial remains,
have been recovered from the similarly aged localities 8A and 12.
Locality 8A is correlated to chron C5n.1r (9.987-9.934 Ma),
whereas locality 12 can be correlated either to chron C5n.1n
(9.934-9.779 Ma) or to C4Ar.2n (9.717-9.656 Ma) (26). There-
fore, the age of the specimens would lie close to the early/late
Vallesian boundary, being very close in time (if not synchronous)
to the specimens of Can Llobateres 1 (9.7 Ma) and/or Rudabanya
(10.0-9.8 Ma). On the other hand, O. macedoniensis is recorded
from Nikiti 1, Xirochori 1, and Ravin de la Pluie. All these Greek
localities have delivered a rich mammal assemblage, which at
Ravin de la Pluie includes both micro- and macromammals that
clearly indicate a late Vallesian (MN10) age (47). Typical MN10
large mammal faunas also occur at Xirochori 1 and Nikiti 1.
However, at Nikiti 1, a few early Turolian (MN11) taxa are re-
corded (Oioceros, Helladotherium) which suggest a slightly younger
age (47). The magnetostratigraphic survey of the Late Miocene
mammal succession of the Lower Axios Valley (48) has allowed
further refining the age of these sites, even though the studied
sections are too short to provide an independent correlation to
the GPTS. Ravin de la Pluie is correlated to chron C4Ar.1n
(9.409-9.312 Ma), and the somewhat older site of Xirochori 1 is
correlated to chron C4Ar.2n (9.717-9.656 Ma). Nikiti 1 is supposed
to be slightly younger than Xirochori 1 but still late Vallesian
(MN10) in age (47), like the other localities.

Latest Hominoids from Western Eurasia. Hominoids are last recor-
ded from the Vallés-Penedés Basin at 9.5 Ma, whereas their
youngest unambiguous record from Central Europe is that of
Rudabédnya ca. 10.0-9.8 Ma. Nevertheless, they clearly persist
longer in the Eastern Mediterranean, so that many Late Mio-
cene hominoid sites of that area have been assigned to the
Turolian, even though available data do not always support such
age. These latest hominoid occurrences comprise that of Grae-
copithecus freybergi (nomen vanum) from Pyrgos Vassilissis in
Greece. The mammal fauna from this site is too fragmentary to
reach sound chronological conclusions (47), although several
taxa (Tragoportax amalthea, Gazella deperdita) indicate a Turo-
lian age (MN11-MN12; i.e., 8.7-6.8 Ma).

A maxillary fragment attributed to ?Udabnopithecus gar-
edziensis, from the Shiraki Formation close to Udabno (Geor-
gia), has also been assigned to the Turolian (49). The Shiraki
Formation is a 300-m-thick clay succession with two mammal
localities (Udabno 1 and 2). The primate remains were found 40
m above Udabno 1 (49), which yielded a rich mammal assem-
blage indicating a late Vallesian (MN10) age. Udabno 1 yielded
a normal polarity that is correlated to chron C4An (9.098-8.769
Ma) (50). Therefore, ?Udabnopithecus would be a late Vallesian
taxon roughly contemporaneous to Ouranopithecus macedoniensis,
although maybe slightly older.

Furthermore, another species of Ouranopithecus, O. turkae,
has been described from Corakyerler in Turkey (51). This site
delivered a rich assemblage including small and large mammals.
The rodent fauna is dominated by the murid Hansdebruijnia,
exclusively known from this site (52), but further includes two
species of Byzantinia and a species of Pseudomeriones. These
elements suggest a correlation to the Turkish zones J or K
(MN9-MN12) (22), although a tentative correlation to the
MN11 (8.7-7.9/7.5 Ma) has been favored (52). The macro-
mammal fauna also suggests an MN11 age, although certain
ruminants (Pliocervus sp., Miotragocerus valenciennesi, Oioceros
rothi) would alternatively favor an MN12 age (7.9/7.5-6.8 Ma).
On this basis, a somewhat younger age (MN12) cannot be dis-
carded for O. turkae. Regarding the hominoid dental material
from the Ahmatovska Formation in Bulgaria (53), although ad-
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ditional faunal data would be required, a Turolian age (8.7-4.9
Ma) is suggested by the presence of Protragelaphus and Anancus.

Finally, the latest Western Eurasian hominoid is Oreopithecus,
which evolved under insularity conditions in the Tusco-Sardinian
paleobioprovince during the Late Miocene (54). The dating of
the so-called Oreopithecus faunas has always been problematic
because of their endemism. The Baccinello-Cinigiano Basin
succession from Tuscany has been divided into four different
biochronological units, V-0 to V-3 (55). Unlike V-1 and V-2, the
V-0 and V-3 faunas are not completely endemic and can be
correlated to the MN11 and MN13, respectively (55). Therefore,
the Oreopithecus faunas were short-lived, spanning from about
8.5/8 Ma to 7/6.5 Ma. This fully agrees with a radiometric dating
of 7.5 = 0.03 Ma for a volcanic layer within the Baccinello suc-
cession (56). Thus, Oreopithecus was contemporary with other
Turolian hominoids from the Eastern Mediterranean, but may
have survived until slightly later, probably becoming extinct when
the Tusco-Sardinian archipelago became connected to the
mainland at ca. 7 Ma (57).

Conclusions

If the stratigraphic provenance of the Engelswies tooth is cor-
rectly recorded, hominoids must have first dispersed into Eurasia
shortly before the Langhian transgression (Fig. 3), that is, before
16.3 Ma. The partial molar from this locality, however, offers
very limited morphologic information, other than indicating an
attribution to a thick-enameled undetermined hominoid. The
previous assignment of this tooth to cf. Griphopithecus (10) was
largely based on similarly old previous age estimates for the
Turkish localities where this taxon has been securely recorded.
Here we show that, on the contrary, these localities are much
younger (ca. 14 Ma). This considerable temporal gap therefore
casts serious doubts on the attribution of the Engelswies homi-
noid to Griphopithecus, so that a phylogenetic link with kenya-
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Fig. 3. Range chart for Miocene hominoids of Western Eurasia. For details
on the taxonomy, see S/ Appendix, Text 1; for details on the age of particular
sites, see S/ Appendix, Text 2 and Dataset S1.
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pithecins remains to be established. On the basis of currently
available evidence, it can only be confidently concluded that,
after the Langhian transgression, a group of hominoids of Afri-
can origin, the pronograde kenyapithecins (2, 3, 5, 58, 59), ex-
tended their geographic range into Eurasia, being first recorded
in Turkey by both Griphopithecus (Eurasia) and Kenyapithecus
(Eurasia and Africa). The retention of kenyapithecin features in
the late Middle Miocene Iberian dryopithecins (33) at ca. 12 Ma
suggests that the Eurasian hominoid radiation might have orig-
inated from some kenyapithecin ancestor, but it remains to be
ascertained whether this radiation gave origin exclusively to ex-
tant pongines or to both pongines and hominines.

During the last decade, some authors have favored a Eurasian
origin of the great ape and human clade (Hominidae) followed by
a later back-into-Africa dispersal of the Homininae (4, 9, 37, 60).
This biogeographic scenario is dismissed by the recent description
of putative hominines from the African Late Miocene (61, 62), as
well as by phylogenetic uncertainties surrounding Hispanopithe-
cus and Ouranopithecus, interpreted either as hominines (2, 37,
60, 63) or as pongines (64-66). Deciphering the phylogenetic
status of Middle Miocene European dryopithecins, previously
considered stem hominids (32-34), is of much higher significance
for testing this scenario, because undoubted pongines are almost
simultaneously recorded in Asia ca. 12.5 Ma (67). This is con-
sistent with an initial far-reaching range extension of kenyapi-
thecins throughout Eurasia between 14 and 12.5 Ma, followed by
vicariance processes giving rise to pongins in Eastern Eurasia and
dryopithecins in Western Eurasia. If correct, this would indicate
an independent evolution of pongines (including dryopithecins)
and hominines in their respective continents from similar pro-
nograde kenyapithecin ancestors, that is, that orthogrady is ho-
moplastic among crown hominids.

Such a high degree of homoplasy is not as unlikely as it might
seem at first sight (68-70), particularly given global paleoenvir-
onmental changes that could have prompted similar adaptive
responses in both groups. In particular, the climatic deterioration
initiated at 14 Ma (71) apparently acted as a trigger of the
hominoid Eurasian radiation, as reflected by the wide geographic
range, and increased taxonomic and ecological diversity shown by
hominoids until the early Vallesian. After the late Vallesian (ca.
9.5 Ma), however, hominoids are no longer recorded in Western
and Central Europe—with the exception of Oreopithecus, which
survived until ca. 7 Ma on its insular refuge. This probably reflects
a true regional extinction event (the so-called Vallesian Crisis)
(72-74), resulting from the crossing of some paleoenvironmental
threshold that hominoids were unable to manage. Only in the
Eastern Mediterranean did hominoids survive somewhat longer
(until ca. 8.0-7.5 Ma), probably thanks to the preexisting adap-
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tations of ouranopithecins to the environmental conditions of the
Greco-Iranian biome. Ultimately, however, the paleoenviron-
mental changes associated with increased aridification and sea-
sonality (75, 76) completely wiped out hominoids from Western
Eurasia during the Turolian, further leading to their progressive
diversity decline and geographic range restriction in Asia through-
out the Plio-Pleistocene (77, 78). This heavily contrasts with the
evolutionary response of hominoids to climatic change in Africa
where, coinciding with the extinction of European hominoids,
purportedly bipedal hominins are already recorded during the
Late Miocene [ca. 7-6 Ma by Sahelanthropus and Orrorin (79, 80)]
and during the latest Miocene (5.8-5.2 Ma) and earliest Pliocene
(4.4 Ma) by Ardipithecus (81, 82).

Materials and Methods

Chronological Framework: Regional Timescales and Correlation. For decades,
the chronology of European Neogene sites has relied extensively on the use of
MN zones. This biochronological system, introduced during the 1970s (83),
takes into account the first and last appearances of selected taxa as well as
the characteristic association of taxa within a particular unit. Furthermore,
a reference fauna is attached to each unit. The system was immediately ac-
cepted and applied to all European regions, and even to Asia and Africa. Since
then, MN zones have gone through successive reviews and updates and, at
the same time, have witnessed the development of more refined regional
biochronological and biostratigraphic scales. Recently, the system has been
criticized because its accuracy and applicability across Europe is strongly af-
fected by the provinciality of the faunas and the diachrony of first and last
appearances (84, 85). Furthermore, the diachrony of important faunal events
has been clearly shown (85), implying discrepancies in MN-zone boundaries
sometimes exceeding 1 Myr. In the present work, we favor the use of regional
chronological scales together with the correlation of magnetostratigraphic
sections to the GPTS (86) (S/ Appendix, Text 2). As such, we have only relied on
the MN-zone system for rough, long-distance correlations when other rele-
vant data are not available. In these cases, a certain error margin that can be
of +0.5-1.0 Myr has to be assumed.
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Text 1. Systematics of Western Eurasian hominoids

In Table S1 we provide a taxonomy of the fossil hominoids discussed in this paper.
Given the scope of this paper, it is not intended to give a broad taxonomic review of
the group, but rather to discuss the most contentious taxonomic and phylogenetic
issues regarding the taxa treated in the paper. As such, the following discussion is
restricted to extinct hominoids from Western Eurasia.

Following ref. 1 (their Sl Text and Table 2), the concept of Hominoidea employed
here is a broad one, i.e. including the Proconsulidae and Afropithecidae, in
recognition of the likely status of these taxa as stem hominoids (2—9). This contrasts
with the alternative systematic schemes of some authors, which employ a narrower
definition of the Hominoidea (10-12), by distinguishing a separate superfamily
Proconsuloidea. Despite lacking orthogrady-related features, proconsulids already
share some facial (5) and several postcranial (6—7, 13) synapomorphies with crown
hominoids, such the lack of external tail—documented in both Proconsul and
Nacholapithecus (6, 8, 13—15). As such, they can be considered stem hominoids.
Moreover, we see no need for a new family-group name other than the superfamily
Hominoidea for designating the total group that includes both crown hominoids and
stem taxa more closely related to them than to cercopithecoids (contra ref. 12,
where the magnafamily Hominidea was employed to include both Proconsuloidea
and Hominoidea).
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At the family, subfamily and tribe level, the taxonomy employed here also follows
ref. 1 (their SI Text and Table S1) to a large extent, although with some significant
differences, which are explained in greater detail below. We follow ref. 1 by
employing a broad definition of the Hominidae that includes Ponginae, Homininae,
and all extinct taxa more closely related to them than to the Hylobatidae (see also
refs. 12, 16—17). Moreover, according to this scheme, afropithecids are considered a
distinct family with two subfamilies, Afropithecinae and Kenyapithecinae, the latter
being subdivided into the tribes Equatorini for Equatorius and Nacholapithecus, and
Kenyapithecini for Kenyapithecus and Griphopithecus. Over the last decade, some
authors have transferred the Kenyapithecini (as the subfamily level,
Kenyapithecinae) (11, 18-19), or even all the Afropithecidae (as a subfamily,
Afropithecidae) (9, 20), into the Hominidae. This is however problematic for several
reasons. The presence of kenyapithecin features in the Middle Miocene
dryopithecins from Spain (1), usually considered to be stem hominids preceding the
divergence of pongines and hominines (1, 21-22) (but see later), might be certainly
indicative of a close phylogenetic link between kenyapithecins and hominids. If so, as
noted previously (1), the Afropithecidae as conceived here might be paraphyletic.
This, however, depends on the relative branching order between hylobatids,
afropithecids and hominids. An early divergence of hylobatids would imply that
some or all afropithecids would be more closely related to hominids as conceived
here, but given uncertainties regarding the the phylogenetic relationships of the
former, it is preferably to provisionally retain afropithecids as a separate family.

Given the fact that the nomina for both afropithecid subfamilies were erected
simultaneously as two distinct tribes (Kenyapithecini and Afropithecini) in the same
publication (2), some uncertainties arise regarding which of them has priority at the
family level. Delson and Andrews (20) first employed the nominal taxon
Kenyapithecinae for referring simultaneously to both Afropithecini and
Kenyapithecini. As such, it might be argued (E. Delson, pers. comm. to SMS) that
these authors established the priority of the former on the basis of the Principle of
the First Reviser (ref. 23: Article 24.2.1), irrespective of whether this taxon is
elevated to family rank or not. According to this reasoning, the nomen for referring
simultaneously to these taxa would be Kenyapithecidae instead of Afropithecidae
(contra ref. 1). Although such priority, as determined by the Principle of the First
Reviser, would certainly apply if Afropithecus and Kenyapithecus were included into
the same tribe, regarding the proper family-group name at higher ranks there are
other articles of the Code must be taken into account. In particular, Article 35.5 (ref.
23) asserts that “If after 1999 a name in use for a family-group taxon (e.g. for a
subfamily) is found to be older than a name in prevailing usage for a taxon at higher
rank in the same family-group taxon (e.g. for the family within which the older name
is the name of a subfamily) the older name is not to displace the younger name.” On
the basis of the Principle of the First Reviser, the nomina Kenyapithecini would take
priority over Afropithecini. However, given that, at the family rank, only
Afropithecidae has been employed (1, 17-19, 22-24), whereas (to our knowledge)
the nomen Kenyapithecidae has not been employed by any author, Kenyapithecinae
is not to displace Afropithecidae at the family level. This contention is further
stressed by the fact that the Principle of Priority is “to be used to promote stability
and it is not intended to be used to upset a long-accepted name in its accustomed
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meaning by the introduction of a name that it is its senior synonym” (ref. 23: Article
23.2).

Besides the uncertainties regarding the phylogenetic position and the systematic
status of the tribe including Kenyapithecus and Griphopithecus (here included in the
Kenyapithecini, following ref. 1), there are also some nomenclatural issues that
deserve discussion. These two genera were classified into the subfamily
Kenyapithecinae (within the family Hominidae) by some authors (9, 18). On the
contrary, other authors distinguished a distinct subfamily Griphopithecinae (within
the Afropithecidae) for Griphopithecus (17), or even a distinct family
Griphopithecidae, either for Griphopithecus and Afropithecus (25), or for
Griphopithecus and Kenyapithecus (16). Most recently, Begun (26) included
Griphopithecus, Equatorius, Nacholapithecus and Kenyapithecus (i.e., the
Kenyapithecinae as conceived here and in ref. 1) into a distinct subfamily
Griphopithecinae (within the Hominidae). As previously noted (ref. 1: their SI Text),
this is contrary to the principle of Priority, so that both Kenyapithecini and
Kenyapithecinae must be adopted instead of Griphopithecini and Griphopithecinae.
To our knowledge, Begun (25) was the first author to employ a family-group nominal
taxon with Griphopithecus (Griphopithecidae) in 2001 (25), whereas both
Afropithecini and Kenyapithecini had been previously erected by Andrews in 1992
(2). It has been previously argued that the nominal taxon Griphopithecini would be
still available for a family-group taxon including Griphopithecus, if neither
Kenyapithecus nor Afropithecus were included in it (1). This is however contrary to
the Code (ref. 23: Article 16), because after 1999 it is mandatory that new nominal
taxa are explicitly indicated as intentionally new (Article 16.1), and also that the type
genus is cited for new family-group names (Article 16.2). These provisions were not
fulfilled by Begun either in 2001 (25) or in 2002 (16). In the latter paper, it was
merely specified that the nomina Griphopithecidae and Griphopithecinae were
employed with “new rank” (16), but no reference was provided as to who might
have previously erected a putative tribe Griphopithecini (ref. 17 also failed to specify
the authorship for the Griphopithecinae). If the authorship of these family-group
nominal taxa based on Griphopithecus, such as Griphopithecini, is to be attributed to
Begun, 2001, then they all must be deemed as nomina nuda, because their erection
failed to fulfill the requirements of Article 16.2 and also because new names
published after 1950 with anonymous authorship are not available according to the
Code (ref. 23: Article 14).

Additional nomenclatural problems arise regarding the correct binomen for the
European species of Griphopithecus. Two nominal species were originally erected on
the basis of two different holotype dental specimens from the same type locality
(Devinska Nova Ves, in Slovakia) by Abel (26): Griphopithecus suessi and
Dryopithecus darwini. Both taxa were subsenquently considered synonymous (27—
28), and after a complicated nomenclatural and taxonomic history (29-30), the
genus Griphopithecus was finally resurrected (31) for the two Slovakian species and
material from Turkey (Griphopithecus alpani). Remane (27) apparently acted as the
First Reviser (30, contra ref. 29) in 1921, by selecting the nomen Dryopithecus
darwini, which he considered more suitable as a type species than Griphopithecus
suessi due to the information provided by their respective holotypes (even though
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the latter binomen had page priority). This notwithstanding, the combination
Griphopithecus darwini employed by modern authors (16, 30-31) is incorrect (29),
because the two nominal species erected on the basis of the Slovakian material are
not merely considered congeneric, but conspecific. Given that Griphopithecus suessi
is the type species of the genus by original designation (ref. 23: Article 68.2.1), this
binomen is to be preferred if Griphopithecus is considered a valid genus. In other
words, since the priority of G. darwini over G. suessi was determined on the basis of
the principle of the First Reviser (29-30), and given that this action is nullified when
unnecessary if subsequently shown that the precedence of names can be objectively
determined (ref. 23: Article 24.2.5), we concur with ref. 29 that the correct binomen
is Griphopithecus suessi instead of G. darwini.

With regard to the postcranial material from Klein Hadersdorf, originally two
different species were erected in 1938 (32) on the basis of two different holotype
specimens: Austriacopithecus weinfurteri and A. abeli. The former nominal taxon
was subsequently used for both specimens for some time (33-34). However, after
the recognition of the potential affinities of this material with Griphopithecus (35),
both nominal species were finally synonymized with Griphopithecus darwini (16, 31).
Given the arguments provided above regarding the validity of this binomen, here the
two nominal species erected on the basis of the Klein Hadersdorf material are
formally considered junior subjective synonyms of Griphopithecus suessi, and
Austriacopithecus is considered a junior subjective synonym of Griphopithecus.
Finally, the partial tooth from Engelswies—variously attributed to ?Griphopithecus
sp. (31), cf. Griphopithecus sp. (36) and aff. Griphopithecus (16)—is here attributed
to Hominoidea indet. Besides the thick enamel, the information provided by this
particular specimen is insufficient to warrant an attribution at the genus level. The
main justification for tentatively attributing it to Griphopithecus was the supposed
similarity in age to the Turkish and Central European localities where this genus is
recognized. Given that this argument no longer applies, Engelswies predating by a
substantial amount of time the remaining localities (see main text), we think it is
more conservative to leave it without a formal taxonomic attribution.

The systematic position of the tribe Dryopithecini and the taxonomy of the
species included in it are even more controversial. The nominal taxon Dryopithecini
was employed by Begun (16) as a distinct tribe within the Homininae, including both
Dryopithecus s.l. and Ouranopithecus. After the proposal that Dryopithecus should
be restricted to Middle Miocene taxa (22), some authors (1) restricted the
Dryopithecini to Middle Miocene putative stem hominids from Europe (Dryopithecus
s.s., Pierolapithecus and Anoiapithecus), whereas Begun (37-38) continued to
include Late Miocene European genera into the Dryopithecini. This issue is not only
complicated by disagreements on the phylogeny of these taxa, but also by opposite
taxonomic opinions among several authors regarding the validity of the several
proposed genera. Here we follow ref. 1 by considering that Pierolapithecus,
Anoiapithecus and Dryopithecus s.s. are distinct dryopithecin genera. On the
contrary, Begun and co-authors (12, 39-40) suggested that Pierolapithecus
catalaunicus might be a junior synonym of Dryopithecus fontani (the type species of
the genus Dryopithecus), and more recently he formally concluded that both
Pierolapithecus and Anoiapithecus are junior subjective synonyms of Dryopithecus,
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at least at the genus level (38). However, given the striking cranial differences
between the three above-mentioned genera, on the basis of the original descriptions
of Pierolapithecus and Anoiapithecus (1, 21) and the newly-recovered cranial
material of D. fontani (22), we cannot accept such synonymy (22, 24).

Furthermore, although the phylogenetic relationships of the above-mentioned
genera certainly deserve further inspection, we consider unconvincing the
arguments proposed to date to suggest that they are stem hominines (37-38).
Instead, we consider more likely that they are stem hominids (1, 21-22). As such,
instead of leaving the tribe Dryopithecini as incertae sedis at the subfamily level (1),
we have elevated this taxon to subfamily rank, as previously done by other authors
(18, 41). As conceived here, the Dryopithecinae include the tribes Dryopithecini,
Hispanopithecini and Ouranopithecini (see later). It is currently uncertain whether
dryopithecines are paraphyletic or represents a clade of stem hominids (1), and it is
even conceivable that some or all of them might ultimately be more closely related
to the Pongini (the tribe including extant orangutans, as well as Ankarapithecus and
other Asian genera more closely related to Pongo, such as Sivapithecus). If this was
the case, the dryopithecine tribes recognized here would be better classified into the
Ponginae, but given current phylogenetic uncertainties we refrain from formally
adopting this view here.

The Dryopithecinae as employed here resembles Begun’s (38) concept of the
Dryopithecini, which includes both Middle and Late Miocene genera, distributed into
two distinct subtribes (Dryopithecina and Ouranopithecina). We, however, employ
higher ranks for each of these groups, and further distinguish a third group, the
Hispanopithecini. According to Begun (38), both the subtribe Dryopithecina and the
genus Dryopithecus (according to his emended diagnosis) would be characterized by
thin-enamelled teeth and large makxillary sinuses. These features, however, are not
shared by either Pierolapithecus or Anoiapithecus, which display thick enamel (24)
and restricted maxillary sinuses (1). Among other traits (1, 22), these features
indicate that these nominal taxa should not be synonymized with Dryopithecus. It
must be further noted that, as conceived here, the genus Dryopithecus is monotypic,
i.e. it only includes the type species D. fontani. This is because D. carinthiacus—
originally erected as a subspecies of D. fontani on the basis of the St. Stefan
mandible (42)—is here merely considered a junior subjective synonym of the latter
species, as previously recognized by other authors (16, 22, 43). More recently, this
taxon was recognized as a distinct Dryopithecus species (38), but since no further
explanation was provided, we do not follow this taxonomic opinion.

At least, some agreement has been recently reached regarding the need to
restrict Dryopithecus to Middle Miocene taxa (1, 22, 24, 37-38, 40), after the initial
resurrection of Hispanopithecus by ref. 22. The latter differs from previous proposals
to resurrect Hispanopithecus, which were restricted to the Spanish material but still
included the Hungarian species into Dryopithecus (44). However, some
disagreements still persist regarding the taxonomy of Hispanopithecus: while some
authors recently restricted this genus to the Spanish taxa (H. laietanus and H.
crusafonti) and included the Hungarian species into a distinct genus Rudapithecus
(37-38), others included all these species into Hispanopithecus and considered
Rudapithecus as a junior synonym of the latter (22, 45). Here we take an
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intermediate view, by considering that Rudapithecus and Hispanopithecus warrant a
distinction at the subgenus level, although this taxonomic opinion should be
subjected to further careful scrutiny in the future.

An agreement has also been apparently reached regarding the species nomen
that must be employed for the Hungarian species (irrespective of the preferred
genus nomen). Until recently, this species was attributed to Dryopithecus brancoi,
after the nomen Neopithecus brancoi, erected on the basis of an isolated molar from
Salmendingen and with a very restricted hypodigm. For some vyears, this fossil
material was considered conspecific with the hominoid from Rudabanya (12, 16, 46—
47). Later on, however, this nominal taxon was considered a nomen dubium (22),
given the limited information provided by the material from the type locality. Most
recently, Begun (38) considered that Neopithecus brancoi is most similar to the
material from Rudabanya but that insufficient anatomy is preserved to justify the
synonymy. This is precisely the reason why we ratify here our opinion that both
Neopithecus and N. brancoi should be considered a nomina dubia until their
taxonomic identity can be further clarified. Contrary to nomina nuda, nomina dubia
are nomenclaturally valid, but of doubtful taxonomic application according to
available knowledge—although they might finally prove to be valid (either as a
distinct taxon, or as a senior or junior synonym of another taxon) through the study
of the type specimens or new material (48). These circumstances further apply to
“Sivapithecus” occidentalis, originally erected on the basis of two lower molars from
Can Vila (of uncertain stratigraphic provenance) (47), and of currently uncertain
generic attribution. Over the years, this nominal taxon was considered a synonym of
“Dryopithecus” brancoi (46), of Hispanopithecus laietanus (50-51) and of
“Dryopithecus” laietanus (31, 52). More recently, however, “Sivapithecus”
occidentalis was considered a nomen dubium (21), although on the basis of
additional material or more detailed studies it might be finally shown to be a senior
subjective synonym of some other taxon in the future.

Regarding the Late Miocene European genera here provisionally attributed to the
Dryopithecinae, as already mentioned above, the systematic scheme employed in
this paper classifies Hispanopithecus and Ouranopithecus into two distinct tribes
(Hispanopithecini and Ouranopithecini, respectively). Regarding the latter, both the
nomina Graecopithecini Cameron, 1997 (18, 44) and Ouranopithecini Begun, 2009
(38) are available, and determining the correct nominal taxon to be preferred is
further complicated by the taxonomic uncertainties regarding the validity of
Graecopithecus. Ouranopithecus macedoniensis and Graecopithecus freybergi have
been frequently considered synonyms (31, 44, 55), and if so, the latter should be
preferred on the basis of priority. Nevertheless, this synonymy is far from clear,
because Graecopithecus is only known from a very damaged mandible from the type
locality (Pyrgos). The presence of several morphologic differences between the
holotype of Graecopithecus and the female mandibles attributed Ouranopithecus,
together with the age differences between Pyrgos and the known
chronostratigraphic range recorded for the latter genus, have led several researchers
to consider that these nominal taxa represent two different species (18) or genera
(16, 38, 56). In fact, the holotype of Graecopithecus freybergi is so damaged as to be
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inadequate for providing an acurate diagnosis, so that it is here considered here a
nomen vanum (48).

This has important nomenclatural implications for the validity of family-group
nomina derived from Ouranopithecus or Graecopithecus. Begun (38) erected a
subtribe Ouranopithecina within the Dryopithecini for including Ouranopithecus,
Graecopithecus and the hominoid from Corakyerler (currently attributed to
Ouranopithecus turkae, see ref. 57). Given the inclusion of Graecopithecus, the
Ouranopithecina as originally conceived by Begun (38) must be considered a junior
objective synonym of Graecopithecina Cameron, 1997, because the type genus of
the latter family-group was considered to be a valid at that time (ref. 23: Article
13.2). Even if Graecopithecus was considered to be a junior synonym of
Ouranopithecus, which cannot be the case—unless a reversal of priority is ruled by
the International Commission on Zoological Nomenclature—, the priority of
Graecopithecini over Ouranopithecini (at any family-group rank) should be
maintained (ref. 23: Article 40.1). However, if Graecopithecus is not included into the
same family-group name as Ouranopithecus—as in the systematic scheme employed
here—then Ouranopithecini is no longer a junior synonym of Graecopithecini, and
the former name must be employed for Ouranopithecus.

Oreopithecus, finally, is here restricted to a monotypic tribe Oreopithecini, which
is left as incertae sedis at the subfamily level. It might be warranted to united
Oreopithecus and Hispanopithecus into a single tribe, Oreopithecini, in recognition of
the close phylogenetic link that has been hypothesized for these taxa (19, 53).
Nevertheless, this supposed link strongly contrasts with the phylogenetic hypotheses
favored by other authors (3). A family-group nominal taxon based on Oreopithecus
was previously employed by several authors, either with a family (33, 54), subfamily
(16, 18) and/or tribe (18-19) rank. In some instances, such nominal taxa were used
to refer only to Oreopithecus (18-19, 46) or to Oreopithecus plus Nyanzapithecus
(54), although the latter genus is currently considered a proconsulid (11). If
Oreopithecus and Hispanopithecus were to be included into a single tribe,
Oreopithecini Schwalbe, 1915 would take priority over Hispanopithecini Cameron,
1997 (44). Similarly, if the Oreopithecini were to be included into the same subfamily
than the Dryopithecini, then Oreopithecinae Schwalbe, 1915 would also take priority
over Dryoptihecinae Gregory and Hellman, 1939.
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Table S1. Systematic classification of extinct Hominoidea discussed in this paper.
Superfamily Hominoidea Gray, 1825
Family Afropithecidae Andrews, 1992
Subfamily Kenyapithecinae Andrews, 1992
Tribe Kenyapithecini Andrews, 1992
Genus Kenyapithecus L.S.B. Leakey, 1962
Kenyapithecus kizili Kelley, Andrews & Alpagut, 2008
Genus Griphopithecus Abel, 1902
Griphopithecus alpani (Tekkaya, 1974)
Griphopithecus suessi Abel, 1902
Family Hominidae Gray, 1825
Subfamily Dryopithecinae Gregory & Hellman, 1939
Tribe Dryopithecini Gregory & Hellman, 1939
Genus Dryopithecus Lartet, 1856
Dryopithecus fontani Lartet, 1856
Genus Pierolapithecus Moya-Sola, Kéhler, et al., 2004
Pierolapithecus catalaunicus Moya-Sola, Kéhler, et al., 2004
Genus Anoiapithecus Moya-Sola, Alba, et al., 2009
Anoiapithecus brevirostris Moya-Sola, Alba, et al., 2009
Tribe Hispanopithecini Cameron, 2004
Genus Hispanopithecus Villalta & Crusafont, 1944
Subgenus Hispanopithecus Villalta & Crusafont, 1944
Hispanopithecus (Hispanopithecus) laietanus Villalta & Crusafont, 1944
Hispanopithecus (Hispanopithecus) crusafonti (Begun, 1992)
Subgenus Rudapithecus Kretzoi, 1969
Hispanopithecus (Rudapithecus) hungaricus (Kretzoi, 1969)
Tribe Ouranopithecini Begun, 2009
Genus Ouranopithecus de Bonis & Melentis, 1977
Ouranopithecus macedoniensis (de Bonis & Melentis, 1974)
Subfamily Ponginae Elliot, 1913
Tribe Pongini Elliot, 1913
Genus Ankarapithecus Ozansoy, 1957
Ankarapithecus meteai Ozansoy, 1965
Subfamily incertae sedis
Tribe Oreopithecini Schwalbe, 1915
Genus Oreopithecus Gervais, 1872
Oreopithecus bambolii Gervais, 1872
Tribe incertae sedis
Genus ?Udabnopithecus Burtschak-Abramovich & Gabachvili, 1950
?Ubadnopithecus garedziensis Burtschak-Abramovich & Gabachvili,
1950
Genus Graecopithecus von Koenigswald, 1982 nomen vanum
Graecopithecus freybergi von Koenigswald, 1982 nomen vanum
Genus Neopithecus Abel, 1902 nomen dubium
Neopithecus brancoi (Schlosser, 1901) nomen dubium
Genus incertae sedis
“Sivapithecus” occidentalis Villalta & Crusafont, 1994 nomen dubium
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Text 2. Regional chronological systems

For a few areas of Western Eurasia, a high-resolution chronology resulting
from the combination of a huge amount of litho-, magneto- and biostratigraphic
data is available. These include some Spanish basins (Calatayud-Daroca, Teruel and
the Valles-Penedeés Basin) (22, 58-61), the Swiss Molasse Basin (62) and the Turkish
Sinap Formation (63—-65). For these areas, magnetostratigraphic sections are long
enough to allow an unambiguous direct correlation to the GPTS. In other areas, such
as the Bavarian Molasse Basin in Germany (66—67) and the Axios Valley (68) in
Greece, similar efforts have been conducted but the studied sections are too short
to provide unique correlations to the GPTS. Magnetostratigraphic ages from these
regions are strongly dependent on other, biostratigraphic or radiometric, constrains.

When no magnetostratigraphic or radiometric data are available, our
correlations rely on regional biostratigraphy. Fortunately, high-resolution biozones
derived from certain basins can be easily extended to nearby areas, thus enabling
the refinement of the chronology of many sites. To this regard, the Valleés-Penedes
biozonation for the late Aragonian and Vallesian can be recognized in nearby Spanish
basins as well as in France (22, 69). Regarding the alpine region, it is worth noting
that the chronostratigraphy of the Bavarian and Swiss Molasse sequences have
provided a consistent biozonation, but with different magnetostratigraphy-based
ages. Given that the magnetostratigraphic framework of the Bavarian molasse is
relatively less robust, the Swiss Molasse chronology (62) can be extended into the
Bavarian Molasse Basin by means of biostratigraphic correlation. For Turkey, a
preliminary local zonation for central Anatolia has been proposed and tentatively
correlated to the European MN zones (70). Unfortunately, the Anatolian local
zonation does not allow a higher resolution than the MN zonation, so our
correlations regarding the Turkish record emphasize magnetostratigraphic data.
Finally, regarding the insular Late Miocene faunas of Tuscany, a useful local
biozonation was proposed by Lorenz (71) for the faunas of the Baccinello basin, and
subsequent studies have allowed the correlation of these endemic faunas to the MN
zones (72-73).

Last but not least, marine-continental correlations have been taken into
account for the localities from the Pannonian basin. This basin, which covers all of
Hungary and Slovakia as well as part of nearby countries, connected to the
Paratethys during the Middle and Late Miocene (74-75). Since many hominoid sites
occur in transitional facies or interbedded with marine sediments, their age can be
directly tied to marine chronostratigraphic scales, based either on planktonic
foraminifera, nannoplankton or molluscs.
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Text 3. The Miocene record of the Vallés-Penedés Basin: biostratigraphy and
magnetostratigraphy

The Vallés-Penedés Basin (Catalonia, Spain) is a small half-graben parallel to
the Catalan coastline that originated during the latest Oligocene as a result of
extensional processes related to the opening of the western Mediterranean (76).
The sedimentary sequences of the basin cover most of the Miocene and consist
mainly of alluvial fan units. During the Middle Miocene a large part of the basin was
covered by a shallow sea (76—78) as a result of the Langhian transgression (ca. 15
Ma). The continental sediments of the Valles-Penedés Basin have been intensively
surveyed for almost 70 years and have become a classical area for the study of the
Miocene mammal faunas of Europe. More than 200 mammal-bearing sites have
been discovered to date which make this are one of the most densely-sampled of
Eurasia. Furthermore, magnetostratigraphic studies have been carried at the most
important sections further refining the correlations and age estimates (22, 58-59).
Here we summarize and update the results of previous works (59, 79-83) and
further refine the biozonation of the Vallés-Penedes Basin.

The Early Miocene. A dozen of localities are known from the Early Miocene
sediments, some of them (els Casots, Moli de Calopa) yielding very rich assemblages.
Two distinct biozones can be distinguished on the basis of the rodent fauna (79). The
first biozone (ibericus zone of ref. 79) is characterized by the presence of the glirid
Pseudodyromys ibericus, the muroid Melissiodon cf. dominans and the equid
Anchitherium sp. The faunas are insufficiently known but this zone probably
correlates to zone A (late Ramblian) of the Calatayud-Daroca Basin (east-central
Spain) (60), thus covering the late MN3 (ca. 18-17 Ma), although somewhat younger
ages (MN4) cannot be discarded. The second biozone is the Megacricetodon minor
primitivus + Ligerimys ellipticus Concurrent range zone which records the first
appearance of the cricetodontids Democricetodon, Megacricetodon and Eumyarion.
This biozone is correlated to zone C (early Aragonian, later part of MN4) of the
Calatayud-Daroca Basin (60), ranging from about 16.5 to 16 Ma. Primates are not
recorded during the Early Miocene in the Vallés-Penedés Basin.

The Middle Miocene. During the Langhian transgression, a few mammal localities
(i.e. Ca n’Almirall) are recorded in transitional facies (80) and have been correlated
to the MN6. However, these faunas have yet to be studied in detail. Other localities
which may correlate to the MN6 in the Vallés-Penedés Basin include Les Conilleres
and a few micromammal sites from the lower part of the Abocador de Can Mata
(ACM) series (22, 81-82). These localities have delivered a very poor micromammal
fauna and have been correlated by the means of magnetostratigraphy to chron
C5Ar.1r (12.730-12.415 Ma). Clearly more sampling is needed to adequately
characterize the time interval that follows the end of the Langhian transgression
until ca. 12.5 Ma in the Valles-Penedes.

The densely sampled ACM series (81-82) has allowed the subdivision of the
Late Aragonian record into two distinct biozones according to the cricetodontid
species present: the Democricetodon larteti + Megacricetodon ibericus Concurrent
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range zone and the Democricetodon crusafonti + Megacricetodon ibericus
Concurrent range zone (69, 83). The D. larteti + M. ibericus zone is further
characterized by the occurrence of a diverse rodent fauna in many sites that includes
two Hispanomys species (H. decedens and H. cf. aguirrei) and several glirids (of the
genera Glirudinus, Myoglis, Muscardinus, Paraglis, Microdyromys and Paraglirulus)
although this family is not abundant. The eomyids (Eomyops, Keramidomys) and
pteromyines (flying squirrels of the genera Miopetaurista and Albanensia) may occur
occasionally. This biozone ranges begins at chron C5An.2n (12.415-12.207 Ma) and
ends within chron C5r.3r (12.014-11.614) so we estimate an age of 11.8 Ma for the
upper boundary of this biozone. Hominoids are first recorded within this biozone in
the Valles-Penedés Basin at locality C1-E* (estimated age 12.2-12.3 Ma see Sl
Dataset). The D. crusafonti + M. ibericus zone begins within chron C5.3r and ends at
chron C5r.1n (11.154-11.118 Ma). Since many primate finds of the ACM series occur
within chron C5r.3r, but these sites have not always delivered a rich rodent sample,
it is not possible to this biozone or to the previous one. The D. crusafonti + M.
ibericus zone is characterized by the presence of D. crusafonti, although its ancestor
D. larteti still is recorded at some sites, where it is very rare. The rodent fauna does
not show many changes except for the replacement of some cricetodontid species
(D. brevis brevis, M. minor minor) by their putative descendants (D. brevis nemoralis,
M. minor debruijni). The genus Hispanomys is represented by three new species (H.
lavocati, H. decedens, H. daamsi). The beavers occur at some sites where they can be
very common. To the top of this biozone the rodent fauna becomes impoverished by
the temporal disappearance of many glirid species, the eomyids and the flying
squirrels, which may indicate a shift towards dryer environments. This local zonation
can be recognized in other Iberian basins such as Calatayud-Daroca (83) and can be
further extended to France (69, 83) allowing to constrain the age of certain sites
such as La Grive fissure fillings.

The Late Miocene. The Late Miocene record ends abruptly because of a pronounced
marine regression by the Messinian (middle Turolian, ca. 7.2 Ma) which implied the
prevalence of erosional processes over sedimentation. The beginning of the Late
Miocene is particularly well represented in the basin, so a land mammal stage, the
Vallesian, was erected on the basis of the Valles-Penedes mammal successions (84).
The Vallesian has been intensively sampled and the main Vallesian sites have been
situated in a magnetostratigraphic framework (58-59). The lower boundary of the
Vallesian is marked by the dispersal into the Old World of the hipparionine horses, of
North American origin. In the Vallés-Penedeés Basin, these equids are first recorded
at the lower part of chron C5r.1n, which would imply and age of 11.154 Ma (58, 85).
This age is congruent with the radiometric dating of key sites of Central Europe (86)
but it is somewhat older than other age estimates for this event in other areas
(Calatayud-Daroca Basin, Sinap Formation, Siwaliks) which range from 10.8 to 10.3
Ma (64, 87-89). The presence of Hipparion sensu lato characterizes the Hipparion
s.l. + M. ibericus Concurrent range zone (59). Amongst the macromammals, the first
occurrence of the felid Machairodus is also recorded (59), but the rodent fauna does
not show significant differences compared to that of the latter part of the D.
crusafonti + M. ibericus zone. The upper boundary of the Hipparion s.I. + M. ibericus
zone is located within chron C5n.2n (11.040-9.987 Ma) with an estimated age of
about 10.4 Ma (59).
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Agusti and co-workers (59) defined the Cricetulodon zone for the rest of the
early Vallesian, which is here divided into two different biozones: Cricetulodon
hartenbergeri Local range zone and Cricetulodon sabadellensis Local range zone.
These two biozones are distinguished on the basis of the species of the cricetid
Cricetulodon, which is a very common component of the rodent faunas. The rodent
assemblage in both zones is very diverse and many of the glirid genera that were
absent since the upper half D. crusafonti + M. ibericus zone reappear in the record
together with the eomyids and flying squirrels which may be recorded at certain
sites. Nevertheless, all these rodent taxa are not abundant. Amongst the muroids,
M. ibericus and D. crusafonti are not longer present, while the genera Eumyarion and
Megacricetodon are last recorded in the C. sabadellensis zone. The primates are
represented by the genus Hispanopithecus at many sites. The C. hartenbergeri zone
covers the second half of chron C5n.2n with an estimated age of 10.4 Ma for the
lower boundary and of 9.9 Ma for the upper one. This biozone comprises important
sites such as Can Ponsic or Santiga and can also be recognized in the Seu d’Urgell
Basin (Catalan Pyrenees). In its turn, the C. sabadellensis zone ranges from the base
of chron C5r.1r to the top of chron C4Ar.3r, that is from 9.987 to 9.717 Ma. Since C.
sabadellensis is endemic of the Vallés-Penedés Basin, this biozone cannot be
extended to other areas. Major localities correlated to this biozone include Can
Llobateres 1.

At the top of the C. sabadellensis zone, the first occurrence of murids
(Progonomys) in Western Europe is recorded. This rodent family is first scarcely
represented but become very abundant soon afterwards, so they characterize the
first biozone of the late Vallesian, the Cricetulodon + Progonomys Interval zone. The
lower boundary of this zone is not characterized by the entry of Progonomys but by
its common occurrence. This murid first appeared in the Indian subcontinent at
about 12 Ma (90) and dispersed into western Eurasia during the Vallesian, being first
recorded in Turkey at about 10.135 Ma (64) and arriving into the Iberian Peninsula at
about 9.7 Ma. Recently, Aguilar and co-workers (91) suggested a much older age for
the Progonomys dispersal and the Aragonian/Vallesian boundary. According to these
authors, Progonomys would have been already present by about 11.4 Ma, so that it
would not have taken two million years to reach Western Europe from Asia. These
authors reinterpret several sections where Hipparion s.l. and Progonomys co-occur,
including the Can Llobateres section (see Fig. 2), and conclude that these may be
nearly two million years older, since the presence of these two taxa is also congruent
with this dating. Therefore, these authors ignore the composite bio-
magnetostratigraphic context of the Vallés sequence and propose a new correlation
of Can Llobateres to chron C5r.2n (see Fig. 2), resulting in an age estimate of 11.5 Ma
for Can Llobateres 1. Such surprising results are based on the interpretation of the
short (10 m-thick) Ecotet section (France), in which two mammal sites are associated
with transitional marine facies that have yielded calcareous nannoplankton and
planktonik foraminifera indicating a late Middle Miocene age. The very poor
mammal sites have not delivered Progonomys or Hipparion s.l., but are attributed to
the early Vallesian (MN9) on the basis of the presence of D. brevis cf. nemoralis and
M. minor debruijni. These taxa, however, were already present in the late Aragonian
(in our D. crusafonti + M. ibericus zone), and do not suggest an MN9 age for these
sites or add any new information concerning the dispersal of Progonomys.
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The Cricetulodon + Progonomys zone is characterized by the disappearance
of many mammal taxa, an extinction event which has been termed the Vallesian
Crisis (92). Amongst the rodents, many glirids and all the eomyids became very rare
until finally disappearing during the next biozone. The flying squirrels and the
beavers also became rarer than during the early Vallesian. Regarding the
macromammals, the suids Listriodon and Parachleuastochoerus, the bovid
Miotragocerus, and amphicyonid and nimravid carnivorans all disappear in this
biozone. Finally, hominids (Hispanopithecus laietanus) are last recorded within this
biozone at the site of La Tarumba 1. On the other hand, this biozone records a
number of new occurrences, including the hypsodont cricetid Rotundomys
montisrotundi, the suids Microstonyx and Schizochoerus and the large hyaenid
Adcrocuta. This biozone ranges from chron C4Ar.2n to chron C4Ar.2r, that is, from
9.717 to 9.409 Ma. Important sites include Can Llobateres 2 and La Tarumba 1.

Finally, the last zone of the Vallesian is the Rotundomys bressanus Local
range zone (59). This biozone is characterized by the presence of this hypsodont
cricetid (first recorded at the base of chron C4Ar.1, that is 9.409 Ma) together with
the murids of the genus Progonomys; unlike in other Iberian basins (such as the
Teruel Basin in east-central Spain) (93), these murids are not very abundant.
Amongst the macromammals, some species characteristic of Turolian faunas are first
recorded, including the bovid Tragoportax gaudryi and the felid Paramachairodus
orientalis. Pliopithecids are last recorded within this biozone at Torrent de Febulines,
where they are represented by the crouzeline Egarapithecus narcisoi (94). The upper
boundary of this zone coincides with the Vallesian/Turolian boundary and is
presumably placed within chron C4An (9.098-8.769 Ma). Important sites within this
biozone include Torrent de Febulines, Ceramiques Viladecavalls, Trinxera Nord
Autopista and Trinxera Sud Autopista.
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How to use this database

Here we provide a list of the localities included in this study in alphabetical
order. Most of these localities are mentioned and discussed in the main text and
appear in Figs. 1-2. In this appendix we provide further details regarding their location,
age and correlation to regional and global time scales. For each record the information
is arranged in eleven fields as follows:

Locality: Name of the locality. In case of synonymy the most widely used name is given
in this field.

Locality synonyms: Other names given to the locality, usually referring to older names
used by some authors.

Area and country: The formation, basin, area or region and the country the locality
currently belongs to are given in this field and in this order.

Taxon: The hominoid taxon recovered in the locality. For details on the taxonomy and
systematics used in this work see SI Appendix Text 1.

Maximum age: The oldest possible age of the locality. When magnetostratigraphic
data are available, this refers to the lower boundary of the geomagnetic chron of the
Geomagnetic Polarity Timescale (GPTS) to which the locality is correlated. When the
locality is correlated to a regional/local zonation for which the boundaries for the
different zones have not been unambiguously correlated to the GPTS, the term ‘circa
(ca.)’ precedes the estimated age. In these cases, the estimated age will be the lower
boundary of the regional/local zone to which the locality is correlated. And finally,
when the correlation relies entirely on the MN zonation, the age of the lower
boundary is given. For the Middle Miocene of Western Europe (France, Spain) the age
of the MN boundaries is after Agusti et al. (2001), for the same time interval of Central
Europe and Turkey the age of the MN boundaries follows Kéilin & Kempf (2009). For
the Late Miocene, the age of the MN boundaries is after Agusti et al. (2001). In case
that two different maximum ages are possible (because of different possible
correlations of the MN zones or the regional/local zones to the GPTS, for example) the
two possible ages are given. When a question mark is added after the age means that
the correlation is highly uncertain.

Minimum age: The youngest possible age of the locality. This age always refers to the
top boundary of the geomagnetic chron, regional/local zonation or MN zone to which
the locality is correlated (see above for more details).

Preferred correlation to the GPTS: The geomagnetic chron of the GPTS (Ogg & Smith,
2004) to which the locality is correlated.

Local/regional correlations: The regional/local zone to which the locality is correlated.
These zones can be based either on marine, freshwater or continental faunas. For
details on the different regional scales used see SI Appendix Text 2.

Correlation to the MN zonation: The MN zone to which the locality is correlated. For
these MN zones which are known to have diachronic boundaries in Central Europe and
Western Europe we indicate if we are considering the age boundaries of one area or
the other one.
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Remarks: Additional remarks usually give more details on the correlation of the locality
to the different time scales. In a few situations, when the stratigraphic provenance of
the material is uncertain, this issue is discussed in this field.

References: The references cited refer to the most recent references that add some
information on the age of this locality. References to older works dealing with the
same question can be found in those works.
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Locality Database

The following database includes 61 hominoid-bearing sites from the Miocene of
Western Eurasia. Three doubtful citations are excluded from this synthesis:
Montrejeau, Kalfa and Eldar. The 1911 geological map of Saint Gaudens reports the
presence of Dryopithecinae indet. at Montrejeau (Haute-Garonne, France). Even
though the material was never figured nor described, this citation is repeated by some
authors (Szalay & Delson, 1979). However, no one knows what the material is or where
it is stored (Mein, 1986). Oreopithecus sp. has been cited from Kalfa (Moldova) (Lungu,
1974), but the material has never been published and even its existence is uncertain
(Delson, 1987). On the other hand, the presence of Oreopithecus in Moldova is highly
unlikely, since this genus is known to be endemic to the Tusco-Sardinian
palaeobioprovince. Szalay & Delson (1979) also mention the presence of Dryopithecus
fontani at Eldar (Georgia), a locality close to Udabno 1. Nevertheless, this material has
not been figured or described and it has not been mentioned in recent publications, so
it is questionable if it ever existed.

Locality: Abocador de Can Mata, Barranc de Can Vila 1 (ACM/BCV1).

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Pierolapithecus catalaunicus. Type locality.

Maximum age: 12.014 Ma.

Minimum age: 11.614 Ma.

Preferred correlation to the GPTS: C5r.3r.

Local/regional correlations: Democricetodon larteti + Megacricetodon ibericus
Concurrent range zone of the Vallés-Penedés Basin.

Correlation to the MIN zonation: MN 7+8 (Western Europe boundaries).

Remarks: Estimated age 11.93 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of the ACM
section.

References: Casanovas-Vilar et al., 2008; Moya-Sola et al., 2009a; this work [Text S3].

Locality: Abocador de Can Mata, Barranc de Can Vila 4 (ACM/BCV4).

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hominidae indet.

Maximum age: 12.014 Ma.

Minimum age: 11.614 Ma.

Preferred correlation to the GPTS: C5r.3r.

Local/regional correlations: The correlation to the Vallés-Penedés zones is ambiguous.
Correlation to the MIN zonation: MN 7+8 (Western Europe boundaries).

Remarks: Estimated age 11.91 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of the ACM
section.

References: This work [SI Appendix Text 3].
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Locality: Abocador de Can Mata, locality C1-E* (ACM/C1-E*).

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hominidae indet.

Maximum age: 12.415 Ma.

Minimum age: 12.207 Ma.

Preferred correlation to the GPTS: C5An.2n.

Local/regional correlations: Democricetodon larteti + Megacricetodon ibericus
Concurrent range zone of the Vallés-Penedeés Basin.

Correlation to the MIN zonation: MN 7+8 (Western Europe boundaries).

Remarks: Estimated age 12.2-12.3 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of the ACM
section.

References: This work [SI Appendix Text 3].

Locality: Abocador de Can Mata, locality C3-Ae (ACM/C3-Ae).

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Dryopithecus fontani.

Maximum age: 12.014 Ma.

Minimum age: 11.614 Ma.

Preferred correlation to the GPTS: C5r.3r.

Local/regional correlations: The correlation to the Vallés-Penedés zones is ambiguous.
Correlation to the MIN zonation: MN 7+8 (Western Europe boundaries).

Remarks: Estimated age 11.85 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of the ACM
section.

References: Moya-Sola et al., 2009a; this work [SI Appendix Text 3].

Locality: Abocador de Can Mata, locality C3-Aj (ACM/C3-Aj).

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Anoiapithecus brevirostris. Type locality.

Maximum age: 12.014 Ma.

Minimum age: 11.614 Ma.

Preferred correlation to the GPTS: C5r.3r.

Local/regional correlations: Democricetodon larteti + Megacricetodon ibericus
Concurrent range zone of the Vallés-Penedés Basin.

Correlation to the MIN zonation: MN 7+8 (Western Europe boundaries).

Remarks: Estimated age 11.94 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of the ACM
section.

References: Moya-Sola et al., 2009b; this work [SI Appendix Text 3].


Jose
Texto escrito a máquina
116


117

Casanovas-Vilar et al. An updated chronology for the Miocene hominoid radiation in Western Eurasia

Locality: Abocador de Can Mata, locality C3-Az (ACM/C3-Az).

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: cf. Dryopithecus fontani.

Maximum age: 12.014 Ma.

Minimum age: 11.614 Ma.

Preferred correlation to the GPTS: C5r.3r.

Local/regional correlations: The correlation to the Vallés-Penedés zones is ambiguous.
Correlation to the MIN zonation: MN 7+8 (Western Europe boundaries).

Remarks: Estimated age 11.91 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of the ACM
section.

References: Moya-Sola et al., 2009a; this work [SI Appendix Text 3].

Locality: Abocador de Can Mata, locality C4-Ap (ACM/C4-Ap).

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hominoidea indet.

Maximum age: 12.014 Ma.

Minimum age: 11.614 Ma.

Preferred correlation to the GPTS: C5r.3r.

Local/regional correlations: The correlation to the Vallés-Penedés zones is ambiguous.
Correlation to the MIN zonation: MN 7+8 (Western Europe boundaries).

Remarks: Estimated age 11.85 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of the ACM
section.

References: This work [SI Appendix Text 3].

Locality: Abocador de Can Mata, locality C4-Cp (ACM/C4-Cp).

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hominoidea indet.

Maximum age: 12.014 Ma.

Minimum age: 11.614 Ma.

Preferred correlation to the GPTS: C5r.3r.

Local/regional correlations: Democricetodon larteti + Megacricetodon ibericus
Concurrent range zone of the Vallés-Penedés Basin.

Correlation to the MIN zonation: MN 7+8 (Western Europe boundaries).

Remarks: Estimated age 11.92 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of the ACM
section.

References: This work [SI Appendix Text 3].

Locality: Ahmatovska Formation.
Locality synonyms: -
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Area and country: Chirpan district, Bulgaria.

Taxon: cf. Ouranopithecus sp.

Maximum age: 8.769? Ma.

Minimum age: 4.997? Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MN zonation: MN11-MN13?

Remarks: The very preliminary data suggest a Turolian age for this locality.
References: Spassov & Geraads, 2008.

Locality: Baccinello Cardium horizon.

Locality synonyms: Baccinello F1 horizon.

Area and country: Baccinello-Cinigiano Basin, Tuscany, Italy.

Taxon: Oreopithecus bambolii.

Maximum age: 8.300/7.528 Ma.

Minimum age: 7.58/7.52 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Upper portion of the Baccinello-Cinigiano basin
lithostratigraphical unit B, equivalent to the V-1 mammal assemblage zone of the same
basin.

Correlation to the MN zonation: MN12, the Tusco-Sardinian mammal zones have been
correlated to the MN zonation (Engesser, 1989; Rook et al., 1996) and considered to be
equivalent to the MN12 (V-1 zone) and to the MN12 and part of the MN13 (V-2 zone).
The non-endemic assemblages V-0 and V-3 would correlate to the MN11 and to the
MN13, respectively. However, it is unclear if V-1 faunas cover part of the MN11 as well
or if V-2 faunas extend into the MN13. In this list the lower boundary for the MN12 is
given as the maximum age for the V-1 localities, but somewhat older ages, closer to
8.5 Ma are equally likely.

Remarks: The locality is placed below a radiometrically-dated tuff layer that has given
an age of 7.5+0.3 Ma (Rook et al., 2000).

References: Benvenuti et al., 1995; Rook et al., 2000.

Locality: Baccinello V-1.

Locality synonyms: -

Area and country: Baccinello-Cinigiano Basin, Tuscany, Italy.

Taxon: Oreopithecus bambolii.

Maximum age: 8.300/7.528 Ma.

Minimum age: 7.58/7.52 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: V-1 mammal assemblage zone of the Baccinello-Cinigiano
Basin.

Correlation to the MN zonation: MN12, the Tusco-Sardinian mammal zones have been
correlated to the MN zonation (Engesser, 1989; Rook et al., 1996) and considered to be
equivalent to the MN12 (V-1 zone) and to the MN12 and part of the MN13 (V-2 zone).
The non-endemic assemblages V-0 and V-3 would correlate to the MN11 and to the
MN13, respectively. However, it is unclear if V-1 faunas cover part of the MN11 as well
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or if V-2 faunas extend into the MN13. In this list the lower boundary for the MN12 is
given as the maximum age for the V-1 localities, but somewhat older ages, closer to
8.5 Ma are equally likely.

Remarks: The locality occurs in coal seems underlying the lacustrine clays and
marlsotnes that include the Baccinello Cardium horizon. Therefore, its age can be
further constrained thanks to radiometric dating of a suprajacent tuff layer (see
comments on locality Baccinello Cardium horizon).

References: Benvenuti et al., 1995; Rook et al., 1996; Rook et al., 2000.

Locality: Can Llobateres 1.

Locality synonyms: Can Llobateres.

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hispanopithecus (Hispanopithecus) laietanus.

Maximum age: 9.779 Ma.

Minimum age: 9.717 Ma.

Preferred correlation to the GPTS: C4Ar.3r.

Local/regional correlations: Cricetulodon sabadellensis Local range zone of the Vallés-
Penedes Basin.

Correlation to the MN zonation: MN9.

Remarks: Estimated age 9.72 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of Can
Llobateres (Vallés Occidental) given in Garcés et al. (1996).

References: Agusti et al., 1996; Agusti et al., 1997; Garcés et al., 1996; this work [SI
Appendix Text 3].

Locality: Can Llobateres 2.

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hispanopithecus (Hispanopithecus) laietanus.

Maximum age: 9.656 Ma.

Minimum age: 9.409 Ma.

Preferred correlation to the GPTS: CAAr.2r.

Local/regional correlations: Cricetulodon + Progonomys Interval zone of the Vallés-
Penedes Basin.

Correlation to the MN zonation: MN9S.

Remarks: Estimated age 9.65 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of Can
Llobateres (Vallés Occidental) given in Garcés et al. (1996).

References: Agusti et al., 1996; Agusti et al., 1997; Garcés et al., 1996; this work [SI
Appendix Text 3].

Locality: Can Mata 1.

Locality synonyms: Bretxa de Can Mata, Hostalets Superior, Hostalets de Pierola
superior.

Area and country: Vallés-Penedés Basin, Catalonia, Spain.
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Taxon: Hominidae indet.

Maximum age: 11.554 Ma.

Minimum age: 11.154 Ma.

Preferred correlation to the GPTS: C5r.2r.

Local/regional correlations: Hipparion s.l. + Megacricetodon ibericus Concurrent range
zone of the Vallés-Penedes Basin.

Correlation to the MN zonation: MN9S.

Remarks: Estimated age 11.20 Ma. This age is estimated by considering sedimentation
rates computed from the local stratigraphic section of ACM.

References: Moya-Sola et al., 2009a; this work [SI Appendix Text 3].

Locality: Can Poncic (this is the official current toponym, although it is rarely employed
in the paleontological literature).

Locality synonyms: Can Ponsic, Can Ponsich.

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hispanopithecus (Hispanopithecus) crusafonti. Type locality.

Maximum age: ca. 10.4 Ma.

Minimum age: 9.987 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Cricetulodon hartenbergeri Local range zone of the Vallés-
Penedes Basin.

Correlation to the MN zonation: MN9.

Remarks: -

References: Agusti et al., 1997; this work [SI Appendix Text 3].

Locality: Can Vila.

Locality synonyms: Hostalets Inferior, Hostalets de Pierola inferior.

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: ‘Sivapithecus’ occidentalis nomen dubium. Type locality.

Maximum age: ca. 12.5 Ma.

Minimum age: ca. 11.5 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MIN zonation: MN7+8 (Western Europe boundaries).

Remarks: The stratigraphic provenance of the material is uncertain given the sketchy
description of the site provided in Villalta Comella & Crusafont Pairé (1941). The
material was found in whitish clays (Villalta Comella & Crusafont Paird, 1941) which
presumably correspond to the lower part of the Hostalets de Pierola composite section
(Moya-Sola et al., 2009a) since the upper part is predominantly composed of red clays.
The, lower part of the Hostalets de Pierola composite section correlates to the
Democricetodon crusafonti + Megacricetodon ibericus Concurrent range zone of the
Vallés-Penedés Basin, which would yield an age range of 13/12.8 to 11.9 Ma for the
Can Vila site. However, given the uncertainty in the location of the site, younger age
cannot be discarded.

References: Moya-Sola et al., 2004; this work [SI Appendix Text 3].
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Locality: Candir locality 3.

Locality synonyms: -.

Area and country: Cankiri Basin, Central Anatolia, Turkey.

Taxon: Griphopithecus alpani.

Maximum age: 14.095 Ma.

Minimum age: 13.369 Ma.

Preferred correlation to the GPTS: C5ACn/C5ABnN

Local/regional correlations: The close locality Candir 2 is correlated to rodent
assemblage zone F of Anatolia.

Correlation to the MIN zonation: MN6 (Central Europe boundaries).

Remarks: The alternative correlation to chron C5Cn, favored by Begun et al. (2003),
requires the assumption of important stratigraphical hiatuses in the Candir
magnetostratigraphical section.

References: Begun et al., 2003; De Bruijn et al., 2003; Krijgsman, 2003.

Locality: Casteani.

Locality synonyms: -

Area and country: Baccinello-Cinigiano Basin, Tuscany, Italy.

Taxon: Oreopithecus bambolii.

Maximum age: 8.300/7.528 Ma.

Minimum age: 7.58/7.52 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: V-1 mammal assemblage zone of the Baccinello-Cinigiano
Basin.

Correlation to the MN zonation: MN12, the Tusco-Sardinian mammal zones have been
correlated to the MN zonation (Engesser, 1989; Rook et al., 1996) and considered to be
equivalent to the MN12 (V-1 zone) and to the MN12 and part of the MN13 (V-2 zone).
The non-endemic assemblages V-0 and V-3 would correlate to the MN11 and to the
MN13, respectively. However, it is unclear if V-1 faunas cover part of the MN11 as well
or if V-2 faunas extend into the MN13. In this list the lower boundary for the MN12 is
given as the maximum age for the V-1 localities, but somewhat older ages, closer to
8.5 Ma are equally likely. The top boundary for the V-1 zone is determined on the basis
of the radiometric dating of a tuff layer interbedded within the Baccinello-Cinigiano
succession (Rook et al., 2000).

Remarks: This locality corresponds to a lignite mine which is considered to be
equivalent to the coal seams of Baccinello V-1.

References: Azzaroli et al., 1986; Rook et al., 1996.

Locality: Castell de Barbera.

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.
Taxon: cf. Dryopithecus fontani.

Maximum age: 11.850 Ma.

Minimum age: 11.614/11.154 Ma.

Preferred correlation to the GPTS: -
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Local/regional correlations: Democricetodon crusafonti + Megacricetodon ibericus
Concurrent range zone of the Vallés-Penedeés Basin.

Correlation to the MIN zonation: MN 7+8 (Western Europe boundaries).

Remarks: -

References: Agusti et al., 1997; this work [SI Appendix Text 3].

Locality: Corakyerler.

Locality synonyms: -

Area and country: Cankiri Basin, Central Anatolia, Turkey.

Taxon: Ouranopithecus turkae. Type locality.

Maximum age: 8.769 Ma.

Minimum age: 7.285/7.140 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Rodent assemblage zone J of Anatolia.

Correlation to the MN zonation: MN 11-MN12.

Remarks: The rodent fauna suggests a correlation to either zones J or K, although a
correlation to zone J (and therefore to MN11) is preferred by Unay et al. (2006). The
macromammal fauna points to an MN11 age as well, but includes certain ruminants
that would indicate an MN12 age (Pliocervus sp., Miotragocerus valenciennesi,
Oioceros rothi). Accordingly, a somewhat younger age (MN12) for O. turkae cannot be
discarded.

References: Giileg et al., 2007; Unay et al., 2006.

Locality: Ebingen.

Locality synonyms: -

Area and country: Swabian Alps, Baden-Wirttemberg, Germany.

Taxon: Hominidae indet.

Maximum age: ?

Minimum age: ?

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MN zonation: ?

Remarks: This locality was discovered in the earliest 20" century and primate fossils
are the only material recovered, so their age cannot be determined. Nevertheless, an
‘indeterminate Vallesian age’ has been assigned to this site without providing any
argument (Mein, 1986).

References: Mein, 1986; this work.

Locality: Engelswies.

Locality synonyms: -

Area and country: Bavarian Molasse Basin, Baden-Wirttemberg, Germany.
Taxon: Hominoidea indet.

Maximum age: 16.543 Ma.

Minimum age: 15.974 Ma.

Preferred correlation to the GPTS: C5Cn.1r/C5Cn.2r.
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Local/regional correlations: Keramidomys — Megacricetodon bavaricus Concurrent
range zone of the Swiss Molasse Basin.

Correlation to the MIN zonation: MN5 (Central Europe boundaries).

Remarks: -

References: Bobhme et al., 2008; Heizmann & Begun, 2001; this work [see main text].

Locality: Eppelsheim.

Locality synonyms: -

Area and country: Dinotheriensande Formation, Rhenish Hesse, Germany.
Taxon: Hominoidea indet.

Maximum age: 11.614/11.154 Ma.

Minimum age: 9.717 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MN zonation: MNO9.

Remarks: The primate material has not been described or figured.
References: Franzen & Storch, 1999; Franzen et al., 2003.

Locality: Estacio Depuradora d’Aiglies Residuals del Riu Ripoll, locality 6 (EDARG).
Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hispanopithecus (Hispanopithecus) laietanus.

Maximum age: ca. 10.4 Ma.

Minimum age: 9.987 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Cricetulodon hartenbergeri Local range zone of the Vallés-
Penedés Basin.

Correlation to the MN zonation: MN9.

Remarks: -

References: Checa Soler & Rius Font, 2003; this work [SI Appendix Text 3].

Locality: Estacié Depuradora d’Aiglies Residuals del Riu Ripoll, locality 8 (EDARS8).
Locality synonyms: Estacié Depuradora d’Aiglies Residuals del Riu Ripoll, locality 13
(EDAR13).

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hispanopithecus (Hispanopithecus) laietanus.

Maximum age: ca. 10.4 Ma.

Minimum age: 9.987 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Cricetulodon hartenbergeri Local range zone of the Vallés-
Penedés Basin.

Correlation to the MN zonation: MN9S.

Remarks: -

References: Checa Soler & Rius Font, 2003; this work [SI Appendix Text 3].
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Locality: Fiume Santo.

Locality synonyms: -

Area and country: Sassari, Sardinia, Italy.

Taxon: Oreopithecus bambolii.

Maximum age: 7.58/7.52 Ma.

Minimum age: 7.285/7.140 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: V-2 mammal assemblage zone of the Baccinello-Cinigiano
Basin.

Correlation to the MN zonation: MN12, the Tusco-Sardinian mammal zones have been
correlated to the MN zonation (Engesser, 1989; Rook et al., 1996) and considered to be
equivalent to the MN12 (V-1 zone) and to the MN12 and part of the MN13 (V-2 zone).
The non-endemic assemblages V-0 and V-3 would correlate to the MN11 and to the
MN13, respectively. However, it is unclear if V-1 faunas cover part of the MN11 as well
or if V-2 faunas extend into the MN13. In this list the top boundary for the MN12 is
given as the minimum age for the V-2 localities, but somewhat younger ages, closer to
6.5 Ma are equally likely. The lower boundary for the V-2 zone is determined on the
basis of the radiometric dating of a tuff layer interbedded within the Baccinello-
Cinigiano succession (Rook et al., 2000).

Remarks: -

References: Abbazzi et al., 2008; Casanovas-Vilar et al., in press.

Locality: Gétzendorf.

Locality synonyms: -

Area and country: Vienna Basin, Lower Austria, Austria.
Taxon: cf. Hominoidea indet.

Maximum age: ca. 9.9 Ma.

Minimum age: ca. 9.7 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Mollusc zone F2 (Pannonian) of the Vienna Basin.
Correlation to the MN zonation: MN9.

Remarks: -

References: Harzhauser et al., 2004; Nargolwalla et al., 2006.

Locality: Great Trasubbie outcrop.

Locality synonyms: Trasubbie.

Area and country: Baccinello-Cinigiano Basin, Tuscany, Italy.

Taxon: Oreopithecus bambolii.

Maximum age: 7.58/7.52 Ma.

Minimum age: 7.285/7.140 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: V-2 mammal assemblage zone of the Baccinello-Cinigiano
Basin.

Correlation to the MN zonation: MN12, the Tusco-Sardinian mammal zones have been
correlated to the MN zonation (Engesser, 1989; Rook et al., 1996) and considered to be
equivalent to the MN12 (V-1 zone) and to the MN12 and part of the MN13 (V-2 zone).
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The non-endemic assemblages V-0 and V-3 would correlate to the MN11 and to the
MN13, respectively. However, it is unclear if V-1 faunas cover part of the MN11 as well
or if V-2 faunas extend into the MN13. In this list the top boundary for the MN12 is
given as the minimum age for the V-2 localities, but somewhat younger ages, closer to
6.5 Ma are equally likely. The lower boundary for the V-2 zone is determined on the
basis of the radiometric dating of a tuff layer interbedded within the Baccinello-
Cinigiano succession (Rook et al., 2000).

Remarks: -

References: Engesser, 1989; Rook et al., 1996.

Locality: Hostalets de Pierola.

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hominoidea indet.

Maximum age: ca. 12.5 Ma.

Minimum age: ca. 9.7 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MIN zonation: MN7+8-MN9 (Western Europe boundaries).
Remarks: The stratigraphic provenance of the material is unknown. Age ranges refer to
the whole range of the Hostalets de Pierola composite section.

References: Van der Made & Ribot, 1999; this work [SI Appendix Text 3].

Locality: Klein Hadersdorf.

Locality synonyms: -

Area and country: Vienna Basin, Lower Austria, Austria.

Taxon: Griphopithecus suessi.

Maximum age: 11.614 Ma.

Minimum age: 11.118 Ma.

Preferred correlation to the GPTS: -

Local/regional  correlations: MMi9/MMi13  planktonik  foraminifera  zones,
MNN6/MNN?7 calcareous nannoplankton zones.

Correlation to the MN zonation: MN7+8 (Central Europe boundaries).

Remarks: The locality is placed in the same transitional facies that Neudorf-Sandberg
(Slovakia).

References: Rabeder & Steininger, 1975; Steininger, 1986.

Locality: La Grive Saint-Alban M.
Locality synonyms: La Grive M, La Grive.
Area and country: Isere, France.

Taxon: Dryopithecus fontani.

Maximum age: 13.015/12.765 Ma.
Minimum age: 11.850 Ma.

Preferred correlation to the GPTS: -
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Local/regional correlations: Democricetodon larteti + Megacricetodon ibericus
Concurrent range zone of the Vallés-Penedeés Basin.

Correlation to the MIN zonation: MN7+8 (Western Europe boundaries).

Remarks: The exact provenance of the hominoid specimen (an isolated upper incisor)
is not surely known, and the attribution of the fossil to a particular fissure considers
the presence of particular features (such as patinas or the color of the sediment) that
allow a tentative assignment. This incisor was discovered in the old collections of the
Museum of Basel (Andrews et al., 1996) and on the basis of the presence of a grey
patina it was assigned to La Grive Saint Alban L3 as well (Mein, 1986). However, P.
Mein (pers. com.) had not seen the specimen by that time, and nowadays, on the basis
of the occurrence of a red (not grey) patina in the incisor considers that it cannot
belong to fissure L3, since red patinas only occur in fissures M and Peyre et Beau.
Recently, without providing any additional argument the material has been assigned to
fissure M (Begun, 2002), which is somewhat older than L3. Further details on the
provenance of the material can be known on the basis of the collecting year. L. Costeur
(Museum of Basel, pers. com.) kindly provided the information written in the label of
the specimen: ‘La Grive Saint Alban -1905 — Ogiez’. This does not give further details on
its provenance but tells us that the specimen was collected or donated to the Museum
of Basel by Ogiez in 1905. The excavations at fissure Peyre et Beau concluded in 1894,
when the fissure was emptied, so according to the excavation year and considering the
occurrence of a red patina we tentatively assign this material to La Grive Saint-Alban
M.

References: Mein & Ginsburg, 2002; this work.

Locality: La Grive Saint-Alban L3/La Grive Saint-Alban L5?

Locality synonyms: La Grive L3/La Grive L5.

Area and country: Isére, France.

Taxon: Dryopithecus fontani.

Maximum age: 11.850 Ma.

Minimum age: 11.614/11.154 Ma

Preferred correlation to the GPTS: -

Local/regional correlations: Democricetodon crusafonti + Megacricetodon ibericus
Concurrent range zone of the Vallés-Penedés Basin.

Correlation to the MIN zonation: MN7+8 (Western Europe boundaries).

Remarks: The exact provenance of the hominoid specimen (an isolated upper third
molar) is not surely known, and the attribution of the fossil to a particular fissure
considers the presence of particular features (such as patinas or the color of the
sediment) that allow a tentative assignment. The upper third molar shows a grey
patina that according to Mein (1986) would indicate that it belongs to La Grive Saint-
Alban L3. However, Mein (pers. com.) considered that it could well belong to fissure
L5. Both fissures are correlated to the Democricetodon crusafonti + Megacricetodon
ibericus Concurrent range zone of the Vallés-Penedés Basin.

References: Mein & Ginsburg, 2002; this work.

Locality: La Tarumba 1.
Locality synonyms: -
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Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hispanopithecus (Hispanopithecus) laietanus. Type locality.

Maximum age: 9.656 Ma.

Minimum age: 9.409 Ma.

Preferred correlation to the GPTS: CAAr.2r.

Local/regional correlations: Cricetulodon + Progonomys Interval zone of the Vallés-
Penedes Basin.

Correlation to the MN zonation: MN9S.

Remarks: Estimated age 9.50 Ma. This age is estimated from linear interpolation
between bounding magnetic reversals of the local magnetostratigraphy of La Tarumba
(Valles Occidental) given in Garcés et al. (1996).

References: Garcés et al., 1996; Agusti et al., 1997; this work [SI Appendix Text 3].

Locality: Lower Sinap Member (unknown locality).

Locality synonyms: -

Area and country: Sinap Formation, Central Anatolia, Turkey.

Taxon: Hominoidea indet.

Maximum age: ca. 14.8 Ma.

Minimum age: ca. 11.1 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MIN zonation: MN6-MN7+8 (Central Europe boundaries).

Remarks: The exact provenance of the material is unknown. This site has been
correlated to Indni, another Sinap locality with an estimated age of 15 Ma (Kappelman
et al., 2003a). Such correlation is based on the presence of the suid Listriodon
splendens associated to the primate find. L. splendens is only recorded at In6ni in the
whole Sinap series, but this taxon has a very long range, from MN6 to MN9, so it does
not provide any additional information. The age range provided here takes into
account the whole temporal range of the Lower Sinap Member.

References: Kappelman et al., 2003a.

Locality: Mariathal.

Locality synonyms: -

Area and country: Molasse Basin, Lower Austria, Austria.
Taxon: Hominidae indet.

Maximum age: ca. 11.2 Ma.

Minimum age: ca. 10.4 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Mollusc zone C/D (Pannonian) of the Vienna Basin.
Correlation to the MN zonation: MN9.

Remarks: -

References: Nargolwalla et al., 2006; Steininger, 1986.

Locality: Melchingen.
Locality synonyms: -
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Area and country: Swabian Alps, Baden-Wiirttemberg, Germany.

Taxon: Hominidae indet.

Maximum age: 11.614/11.154 Ma.

Minimum age: 8.300/7.528 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MN zonation: MN9-MN11.

Remarks: The locality is a carstic filling which includes a fauna mixing Vallesian and
early Turolian elements. This site has been to the MN9 without providing further
arguments (Mein, 1986).

References: Mein, 1986.

Locality: Monte Bamboli.

Locality synonyms: -

Area and country: Monte Bamboli Basin, Tuscany, Italy.

Taxon: Oreopithecus bambolii. Type locality.

Maximum age: 7.58/7.52 Ma.

Minimum age: 7.285/7.140 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: V-2 mammal assemblage zone of the Baccinello-Cinigiano
Basin.

Correlation to the MN zonation: MN12, the Tusco-Sardinian mammal zones have been
correlated to the MN zonation (Engesser, 1989; Rook et al., 1996) and considered to be
equivalent to the MN12 (V-1 zone) and to the MN12 and part of the MN13 (V-2 zone).
The non-endemic assemblages V-0 and V-3 would correlate to the MN11 and to the
MN13, respectively. However, it is unclear if V-1 faunas cover part of the MN11 as well
or if V-2 faunas extend into the MN13. In this list the top boundary for the MN12 is
given as the minimum age for the V-2 localities, but somewhat younger ages, closer to
6.5 Ma are equally likely. The lower boundary for the V-2 zone is determined on the
basis of the radiometric dating of a tuff layer interbedded within the Baccinello-
Cinigiano succession (Rook et al., 2000).

Remarks: The exact stratigraphic provenance of the fossils is unknown and because
many lignite layers occur in the sequence of Monte Bamboli it is not unlikely that the
fossils come from different layers. However, the fauna recovered fully agrees with a
correlation to V-2 zone.

References: Engesser, 1989; Rook et al., 1996.

Locality: Montemassi.

Locality synonyms: -

Area and country: Baccinello-Cinigiano Basin, Tuscany, Italy.

Taxon: Oreopithecus bambolii.

Maximum age: 8.300/7.528 Ma.

Minimum age: 7.58/7.52 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: V-1 mammal assemblage zone of the Baccinello-Cinigiano
Basin.
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Correlation to the MN zonation: MN12, the Tusco-Sardinian mammal zones have been
correlated to the MN zonation (Engesser, 1989; Rook et al., 1996) and considered to be
equivalent to the MN12 (V-1 zone) and to the MN12 and part of the MN13 (V-2 zone).
The non-endemic assemblages V-0 and V-3 would correlate to the MN11 and to the
MN13, respectively. However, it is unclear if V-1 faunas cover part of the MN11 as well
or if V-2 faunas extend into the MN13. In this list the lower boundary for the MN12 is
given as the maximum age for the V-1 localities, but somewhat older ages, closer to
8.5 Ma are equally likely.

Remarks: This locality corresponds to a lignite mine which is considered to be
equivalent to the coal seams of Baccinello V-1.

References: Azzaroli et al., 1986; Rook et al., 1996.

Locality: Nikiti 1.

Locality synonyms: -

Area and country: Chalkidiki Peninsula, Macedonia, Greece.
Taxon: Ouranopithecus macedoniensis.

Maximum age: ca. 9.717 Ma.

Minimum age: ca. 8.769 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MIN zonation: MN10.

Remarks: The occurrence of some Turolian faunal elements may indicate an age closer
to MIN11.

References: Koufos, 2006.

Locality: Pasalar.

Locality synonyms: -

Area and country: Gonen Basin, Anatolia, Turkey.

Taxon: Griphopithecus alpani.

Maximum age: 14.877 Ma.

Minimum age: 13.734 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Rodent assemblage zone F of Anatolia.

Correlation to the MIN zonation: MN6 (Central Europe boundaries).

Remarks: The macromammal fauna suggests that Pasalar is close in age to Candir but
slightly older (Bernor & Tobien, 1990).

References: Bernor & Tobien, 1990; Pélaez-Campomanes & Daams, 2002; Unay et al.,
2003.

Locality: Pasalar gray sand unit.

Locality synonyms: -

Area and country: Gonen Basin, Anatolia, Turkey.
Taxon: Kenyapithecus kizili. Type locality.
Maximum age: 14.877 Ma.

Minimum age: 13.734 Ma.
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Preferred correlation to the GPTS: -

Local/regional correlations: Rodent assemblage zone F of Anatolia.

Correlation to the MIN zonation: MN6 (Central Europe boundaries).

Remarks: The macromammal fauna suggests that Pasalar is close in age to Candir but
slightly older (Bernor & Tobien, 1990).

References: Bernor & Tobien, 1990; Pélaez-Campomanes & Daams, 2002; Unay et al.,
2003.

Locality: Podere la Crocina.

Locality synonyms: La Crocina, Podere Santa Croce, Baccinello V-2.

Area and country: Baccinello-Cinigiano Basin, Tuscany, Italy.

Taxon: Oreopithecus bambolii.

Maximum age: 7.58/7.52 Ma.

Minimum age: 7.285/7.140 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: V-2 mammal assemblage zone of the Baccinello-Cinigiano
Basin.

Correlation to the MN zonation: MN12, the Tusco-Sardinian mammal zones have been
correlated to the MN zonation (Engesser, 1989; Rook et al., 1996) and considered to be
equivalent to the MN12 (V-1 zone) and to the MN12 and part of the MN13 (V-2 zone).
The non-endemic assemblages V-0 and V-3 would correlate to the MN11 and to the
MN13, respectively. However, it is unclear if V-1 faunas cover part of the MN11 as well
or if V-2 faunas extend into the MN13. In this list the top boundary for the MN12 is
given as the minimum age for the V-2 localities, but somewhat younger ages, closer to
6.5 Ma are equally likely. The lower boundary for the V-2 zone is determined on the
basis of the radiometric dating of a tuff layer interbedded within the Baccinello-
Cinigiano succession (Rook et al., 2000).

Remarks: The locality is placed above a radiometrically-dated tuff layer that has given
an age of 7.5+0.3 Ma (Rook et al., 2000).

References: Benvenuti et al., 1995; Rook et al., 1996; Rook et al., 2000.

Locality: Polinya 2.

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.
Taxon: Hispanopithecus (Hispanopithecus) laietanus.
Maximum age: 11.614/11.154 Ma.

Minimum age: 9.717 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MN zonation: MN9.

Remarks: -

References: Crusafont & Golpe-Posse, 1972.

Locality: Pyrgos Vassilissis.
Locality synonyms: Pyrgos Tour la Reine.
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Area and country: Attica, Greece.

Taxon: Graecopithecus freybergi nomen vanum. Type locality.

Maximum age: 8.769? Ma.

Minimum age: 7.285/7.140? Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MN zonation: MN11-MN12.

Remarks: The mammal fauna is quite fragmentary, however the presence of some
Turolian macromammal taxa (Tragoportax amalthea, Gazella deperdita) may indicate
an MN11-MN12 age.

References: Koufos, 2006.

Locality: Ravin de la Pluie.

Locality synonyms: -

Area and country: Axios Valley, Macedonia, Greece.

Taxon: Ouranopithecus macedoniensis. Type locality.
Maximum age: 9.409 Ma.

Minimum age: 9.312 Ma.

Preferred correlation to the GPTS: C4Ar.1n.

Local/regional correlations: -

Correlation to the MN zonation: MN10.

Remarks: The magnetostratigraphic sections of the Axios Valley are very short, so the
correlation to the GPTS has to be taken with some caution.
References: Koufos, 2006; Sen et al., 2000.

Locality: Ribolla.

Locality synonyms: -

Area and country: Baccinello-Cinigiano Basin, Tuscany, Italy.

Taxon: Oreopithecus bambolii.

Maximum age: 8.300/7.528 Ma.

Minimum age: 7.58/7.52 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: V-1 mammal assemblage zone of the Baccinello-Cinigiano
Basin.

Correlation to the MN zonation: MN12, the Tusco-Sardinian mammal zones have been
correlated to the MN zonation (Engesser, 1989; Rook et al., 1996) and considered to be
equivalent to the MN12 (V-1 zone) and to the MN12 and part of the MN13 (V-2 zone).
The non-endemic assemblages V-0 and V-3 would correlate to the MN11 and to the
MN13, respectively. However, it is unclear if V-1 faunas cover part of the MN11 as well
or if V-2 faunas extend into the MN13. In this list the lower boundary for the MN12 is
given as the maximum age for the V-1 localities, but somewhat older ages, closer to
8.5 Ma are equally likely.

Remarks: This locality corresponds to a lignite mine which is considered to be
equivalent to the coal seams of Baccinello V-1.

References: Azzaroli et al., 1986; Rook et al., 1996.
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Locality: Rudabanya 2.

Locality synonyms: -

Area and country: Pannonian Basin, NE Hungary.

Taxon: Hispanopithecus (Rudapithecus) hungaricus. Type locality.

Maximum age: ca. 11.5 Ma.

Minimum age: 9.717 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MN zonation: MN9S.

Remarks: Constraints on the maximum age of the site are provided by a distantly
underlying tuff layer that has been radiometrically dated at ca. 11.5 Ma (Balogh, 1984).
This tuff layer does not occur in the same section but can be easily correlated to the
Rudabanya 2 section by the means of lithostratigraphy. The occurrence of
Hippotherium intrans, may indicate that this locality is closer to 10-9.7 Ma (Bernor et
al., 2003, 2004).

References: Bernor et al., 2003, 2004.

Locality: Saint Gaudens.

Locality synonyms: -

Area and country: Haute-Garonne, France.
Taxon: Dryopithecus fontani. Type locality.
Maximum age: 13.015/12.765 Ma.
Minimum age: 11.614/11.154 Ma.
Preferred correlation to the GPTS: -
Local/regional correlations: -

Correlation to the MIN zonation: MN7+8 (Western Europe boundaries).
Remarks: -

References: Mein, 1986.

Locality: Salmendingen.

Locality synonyms: -

Area and country: Swabian Alps, Baden-Wiirttemberg, Germany.

Taxon: Neopithecus brancoi nomen dubium. Type locality.

Maximum age: 11.614/11.154? Ma.

Minimum age: 8.300/7.528? Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MIN zonation: MN9-MN11.

Remarks: Mein (1986) remarks that the site includes mostly Vallesian taxa, but on basis
of the presence of the beaver Dipoides, which is not recorded in Europe until the
Turolian, assigns and MN11 age to this site. In our opinion Salmendingen may
represent a mixed fauna as observed in other carstic sites of the Swabian Alps
(Melchingen, Ebingen, Trochtelfingen).

References: Mein, 1986; this work.
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Locality: Sant Quirze.

Locality synonyms: Sant Quirze del Vallés, Sant Quirze de Galliners, Trinxera Ferrocarril
Sant Quirze

Area and country: Vallés-Penedés Basin, Catalonia, Spain.

Taxon: Hominidae indet.

Maximum age: 11.850 Ma.

Minimum age: 11.614/11.154 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Democricetodon crusafonti + Megacricetodon ibericus
Concurrent range zone of the Vallés-Penedeés Basin.

Correlation to the MIN zonation: MN 7+8 (Western Europe boundaries).

Remarks: -

References: Agusti et al., 1997; this work [SI Appendix Text 3].

Locality: Santiga.

Locality synonyms: -

Area and country: Vallés-Penedés Basin, Catalonia, Spain.
Taxon: Hispanopithecus (Hispanopithecus) laietanus.
Maximum age: ca. 10.4 Ma.

Minimum age: 9.987 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Cricetulodon hartenbergeri Local range zone of the Vallés-
Penedes Basin.

Correlation to the MN zonation: MN9S.

Remarks: -

References: this work [SI Appendix Text 3].

Locality: Serrazzano.

Locality synonyms: -

Area and country: Val di Cecina Basin, Tuscany, ltaly.

Taxon: Oreopithecus bambolii.

Maximum age: 8.300/7.528 Ma.

Minimum age: 7.58/7.52 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: V-1 mammal assemblage zone of the Baccinello-Cinigiano
Basin.

Correlation to the MN zonation: MN12, the Tusco-Sardinian mammal zones have been
correlated to the MN zonation (Engesser, 1989; Rook et al., 1996) and considered to be
equivalent to the MN12 (V-1 zone) and to the MN12 and part of the MN13 (V-2 zone).
The non-endemic assemblages V-0 and V-3 would correlate to the MN11 and to the
MN13, respectively. However, it is unclear if V-1 faunas cover part of the MN11 as well
or if V-2 faunas extend into the MN13. In this list the lower boundary for the MN12 is
given as the maximum age for the V-1 localities, but somewhat older ages, closer to
8.5 Ma are equally likely.

Remarks: This locality corresponds to a lignite mine which is considered to be
equivalent to the coal seams of Baccinello V-1.

24


Jose
Texto escrito a máquina
133


134

Casanovas-Vilar et al. An updated chronology for the Miocene hominoid radiation in Western Eurasia

References: Azzaroli et al., 1986; Rook et al., 1996.

Locality: Sinap locality 8A.

Locality synonyms: -

Area and country: Sinap Formation, Central Anatolia, Turkey.
Taxon: Ankarapithecus meteai. Type locality.

Maximum age: 9.987 Ma.

Minimum age: 9.934 Ma.

Preferred correlation to the GPTS: C5n.1r

Local/regional correlations: Rodent assemblage zone | of Anatolia.
Correlation to the MIN zonation: MN9.

Remarks: -

References: Kappelman et al., 2003a, 2003b; Unay et al., 2003.

Locality: Sinap locality 12.

Locality synonyms: -

Area and country: Sinap Formation, Central Anatolia, Turkey.
Taxon: Ankarapithecus meteai.

Maximum age: 9.934 Ma.

Minimum age: 9.9717 Ma.

Preferred correlation to the GPTS: C5n.1n/C4Ar.2n.
Local/regional correlations: -

Correlation to the MIN zonation: MN9/MN10.
Remarks: -

References: Kappelman et al., 2003a, 2003b.

Locality: St. Stefan im Lavanttal.

Locality synonyms: -

Area and country: Gratkorn Basin, Carinthia, Austria.

Taxon: Dryopithecus fontani.

Maximum age: ca. 12.2 Ma.

Minimum age: ca. 12 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Upper Ervilia Zone (Late Sarmatian) of the terrestrial
mollusks zones of the Styrian Basin.

Correlation to the MN zonation: MN7+8 (Central Europe boundaries).

Remarks: This is the type locality of Dryopithecus fontani carinthiacus, which is here
synonymized with Dryopithecus fontani (see SI Appendix Text 1).

References: Daxner-Hock, 2010; Harzhauser et al., 2008.

Locality: Teuleria del Firal.

Locality synonymes: El Firal, Seu d’Urgell.

Area and country: Seu d’Urgell Basin, Catalonia, Spain.
Taxon: Hispanopithecus (Hispanopithecus) crusafonti.
Maximum age: ca. 10.4 Ma.
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Minimum age: 9.987 Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: Cricetulodon hartenbergeri Local range zone of the Valles-
Penedeés Basin.

Correlation to the MN zonation: MN9.

Remarks: This locality is included within the Ballestar lithostratigraphical unit. Even
though Teuleria del Firal has not delivered micrommals two localities (Ballestar, Can
Petit) of the Ballestar unit have provided a somewhat scarce micromammal fauna that
allow a correlation to the Cricetulodon hartenbergeri Local range zone of the Valles-
Penedes Basin.

References: Agusti et al., 1979, 1984; this work [SI Appendix Text 3].

Locality: Trochtelfingen.

Locality synonyms: -

Area and country: Swabian Alps, Baden-Wirttemberg, Germany.

Taxon: Hominidae indet.

Maximum age: ?

Minimum age: ?

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MN zonation: ?

Remarks: This locality was discovered in the 19" century and primate fossils are the
only material recovered, so their age cannot be determined. Nevertheless, an
‘indeterminate Vallesian age’ has been assigned to this site without providing any
argument (Mein, 1986).

References: Mein, 1986; this work.

Locality: Udabno 1.

Locality synonyms: -

Area and country: Shiraki Formation, Gare-Kaxheti, Georgia.

Taxon: ?Udabnopithecus garedziensis.

Maximum age: 9.098 Ma.

Minimum age: 8.769 Ma.

Preferred correlation to the GPTS: C4.An.

Local/regional correlations: Rodent assemblage zone | of Anatolia.

Correlation to the MN zonation: MN10.

Remarks: The primate find is reported from about 40 m above Udabno 1, which has a
normal polarity and is clearly below Udabno 2 which has a reverse polarity and has
been correlated to chron C4r.2r (Vangenheim et al., 1989; Sen, 1997). Accordingly,
Udabno 1 would be correlated to chron C4.An, corresponding to the late Vallesian. The
mammal fauna suggests a late Vallesian age (MN10) for the site (Gabunia et al., 2001)
and agrees with this correlation.

References: Gabunia et al., 2001; Lordkipanitze et al., 2008; Sen, 1997;Vangenheim et
al., 1989.

26


Jose
Texto escrito a máquina
135


136

Casanovas-Vilar et al. An updated chronology for the Miocene hominoid radiation in Western Eurasia

Locality: Wissberg.

Locality synonyms: -

Area and country: Dinotheriensande Formation, Rhenish Hesse, Germany.

Taxon: Hominidae indet.

Maximum age: 13.734? Ma.

Minimum age: 8.300/7.528? Ma.

Preferred correlation to the GPTS: -

Local/regional correlations: -

Correlation to the MN zonation: MN7+8-MN11? (Central Europe boundaries).

Remarks: The fauna represents a mixture of predominantly Vallesian taxa with
Astaracian (Prodeinotherium bavaricum, Anchitherium aurelianense) and Turolian
elements (cf. Mesopithecus pentelicus).

References: Franzen & Storch, 1999.

Locality: Xirochori 1.

Locality synonyms: -

Area and country: Axios Valley, Macedonia, Greece.

Taxon: Ouranopithecus macedoniensis.

Maximum age: 9.717 Ma.

Minimum age: 9.656 Ma.

Preferred correlation to the GPTS: C4Ar.2n.

Local/regional correlations: -

Correlation to the MIN zonation: MN10.

Remarks: The magnetostratigraphical sections of the Axios Valley are very short, so the
correlation to the GPTS has to be taken with some caution.
References: Koufos, 2006; Sen et al., 2000.
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ARTICLE

NEW CRANIODENTAL REMAINS OF TROCHARION ALBANENSE MAJOR, 1903
(CARNIVORA, MUSTELIDAE), FROM THE VALLES-PENEDES BASIN (MIDDLE TO LATE
MIOCENE, BARCELONA, SPAIN)

JOSEP M. ROBLES,"2 DAVID M. ALBA,*>* SALVADOR MOYA-SOLA* ISAAC CASANOVAS-VILAR,? JORDI
GALINDO,2 CHEYENN ROTGERS,'2 SERGIO ALMECIJA > and RAUL CARMONA'
!Fossilia Serveis Paleontologics i Geologics, S.L. Jaume I ndm. 87, ler Sa, 08470 Sant Celoni (Barcelona), Spain,
josep.robles@fossilia.com, cheyenn.rotgers@fossilia.com, raul.carmona@fossilia.com;
nstitut Catala de Paleontologia Universitat Autdonoma de Barcelona. Edifici ICP, Campus de la UAB, 08193 Cerdanyola del Valles
(Barcelona), Spain, david.alba@icp.cat, isaac.casanovas@icp.cat, jordi.galindo@icp.cat, sergi.almecija@icp.cat;
*Dipartimento di Scienze della Terra, Universita degli Studi di Firenze. Via G. La Pira 4, 50121 Firenze, Italy;
“ICREA at Institut Catala de Paleontologia and Unitat d’Antropologia Biologica (Dept. BABVE), Universitat Autdonoma de
Barcelona. Edifici ICP, Campus de la UAB, 08193 Cerdanyola del Valles (Barcelona), Spain, salvador.moya@icp.cat

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

INTRODUCTION
The Genus Trocharion in the Iberian Peninsula

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

*Corresponding author.

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

The single and type species of the genus Trocharion is T. alba-
nense. It was erected by Major (1903) on the basis of French ma-
terial from the late Astaracian of La Grive, and it has been later
reported from several other localities from Central Europe and
the Iberian Peninsula (see review in Ginsburg, 1999). The occur-
rence of T. albanense in the Iberian Peninsula is restricted to the
Valles-Penedes Basin. It was first reported by Villalta Comella
and Crusafont Pairé (1944) on the basis of an m1 from the late
Aragonian site of Sant Quirze. Later on, further remains of this
taxon were reported from the early Vallesian of Can Llobateres
(Petter, 1967a) and the late Aragonian of Castell de Barbera
(Petter, 1976). Until recently, the available specimens of 7. alba-
nense from this basin were relatively scarce and mainly consisted
on isolated teeth. More abundant and complete material, how-
ever, has been recovered during the last 5 years during paleonto-
logical field work at Abocador de Can Mata (ACM; Alba et al.,
2006a, 2006b, 2007). In this paper, all the available material of this
taxon from the Valles-Penedes Basin is described, including not
only the material previously published by other researchers (Vil-
lalta Comella and Crusafont Paird, 1944; Petter, 1967a, 1976), but
also the more complete and unpublished material from ACM.

Historical Background

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

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

Among the Trocharion-bearing localities from the Valles sec-
tor, the first to be discovered was Sant Quirze, also known as
Trinxera del Ferrocarril (Bataller, 1924, 1938). Around 1930,
Crusafont discovered, together with Ramén Arquer, the Early
Vallesian site of Can Llobateres, about 3 km from Sabadell (Vil-
lalta Comella and Crusafont Paird, 1943a; Crusafont Pair6, 1964).
From 1956 to 1960, additional fossils were recovered from this
site (Crusafont Paird, 1964), because the discovery of fossil homi-

noids (Crusafont Pair6, 1958) led to a large sampling effort. With
more than 60 recorded vertebrate species, Can Llobateres 1 rep-
resents one of the most diversified mammal assemblages from the
Eurasian Miocene (Agusti et al., 1996).

The site of Castell de Barbera was not discovered until the
1970s (Crusafont-Pair6é and Golpe, 1972), leading to interesting
discoveries of small suoids (Golpe-Posse, 1977) and pliopithecid
primates (Crusafont-Pairé and Golpe-Posse, 1981). During the
1970s and 1980s, paleontological surveys and excavations were
also carried out at the area of Hostalets (mainly at Can Mata I).
However, from the beginning of the 1990s, excavations were re-
sumed at Can Llobateres 2 (Moya-Sola and Kohler, 1993, 1996),
and most of the attention was devoted to the Valleés sector. Dur-
ing the 1980s, a rubbish dump known as Abocador de Can Mata
had developed near Can Mata de la Garriga. Over the years, an
extension of the dump was planned, and a paleontological inter-
vention was devised in order to control the removal of Miocene
sediments by the excavators. From its beginning in November
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2002, this paleontological field work has continued almost with-
out interruption (Alba et al., 2006a, 2006b, 2007; Moya-Sola et al.,
2004, 2009; Casanovas-Vilar et al., 2008b). The material of 7. al-
banense thus far recovered in the Abocador de Can Mata (ACM)
is not only more abundant than that previously recovered from
the same basin, but is also more completely preserved than else-
where, thus showing some previously unknown craniodental fea-
tures of this taxon.

STRATIGRAPHY AND AGE

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

There are no magnetostratigraphic data available for either
Castell de Barbera or Sant Quirze. Their respective rodent as-
semblages, however, are essentially comparable, corresponding
to the Megacricetodon ibericus + Democricetodon crusafonti lo-
cal biozone (Alba et al., 2006b; Casanovas-Vilar, 2007:appendix
2.1), which is correlated to MNS8 sensu Mein and Ginsburg (2002).
This contrasts with the situation of Can Llobateres, for which
both sedimentary (Begun et al., 1990) and magnetostratigraphic
(Agusti et al.,, 1996) data are available. The locality of Can
Llobateres 1 corresponds to the C4Ar.3r subchron and is at-
tributable to the Cricetulodon local biozone, whereas the local-
ity of Can Llobateres 2 corresponds to the C4Ar.2r subchron and
is attributable to the Progonomys + Cricetulodon local biozone
(Agusti et al., 1996,2001; Casanovas-Vilar, 2007:appendix 2.1). In
other words, Can Llobateres 1 and 2 record the early/late Valle-
sian transition (i.e., that between MN 9 and MN10), with an es-
timated age of 9.7 and 9.6 Ma, respectively, for Can Llobateres
1 and 2 (Agusti et al., 1996). Unlike Can Llobateres, both Sant
Quirze and Castell de Barbera correspond to the late Aragonian.
Castell de Barbera is considered to be younger than Sant Quirze
(Crusafont-Pairé and Golpe, 1972; Aguilar et al., 1979; Agusti
Ballester, 1981; Agusti et al., 1985; Casanovas-Vilar, 2007). There
has been, however, some confusion regarding the precise dating
of this site, which has been attributed to the early Vallesian by De
Bruijn et al. (1992). On the basis of the absence of hipparionine
horses in Castell de Barbera (see discussion in Casanovas-Vilar,
2007:74, footnote 16), this site is correlated to the latest Arag-
onian, as proposed by Agusti Ballester (1981) and Agusti et al.
(1985, 1997, 2001).

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

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

The faunistic and biostratigraphic background of ACM have
been recently updated (Alba et al., 2006b; Casanovas-Vilar et al.,
2008a), and the geological background and magnetostratigraphic
correlation has been also published recently (Moya-Sola et al.,
2009). On the basis of certain cricetid taxa, Alba et al. (2006b)
divided the ACM stratigraphic series into three local biozones.
The upper part of the sequence (the Megacricetodon ibericus
+ Democricetodon crusafonti local biozone) can be correlated
to the MN8 (sensu Mein and Ginsburg, 2002), whereas the
intermediate part (the M. ibericus + D. larteti biozone) can
be correlated to the MN7 (sensu Mein and Ginsburg, 2002).
BDLI1, the oldest locality of the ACM series, corresponds to
subchron C5Ar.1 (12.7-12.4 Ma). On the basis of the limited
small mammal sample from this locality, Alba et al. (2006b)
initially proposed a tentative correlation to the MN6 for the
lowest portion of the ACM series. The most extensive rodent
assemblage from C9-A1l (unpubl. data), which is only slightly
above BDLI1, indicates that this locality corresponds to MN7, so
that most of the series must be correlated to MN7 and MNS.

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

MATERIALS AND METHODS
Nomenclature

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

Abbreviations

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

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

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

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

Studied Material

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

Comparative Sample

The material of 7. albanense described in this paper has been
compared to material of this taxon from other European Miocene
sites on the basis of published descriptions, figures, and measure-
ments. These localities include Vieux-Collonges (= Mont Cein-
dre; Mein, 1958), La Grive-Saint-Alban (Major, 1903; Pilgrim,
1933; Helbing, 1936; Viret, 1951), and Baigneaux-en-Beauce
(Ginsburg, 2002) in France; Steinheim (Fraas, 1870; Helbing,
1936), Edelbeuren-Maurerkopf (Von Volker, 1999), and perhaps
also Melchingen (Pilgrim, 1933; Viret, 1951; see Discussion) in
Germany; and Spalte von Neudorf an der March (Zapfe, 1950) in
Slovakia.

Cladistic Analysis

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

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758

Order CARNIVORA Bowdich, 1821
Suborder CANIFORMIA Kretzoi, 1943
Infraorder ARCTOIDEA Flower, 1869
Parvorder MUSTELIDA Tedford, 1976

Superfamily MUSTELOIDEA Fischer von Waldheim, 1817
Family MUSTELIDAE Fischer von Waldheim, 1817
Subfamily LEPTARCTINAE Gazin, 1936, sensu Qiu and
Schmidt-Kittler, 1982

Type Genus—Leptarctus Leidy, 1856.

Included Genera—See the Introduction.

Emended Diagnosis—After Qiu and Schmidt-Kittler, 1982;
Wang et al., 2004. Skull with double temporal crests. Strong,
broad, and deep zygomatic arches. Strong postorbital processes

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

Record
no. Locality

1PS28084 CL1
1PS28088 CL1
1PS28096 CL1
IPS30991 SQ

Description

Partial right M1 germ

Left m1 with partial roots; very worn

Right M1 crown; unworn

Left m1 crown with partial roots; advanced
wear

1PS31232 CB Left M1 crown with partial roots; moderate
wear

IPS33217a CB Left p2 crown with partial root; moderate
wear

1PS33217b CB Right p3 crown with partial root; moderate
wear

1PS33217c CB Left p4 crown with almost complete roots;
moderate wear
Left P3 crown with partial roots; moderate
wear
Left m1 (complete); advanced wear
Right p4 crown with partial roots; moderate
wear
Left M1 crown with partial roots; moderate
wear
Left P4 with partial roots; moderate wear
Right M1 crown; unworn
Left P4 crown with roots embedded in
sediment; unworn
Right M1 crown; unworn
Right p4 (complete); moderate wear
Right m1 crown; slight wear
Left m1 crown; unworn
Right m1 crown with partial roots; slight
wear
IPS29705 ACM/C4-Al1 Right M1 crown with partial roots; slight
degree of wear
IPS29892 ACM/C4-A1 Right mandibular corpus with c1 and partial
postcanine series; moderate wear
1PS29979 ACM/BDA  Partial skull with partial tooth series (with
moderate degree of wear), skull roof and
partial zygomatics, but lacking a large
portion of the palate, the neurocranium,
and the basicranium
IPS35022 ACM/C4-A1 Right m2 crown with partial roots; slight
wear
1PS41716 ACM/C4-A1 Right m1 crown; slight wear
1PS41723 ACM/C4-A1 Right M1 crown; slight wear
IPS41738 ACM/C4-Al1 Right M1 partial crown with partial roots;
slight wear
1PS43128 ACM/C6-A  Right partial mandibular corpus with p2-3;
moderate wear
IPS43358 ACM/C6-A2 Right m1 crown with partial roots; unworn
1PS43434 ACM/C6-A  Left M1 crown; unworn
IPS43490 ACM/C5-D1 Right m2 crown with partial roots; slight
wear
1PS43761 ACM/C6-Cb Left m1 crown with partial roots; very
advanced wear
1PS43811 ACM/C5-D1  Left mandibular fragment with m1; slight
wear
1PS44028 ACM/C6-Cb Partial skull with partial tooth series (with
advanced degree of wear) and skull roof,
but lacking most of the neurocranium, the
basicranium, and the zygomatic arches
1PS44029 ACM/C5-D1 Left M1 crown
1PS44170 ACM/C5-D  Complete right hemimandible and partial
left hemimandible

1PS33217d CB

1PS33217¢ CB
1PS33217f CB

IPS33217g CB

1PS33217h CB
1PS33220 CB
1PS33221 CB

1PS33222 CB
1PS43203 CB
1PS43204 CB
1PS43205 CB
1PS43206 CB

of the frontal. Small orbits. Partially roughened area on the tem-
poral. Bulla extending downwards, with longitudinal crest and
cleft. Postglenoid process and bulla in close contact. Postglenoid
foramen on the back of postglenoid process. Foramen ovale on
the lateral side of eustachian tube. Stylomastoid foramen deep in
a depression. Mandible with a strong subangular lobe and deep
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FIGURE 2. Cranial remains of Trocharion albanense Major, 1903 from two localities of the Valles-Penedes Basin (Barcelona, Spain). A-D, partial
cranium IPS29979, A, dorsal; B, basal; C, left; D, right; E-H, partial cranium 1PS44028, E, dorsal; F, basal; G, left; H, right.

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

Genus TROCHARION Major, 1903

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

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

Lutra (Potamotherium) valetoni Geoffroy Saint-Hilaire, 1833:
Fraas, 1870:165, plate I'V:fig. 18.
Trocharion fraasi Helbing, 1936:51 (conditional proposal).

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

Type Locality—La Grive-Saint-Alban (Is¢re, France).

Studied Material—Isolated teeth from Sant Quirze, Can Llo-
bateres 1, and Castell de Barbera, as well as craniodental mate-
rial from several localities from Abocador de Can Mata (see list
in Table 1).

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

Age and Distribution—In the Iberian Peninsula, this taxon is
exclusively known from the Valles-Penedes localities discussed in
this paper (see also Villalta Comella and Crusafont Pair6, 1944;
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FIGURE 3. Mandibular remains of Trochar-
ion albanense Major, 1903, from several local-
ities of the Valles-Penedes Basin (Barcelona).
A-C, right hemandible IPS44170, A, labial; B,
lingual; C, occlusal; D-F, left hemimandible
1PS44170, D, labial; E, lingual; F, occlusal;
G-1, right mandibular corpus IPS29892, G,
labial; H, lingual; I, occlusal; J-L, right par-
tial mandibular corpus IPS43128, J, labial;
K, lingual; L, occlusal; M-0O, left mandibular
fragment IPS43811, M, labial; N, lingual; O,
occlusal.

Petter, 1967a, 1976; Alba et al., 2006b), ranging from the middle
to the late Miocene; in chronological order: ACM/BDA (MN7,
ca. 12.4-11.7 Ma); ACM/C5-D1, ACM/C5-D and ACM/C4-A1l
(MNS, ca. 11.7-11.5 Ma), ACM/C6-Cb and ACM/C6-A2 (MNS,
ca. 11.5 Ma), Sant Quirze (MNS8), and Castell de Barbera (MNS8);
and Can Llobateres 1 (MN9, ca. 9.7 Ma). In the rest of Eu-
rope, the earliest record corresponds to the MN5 French local-
ities of Vieux-Collonges (= Mont Ceindre; Mein, 1958; Gins-
burg, 1990a,2001), Baigneaux-en-Beauce, Lasse, Noyant-sous-le-
Lude, Savigné-sur-Lathan, Hommes, and Pont Boutard a Saint-
Michel-sur-Loire (Ginsburg, 1980, 1990a, 1990b, 2001, 2002),
and Edelbeuren-Maurerkopf (MNS5) in Germany (Von Volker,
1999). Later on, this taxon is also present in several MNG6 lo-
calities, including Hambach 6C in Germany (Mors, 2002) and
Neudorf-Spalte in Slovakia (Zapfe, 1950). Finally, this taxon is
also present in late Astaracian localities roughly contemporane-
ous with those studied in this paper: La Grive M and L7 (MN7)
and La Grive L3 (MNS) in France (Pilgrim, 1933; Viret, 1951;
see Mein and Ginsburg, 2002, for further details on the fauna and
dating of the several fissure fillings from La Grive) and Steinheim
(MN7 and MNS8) in Germany (Helbing, 1936). The youngest
record is attributable to Can Llobateres 1 (MND9); the attribution
to this taxon of remains from the MNO site of Melchingen (Viret,
1951; Zapfe, 1950) is currently uncertain (see Discussion).
Emended Diagnosis—Small-sized mustelid with an elongated
cranium, long muzzle, and narrow palate, with the posterior bor-
der of the latter situated at the level of M1. Superiorly flattened
neurocranium with a well-developed, double temporal crest that

displays a rhomboidal shape, beginning at the level of the mod-
erate postorbital process of the frontal and posteriorly diverg-
ing until about the frontoparietal suture. Deep zygomatic arches.
Mandible with a low corpus, with two small and rounded men-
tal foramina under the p2 and p3. Shallow ramus originating just
behind the m2, with a narrow molar sulcus. Posterior mandibular
foramen situated behind the m2, and partial condyloid process
situated at level of the same molar. Deep masseteric fossa and
broad but thin coronoid process. Dental formula: 3.1.4.1/37.1.4.2.
Spatulate upper incisors, the I3 being larger and more asymmet-
rical than the I1 and I2. Upper canine smooth without wrinkles.
P1 very small, unicuspid, and uniradiculate; P2 biradiculate with
an asymmetrical triangular profile in lateral view. From mesial
to distal, the premolars become increasingly larger and display a
greater development the occlusal relief, with the P2 and P3 be-
ing unicuspid and displaying a complete cingulum, whereas the
P4 is multicuspid. P4 with carnassial notch, and an elongated
but distinct protocone much larger than the hypocone. M1 very
similar in size to the P4, with a subtrapezoidal occlusal outline
longer on the labial moiety of the crown. Paracone, metacone,
and metastyle of M1 aligned on the labial side, and protocone,
hypocone, and metaconule linked to one another by a sharp crest;
continuous lingual cingulum around the base of the protocone.
M2 absent. Smooth lower canine. Lower premolars unicuspid, the
first one uniradiculate, the remaining ones biradiculate, increas-
ing in size from mesial to distal. The two lower molars are biradic-
ulate, low-crowned, and inflated, the first one being much larger
than the second one. ml with a triangular trigonid displaying
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CB R4
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FIGURE 4. Isolated upper cheek teeth of Trocharion albanense Ma-
jor, 1903, from several localities of the Valles-Penedes Basin (Barcelona,
Spain), all in occlusal view. A, left P3 IPS33217d; B, left P4 IPS33217h;
C, left P4 1IPS33221; D, right M1 IPS28084; E, right M1 IPS28096; F,
right M1 IPS33222; G, right M1 IPS33220; H, right M1 IPS41738; 1, right
M1 1PS41723; J, right M1 IPS29705; K, left M1 IPS33217¢g; L, left M1
1PS31232; M, left M1 IPS44029; N, left M1 IPS43434.

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

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

"X X
B c D
E F G

()

FIGURE 5. Isolated lower cheek teeth of Trocharion albanense Ma-
jor, 1903, from several localities of the Valles-Penedes Basin (Barcelona,
Spain), all in occlusal view except for the cl (labial and lingual) and m1
(occlusal, lingual and labial). A, right c1 IPS44170; B, left p2 IPS33217a;
C, right p3 IPS33217b; D, left p4 1PS33217c; E, right p4 IPS33217f;
F, right p4 IPS44170; G, right p4 IPS43203; H, right m1 (IPS43206);
I, right m1 IPS43204; J, right m1 IPS43358; K, right m1 IPS41716; L,
left m1 IPS28088; M, left m1 IPS33217e; N, left m1 IPS43205; O, left
ml IPS43761; P, left m1 IPS30991; Q, right m2 IPS43490; R, right m2
1PS35022.
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TABLE 2. Dental measurements of Trocharion albanense Major,
1903, from several localities of the Valles-Penedes Basin (Barcelona,
Spain).

Record no. Tooth BL MD Site
1PS28084 M1 — 8.1 CL1
1PS28088 ml 45 8.9 CL1
1PS28096 M1 6.2 6.8 CL1
1PS29705 M1 6.5 7.0 ACM/C4-A1
1PS29892 p4 4.0 6.2 ACM/C4-A1
1PS29892 m2 2.8 3.6 ACM/C4-Al
1PS29979 P4 8.0 8.7 ACM/BDA
1PS29979 M1 6.9 73 ACM/BDA
1PS30991 ml 4.7 9.1 SQ
1PS31232 M1 5.8 6.1 CB
1PS33217a p2 2.3 37 CB
1PS33217b p3 4.6 52 CB
1PS33217¢ p4 4.7 7.1 CB
1PS33217d P3 4.6 6.1 CB
1PS33217¢ ml 4.6 9.4 CB
1PS33217f p4 4.6 73 CB
1PS33217g M1 74 74 CB
1PS33217h P4 8.0 8.6 CB
1PS33220 M1 6.0 6.7 CB
1PS33221 P4 6.3 — CB
1PS33222 M1 6.0 6.3 CB
1PS41716 ml 43 8.9 ACM/C4-Al
1PS41723 M1 6.6 7.0 ACM/C4-Al
1PS41738 M1 — 7.9 ACM/C4-A1l
1PS43128 p2 2.5 35 ACM/C6-A
1PS43128 p3 3.1 4.0 ACM/C6-A
1PS43203 p4 3.7 5.9 CB
1PS43204 ml 3.8 7.9 CB
1PS43205 ml 44 9.1 CB
1PS43206 ml 3.8 8.7 CB
1PS43358 ml 4.6 9.2 ACM/C6-A2
1PS43434 M1 6.2 6.9 ACM/C6-A
1PS43490 m2 32 43 ACM/C5-D1
1PS43761 ml 4.2 8.2 ACM/C6-Cb
1PS43811 ml 4.8 9.6 ACM/C5-D1
1PS44028 right C1 2.9 3.8 ACM/C6-Cb
1PS44028 right P2 1.9 3.6 ACM/C6-Cb
1PS44028 left P2 1.9 3.6 ACM/C6-Cb
1PS44028 right P3 3.8 52 ACM/C6-Cb
1PS44028 left P4 7.0 7.1 ACM/C6-Cb
1PS44028 left M1 6.7 7.4 ACM/C6-Cb
1PS44029 left M1 6.8 8.2 ACM/C5-D1
1PS44170 right cl 4.2 53 ACM/C5-D
1PS44170 left c1 4.5 5.9 ACM/C5-D
1PS44170 right p2 2.3 4.0 ACM/C5-D
1PS44170 left p2 2.3 4.2 ACM/C5-D
1PS44170 right p3 3.1 5.5 ACM/C5-D
1PS44170 left p3 33 55 ACM/C5-D
1PS44170 right p4 43 7.1 ACM/C5-D
1PS44170 left p4 44 6.9 ACM/C5-D
1PS44170 right m1 — 9.7 ACM/C5-D
1PS44170 left m1 4.7 9.6 ACM/C5-D
1PS44170 right m2 33 4.8 ACM/C5-D

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

Description

Preservation—The material of 7. albanense from Sant Quirze
and Can Llobateres is very scarce: the former includes a single
m1 (Fig. 5P), whereas the latter includes two M1 (Fig. 4D, E) and
one m1 (Fig. 5L). The material from Castell de Barbera is much
more abundant, but similarly it only includes isolated teeth: one

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

When all the available specimens together are taken into ac-
count, all the upper teeth are preserved, except for the crown
of the first upper premolar; the presence of this tooth, however,
can be unambiguously ascertained due to the preservation of its
alveolus in IPS44028 (Fig. 2F). The crown of the upper canine
is only partially preserved, because the apex is broken away in
both IPS29979 (Fig. 2C, D) and IPS44028 (Fig. 2F, H). Neither
the crowns nor the alveoli of the lower incisors are preserved in
any of the specimens. The crown of the pl is neither preserved,
although its alveolus is present in both IPS44170 (Fig. 3F) and
IPS29892 (Fig. 31). The crown of the lower canine lacks the apex
in IPS44170 (Fig. 3D-F) but is completely preserved in IPS29892
(Fig. 3G-1), although the latter specimen is partially corroded.
Besides the p1, the remaining lower cheek teeth are all preserved
when the several specimens are taken into account simultane-
ously. IPS44170 includes the two hemimandibles from a single
specimen (Fig. 3A-F), with a left partial series (c1, p2-3, and m1),
as well as the complete right c1-m2 series (although the cl, p4,
and m?2 are detached from the mandible).

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

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Outgroup o o0 o0 o0 o0 o0 o0 OOO0OO0OOOTODOOOTO0OTU ODOTOTUOTUOTO® OOOTOTO0OTO0OO0O0
Amphictis o 01 o0 0 o0 00101 2?2010 0 0 0 O0O1 002100 0 0 0 0 0 0 00
Bavarictis o o0 oo 000101010101 O01 0021001 001 0 0 0 0
Pseudobassaris o o0 o001 01021 0101 00UO0O0OTUO0OO0MMOT1T 001 0 00100 0 00
Broiliana o o0 o011 01 02 1 00 00010 0 O0O1 0 O0O01O0O0OTZ2 00 0 0 0 00
Mustelictis o o0 o o o0 o0 o0 o0 31 01 01T 0O0OO0OO0ODMTUO0ODO0R$T1TO0OO0OO0MO0OTO0OT1T 0 0 0 O0
Franconictis 72 0 i1 011 31 1 ? 01 0001021 0O0OO0OO0OO0OT1TO0O0
Stromeriella o o0 o011 o021 3 1 11000 001 0 01 00 O0O0O0O0OTO0OO0 00O
Bathygale 11111 0121 3 1 0 1 0 1 0O O O 1 O 4 1011 1010 1 0 O
Plesictis o1 1 1010011 3 1 01 01001 1 0341001 1010 1 0 0 0 0
Paragale 1 01 1 1 0 2 2 4 1 2?21 2 1 01 2 1?2 4231 2 1 1 01 0 0 0 0
Plesiogale o o0 111 ? 2?2 ?2 4 1 1122 1 01 2 1 ? 4 3 1 3 1 1 1 1 0 0 0 0
Schultzogale o1 °? 1 ? 0 2 2 51?2 2?1 01 01?2 4 2 2 2 2 2 2 2 2 2 11
Kinometaxia o1 1110 2 2 5 2?2?2221 01 2 12?2 4 2 2 2 2 2 2 2 72 0 11
Craterogale o1 1110 2 2 41 2?2 2 2 1 01 01 2?2 4 2 2 2 2 2 2 272 2 1 21
Leptarctus o 111102 2 41 2?2 2 1 11 0 01?2 4 2 2?2 1 3 00 1 01 2 1
Trocharion o1 o0 2?2 2?2 ?2 2?2 2?2 2?2 2?2 2?2 1 01 00 01 ? 4 1 01 3 0 0 1 0 2 1 ?
Neomustelids o o011 102 2 6 1 1122 2?2 0 1 2 1 ? 4 1 ?2 0 01 0 1 0 0 0 0

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

Trocharion.

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

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

There are four premolars (Figs. 2B-D, F-H, 4A-C). No crown
of the P1 has been preserved, but this tooth was undoubtedly
present at least in some specimens, as shown by the alveoli pre-
served in 1PS44028, which further indicates that this premolar
was small, uniradiculate, and presumably unicuspid. The P2 is
also unicuspid, displays a triangular occlusal outline, and pos-
sesses a subtle cingulum on the distal margin of the crown. The
P2 is presumably higher than the P1 and lower than the P3. The
P3 (Fig. 4A) is globular and low-crowned, and like the P2 shows
a triangular occlusal outline. It displays a well-developed, single
main cusp (the paracone) on the labial moiety of the crown, al-
though somewhat mesially from it there is also a small parastyle.
In the lingual side in IPS33217d and IPS44028, it can be appre-
ciated that the crown base is surrounded by a continuous cingu-
lum. On the latter side of the crown, there is a vestigial talonid

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

With regard to the M1 (Figs. 2B, D, F-H, 3D-N), it is very
similar in size to the P4, but displays a subtrapezoidal occlusal
contour, with the labial moiety of the crown being longer than
the lingual one. This tooth displays five main cusps; the para-
cone, situated on the mesiolabial corner of the crown, is a con-
ical and well-defined cusp. Occasionally, as shown by IPS41738,
IPS29705, and IPS28096, there is a badly developed paraconule
on the mesiolabial corner of the crown. Depending on the spec-
imen, the paraconule can join the paracone directly (IPS28096),
join it by through a subtle crest (IPS41738), or be completely iso-
lated from it (IPS29705). The similarly conical and equally pro-
truding metacone is situated somewhat more distally than the
paracone. A well-developed and continuous labial cingulum is
present from the paraconule (when present) or from the meta-
cone until the metastyle; the latter, situated on the distolabial
portion of the crown, is usually individualized, although in some
specimens (IPS33220 and IPS41738) it is subdivided into two
accessory cuspules. The paracone, metacone, and metastyle are
linked by a sharp and mesiodistally aligned crest, except in some
cases (IPS31232) where the metastyle is situated more distolabi-
ally than the metacone and paracone. On the lingual side, besides
the two main cusps (protocone and hypocone), there is a small
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(Germany).

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

tolingual portion of the crown, by a mesiodistal crest, which fur-
ther incorporates the hypoconule and finishes on the base of the
metastyle. Depending on the specimens, this crest can be sharp or
rather rugose, even displaying two or three additional accessory
cuspules between the hypoconule and the metastyle in some spec-
imens (IPS29705, IPS41738, TPS29979). The M2 is not present.
Lower Dentition—No lower incisors are preserved, so that
their number and morphology cannot be ascertained. The lower
canine (Figs. 3D-1, 5A) is low-crowned and moderately curved in
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distal direction, displaying an elliptical basal contour, and smooth
lingual and labial sides. In IPS29979, a wear facet can be appre-
ciated, extending from the mesiolingual portion of the apex un-
til the distolabial portion of the crown base, resulting from wear
against the upper canine.

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

With regard to the lower molars, the m1 (Figs. 3A-F, M-0O,
SH-P) is biradiculate, with an inflated and very low crown (lower
than that of the p4) that displays a rectangular occlusal profile,
being longer than wide. Generally, the crown is widest at the
level of the mesial cuspids (protoconid and metaconid), although
in some specimens (IPS43205) both the mesial and distal por-
tions of the crown are equally wide. The trigonid has a triangular
shape and bears three main cuspids, connected to one another by
a blunt crest: the protoconid, situated on the mesiolabial portion
of the crown, and which usually represents the highest area of the
trigonid; the paraconid, which is the mesialmost cusp, being posi-
tioned on the lingual side; and the more distal metaconid, which
is as protruding as the paraconid. The talonid, which is half lower
than the trigonid, consists of three different well-developed main
cuspids: the entoconid, situated close to the metaconid, on the lin-
gual side; the smaller hypoconid, on the labial side; and the even
smaller hypoconulid, situated on the labial side of the crown near
hypoconid; there is no entoconulid. These cusps of the talonid are
linked by a sharp crest that distally closes the talonid basin, which
depending on the specimen can be sharp (IPS43811), wrinkled
(IPS41716), or even display some accessory cuspulids (IPS43204
and IPS44170). The trigonid and talonid are partially separated
from one another by a labial and a lingual cleft. The m2 (Figs.
3G-1, 5Q-R) is a biradiculate tooth much smaller than the m1
(about half its size). It displays a rectangular occlusal profile, be-
ing longer than wide. The trigonid displays two distinct cuspids
linked to one another by an oblique cristid: the protoconid, cen-
tered on the midline of the mesiodistal crown axis; and the meta-
conid, situated on the mesiolingual side. The talonid is subequal
in size to the trigonid and displays a single cuspid, the hypoconid,
situated on the distolabial side of the crown.

CLADISTIC ANALYSIS

The data matrix employed in the cladistic analysis is reported
in Table 3; character states were taken from Wang et al. (2004),
except for the addition of Trocharion—which the latter authors
did not include in their analysis, due to the lack of cranial
material—and for some minor changes and corrections. In par-
ticular, character 2 in Bathygale Wolsan, 1993, and character
23 in Leptarctus were coded as ‘1,” because the character states
employed by Wang et al. (2004) were not defined by Wolsan
(1993). Also, characters 16 and 25 in Leptarctus were coded as
‘0’ (contra Wang et al., 2004), because the M1 of this taxon is not
smaller than the P4, and its m2 is two-rooted (Qiu and Schmidt-
Kittler, 1982). Furthermore, an intermediate stage has been intro-
duced regarding character 13, ‘presence/absence of the carnassial
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FIGURE 7. Results of the cladistic analysis by means of the Branch and
Bound option of PAUP* on a 18 x 31 data matrix (Table 3). A, The
single shortest tree (length = 75 steps) recovered by using all charac-
ters; CI = 0.6400, RI = 0.7955, RC = 0.5091. B, The single shortest tree
(length = 71 steps) recovered by removing character 13 (i.e., ‘pres-
ence/absence of carnassial notch’); CI = 0.6479, RI = 0.7967, RC =
0.5162. Bremer decay indices are given above each non-terminal clade,
whereas bootstrap proportions for 1000 replicates are given below (only
for clades found in more than 50% of the replicates). The geographic
provenance of each taxon is signaled by the following abbreviations (fol-
lowing Wolsan, 1993): EU, Europe; AS, Asia; NA, North America; neo-
mustelids display a wider distribution across North and South America,
Eurasia, and Africa.

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

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

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

DISCUSSION
Comparison with Other Middle Miocene European Musteloids

The craniodental differences between Trocharion and other
leptarctines are reported in the differential diagnosis. With re-
gard to other middle Miocene musteloids from Europe, besides
the diagnostic characters of the Leptarctinae, there are several
dental features that enable the distinction between them and
Trocharion. An exhaustive list cannot be provided here, because
this is outside the scope of this paper. Nevertheless, the most
obvious differences relate to P4, M1, m1, and m2 proportions
and occlusal details. Thus, as compared to the musteline Martes
Pinel, 1792, and to the gulonines (including Trochictis von Meyer,
1842), Trocharion differs by the more elongated (less conical)
protocone and the presence of a carnassial notch in P4, the rel-
atively much broader M1 crown (which is longer labially than lin-
gually), by the protoconid of the m1 subequal in size relative to
paraconid and metaconid, and by the biradiculate m2. The coni-
cal protocone of the P4, together with the trigonid much higher
than the talonid in ml, further serve to distinguish Trocharion
from lutrines such as Paralutra Roman and Viret, 1834, and the
potamotheriine Potamotherium Geoffroy Saint-Hilaire, 1833; the
latter genus further differs from Trocharion by the reduced meta-
conid relative to paraconid in m1. As compared to melines such
as Taxodon Lartet, 1851, and Palacomeles Villalta Comella and
Crusafont Pair6, 1943b, Trocharion differs by the M1 occlusal
morphology (which displays more elongated, labiolingually com-
pressed cusps and a more reduced hypocone), the presence of a
distinct entoconid in m1, and the biradiculate m2; more specif-

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

Nomenclatural and Taxonomic Issues

Trocharion albanense was originally described by Major (1903)
on the basis of the lower dentition, but the holotype mandible
from La Grive was not figured until Pilgrim (1933), who pro-
vided an extended diagnosis of this genus and species on the
basis of dental features. Just a year before the original descrip-
tion of the species, Schlosser (1902) erected a new species of
the genus Promephitis Gaudry, 1861 (Musteloidea, Mephitidae),
P. gaudryi, on the basis of an isolated ml from Melchingen
(Germany). This specimen was later referred to Trocharion
by Pilgrim (1933), but most recently Ginsburg (1999) listed P.
gaudryi as a valid species. Given the scarcity of the available ma-
terial of the latter taxon, its taxonomic status must remain uncer-
tain until more complete material becomes available (Wang and
Qiu, 2004). It should be noted, however, that if it finally proved to
be synonymous with 7. albanense, the nomen Trocharion gaudryi
(Schlosser, 1902) would have priority over 7. albanense Major,
1903.

Besides T. albanense, two other putative leptarctines are
known from Europe: Trochotherium cyamoides Fraas, 1870, and
Gaillardina transitoria (Gaillard, 1899). With regard to the for-
mer, Trochotherium is recorded together with Trocharion in the
late Aragonian sites of Steinheim (Helbing, 1936) and La Grive
(Viret, 1935, 1951). The dentitions of the two genera are very dif-
ferent: whereas Trocharion displays an essentially primitive mor-
phology, Trochotherium shows several extremely derived fea-
tures, such as the presence of multiple roots on the P4 and ml1,
further displaying a peculiar carnassial morphology with almost
a single-domed cone without other distinct cusps (Fraas, 1870;
Wolsan, 1999; Wang et al., 2005). Moreover, some taxonomic
and nomenclatural issues arise regarding some cranial material
from Steinheim, as a result of Helbing’s (1936) attribution to 7.
albanense of a basicranial specimen that had been previously em-
ployed as the holotype of Palaeomephitis steinheimensis Jager,
1839 (SMN 4743). According to Helbing’s view, Palacomephi-
tis steinheimensis should be considered a junior subjective syn-
onym of T. albanense. Qiu and Schmidt-Kittler (1982), however,
disputed the adequacy of this synonymy on the basis of mid-
dle ear features, which rather suggest a mephitid status for this
taxon (Wolsan, 1999). According to the latter, Palaeomephitis
steinheimensis would be a senior subjective synonym of Tro-
chotherium cyamoides, and Palaecomephitis Jager, 1839, a senior
subjective synonym of Trochotherium Fraas, 1870. Given the un-
certainties surrounding the association of this material, for the
time being we will continue employing the nomen Trochotherium
cyamoides, albeit noting that it should be excluded from the Lep-
tarctinae and that, in any case, P. steinheimensis cannot be con-
sidered a synonym of 7. albanense.

Regarding Gaillardina, recorded from La Grive (MN7 and
MNS; Mein and Ginsburg, 2002), it was classified into the Lep-
tarctinae by Ginsburg (1999), given the possession of a double
temporal crest. However, as noted by Wang et al. (2004), the
M1 of this taxon does not display the typically bunodont lep-
tarctine morphology, but rather a derived mustelid condition, as
shown by the expanded lingual cingulum around the protocone
(a morphology more typical of the Guloninae and Melinae). On
this basis, Wang et al. (2004) consider it more likely that the
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double temporal crest of this taxon is an independent acquisi-
tion, so that it must be excluded from the Leptarctinae. As such,
Trocharion remains as the only representative of the Leptarcti-
nae in Europe. Apparently, this genus is represented by a single
species. Helbing (1936), when describing the Trocharion mate-
rial from Steinheim (Germany), concluded that the differences
with respect to the material from the type locality (La Grive) did
not justify a distinction at the species level. Nevertheless, this au-
thor conditionally proposed the species Trocharion fraasi Hel-
bing, 1936, in case future discoveries might substantiate such dis-
tinction. Although according to the International Code of Zoo-
logical Nomenclature, new names proposed conditionally before
1961 may be available (ICZN, 1999:Article 15.1), later authors
have customarily included the Steinheim material within the hy-
podigm of T. albanense (Villalta Comella and Crusafont Pair6,
1944; Mein, 1958; Petter, 1976; Qiu and Schmidt-Kittler, 1982;
Ginsburg, 2002). This view is consistent with the cheek teeth pro-
portions of the material from the Valles-Penedes Basin reported
in this study, which largely overlap from the range displayed by
the material from other European sites previously attributed to
T. albanense (see Fig. 6).

Systematics and Phylogeny

The lack of cranial material of 7. albanense hindered for many
years the understanding of the species in a broad taxonomic con-
text. The upper dentition, for example, was not described and
compared with other leptarctine genera until Qiu and Schmidt-
Kittler (1982), who first classified Trocharion into this family. In
their revision of the Leptarctinae, however, these authors did not
provide any formal diagnosis of the genus Trocharion.

The features shown by the newly recovered, more complete
material of Trocharion from ACM indicate that this taxon fits
with previous diagnoses of the Leptarctinae, based on cranioden-
tal characters (Qiu and Schmidt-Kittler, 1982; Wang et al., 2004),
except for the retention in this genus of both upper and lower
first premolars. On the other hand, the ACM cranial material
of T. albanense from ACM shows several details of cranioden-
tal anatomy that were previously unknown for this genus, and
which do not fit previous assumptions based on other members
of this group (Wang et al., 2004). This requires the proposal of an
emended diagnosis for 7. albanense, which is the type and only
species of the genus Trocharion. This emended diagnosis incor-
porates previously unknown cranial features, such as the rhom-
boidal shape of the double temporal crests, as well as the pres-
ence of the long muzzle compared with the length of the skull,
and the shape of the palate. Dentally, the presence of P1 and p1 is
confirmed in this taxon. These features, together with several oc-
clusal details of the P4 and M1, are unique among the Leptarcti-
nae, and allow us to distinguish Trocharion from the remaining
genera of this subfamily, as stated on the differential diagnosis
that is proposed in this paper.

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

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

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

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

Zoogeographic Remarks

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

CONCLUSIONS

All the available craniodental remains of the leptarctine
carnivoran Trocharion albanese from the Vallés-Penedes Basin
(Barcelona, Spain) are described. Several of these specimens
had been previously described and figured by several authors,
but most of the material, recovered from several localities of
the Abocador de Can Mata series, remained unpublished. This
new material shows several important craniodental features
previously unknown for this taxon, such as the retention of pl
and P1, and the presence of double temporal crests with a rhom-
boidal shape. Accordingly, an emended diagnosis of this species
(the type and only species of the genus Trocharion), together
with a differential diagnosis with respect to other leptarctine
genera, and an emended diagnosis of the subfamily Leptarcti-
nae, are provided. The genera Gaillardina and Trochotherium,
traditionally classified into this subfamily, are best classified into
other taxa: the Melinae or Guloninae in the case of Gaillardina,
and the Mephitidae in the case of Trochotherium. As such,
Trocharion is the only Leptarctinae that has been currently
recorded in the European continent. A cladistic analysis based
on craniodental features is consistent with Trocharion being the
basalmost member of the Leptarctinae, and suggest that the
carnassial notch (still present in this taxon) was independently
lost in leptarctines and other mustelids, although the monophyly
of the Leptarctinae is not well supported even if Trocharion is
excluded from it. Although the putative plesiomorphic status of
Trocharion tends to favor a Eurasian origin of the family, this
issue is far from being settled.
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Available remains of the barbourofelin Albanosmilus jourdani from the Middle to Late Miocene of the Valles-Penedes Basin
(NE Iberian Peninsula) are described. In addition to the dentognathic remains described by previous authors, the new material
includes a complete cranium, a calvarium and several mandibles from Abocador de Can Mata, Creu Conill 20 and Hostalets
Superior. It is concluded that Albanosmilus, previously considered a subjective junior synonym of Sansanosmilus, must
be resurrected as a polytypic genus including A. jourdani (= A. vallesiensis). The most plesiomorphic North American
barbourofelin, previously included in Barbourofelis, is also transferred into Albanosmilus as A. whitfordi. An emended
diagnosis of Albanosmilus is provided. The results of a cladistic analysis support the monophyly of the family Barbourofelidae
and the tribe Barbourofelini, further indicating that amongst the latter, Sansanosmilus occupies the basalmost position. The
two Albanosmilus species are more derived, although the analysis fails to resolve conclusively whether A. whitfordi is more
closely related to A. jourdani or Barbourofelis s.s. From a palacobiogeographical viewpoint, our results suggest that: (1)
barbourofelins originated in Eurasia during the early Middle Miocene; (2) Barbourofelis originated in North America during
the late Middle Miocene, following the dispersal of Eurasian Albanosmilus into that continent; and (3) the presence of
Barbourofelis in Turkey during the Late Miocene may represent a later independent dispersal event from North America
back into Eurasia.

Keywords: Sansanosmilus; Barbourofelis; Nimravidae; Barbourofelidae; Afrosmilini; false sabre-toothed cats

Introduction

Barbourofelids are extinct carnivorans with hyperdevel-
oped and compressed upper canines that, together with
nimravids, may be termed ‘false’ sabre-toothed cats, as
opposed to the ‘true’ sabre-toothed cats of the felid subfam-
ily Machairodontinae. Initially distinguished at the tribe
level within Felidae (Schultz et al. 1970), barbourofelids
were later recognized as a subfamily of Nimravidae (Neff
1983; Hunt 1987; Bryant 1991; McKenna & Bell 1997,
Martin 1998; Peigné 2003).

Subsequently, Morales et al. (2001) advocated a closer
relationship with felids, which is further supported by the
fact that a sister-group relationship between Nimravinae
and Barbourofelinae would imply a ghost lineage for the
latter of about 35 million years (Peigné 2003). Recently,
Morlo et al. (2004) elevated this group to family rank,
distinguished from both Nimravidae and Felidae on the

basis of dental and cranial features, particularly of the
tympanic region (see also Peigné & de Bonis 2003).
Barbourofelid fossils are relatively scarce but are never-
theless widely distributed across Africa, Eurasia and North
America. The following genera are included: Barbourofelis
Schultz et al., 1970, from the late Middle and Late Miocene
of North America (Schultz et al. 1970; Geraads & Giileg
1997; Morlo et al. 2004; Tseng et al. 2010); Ginsburgsmilus
Morales, et al. 2001, from the Early Miocene of Kenya and
Uganda (Morales ef al. 2001; Morlo et al. 2004; Werdelin
& Peigné 2010); Afrosmilus Kretzoi, 1929, from the Early
Miocene of Kenya, Namibia and Spain (Schmidt-Kittler
1987; Morales et al. 2001, 2007; Morlo et al. 2004;
Werdelin & Peigné 2010); Syrtosmilus Ginsburg, 1978,
from the Early Miocene of Libya (Ginsburg 1978; Morlo
et al. 2004; Werdelin & Peigné 2010); Prosansanosmilus
Heizmann et al., 1980, from the Early (MN4) and Middle
(MNS5) Miocene of Central Europe; Vampyrictys Kurtén,
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1976, from the early Late Miocene of Tunisia (Kurtén
1976; Morlo et al. 2004; Werdelin & Peigné 2010); and
Sansanosmilus s.1. Kretzoi, 1929, from the Middle (MNS5
to MN7+8) and Late (MN9) Miocene of Eurasia (see
below). We follow Morales et al. (2001) in grouping the
above-listed genera into Afrosmilini, with the exception
of Sansanosmilus s.l. and Barbourofelis, which can be
grouped into the tribe Barbourofelini. As will be explained
later, we here recognize Albanosmilus Kretzoi, 1929 as a
distinct valid genus instead of a junior subjective synonym
of Sansanosmilus.

Sansanosmilus and Barbourofelis

Although barbourofelid origins are unclear, this family
underwent an early radiation in the Early Miocene of Africa
(Morales et al. 2001; Morlo et al. 2004), later dispersing
into Eurasia during the late Early Miocene. Barbourofelids
are first recorded there by Prosansanosmilus peregrinus
Heizmann et al., 1980 and Afrosmilus hispanicus Morales
etal.,2001 in MN4 (Morales et al. 2001; Morlo et al. 2004),
although Prosansanosmilus eggeri Morlo et al., 2004 from
MN5 of Europe is apparently more plesiomorphic (Morlo
et al. 2004).

Barbourofelins might have locally evolved in Eura-
sia from P eggeri or another species of Prosansanos-
milus (Nagel 2009). North American members of this
group, in turn, could have originated from a Eurasian
barbourofelin that dispersed into North America around
the MN7+8/MN9 boundary (Geraads & Giileg 1997),
being subsequently recorded until the Late Miocene (Bryant
1991; Morlo et al. 2004; Tseng et al. 2010).

Two Eurasian Sansanosmilus species are generally recog-
nized: S. palmidens (de Blainville, 1843), from MNS5 to
MNG6 or MN7+38 of France (Ginsburg 1961, 1999, 2001;
Fortelius 2011) and MNG6 of China (Chen & Wu 1976; Qiu
& Qiu 1995); and S. jourdani (Filhol, 1883), from MN9 of
Turkey (Viranta & Werdelin 2003; Morlo 2006), MN7+8
and MN9 of Germany (Fraas 1885; Heizmann 1973; Morlo
2006; Fortelius 2011), MNG6 of Slovakia (Sabol ef al. 2004),
MNO9 of Hungary (Bernor et al. 2002; Werdelin 2005),
MN?7 of France (Filhol 1883; Depéret 1892; Viret 1951;
Mein & Ginsburg 2002; Fortelius 2011), MN9 or MN10 of
Portugal (Roman 1907), and MN6, MN7+8 and MN9 of
Spain (Crusafont-Pair6 & Ginsburg 1973; Alberdi Alonso
1981; Ginsburg et al. 1981; Fraile ef al. 1997, Alvarez-
Sierra et al. 2003; Azanza et al. 2004; Peigné et al. 2006).
Sansanosmilus is also recorded from several late Aragonian
and early Vallesian localities in the Vallés-Penedes Basin.
It is currently uncertain whether this material is referable to
S. jourdani and/or to the purportedly different (sub)species
S. jourdani vallesiensis de Beaumont & Crusafont-Paird,
1982, also referred to as either Sansanosmilus vallesien-
sis (Morlo et al. 2004; Nagel 2009) or ?Barbourofelis
vallesiensis (Geraads & Giileg 1997). Originally based on
remains from the Vallés-Penedés Basin, the barbourofelid

from the Austrian locality of Atzelsdorf (MN9) has been
also attributed to this taxon (Nagel 2009), which is here
considered a junior synonym of Albanosmilus jourdani.

In North America (USA), barbourofelids are represented
by up to four species customarily classified in the genus
Barbourofelis (e.g. Tseng et al. 2010): B. morrisi Schultz
et al., 1970, from the late Middle and early Late Miocene
(12.0-9.5 Ma); B. loveorum Baskin, 1981, from the Late
Miocene (9.5-8.0 Ma); B. fricki Schultz et al., 1970, from
the Late Miocene (9.0-7.0 Ma); and B. whitfordi (Barbour
& Cook, 1914), from the late Middle and Late Miocene
(12.0-7.0 Ma), which is here also transferred to Al/banos-
milus. Several authors have considered that Barbourofe-
lis is also present in Eurasia. Geraads & Giileg (1997), in
particular, not only tentatively transferred S. vallesiensis to
Barbourofelis (see also Schultz et al. 1970) but included the
Turkish species Sansanosmilus piveteaui (Ozansoy 1965) in
the latter genus, which is the attribution followed here.

We describe here new dental, mandibular and cranial
remains of the Eurasian barbourofelid Al/banosmilus jour-
dani from the Vallés-Penedes Basin, together with previ-
ously published remains of this taxon from the same basin.
The new remains include a complete cranium, a calvarium
and several mandibles, which contribute to a better under-
standing of the taxonomic and phylogenetic status of other
Eurasian barbourofelin species, as well as of their phyloge-
netic relationships with American members of this tribe.

Material and methods

Dental nomenclature

The dental nomenclature employed in this paper is based
on Smith & Dodson (2003). Standard dental measurements
(labiolingual breadth and mesiodistal length) are employed.
Cranial and mandibular measurements are based on Schultz
et al. (1970).

Anatomical and morphometric

abbreviations

BL: labiolingual crown breadth; d: deciduous; C: upper
canine; ¢: lower canine; I: upper incisor; i: lower incisor; L:
left; LC: maximum cranial length (from the anterior part
of the crown of 11 to the posterior end of the condyles);
LM: maximum mesiodistal mandibular length; LS: maxi-
mum length of the symphysis; M: upper molar; m: lower
molar; ML: mesiodistal crown length; P: upper premolar;
p: lower premolar; R: right; WC: maximum cranial width
(greatest width across the zygomatic arches); WCO: maxi-
mum width across condyles; WF: maximum width of the
flange; WM: maximum mandibular width (from the upper
crown of the cl to the basalmost border of the flange);
WMI1: maximum width of the mandibular corpus under
the m1; WP: maximum palate width (at the level of the
upper carnassials); WPC: maximum palate width (at the
level of the upper canines).
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Cladistic abbreviations. CI: consistency index; RI:
retention index; RC: rescaled consistency index.

Institutional abbreviations. AMNH: American
Museum of Natural History, New York, USA; ICP: Institut
Catala de Paleontologia Miquel Crusafont, Universitat
Autonoma de Barcelona, Catalonia, Spain; IPS: ‘Institut
de Paleontologia de Sabadell’, acronym of the collections
of the ICP.

Locality abbreviations. ACM: local stratigraphical
series of Abocador de Can Mata; B40OV/S5: Autovia
Orbital de Barcelona, stretch Olesa de Montserrat — Vilade-
cavalls, Sector 5 (Viladecavalls); C3: Cell 3; C4: Cell 4;
C6: Cell 6; C7: Cell 7; C8: Cell 8; CB: Castell de Barbera;
CCN20: Creu Conill 20; CG1: local stratigraphical section
of Can Guitart 1; CL1: Can Llobateres 1; CM1: Can
Mata 1 (= Bretxa de Can Mata); CMS: Can Missert (=
Ceramicas Terras SA); CPO: Can Poal; CP1: Can Poncic
1; HI: Hostalets Inferior (= Lower Hostalets de Pierola);
HS: Hostalets Superior (= Upper Hostalets de Pierola); SA:
Santiga; SQ: Sant Quirze (= Trinxera del Ferrocarril).

Material

All specimens of Albanosmilus jourdani described in this
paper (see Table 1) are housed at the ICP. This material
comes from several Middle and Late Miocene localities
from the Vallés-Penedes Basin. Part of the material was
previously described by de Villalta Comella & Crusafont
Pair6 (1943a, b) in the case of SQ and CM1, and by de
Beaumont & Crusafont-Pair6 (1982) for CB, CL1, CP and
SA.

The remaining material is unpublished, and comes from
the localities of CCN20 (reported but not described by
Casanovas-Vilar et al. 2006) and CM (reported but not
described by Agusti et al. 1985, 2005), as well as from
several localities of the ACM local stratigraphical series:
C3-Ak, C4-C2, C5-C4, C6-Ak, C6-C3, C7-A and C8-B/C.

The latter series includes the most complete material
of this species recovered to date, and although the record
of this taxon has been previously reported (Alba et al.
2006, 2007, 2009; Casanovas-Vilar et al. 2008b; Robles
et al. 2010), no description has been provided and only two
specimens have been preliminarily figured (Robles et al.
2010).

Morphological and morphometrical

comparisons

The barbourofelid material described in this paper has
been compared to several species of this family (both
afrosmilins and barbourofelins) from Eurasia, Africa and
North America on the basis of published descriptions,
figures and measurements. In addition to Albanosmilus
Jjourdani from Austria, Spain and Germany (Ginsburg ef al.
1981; de Beaumont & Crusafont-Paird 1982; Morlo 2006;
Nagel 2009), these taxa include: Ginsburgsmilus napak-

ensis Morales et al., 2001 from Uganda (Morales et al.
2001; Morlo et al. 2004); Afrosmilus africanus (Andrews,
1914) from Kenya (Morales et al. 2001; Morlo et al. 2004);
A. turkanae Schmidt-Kittler, 1987 from Kenya (Morales
et al. 2001; Morlo et al. 2004); A. hispanicus from Spain
(Morales et al. 2001; Morlo et al. 2004); Prosansanosmilus
eggeri from Germany (Morlo et al. 2004); P. peregrinus
from Germany and France (Morlo et al. 2004); Sansanos-
milus palmidens from France, Austria and China (Chen &
Wu 1976; Morlo et al. 2004; Nagel 2009); 4. whitfordi from
the USA (Schultz ef al. 1970; Tseng et al. 2010); Barbouro-
felis piveteaui from Turkey (Geraads & Giileg 1997); B.
loveorum from the USA (Baskin 1981); and B. fricki and B.
morrisi from North America (Schultz ef al. 1970). Further-
more, original remains and casts of several North Ameri-
can barbourofelins housed at the AMNH have been studied
by one of the authors (DMA) (see Online Supplementary
Material Appendix 1). In addition to comparisons of cran-
iodental morphology, dental size and proportions have been
compared using bivariate plots of MD vs. BL for P3, P4,
p4 and ml.

Computed tomography

Computed tomography (CT) was employed in order
to recognize internal anatomical structures. Cranium
1PS49575 was scanned with a medical CT (Sensations 16,
Siemens) at the Hospital Mutua de Terrassa (Barcelona,
Spain). The scan was performed at 140 kV and 350 mA,
obtaining 0.521 mm pixels and an output of 512 x 512
pixels per slice, with an inter-slice space of 0.2 mm. The
slices figured in this paper were obtained using the CT
software MIMICS (Materialise, Belgium).

Cladistic analysis

The cladistic analysis performed to decipher the phylo-
genetic relationships of Barbourofelini is based on a
data matrix (Online Supplementary Material, Table 1)
compiled from matrices previously published by Geraads
& Giileg (1997, tables 1 and 2) and Morlo ef al.
(2004, table 2 and appendix), with several additions and
modifications. This data matrix includes 35 characters
for 18 taxa (plus a hypothetical outgroup), including
the barbourofelids Syrtosmilus syrtensis, Ginsburgsmilus
napakensis, Afrosmilus turkanae, A. africanus, A. hispan-
icus, Prosansanosmilus eggeri, P peregrinus, Sansanos-
milus palmidens, Albanosmilus jourdani (= A. valle-
siensis), A. whitfordi, Barbourofelis morrisi, B. loveo-
rum, B. fricki and B. piveteaui, as well as the nimravids
Eofelis edwarsii (Filhol, 1872) (MP22, France) and
Nimravus intermedius (Filhol, 1872) (MP22 to MP25,
France), the stem felids Proailurus lemanensis Filhol,
1879 (c. 29-22 Ma, France) and early representatives
of the genus Pseudaelurus Gervais, 1850 (MN3-MNS,
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Table 1. Specimens of Albanosmilus jourdani from the Valleés-Penedes Basin (Catalonia, Spain) described in this paper, indicating the
corresponding figures of this and previous works. Abbreviations: BC, Beaumont & Crusafont-Pair6 (1982); VCA, Villalta Comella &
Crusafont Pair6 (1943a); VCB, Villalta Comella & Crusafont Pair6 (1943b).

Site Age Record No. Description Figures
ACM/C3-Ak 11.8 Ma 1PS41943 L partial hemimandible with dil (root) and 3A-C
di2-dp4
ACM/C4-C2 11.9 Ma 1PS43115 L dp3 (root and crown) —
ACM/C4-C2 11.9 Ma 1PS46478 L mandibular fragment with dp3 (partial) 3G-1
and dp4
ACM/C4-C2 11.9 Ma 1PS46491 L i3 (partial root and crown) —
ACM/C5-C4 11.8 Ma 1PS42178 Distal fragment of L P4 crown —
ACM/C6-Ak 11.7 Ma 1PS46487a R partial hemimandible with i2 and i3-m1 2A-C
ACM/C6-Ak 11.7 Ma IPS46487b L partial hemimandible with i1-m1 2D-F
ACM/C6-Ak 11.7 Ma 1PS46487¢ R maxillary fragment with P3-P4 —
ACM/C6-Ak 11.7 Ma 1PS46487d L premaxillary fragment with I1-I3 6E-H
ACM/C6-C3 11.6 Ma IPS50909 R di3 (crown and root) —
ACM/C6-C3 11.6 Ma IPS50911 L i3 crown —
ACM/C7-A 11.6 Ma IPS54866 L partial hemimandible with c1 (partial) and ~ 2G-I
r4
ACM/C8-B/C  11.5Ma IPS49575 Cranium with L 13-P4 and R 12-13 and 5A-D, 8, 10A
P3-P4
ACM/C6-C 11.6 Ma IPS56248 Calvarium 61-M
CB 11.2-10.3 Ma IPS31231 L P4 9M-O, BC P11V Fig 3
CB 11.2-10.3 Ma IPS54950 L P4 9J-L
CCN20 11.1 Ma 1PS28723 L mandibular fragment with p4-m1 3M-O
CLI c.9.7Ma IPS15113 R P4 9s-U
CL1 c. 9.7 Ma IPS15120 R C1 crown fragment 10D-E
CL1 c. 9.7 Ma IPS15034 Upper incisors (R I3 crown, R 11-12 crowns 6A
with partial roots, L I1 root and L 12-13
crowns with partial roots)
CL1 c.9.7Ma IPS15035 RI2 —
CL1 c. 9.7 Ma 1PS15040 R partial palate with 12-13 and C1 partial 6B-D
crown
CMS c. 11.1-10.5 Ma  IPS31259 R p4 (crown and partial roots) 41-J
CP 10.4-10.0 Ma 1PS15027 L P4 (crown and almost complete roots) 9A-C, BC P11V Figs la-c
CM1 c.11.2Ma 1PS2035 R partial hemimandible with dc1 and 3D-F, VCA Figs. 29-30, P1 XII
dp3—dp4 Figs 5-5¢, VCB P11 Figs 5-5b
HS <11.1 Ma IPS16579 L mandibular fragment with p4-m1 3J-L
SA 10.4-10.0 Ma 1PS11343 L CI apical crown fragment 10F-G, BC P11V Figs 6a-c
SA 10.4-10.0 Ma IPS15031 R P4 9V-X, BC P11V Fig 2
SA 10.4-10.0 Ma IPS15037 R p3 (crown and root) 4A-B, BC P11V Figs 5a-b
SA 10.4-10.0 Ma IPS15038 L p4 (crown and partial roots) 4Q-R, BC PI IV Figs 4a-b
SA 10.4-10.0 Ma 1PS31204 Ri3 BCPIIV Fig 7
SA 10.4-10.0 Ma IPS54867 RI1 BCPIIV Fig7
SA 10.4-10.0 Ma 1PS36393 Partial mandible with R m1 2J-K, BC PL I Figs la-c
SA 10.4-10.0 Ma IPS54868 L1l BCPIIV Fig7
SQ 11.8-11.1 Ma 1PS2017 Recl VCA PI XIII Figs 2—2a, VCB Pl
I Figs 3-3a
SQ 11.8-11.1 Ma IPS2018 Lecl VCA Fig 32, P1 XIII Figs 1-1a,
VCB P11 Figs 2—2a
SQ 11.8-11.1 Ma 1PS2021 Lp4 4S-T, VCA Fig 34, P1 XX
Figs 5-5a, VCB P11l Figs 44a
SQ 11.8-11.1 Ma 1PS2022 L p3 (crown and root) 4C-D, VCA Fig 33, P1 XX
Figs 7-7a, VCB P1 II Figs 3-3a
SQ 11.8-11.1 Ma 1PS2023 L p3 (crown and root) 4E-F
SQ 11.8-11.1 Ma 1PS2024 L P4 (crown with almost complete roots) 9D-F, VCA Fig 31, P1 XII
Figs 1-1b, VCB P1 I
Figs 1-1b
SQ 11.8-11.1 Ma IPS2025 L P4 (crown with almost complete roots) 9G-1
SQ 11.8-11.1 Ma 1PS2026 R P4 9P-R, VCA P1 XII Figs 1-1a,

VCB P11 Figs 2-2a
(Continued on next page)
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Table 1. Specimens of Albanosmilus jourdani from the Valleés-Penedes Basin (Catalonia, Spain) described in this paper, indicating the
corresponding figures of this and previous works. Abbreviations: BC, Beaumont & Crusafont-Pair6 (1982); VCA, Villalta Comella &

Crusafont Pair6 (1943a); VCB, Villalta Comella & Crusafont Pair6 (1943b). (Continued).

Site Age Record No. Description Figures

SQ 11.8-11.1 Ma 1PS2027 L m1 (partial crown and roots) 4Y-Z, VCA P1 XII Figs 3-3a, VCB P1 I
Figs 5-5a

SQ 11.8-11.1 Ma 1PS2028 R m1 (crown and roots) 4W-X, VCA Fig 35, P1 XII Figs 4-4a, VCB
PLII Figs 6—6a

SQ 11.8-11.1 Ma 1PS2029 R p4 (crown and partial roots) 4K-L, VCA P1 XII Figs 6-6a, VCB P1 11
Figs 7-7a

SQ 11.8-11.1 Ma 1PS2030 L p4 (crown and roots) 4M-N

SQ 11.8-11.1 Ma 1PS2031 L m1 (crown and partial roots) 4U-V

SQ 11.8-11.1 Ma 1PS2032 R C1 crown fragment 10B-C, VCB P11II Figs 1-1a

SQ 11.8-11.1 Ma IPS2034 LP3 9Y-A’

SQ 11.8-11.1 Ma 1PS2036 Ril —

SQ 11.8-11.1 Ma IPS2037 Ri2 —

SQ 11.8-11.1 Ma 1PS2038 LI VCA PI XIII Fig 4, VCB P1 I Fig 1

SQ 11.8-11.1 Ma IPS2040 LMl 9B’-D’

SQ 11.8-11.1 Ma 1PS30992.1 Recl VCA P1 XIII Figs 3-3a, VCB P11 Fig 4

SQ 11.8-11.1 Ma 1PS30992.2 R p3 (crown and partial root) 4G-H

SQ 11.8-11.1 Ma 1PS30992.3 R p4 (crown and partial roots) 40-P

SQ 11.8-11.1 Ma 1PS30992.4 R m1 (partial crown and roots) 4A’-B’

Europe, Africa and North America). Character statements
are reported in Appendix 2, where we further specify the
equivalence between our characters and those employed by
Geraads & Giileg (1997) and Morlo et al. (2004).

A maximum parsimony analysis was performed in
PAUP* 4.0 (Swofford 2003) using the ‘branch-and-bound’
command with the default options, except for activating the
auto-increase option for the maximum number of trees. Two
taxa (Syrtosmilus and Ginsburgsmilus) were not included
in the final analysis due to excessive missing data. All char-
acters were parsimony-informative. Character polarity was
determined using a hypothetical ancestor. Characters were
treated as unordered. Inapplicable data were coded as miss-
ing data, as recommended by Strong & Lipscomb (2005).
Clade stability was assessed using bootstrap analyses (1000
replicates) and Bremer Support (Bremer 1994). The CI and
RI (Farris 1989) were employed as metrics of phylogenetic
homoplasy.

Age and geological context

Vallés-Penedeés Basin

The barbourofelid remains described in this paper come
from several localities in the Vallés-Penedés Basin (Catalo-
nia, Spain; Fig. 1). This basin is a NNE-SSW-oriented
half graben, limited by the Littoral and Pre-littoral Catalan
Coastal Ranges (NE Iberian Peninsula), which was gener-
ated by the rifting of the NW Mediterranean region during
the Neogene (Cabrera & Calvet 1990, 1996; Bartrina ef al.
1992; Roca & Desegaulx 1992; Roca & Guimera 1992;
Cabrera et al. 2004; de Gibert & Casanovas Vilar 2011).

The basin infill consists of more than 2000 metres of sedi-
ment that, with some Early and Middle Miocene shallow
marine and transitional sequences, mostly corresponds to
distal-marginal alluvial fan sediments (Agusti e al. 1985;
Cabrera & Calvet 1990, 1996; Cabrera et al. 1991, 2004,
Roca & Desegaulx 1992; Casanovas-Vilar et al. 2011b).
Five depositional units are distinguished (Agusti et al
1985), the fossil remains described in this paper coming
from the upper continental complex, which ranges from
MNG6 to MN11.

Late Aragonian localities

The oldest remains described in this paper come from the
250 m thick ACM series (Alba et al. 2006, 2009, 2011b),
in the area of els Hostalets de Pierola, which is charac-
terized by Middle to Late Miocene alluvial sequences that
were deposited in the distal to marginal, inter-fan zones
of the coalescing alluvial fan systems of els Hostalets
de Pierola and Olesa (Moya-Sola et al. 2009). Classi-
cal localities from this area (Crusafont & Truyols 1954;
Golpe-Posse 1974) have been traditionally grouped into HI
(Aragonian levels) and HS (Vallesian levels) (Crusafont &
Truyols 1954; Golpe-Posse 1974; Agusti et al. 1985, 1997).
However, the age of the ACM localities and most isolated
finds can be accurately estimated on the basis of firm
lithostratigraphical, magnetostratigraphical and biostrati-
graphical correlation (Moya-Sola et al. 2009; Alba et al.
2009, 2011b). The entire ACM series corresponds to the
late Aragonian (Middle Miocene), although early Vallesian
(Late Miocene) sediments outcrop nearby (Moya-Sola et al.
2009; Carmona et al. 2011; Alba et al. 2011b).
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Table 2. Dental measurements (in mm) of Albanosmilus
Jjourdani from the Valleés-Penedes Basin (Catalonia, Spain).

Record No. Site Tooth BL MD
IPS41943 ACM/C3-Ak L dil 1.7 1.9
1PS41943 ACM/C3-Ak L di2 1.8 3.0
1PS41943 ACM/C3-Ak L di3 2.5 4.5
1IPS50909 ACM/C6-C3 R di3 4.4 3.0
1PS41943 ACM/C3-Ak L dcl 2.7 43
1PS43115 ACM/C4-C2 L dp3 3.5 8.9
1PS46478 ACM/C4-C2 L dp3 3.6 —

1PS41943 ACM/C3-Ak L dp3 3.9 10.8
1PS2035 CM1 R dp3 34 9.8
1PS46478 ACM/C4-C2 L dp4 5.2 —

1PS41943 ACM/C3-Ak L dp4 6.3 16.6
1PS2035 CM1 R dp4 5.1 15.1
1PS46487b ACM/C6-Ak Lil 5.1 2.6
1PS2036 SQ Ril 4.4 3.1
1PS46487a ACM/C6-Ak Ri2 5.3 4.1
1PS46487b ACM/C6-Ak Li2 4.4 4.4
1PS2037 SQ Ri2 5.1 5.9
1PS46487a ACM/C6-Ak Ri3 6.3 4.5
1PS46487b ACM/C6-Ak Li3 6.1 4.4
1PS46491 ACM/C4-C2 Li3 5.3 5.4
IPS50911 ACM/C6-C3 Li3 4.5 3.9
1PS31204 SA Ri3 4.5 11.0
1PS46487a ACM/C6-Ak Rcl 6.7 4.2
1PS46487b ACM/C6-Ak Lecl 6.0 4.6
1PS2017 SQ Rcl 8.9 5.8
1PS2018 SQ Lcl 8.0 5.6
1PS30992.1 SQ Rcl 8.4 6.1
1PS46487a ACM/C6-Ak Rp3 3.8 7.4
1PS46487b ACM/C6-Ak Lp3 3.9 6.9
1PS2022 SQ Lp3 5.2 8.5
1PS2023 SQ Lp3 4.9 8.4
1PS30992.2 SQ Rp3 4.7 8.9
IPS15037 SA Rp3 4.0 6.0
IPS46487a ACM/C6-Ak R p4 6.4 16.2
1PS46487b ACM/C6-Ak L p4 7.2 14.6
1PS2021 SQ L p4 8.9 17.0
IPS54866 ACM/C7-A L p4 7.5 17.3
1PS2029 SQ R p4 8.8 —

1PS2030 SQ L p4 7.3 17.7
IPS16579 HS L p4 — 17.8
1PS30992.3 SQ R p4 7.2 18.4
1PS28723 CCN L p4 7.6 17.0
IPS15038 SA L p4 6.7 18.0
IPS31259 CM R p4 7.5 19.0
IPS46487a ACM/C6-Ak R ml 8.6 21.5
IPS46487b ACM/C6-Ak L ml 9.5 21.9
1PS2027 SQ L ml 9.4 —

IPS2028 SQ R ml 10.1 25.0
1PS2031 SQ Lml 9.7 233
IPS16579 HS L ml 9.2 22.9
1PS30992 .4 SQ Rml 9.0 —

IPS28723 CCN L ml 11.6 26.0
1PS36393 SA Rml 9.7 22.4
IPS15034 CL1 L11 3.6 3.8
1PS46487d ACM/C6-Ak LI1 5.7 4.1
1PS2038 SQ L11 5.4 5.0
1PS54867 SA RI1 4.6 5.4
1PS54868 SA L11 4.6 5.3
IPS15034 CL1 LI2 3.7 3.0
IPS15034 CL1 R12 4.7 5.0
1PS46487d ACM/C6-Ak LI2 5.6 4.8

J. M. Robles et al.

Table 2. (Continued).

Record No. Site Tooth BL MD
1PS49575 ACM/C8-B/C RI2 4.7 5.4
IPS15040 CL1 R12 54 5.0
IPS15035 CL1 R1I2 5.6 5.4
IPS15034 CL1 LI3 7.0 5.0
IPS15034 CL1 RI3 6.7 4.7
1PS46487d ACM/C6-Ak L13 6.9 5.7
IPS49575 ACM/C8-B/C RI3 4.2 5.8
1PS49575 ACM/C8-B/C LI3 7.6 5.5
IPS15040 CL1 RI3 7.4 6.4
1PS2032 SQ R Cl1 >7.5 —

IPS15120 CL1 RCl1 >7.7 —

1PS49575 ACM/CS8-B/C LCl1 19 7.1
IPS54866 ACM/C7-A LCl 9.6 6.2
1PS11343 SA LCl1 >5.0 —

1PS46487¢c ACM/C6-Ak R P3 4.1 8.5
1PS49575 ACM/CS8-B/C RP3 4.4 10.4
IPS49575 ACM/C8-B/C L P3 4.3 9.6
1PS2034 SQ LP3 5.2 10.6
1PS46487¢c ACM/C6-Ak R P4 — 32.4
1PS49575 ACM/CS8-B/C R P4 8.4 34.3
IPS49575 ACM/C8-B/C L P4 9.7 33.2
IPS15113 CL1 R P4 9.2 37.9
IPS15027 CP L P4 9.2 334
1PS2024 SQ L P4 12.5 —

1PS2025 SQ L P4 9.6 34.7
1PS2026 SQ R P4 11.7 —

IPS31231 CB L P4 10.3 39.0
IPS15031 SA R P4 8.2 33.0
1PS54950 CB L P4 9.6 34.0
1PS2040 SQ L Ml 5.8 3.7

For abbreviations of fossil localities see Material and methods.

From a biostratigraphical viewpoint, the ACM series
corresponds to MN7 and MNS sensu Mein & Ginsburg
(2002), which must be understood as regional biozones that
respectively correspond to the Megacricetodon ibericus +
Democricetodon larteti and M. ibericus + Democricetodon
crusafonti concurrent range zones (Alba ef al. 2006, 2009;
Casanovas-Vilar et al. 2011a). On the basis of magne-
tostratigraphical correlation (Moya-Sola et al. 2009), the
ACM series ranges from c¢. 12.5 to 11.4 Ma (Casanovas-
Vilar et al. 2011a; Alba et al. 2011b), and estimated inter-
polated ages for the localities can be provided on the basis
of average local sedimentation rates for each subchron. The
oldest ACM localities with A/banosmilus remains are corre-
lated with C5r.3r: C4-C2 (11.9 Ma, MN7 or MN8), C3-Ak
(11.8 Ma, MN7 or MNB8), C5-C4 (11.8 Ma, MNS8) and
C6-Ak (11.7 Ma, MNS8). The remaining locality, C6-C3
(11.7 Ma, MNB), is correlated with C5r.2n, as are the two
isolated records from C7-A (stratigraphically 2 m above
C6-C3, 11.6 Ma, MN8) and C6-C (10 m above C6-C3,
11.6 Ma, MNS). The isolated record from C8-B/C, situated
13 m above C6-C3, is correlated with C5r.2r (11.5 Ma,
MNS). Finally, CM1 is a classical locality from the same
area that is stratigraphically situated above the uppermost
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ACM localities but still corresponds to latest Aragonian,
with an estimated age of ¢. 11.2 Ma (Alba et al. 2011b),
although palacomagnetic sampling would be required in
order to confirm a correlation with C5r.2r (like the youngest
ACM localities) rather than C5r.1n.

Three additional Vallés-Penedes sites attributed to the
latest Aragonian record the presence of Albanosmilus jour-
dani: CB, SQ and CMS. Unfortunately, no magnetostrati-
graphical data are available for these localities, so their
ages remain uncertain. On the basis of their assemblages,
they have been attributed to the M. ibericus + D. crusa-
fonti biozone (Agusti et al. 2005; Alba et al. 2006, 2010a,
2011a; Casanovas-Vilar et al. 2011a), thus being corre-
lated with the MN8 sensu Mein & Ginsburg (2002).
Such correlation, however, strongly relies on the lack of
Hippotherium remains, because latest Aragonian (MNGS)
and earliest Vallesian (MN9a) rodent assemblages from
the Valles-Penedés Basin are very similar (Agusti et al.
1997, 2001; Casanovas-Vilar et al. 2006). Thus, whereas
the late Aragonian age of SQ remains undisputed, on the
basis of a surface-collected hipparionin tooth (Crusafont-
Pair6 & Golpe-Posse 1974b; Rotgers & Alba 2011) and
the relative stratigraphical proximity with CL1, an esti-
mated age range of 11.2—10.5 Ma is favoured here for CB,
following Rotgers & Alba (2011) and Alba & Moya-Sola
(2012). Traditionally, CMS has been also attributed to the
latest Aragonian (Agusti et al. 1985, 1997, 2001, 2005),
despite Crusafont-Pair6 & Golpe-Posse (1974a) initially
reporting the presence of Hippotherium. On biostratigraph-
ical grounds, Agusti et al. (2005) favoured an MN8 age
for CMS, and no Hippotherium remains have been found
among the classical collections of CMS. However, given
the occurrence of this taxon in nearby sites from B400OV/S5
(Alba et al. 2010b; Tomas et al. 2010) and CPO (Robles
et al. 2011), an early MN9 age seems more likely (Robles
et al. 2011). Given the absence of Cricetulodon (Agusti
et al. 2005), an estimated age range of 11.1-10.5 Ma is
tentatively attributed here to CMS.

Early Vallesian localities

The oldest undoubted Vallesian site yielding Albanos-
milus jourdani in the Vallés-Penedés Basin corresponds
to CCN20 and is situated in the lower part of one of the
four sections (CGl, Terrassa) of the Montagut composite
section (Garcés et al. 1996; Agusti et al. 1997; Casanovas-
Vilar et al. 2006). CCN20 contains the First Appearance
Datum (FAD) of Hippotherium in the Vallés-Penedeés Basin
(Garcés et al. 1996; Agusti et al. 1997), thus correspond-
ing to the M. ibericus + Hipparion s.. concurrent range
zone (Agusti et al. 1997; Casanovas-Vilar et al. 2011a),
and correlates with the base of chron C5r.1n having an esti-
mated age of 11.1 Ma (Garcés et al. 1996). An unpublished
specimen of Albanosmilus is also reported here from the
Vallesian (MND9) levels of els Hostalets de Pierola (HS),
consequently younger than 11.1 Ma. Additional Al/banos-

milus remains are available from the localities of CP1 in
Sant Quirze, and SA in Santa Perpétua de la Mogoda.
These sites are somewhat younger than CCN20 but still
MNO in age, being correlated with the C. hartenbergeri
local range zone, and having an estimated age of 10.4—10.0
Ma (Casanovas-Vilar et al. 2011a).

The youngest record of A. jourdani from the Vallés-
Penedés Basin corresponds to the late MNO locality of
CL1, situated in the lower portion of the 20 m thick Can
Llobateres local stratigraphical section (Agusti et al. 1996,
1997; Alba et al. 2011c, d), and deposited in an distal chan-
nelized alluvial plain related to the Castellar alluvial fan
(Agusti et al. 1996, 1997). Biostratigraphical data indicate
that Can Llobateres records the lower/late Vallesian transi-
tion (the MN9/MN10 boundary) (Agusti et al. 1996, 1997,
2001; Casanovas-Vilar et al. 2011a), with CL1 correspond-
ing to the Cricetulodon sabadellensis local range zone
(Casanovas-Vilar ef al. 2011a), which spans from 10.0 to
9.7 Ma, whereas magnetostratigraphical data further permit
the correlation of this locality with C4Ar.3r, giving an esti-
mated age 0f9.72-9.78 Ma (Agusti et al. 1996, 1997,2001;
Casanovas-Vilar et al. 2011a).

Systematic palaeontology

Class Mammalia Linnaeus, 1758
Order Carnivora Bowdich, 1821
Suborder Feliformia Kretzoi, 1945
Family Barbourofelidae Schultz et al., 1970
Subfamily Barbourofelinae Schultz et al., 1970
Tribe Barbourofelini Schultz et al., 1970
Genus Albanosmilus Kretzoi, 1929

1929 Albanosmilus Kretzoi: 1306.

1945 Sansanosmilus Kretzoi: Simpson: 120 (senior subjec-
tive synonym on the basis of the Principle of the First
Reviser).

1952 Grivasmilus de Villalta & Crusafont: 308 (junior
objective synonym).

Type species. Albanosmilus jourdani (Filhol, 1883).

Other included species. Albanosmilus whitfordi (Barbour
& Cook, 1915).

Emended diagnosis. Mid-sized barbourofelin with dental
formula 311C2P1M/3I1C2P1M. Brachycephalic cranium
with short and broad muzzle. Palate broadest at the level
of P4. Broad and robust zygomatic arches. Orbital closure
with complete postorbital bars. Large infraorbital foramen
above P3. Large postcanine fossa. High sagittal crest and
robust occipital crests. Large frontal sinus. Mastoid process
located at the level of the inflated bullae. Comma-shaped
condylar foramen under the occipital condyle. Foramen
ovale situated next to the foramen rotundum at the base of
the bulla, close to the well-developed retroarticular process.
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Figure 1. Geographical map showing the location of the Valles-Penedés Basin within the Iberian Peninsula (top left), and schematic
geological map of this basin, showing the main geological units and the several palacontological sites discussed in this paper (modified
from Casanovas-Vilar et al. 2008a). Abbreviations: ACM, Abocador de Can Mata; CB, Castell de Barbera; CCN, Creu Conill; CL, Can
Llobateres 1; CM1, Can Mata 1; CMS, Can Missert; CP, Can Poncic; SA, Santiga; SQ, Sant Quirze.

Auditory bulla invading the mastoid. Shallow and long
mandible, with a very high and verticalized symphysis.
Sinuous and high mandibular corpus (highest at the level
of p4), with a shallow, large and a U-shaped genial flange
at the level of the postcanine diastema (only well devel-
oped in adults). Two mental foramina on the upper part
of the flange. Posteriorly curved angular process. Posteri-
orly directed condyloid process that does not surpass the
alveolar level. Slightly lingually curved coronoid process.
Very deep masseteric fossa. Dentition characterized by
sabre-like upper canines, with mesial and distal crenulated
borders, and labial and lingual vertical grooves, as well
as incisor-like lower canines. Labiolingually compressed
cheek-teeth with crenulated borders. Tetracuspid P3. P4
with preparastyle and without protocone, with two main

roots and a variously developed or fused vestigial mesio-
labial root. M1 vestigial and partially hidden by P4. All
lower teeth distolingually oriented relative to the mandibu-
lar corpus. Reduced p3 with two fused roots or a single
root. Tetracuspid p4. m1 with two main asymmetric cusps
and without metaconid.

Differential diagnosis. Albanosmilus differs from afros-
milin genera in a series of derived features of the Barbouro-
felini, such as: lack of P2 and p2; poorer development of the
lingual portion of P3; P4 with a well-developed preparastyle
and without protocone; lack of metaconid and talonid in
ml; longer P4 relative to p4; longer ml relative to p4;
greater development of the genial flange; and the presence
of notch in ml. Amongst barbourofelins, 4l/banosmilus
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Figure 2. Mandibular remains of Albanosmilus jourdani from the Valles-Penedés Basin. A—C, R partial hemimandible with il-ml
(IPS46487a) in A, labial, B, lingual and C, occlusal views. D-F, L partial hemimandible with i1-m1 (IPS46487b) in D, labial, E, lingual
and F, occlusal views. G-I, L partial hemimandible with partial c1 and p4 (IPS54866) in G, labial, H, lingual and I, occlusal views. J, K,
Partial mandible with R m1 (IPS36393), in J, right labial and K, occlusal views.


Jose
Texto escrito a máquina

Jose
Texto escrito a máquina
169


Downloaded by [Universidad Autonoma de Barcelona] at 06:31 10 December 2013

170

1002 J. M. Robles et al.

Figure 3. Mandibular remains of Albanosmilus jourdani from the Valles-Penedés Basin. A—C, L partial hemimandible with dil-dp4
(IPS41943) in A, labial, B, lingual and C, occlusal views. D-F, R partial hemimandible with di3 and dp3—dp4 (IPS2035) in D, labial, E,
lingual and F, occlusal views. G-I, L mandibular fragment with dp3 (partial) and dp4 (IPS46478) in G, labial, H, lingual and I, occlusal
views. J-L, L mandibular fragment with p4-m1 (IPS16579) in J, labial, K, lingual and L, occlusal views. M—O, L mandibular fragment

with p4-m1 (IPS28723) in M, labial, N, lingual and O, occlusal views.

differs from Sansanosmilus in a series of derived features
shared with Barbourofelis, including: larger size; more
reduced p3; P4 with a more developed parastyle and a
well-developed preparastyle; more frequent reduction or
lack of p3, lacking a mesial cusp and displaying a double
fused or single root; lack of a metaconid, and presence of
an expanded paraconid, in m1; longer P4 relative to p4,
and longer m1 relative to p4; absolutely longer carnas-
sials and relatively broader p4; presence of orbital closure
by means of a postorbital bar; larger infraorbital foramen;
excavated masseteric insertion; broader palate; higher and
thinner mandibular symphysis; and more distally positioned
anterior crest of the flange. Finally, Albanosmilus differs
from Barbourofelis by the following features: presence of a
mesial cingulum cusp in P3 (i.e. presence of a four-cusped
P3); lack of metaconid in m1; and c1 larger than i3.

Albanosmilus jourdani (Filhol, 1883)
(Figs. 2-10)

1883 Machairodus jourdani Filhol; 57, pl. 4, figs 3-5.

1885 Hyaenictis germanica Fraas; 319, pl. 4, fig. 2a,b
(partim).

1887 Hyaenictis germanica Fraas; Depéret: 127, pl. 13,
fig. 4, pl. 14, figs 2, 3.

1888 Hyaenictis germanica Fraas; Schlosser: 435.

1892 Machairodus jourdani Filhol; Depéret: 18, pl. 1 fig. 1.

1901 Machairodus jourdani Filhol; Boule: 569.

1907 Machairodus jourdani Filhol; Roman: 61, pl. 3, fig. 8.

1929 Albanosmilus jourdani (Filhol); Kretzoi: 1306.

1943a Albanosmilus jourdani (Filhol); de Villalta Comella
& Crusafont Pairo: 122, figs 29-30, pl. 13, figs 5-5¢, 6.

1943a Albanosmilus jourdani var. andresi de Villalta
Comella & Crusafont Paird: 127, figs 31-35, pl. 12,
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Figure 4. Isolated lower cheek teeth of Albanosmilus jourdani from the Vallés-Penedés Basin. A, B, R p3 (IPS15037) in A, labial and B,
lingual views. C, D, L p3 (IPS2022) in C, labial and D, lingual views. E, F, L p3 (IPS2023) in E, labial and F, lingual views. G, H, R p3
(IPS30992.2) in G, labial and H, lingual views. I, J, R p4 (IPS31259) in L, labial and J, lingual views. K, L, R p4 (IPS2029) in K, labial
and L, lingual views. M, N, L p4 (IPS2030) in M, labial and N, lingual views. O, P, R p4 (IPS30992.3) in O, labial and P, lingual views.
Q, R, L p4 (IPS15038) in Q, labial and R, lingual views. S, T, L p4 (IPS2021) in S, labial and T, lingual views. U, V, R m1 (IPS2031) in
U, labial and V, lingual views. W, X, L m1 (IPS2028) in W, labial and X, lingual views. Y, Z, R m1 (IPS2027) in Y, labial and Z, lingual
views. A’, B’ R m1 (IPS30992.4) in A’, labial and B/, lingual views.

figs 1-1b, 2-2a, 3-3a, 44a, 5-5a, 6-6a, 7-7a, pl. 13, 1961 Sansanosmilus palmidens Blainville; Ginsburg: 154
figs 1-1a, 2-2a, 3-3a, 4. (partim).

1943b Albanosmilus jourdani (Filhol); de Villalta Comella 1973 Sansanosmilus jourdani (Filhol); Heizmann: 58, figs
& Crusafont Pairo: 37, figs 14, pl. 1, figs 1-6, pl. 2, 17d, 18a—c.
figs 1-7, pl. 3, figs 1-13. 1973 Albanosmilus jourdani (Filhol); Crusafont-Pair6 &

1951 Albanosmilus jourdani (Filhol); Viret: 96. Ginsburg: 38, figs 3-5.
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Figure 5. A-D, cranium of A/banosmilus jourdani (IPS49575) from ACM/C8-B/C in A, upper, B, basal, C, right lateral and D, left lateral
views.
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Figure 6. Cranial remains of Albanosmilus jourdani from the Vallés-Penedes Basin. A, upper incisors (IPS15034) in frontal view. B-D,
R partial palate (IPS15040) in B, right lateral, C, frontal and D, medial views. E-H, L premaxillary fragment with I1-I3 (PS46487d) in
E, lateral, F, frontal, G, medial and H, palatal views. I-M, calvarium [PS56248 in L, left lateral, J, right lateral, K, frontal, L, upper and
M, basal views.
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Figure 7. Reconstruction of the skull and the life appearance of Albanosmilus jourdani on the basis of the Valles-Penedés remains.
Original artwork by Marta Palmero.

1976 Grivasmilus jourdani (Filhol); Crusafont Paird6 &
Kurtén: 5.

1981 Sansanosmilus jourdani (Filhol); Ginsburg et al.: 391,
fig. 11, pl. 2, figs 4, 5.

1982 Sansanosmilus jourdani vallesiensis de Beaumont &
Crusafont-Pair6: 51, 61, pl. 3, fig. 1, pl. 4, figs 1-8.

1997 ?Barbourofelis  vallesiensis (de Beaumont &
Crusafont-Paird); Geraads & Giileg: 373.

2004 Sansanosmilus vallesiensis de Beaumont &
Crusafont-Pair6; Morlo ef al.: 53.

2006 Sansanosmilus jourdani (Filhol, 1883); Morlo: 341,
figs 1D-G, 2A-D.

2009 Sansanosmilus vallesiensis de Beaumont & Crusa-
font; Nagel: 606, fig. 1A-D.

2010 Sansanosmilus jourdani (Filhol, 1883); Robles ef al.:
266, figs 2, 3.

Emended diagnosis. As for genus.

Remarks. According to Morlo (2006), Albanosmilus jour-
dani may differ from A4. whitfordi in a more reduced lower
incisor region, the more posterior orientation of the mesial
crest of the flange, and the more posteriorly extended dorsal
aspect of the symphysis. Such differences, however, have
not been substantiated (Tseng et al. 2010), and as far as
it can be ascertained on the basis of available features, 4.
whitfordi can be only distinguished from the type species
of the genus by the slightly larger size of the dentition
(Fig. 11).
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Figure 8. A, Virtual image of the cranium of A/banosmilus jourdani (IPS49575) showing the planes corresponding to the computed
tomography sections shown in B and C; B, coronal section 1-1" (orthogonal to the sagittal plane) through the mastoid processes and
4.3 mm from the posteriormost end of the occipital condyles; white arrows indicate the extension of the auditory bulla, which invades the
mastoid; C, oblique section 2-2’ (deviated 30° from the sagittal plane); white arrows indicate the extension of the frontal sinus; D, coronal
section of the left side of the cranium showing part of the cochlea (indicated by an arrow); E, coronal and F, parasagittal sections of the
right side showing the course of the internal auditory meatus (indicated by arrows).

Holotype. Muséum d’Histoire Naturelle de Lyon No. Measurements. See Table 2 for dental measurements and
1384, R mandibular fragment with p4—m1 (Filhol 1883, Table 3 for dental proportions.

pl. 4, figs 3-3). Age and distribution. MN6 to MN9, Europe and Turkey.
Type locality. La Grive-Saint-Alban M (Saint-Alban-de- In the Iberian Peninsula, known from MN7 to MN9, with
Roche, Isére, France). a well-dated stratigraphical range of 11.9 to 9.7 Ma in the

Vallés-Penedes Basin.
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Figure 9. Isolated upper cheek teeth of Albanosmilus jourdani from the Vallés-Penedes Basin. A—C, L P4 (IPS15027) in A, labial, B,
lingual and C, occlusal views. D-F, L P4 (IPS2024) in D, labial, E, lingual and F, occlusal views. G-I, L P4 (IPS2025) in G, labial,
H, lingual and I, occlusal views. J-L, L P4 (IPS54950) in J, labial, K, lingual and L, occlusal views. M-O, L P4 (IPS31231) in M,
labial, N, lingual and O, occlusal views. P-R, R P4 (IPS2026) in P, labial, N, lingual and O, occlusal views. S-U, R P4 (IPS15113) in S,
labial, T, lingual and U, occlusal views. V-X, R P4 (IPS15031) in V, labial, W, lingual and X, occlusal views. Y-A’, L P3 (IPS2034) in
Y, labial, Z, lingual and A’, occlusal views. B'-D’, L M1 (IPS2040) in B', labial, C’, lingual and D’, occlusal views.
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Table 3. Cranial and mandibular measurements (in mm) of
Albanosmilus jourdani from ACM.

Cranium

Record No. LC wC WPC WP WCO

IPS49575 207.7 150 66 114.6 44.8
IPS56248 — 108 — — —
Mandible
Rec. No. LM WM WMI1 WEF LS
IPS46487a — 12.9 — — 50.3
IPS36393 128.0 14.2 24.6 28.7 —
1PS46487b — 12.3 — 37.8 50.1
IPS54866 — 15.0 27.2 62.0 63.8
IPS13233 — 15.2 25.9 — —
IPS16579 — 14.3 26.0 — —
1PS41943 — 6.9 19.5 — 28.0
IPS2035 — 11.2 19.6 — —
IPS46478 — 11.8 — — —

For abbreviations of measurements see Material and methods.

Description

The craniodental remains of Albanosmilus jourdani from
the Vallés-Penedés Basin described in this paper are
reported in Table 1. This sample includes many isolated
teeth as well as several partial mandibles, an almost
complete cranium, and a calvarium. The remains catalogued
under [PS46487 (a to d, including the right and left hemi-
mandibles, as well as left premaxillary and maxillary frag-
ments) were found associated and probably belong to the
same individual. When the remains from the different sites
are considered together, all of the permanent dentition is
available for description, whereas for the deciduous denti-
tion, only the lower teeth can be described. All available
teeth display some degree of wear, on the lingual portion
of the crown in the upper teeth, and on the labial portion in
the lower ones.

Mandible. The morphology of the mandible can be ascer-
tained on the basis of several available mandibular spec-
imens (Figs 2, 3). The most informative adult specimens
are the following: two partial hemimandibles from the
same individual 1PS46487 (Fig. 2A—F), which preserve
the symphyseal suture but lack the rami; partial hemi-
mandible IPS54866, which more completely preserves the
corpus but similarly lacks the gonial region and the ramus;
partial mandible IPS36393, which preserves the complete
symphysis and, on the right side, the complete corpus and
ramus (including the mandibular condyle and the coro-
noid process). Furthermore, there are two available infan-
tile partial hemimandibles: IPS41943 (Fig. 3A—C), which
displays the symphyseal suture and part of the corpus; and
IPS2035 (Fig. 3D-F), which is damaged on the symphyseal
region but completely preserves the rest of the corpus and
the ramus (including the condyle and the coronoid process).

Overall, the mandible is long and low, with a high corpus
and a very high symphysis, but a very low mandibular
ramus. The symphysis is straight and very vertical. The
corpus displays a sinuous shape in dorsal view, and reaches
its maximum height at the level of p4. There is a long
postcanine diastema. Below the latter, there is a shallow
genial flange under the mesial portion of the cl crown,
displaying a marked, U-shaped crest that ends under the
mesial portion of the p3 crown. On the labial side of the
corpus, there are two mental foramina situated on the upper
part of the flange: one under p3, and the other under i3. The
anterior portion of the ramus begins just behind m1, where
there is a large and deep messeteric fossa.

There is a posteriorly curved angular process, which
projects beyond the lower level of the corpus, and a large
and robust, curved condyloid process, which is horizon-
tally situated and projects posteriorly without surpassing
the alveolar level. The ramus is low, but higher than the
corpus, due to the presence of a slightly mesiolingually
curved coronoid process, which projects well above the
alveolar level.

The infantile mandibles display a similar overall
morphology to the adult ones, but are more slender, and
show a lesser development of the genial flange. Their
morphology can be described on the basis of three partial
hemimandibles 1PS41943 (Fig. 3A-C), IPS2035 (Fig.
3D-F) and IPS46478 (Fig. 3G-I). The infantile mandibu-
lar corpus displays a sinuous shape in occlusal view from
the mandibular symphysis to the coronoid process, and
is relatively higher than the adult one. The symphysis is
high, being very vertical. There is a diastema between
dcl and the first deciduous premolar, as in the adult hemi-
mandibles. At the level of the diastema on the labial side
of the corpus, there are two mental foramina situated close
to one another, as can be seen in IPS41943. No flange can
be discerned in any of the available juvenile mandibles.
The ramus is low and curved distally, beginning just behind
dp4, except in IPS2035, which in occlusal view displays
an elongated fossa that corresponds to the distal portion of
the unerupted m1. The coronoid process, only preserved in
IPS2035, is as high as the dp4 protocone, further display-
ing in labial view a slight mesiodistal crest. The masseteric
fossa, visible in IPS2035, is shallower than in the adult
specimens.

Cranium. Cranial anatomy can be best assessed on the
basis of the almost complete cranium IPS49575 (Fig.
5A-D). This specimen shows some lateral distortion, and
the orbital and zygomatic regions are better preserved on
the left than on the right side. In addition, the nasals and
frontals are badly damaged, although the morphology of
this area can be determined using the calvarium IPS56248
(Fig. 61-M). The morphology of the skull and external
appearance of this taxon have been reconstructed (Fig. 7)
on the basis of these two cranial specimens, as well as the
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mandibular specimens described above. Given the degree
of deformation in IPS49575, some corrections have been
made in the reconstruction, particularly regarding the poste-
rior portion and orientation of the orbit. In turn, the inter-
nal anatomy of IPS49575 has been examined using several
radiographical sections derived by computed tomography
(Fig. 8).

The cranium is very brachycephalic, with an overall
triangular shape on its anterior moiety in dorsal view. The
muzzle is short, broad and robust, with a moderately prog-
nathic premaxilla. The latter is swollen at the level of the
canine. The palate is short, decreasing in breadth from P4
towards C1. It displays two deep fossae below P4 and M1.
The naso-frontal region is broad and flat. There is a large
and oval infraorbital foramen, situated above P3. There is a
large postcanine fossa, excavated under the zygomatic from
the mesial portion of P4, which reaches its maximum depth
above the carnassial. There is a relatively large frontal sinus
that is posteriorly situated (Fig. 8C). The orbits are ellip-
tical and situated obliquely with respect to the parasagittal
plane. They are posteriorly closed by a postorbital process
that joins the jugal process, forming a robust postorbital
bar. The zygomatic arches are very robust, reaching maxi-
mum lateral expansion posteriorly. The neurocranium is
narrow compared to the splanchnocranium, and shows a
marked postorbital constriction. There is a high and contin-
uous sagittal crest; anteriorly, this crest bifurcates to form
two crests that run along the posterior border of the postor-
bital bar until reaching the zygomatic arch. Posteriorly, the
sagittal crest reaches the robust and well-defined nuchal
(occipital) crests, which extend downwards until reaching
the mastoid processes. The small parietals are inflated and
display a rough surface with numerous pits. The occipi-
tals also display a roughened and single surface inclined
inwards, which contains the two occipital condyles. At the
base of each condyle, a shallow, elongated and comma-
shaped fossa is present, the deepest part of which would
correspond to the condylar foramen. In ventral view, the
sutures between the basisphenoid, pterygoid and the occip-
ital cannot be discerned. The narrow occipital, situated
between the auditory bullae, is excavated by two deep
grooves that are separated by a thin crest. Although the audi-
tory bullae are somewhat anteriorly situated, the mastoid
processes, separated from the bullae by a shallow valley,
are clearly more anteriorly situated relative to the rest of the
basicranium (compared to felids and nimravids). There is a
well-defined retroarticular process adjacent to the foramen
ovale, the bulla being as high as the mastoid process and the
retroarticular process. The basiphenoid and the pterygoid
are narrow, and display two main foramina at the base of
the bullae: the foramen rotundum, which is situated close to
the bulla; and the foramen ovale, which is located close to
the pterygoid-palatal crest. The latter is poorly preserved,
although it appears straight and thin, displaying the choanae

and the distal part of the palate. A subquadrangular fossa
which ends at the level of distal P4 on the palate can be also
discerned.

The CT scans enable description of the internal auditory
region, although preservation and resolution are insufficient
to describe all of the structures in detail. The auditory bulla
is fully ossified, and its shape (mainly that of the hypo-
tympanic chamber) changes along the anteroposterior axis,
from subcircular posteriorly to more subtriangular anteri-
orly. The anterior and medial walls of the bulla are almost
perpendicular to the basisphenoid plane, whereas the poste-
rior wall is more obliquely inclined. It is not possible to
separate the ectotympanic from the entotympanic portion
on the ossified surface of the bulla, although the correspond-
ing chambers can be internally recognized. In the posterior
portion of the bulla, the epitympanic chamber (caudal ento-
tympanic mastoid invasion of Hunt (1987), or caudal ento-
tympanic mastoid chamber of Joeckel & Stavas (1996)) can
be distinguished, thereby showing that the bulla invades the
mastoid (Fig. 8B). The roof of this chamber is slightly
convex, showing a subcircular profile in transverse section,
with maximum mediolateral and dorsoventral diameters of
10.6 and 12.0 mm, respectively. In turn, the main (ecto-
tympanic) chamber of the middle ear measures 13.6 mm
mediolaterally, and 18.2 mm dorsoventrally. In the ante-
rior portion of the ectotympanic chamber there is a small
structure, approximately 3 mm in anteroposterior length,
which apparently corresponds to the proseptum, although a
detailed description is precluded by preservation. The audi-
tory notch is not visible externally, but on the CT scans a
canal interpreted as the auditory meatus can be discerned on
both sides. The most external part of the meatus is located
on the anterior part of the valley that separates the bulla
from the mastoid. From this point, the meatus (Fig. 8E, F)
runs inwards in a posterodorsal direction (with an inclina-
tion of about 50° in a coronal plane, and of about 24° in
a parasagittal plane). The right and left petrosal bones are
visible in the CT scans, being stoutly built and situated at
the posterior moiety of the bullae. They display a quadran-
gular section in coronal view, becoming smaller posteriorly,
and do not recess deeply into the basicranium. The cochlea
can be clearly discerned in the anterior part of the right
petrosal (Fig. 8D), which mainly lies on the top of the
bullae, whereas the most posterior portion of the petrosal is
twisted towards the inner portion of the remaining temporal
bone.

Deciduous lower dentition. No upper deciduous teeth are
available, but the whole lower deciduous dentition can be
described on the basis of the three partial infantile hemi-
mandibles (IPS41943, IPS46478 and 1PS2035), together
with the isolated dp3 IPS43115. The three lower infantile
incisors are asymmetrical, uniradiculate, and slightly labi-
olingually oriented, increasing in size from dil to di3. The
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crown of dil is not preserved in any of the three avail-
able infantile hemimandibles. The crown of di2 is labiolin-
gually compressed and displays an asymmetrical profile in
labial/lingual views. It has three cuspids of different size,
the main cuspid being central, the smallest situated in the
distal portion of the crown, and the mid-sized being mesially
positioned close to the base of the crown. dcl is uniradicu-
late and labiolingually compressed, only displaying a single
main cuspid. This tooth displays an asymmetrical triangu-
lar profile in labial/lingual views, showing two (mesial and
lingual) crenulated crests that run from crown base up to
the apex.

The dp3 is biradiculate and displays a labiolingually
compressed, tetracuspid crown, showing in labial/lingual
views an asymmetrical triangular profile with the cusps
twisted in a distolingual direction. A small but distinct
cuspid is mesially situated close to the base of the crown,
linked to the main cuspid that is situated at crown mid-
length. Slightly distally next to the latter there is a third,
smaller but well-defined cuspid. A fourth well-defined and
more distal cuspid, similar in size to the mesialmost one,
is separated from the third cuspid by a narrow notch. dp4,
like the preceding tooth, is biradiculate and displays a labi-
olingually compressed crown, differing from dp3 in the
presence of only three well-defined cuspids. The mesial
one (paraconid) is separated from the main cuspid (proto-
cone) by a shallow notch, which can be only observed on the
labial side of IPS2035. The protocone, situated on the mid-
distal portion of the crown, is higher than the paracone. This
tooth displays a well-defined talonid with a single cuspid,
which is lower than the other two, being separated from the
protocone by a shallow depression.

Lower dentition. Besides the available partial mandibles
and mandibular fragments (Figs 2, 3), there are many
isolated lower teeth (Fig. 4), which enable us to describe the
whole lower dentition. The mandibular specimens nonethe-
less show that all the lower teeth are distolingually oriented
with respect to the corpus.

The three incisors are asymmetrical, unicuspid and
uniradiculate, increasing in size from il to i3. The il is
spatulate, whereas i2 and i3 display a labiolingually curved
crown that is more caniniform than in the preceding incisor.
All lower incisors display two narrow, more or less symmet-
rical crenulations on the lingual side, which run from the
crown apex (in mesial and distal directions) towards its base;
additional crenulations can be observed on the lingual side
of some specimens. On the distal side of i1 there is a contact
facet against 12, which is also visible on the distal aspect of
the crown-contact facet against i3, and in some specimens
also a wear facet (against the upper incisors) on the labial
side. The i3 similarly displays a contact facet with i2 on the
mesial side of the crown, as well as a small contact facet
against cl on the basalmost portion of the distal side of the
crown.

The cl is a moderately high and labiolingually
compressed, incisor-like tooth (Fig. 2A—F). This tooth is
implanted somewhat more posteriorly than the incisor row,
and its crown does not protrude from the occlusal level as
defined by the incisors, showing a relatively long diastema
behind.

There are two premolars. The p3 (Fig. 4A—H) displays
a labiolingually compressed crown, which is asymmetri-
cal and triangular in lingual/labial view. The crown of
this tooth is usually tricuspid, although it is bicuspid in
some specimens (IPS46487a and IPS46487b). Similarly,
p3 frequently displays two fused roots (IPS46487a, b,
1PS2022, IPS2023), although in some specimens there is
a single root (IPS28723). The three cuspids are pointed and
curved distolingually. The mesial cuspid protrudes the least
and can sometimes be absent (IPS46487a and IPS46487b),
although when present it is distinct and well defined. This
mesial cuspid is linked to the main, most protruding one,
situated at about mid-crown length, by a fine crenulated
cristid, whereas the distal cuspid is also connected to the
main one by another crenulated cristid. Nevertheless, the
main cuspid is separated from the two others by two corre-
sponding (mesial and distal) notches, which are narrow and
short on the labial side, but much broader and deeper on
the lingual side. This tooth further displays a discontinuous
lingual cingulid close to the crown base at the level of the
mesial and distal cuspulids.

The p4 (Fig. 41-T) is a biradiculate tooth with a labi-
olingually compressed and tetracuspid crown that is much
longer than in p3. The two roots are slightly curved distally,
further being partially fused with one another on their basal
portion. The cuspids are pointed and distolingually curved,
with the main one (protoconid) being situated slightly in
the mesial portion of the crown. The mesial cuspid is low
but well defined, being separated from the protoconid by
a narrow notch. In all available specimens there is a fine
crenulated lingual cingulid around the protoconid close to
the crown base, which merges with a straight crenulated
cristid that usually runs from the apex of this cuspid towards
the base of the crown (this cristid is absent in [PS2021).
The mesial cuspid is linked to the protoconid by a fine
and crenulated cristid that runs in a mesiodistal direction.
The protoconid is much larger than the remaining cuspids,
thus conferring to the p4 crown an asymmetrical profile
in labial/lingual views. The protoconid is separated from
the third cuspid by well-defined lingual and labial vertical
notches, the lingual notch being broader and deeper than the
distal notch, further ending closer to the crown base. The
third cuspid, which is less protuberant than the protoconid
but higher than the mesial cuspid, is situated in the distal
portion of the crown, together with the fourth cuspid that is
situated on the distalmost portion of the crown. This distal
cuspid is smaller and less protuberant than the preceding
cuspid, being separated from it by two (labial and lingual)
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short notches. In addition to the lingual cingulid portion
around the protoconid, there is also a crenulated lingual
cingulid at the level of the third and fourth cuspids close to
the crown base.

There is a single lower molar, the carnassial or ml
(Fig. 4U-B’). This is a biradiculate tooth with a labi-
olingually compressed crown that apparently displays two
main cuspids (protoconid and paraconid), although there is
no available unworn specimen showing the intact occlusal
morphology of this tooth. The two roots are unfused, the
mesial being much stouter than the distal root. The para-
conid, situated on the mesial moiety of the crown, is linked
to the crown base by a fine crenulated cristid that runs in a
mesial direction, as well as by another fine crenulated cristid
that runs in distally towards the protoconid, which is situ-
ated in the distal moiety of the crown. On the lingual wall,
the crown displays a conspicuous concavity, whereas on
the labial side there is a much shallower depression, which
may be absent or worn out in some specimens. All available
specimens possess a flat, continuous and very vertical wear
facet against P4 along all the labial aspect of the crown,
although this facet does not reach the crown base in any
specimen.

Upper dentition. In addition to the teeth preserved in the
cranium IPS49575 (Fig. 5) and some (pre)maxillary frag-
mentary specimens (Fig. 6), the morphology of the upper
permanent dentition can be described on the basis of numer-
ous isolated specimens (Figs 9, 10).

The three incisors (Figs 5B-D, 6A—H) are uniradicu-
late, with a unicuspid and labiolingually compressed crown.
They increase in size from I1 to 13. The 11 displays a subtle
crenulated crest on the distal portion of the crown, and
contact facets can be discerned on both the mesial and distal
sides of the crown. The 12 displays a more marked crenu-
lated crest on the distal portion of the crown than the preced-
ing incisor, running from the apex to the base of the crown.
Subtle contact facets can be observed on the mesial and
distal sides of the basal portion of the crown. The 13 crown
is higher than that of the preceding incisors, and displays
a more caniniform morphology, in being more asymmetri-
cal and somewhat curved distally. Like 12, this tooth also
shows a distally positioned, crenulated crest running from
the apex to the base of the crown.

The C1 (Fig. 10) displays a sabre-like morphology,
with a very labiolingually compressed and high crown
that displays convex mesial and concave distal profiles.
The C1 crown further displays crenulations along the
mesial and distal margins from base to apex, as well as
two vertical, shallow grooves along its labial and lingual
sides.

There are two premolars, which display a labiolingually
compressed crown with a sharp occlusal morphology. The
P3 (Fig. 9Y—A') is a small, biradiculate tooth with a tetra-
cuspid crown. The cusps are well defined and linked to one

10 mm

!

Figure 10. Canines of Albanosmilus jourdani from the Vallés-
Penedes Basin. A, L C1 (IPS49575) in labial view. B, C, R C1
crown fragment (IPS2032) in B, labial and C, lingual views. D,
E, R CI1 crown fragment (IPS15120) in D, labial and E, lingual
views. F, G, L C1 apical crown fragment (IPS11343) in F, labial
and G, lingual views.

another by a subtle crenulated crest. The most mesial cusp,
which is the least protuberant, displays a crenulated cingu-
lum around its lingual basal aspect. The main cusp, which is
by far the most protuberant, is positioned about mid-crown
length, and is separated from the concomitant cusps by
two (mesial and distal) notches, which are shallow on the
labial side and deeper on the lingual side. The third cusp
is somewhat smaller but slightly more protuberant than the
mesial cusp, whereas the fourth cusp, being situated in the
distalmost portion of the crown, is the smallest and least
distinct.

The upper carnassial or P4 (Fig. 9A—X) displays a long
and labiolingually compressed crown. Some specimens
(Fig. 9G-I, O-T) are biradiculate, showing a single and
stout distal root, as well as a double fused or even single
root, which is much more slender than the mesial one. Other
specimens (Fig. 9D-F, J-L, P-R) are triradiculate, show-
ing a vestigial mesiolingual root that is distinct from the
main mesial one. Apparently, P4 originally displayed four
main cusps; however, no unworn specimens are available to
demonstrate the occlusal morphology. As no protocone can
be discerned on the lingual moiety of the crown, this cusp
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Figure 11. Dental proportions (crown width versus length) of the P3, P4, p4 and m1 of Albanosmilus jourdani from the Vallés-Penedes
Basin compared to other barbourofelids from African, North American, Asian and European localities. See Material and methods for the

references employed to depict these graphics.

may have been originally absent or, if present and eroded
by wear, it must have been very small or vestigial. The
paracone is the main cusp of this tooth, being situated on
the labial moiety of the crown in a slightly mesial position
with respect to mid-crown length, and separated from the
adjacent cusps by two (mesial and distal) short and narrow,
moderately distinct vertical notches at least on the labial
crown wall. On the mesial portion of the crown, there are
two smaller and lower cusps, the more protuberant parastyle
and the more mesially situated preparastyle, which are sepa-
rated from one another by a shallow groove. Finally, the
elongated metacone is situated on the distal portion of the

crown, being constituted by two small cuspules that are
separated from one another on the labial side of the crown
by a shallow groove.

There is a single molar, M1 (Fig. 9B'-D’), which
is a small, low-crowned, unicuspid, uniradiculate vesti-
gial tooth. Unlike the premolars, it is not labiolingually
compressed but displays a broader rather than long crown.
The position of M1 with regard to P4 is somewhat variable,
being situated distally in some specimens (IPS49575) and
more mesially (IPS15031) in others.

Dental proportions. The dental size and proportions of
Albanosmilus jourdani regarding P3, P4, p4 and ml
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(Fig. 11) overlap to some degree with those of S. palmi-
dens, A. whitfordi and B. morrisi. However, whereas the
former displays a smaller dental size regarding P4, p4 and
ml, both A. whitfordi and B. morrisi tend to display slightly
larger teeth than A. jourdani.

Cladistic analysis

The cladistic analysis of the Barbourofelidae performed in
this study yielded 36 most parsimonious cladograms with
a tree length of 86 steps, CI = 0.72, RI = 0.82 and RC =
0.59. The strict consensus and 50% majority rule consensus,
together with support metrics, are shown in Fig. 12.

Discussion

Morphological comparisons and taxonomic
attribution

The material of Albanosmilus jourdani described in
this paper fits the diagnostic features of Barbourofeli-
dae reported by Morlo ef al. (2004): (1) plesiomorphic
dental formula3131/3131; (2) markedly compressed, sabre-
toothed C1 with crenulations on, at least, their poste-
rior border, and with vertical grooves; (3) strong rela-
tionships between the eruption of C1 with the develop-

ment of other sabre-toothed features, particularly the pres-
ence of a mandibular flange; (4) no mesial cusp in p3 —
except in S. palmidens, this tooth is tricuspid (Filhol 1890;
Ginsburg 1961), further being sometimes absent in A. jour-
dani — but distinct and sometimes large distal accessory
cusp in p3 and p4; (5) relatively high protoconid in m1 (at
least in early genera such as Prosansanosmilus and Afros-
milus); (6) slightly to strongly curved (sinuous) mandibular
corpus; and (7) fully ossified bulla with a short proseptum
on its anteromedial portion. It also displays several derived
features indicating that 4. jourdani belongs to the tribe
Barbourofelini, including (Schultz et al. 1970; Morales
etal.2001): (1) all teeth serrated; (2) deep excavation on the
maxilla above P4; (3) distolingually oriented lower teeth;
and (4) well-defined parastyle in P4.

The position of the Valles-Penedés barbourofelin mate-
rial at the genus and species level, however, is uncertain.
The scarcity of fossil remains of Eurasian barbourofelids
has hampered for many years the clarification of their taxo-
nomic status, as well as their phylogenetic relationships
(see below). In Eurasia, barbourofelins are represented by
relatively scarce cranial and mandibular remains, custom-
arily attributed to Sansanosmilus and sometimes also to
Barbourofelis (Filhol 1883; Ginsburg 1961; Geraads &
Giileg 1997; Morlo 2006). In North America, however, there
are several barbourofelin species customarily attributed to
Barbourofelis whose cranial and mandibular anatomy is
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Figure 12. Results of the cladistic analysis (see text for further details). The data matrix employed is available in the Online Supplementary
Material (Table 1). A, strict consensus of 36 most parsimonious cladograms, with numbers below nodes indicating Bremer indices. B,
bootstrap 50% majority rule consensus, with numbers above nodes indicating bootstrap values.
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generally better known (Schultz ez al. 1970; Baskin 1981;
Bryant 1988; Bryant 1991; Naples & Martin 2000; Baskin
2005; Tseng et al. 2010). Thus, whereas the taxonomic
distinction between S. palmidens and S. jourdani has been
well established for years at least at the species level (de
Beaumont & Crusafont 1982; Morlo 2006), the phylo-
genetic position and taxonomic status of other Eurasian
barbourofelins, particularly Sansanosmilus vallesiensis and
Barbourofelis piveteaui, has remained unclear or poorly
justified. The new craniodental material described here
fits the morphology of the material previously attributed
to Sansanosmilus jourdani or S. vallesiensis, but indicates
that the latter nominal taxa cannot be distinguished at the
species or subspecies level (the latter being a junior subjec-
tive synonym of the former), further showing several cranial
features that were previously unknown and which warrant
a distinction at the genus level when compared to the type
species of the genus, S. palmidens.

Regarding synonyms at the species level, de Villalta
Comella & Crusafont Paird (1943a) erected the ‘variety’
Albanosmilus jourdani var. andresi on the basis of material
from the Vallés-Penedes locality of SQ. Purported differ-
entiating features from A. jourdani from La Grive included
a larger P4 with more elaborated roots, which is here inter-
preted as intraspecific variation and thus devoid of taxo-
nomic value (such a possibility was also taken into account
by de Villalta Comella & Crusafont Pairé 1943b, although
they were inclined to dismiss it). According to the Inter-
national Code of Zoological Nomenclature (ICZN 1999),
a name originally published as a variety before 1961 is
deemed to be subspecific unless the authors explicitly or
implicitly considered it to be infraspecific (Article 45.6.4),
which is not the case here. Therefore, Albanosmilus jour-
dani andresi de Villalta Comella & Crusafont Pairo, 1943a
is a nomenclaturally valid subspecies name, here consid-
ered a junior subjective synonym of A. jourdani (Filhol,
1883).

A similar situation applies to Sansanosmilus vallesiensis,
which was originally erected by de Beaumont & Crusafont-
Pair6 (1982) as a subspecies of S. jourdani, i.e. S. jourdani
vallesiensis, on the basis of material from several Vallés-
Penedes localities (SA, CL1, CP and CB). These authors
noted subtle differences between the Vallesian remains and
the Aragonian remains (from the Valles-Penedes locality
of SQ, as well as the type locality and Steinheim), and
on this basis they proposed a distinct subspecies status
for the former. In spite of the lack of clear diagnostic
criteria, this taxon was subsequently considered to be a
distinct species (Geraads & Giileg 1997; Nagel 2009), being
assigned to either Sansanosmilus (Nagel 2009) or, tenta-
tively, Barbourofelis (Geraads & Giileg 1997). Accord-
ing to Nagel (2009), S. vallesiensis can be distinguished
from S. jourdani by the larger size of the former, the
larger m1 protoconid as compared to the paraconid, and
the larger p4. However, when the Vallesian material from

the Vallés-Penedés Basin is compared to the new and much
more complete Aragonian remains, which fits well with
that of the nominotypic subspecies from other European
localities, no significant differences can be found in dental
morphology, size, mandibular flange development, or shape
of the symphysis and mandibular corpus. Accordingly, it is
considered here that Albanosmilus jourdani vallesiensis (de
Beaumont & Crusafont-Pair6, 1982) is also a junior subjec-
tive synonym of A. jourdani (Filhol, 1883).

Regarding the validity of Albanosmilus Kretzoi, 1929 as
a distinct genus, before considering its taxonomic status, it
is necessary to discuss several nomenclatural issues. The
genera Albanosmilus and Sansanosmilus were originally
erected by Kretzoi (1929) in the same publication, with
A. jourdani from La Grive and S. palmidens from Sansan
being their respective type species. A generic distinction
was maintained for many years by several authors (de
Villalta Comella & Crusafont Pairdé 1943a, b; Viret 1951;
de Villalta & Crusafont 1952; Ginsburg 1961; Schultz et al.
1970; Crusafont-Pair6é & Ginsburg 1973), although follow-
ing the original proposal of synonymy by Simpson (1945),
other authors considered them to be synonyms, particularly
from the 1970s onwards (e.g. Heizmann 1973; Ginsburg
et al. 1981; de Beaumont & Crusafont-Paird 1982; Geraads
& Giileg 1997; Morales et al. 2001; Morlo et al. 2004;
Morlo 2006; Nagel 2009; Robles ef al. 2010). de Villalta
& Crusafont (1952) proposed a new genus, Grivamilus,
as a replacement name for A/banosmilus. Although these
authors did not employ the binomen Grivasmilus jourdani
(only employed by Crusafont-Pairé & Kurtén 1976), it is
implicit from their work that they referred to Machairo-
dus jourdani Filhol, 1883 as its type species. As such, it
seems to us that the proposal of this genus name, in spite
of being unnecessary, is nomenclaturally valid. It should
be taken into account that, when considering synonyms,
the priority between Sansanosmilus and Albanosmilus
must be determined on the basis of the First Reviewer
(ICZN 1999, Article 24.2), which in this case is Simp-
son (1945), who favoured Sansanosmilus, thereby making
Albanosmilus its junior subjective synonym. However,
when Sansanosmilus palmidens and Albanosmilus jourdani
are not considered congeneric, then Albanosmilus is avail-
able for the genus including the latter species, so that the
genus name Grivamilus Crusafont-Pair6 & Kurtén, 1976,
proposed on the basis of the same type species, must be
considered a junior objective synonym of Albanosmilus
Kretzoi, 1929, and a potential junior subjective synonym of
Sansanosmilus (only if a single genus is recognized).

From a taxonomic viewpoint, the remains of Albanos-
milus jourdani described in this paper differ from those of
Sansanosmilus palmidens, the type species of the genus,
in several craniodental features, such as: (1) the overall
larger dental size of the former (particularly regarding the
carnassials); (2) more reduced p3, usually (but not always)
without a distinct mesial cusp; (3) the lack of metaconid
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in ml; (4) differences in dental proportions, such as the
longer P4 relative to p4; (5) the more distal position of
the mesial crest of the genial flange; (6) the larger infraor-
bital foramen; (7) the excavated masseteric insertion; (8) the
broader palate; and (9) the presence of orbital closure due to
the presence of a complete postorbital bar. Taken together,
these differences warrant classifying “S.” jourdani into a
genus distinct from S. palmidens. One possibility would
be to classify the former into the genus Barbourofelis, as
previously done by Geraads & Giileg (1997) for S. vallesien-
sis (although tentatively). However, the cladistic analysis
performed in this paper shows that many of the distinguish-
ing features of A. jourdani with respect to S. palmidens are
synapomorphies of an Albanosmilus + Barbourofelis clade,
with S. palmidens displaying a more basal position amongst
the Barbourofelini. On the other hand, 4. jourdani lacks
several derived features of the Barbourofelis clade (at least
when ‘B.” whitfordi, here transferred into Albanosmilus, is
excluded), which would include several North American
species as well as the Turkish B. piveteaui. We therefore
conclude that the most reasonable taxonomic alternative is
to classify °S.” jourdani into a different genus from both
Sansanosmilus (only for S. palmidens) and Barbourofelis,
thus formally resurrecting Albanosmilus Kretzoi, 1929 as
a valid, polytypic genus. The close similarities between A.
jourdani and A. whitfordi had been previously noted by
several researchers (Schultz et al. 1970; de Beaumont &
Crusafont 1982; Morlo 2006), being originally attributed to
?Albanosmilus by Kitts (1957), subsequently to Sansanos-
milus by Mawby (1965), and later on tentatively transferred
to Barbourofelis by Schultz et al. (1970). Although Morlo
(2006) noted some differences between S. jourdani and
A. whitfordi (see our differential diagnosis), most recently
Tseng et al. (2010) published additional remains of this
taxon that do not conclusively substantiate such differences.
The new remains of A. jourdani described in this paper
further strengthen the similarities in mandibular morphol-
ogy with A. whitfordi (see Morlo 2006; Tseng et al. 2010),
as well as in dental size and proportions regarding both the
upper and lower dentition (Fig. 11), although A. whitfordi
tends to show on average a larger dental size. Given these
slight differences in dental size, coupled with their differ-
ent distribution areas, it seems reasonable to maintain these
two taxa as distinct species, at least until more complete
material of 4. whitfordi enables a more detailed taxonomic
assessment in the future.

Phylogenetic relationships and
palaeobiogeographical implications

The cladistic analysis performed in this paper (Fig. 12)
supports the monophyly of Barbourofelidae, which has
been widely accepted (Baskin 1981; Neff 1983; Hunt 1987;
Bryant 1991; Martin 1998; Joeckel et al. 2002; Peigné 2001,
Morlo et al. 2004). However, it should be taken into account

that Ginsburgsmilus, putatively the most plesiomorphic
barbourofelid (Morlo et al. 2004; Morlo 2006), has not
been included in the analysis due to excessive missing data.
In the past, some analyses recovered a sister-group rela-
tionship between Barbourofelidae and Nimravidae (Bryant
1991), but the more recent analysis by Morlo et al. (2004)
yielded poor support for this. The latter view is further
strengthened by numerous craniodental features that enable
the distinction of barbourofelids from nimravids, including
the possession of a fully ossified bulla invading the mastoid,
the lack of postglenoid foramen, and the presence of a
weak ridge on the posterior margin of the genial flange (for
further details see Bryant 1991; Morlo et al. 2004). It has
been proposed instead that barbourofelids might be more
closely related to felids (Morales et al. 2001). The analysis
performed in this paper, however, was devised in order to
decipher the phylogenetic relationships of the Barbouro-
felini, and hence the taxa included are not representative
enough to evaluate the phylogenetic relationships of the
Barbourofelidae with regard to other carnivorans.

Moreover, the distinction between barbourofelids and
felids has been substantiated by differences in basicra-
nial anatomy (Tedford 1978), with the former displaying,
for example, a horizontal proseptum more mesially situ-
ated than in Proailusurus and Pseudaelurus (Morlo et al.
2004). Unfortunately, basicranial features are unknown
in the most plesiomorphic barbourofelids (Afrosmilini),
which precludes including them in the cladistic analysis
to test the phylogenetic relationships between felids and
barbourofelids.

Geraads & Giileg (1997) previously performed a cladis-
tic analysis devised to infer the internal phylogeny of
Barbourofelidae. Our analysis differs from theirs by incor-
porating the new data available for Albanosmilus jour-
dani, in including additional characters and taxa that have
been subsequently employed by Morlo et al. (2004), and
in refining the character coding of the various Barbouro-
felis species and A. whitfordi. As already stated, our
results strongly support barbourofelid monophyly (boot-
strap support = 98, Bremer index = 5), but regarding the
internal phylogeny of Barbourofelidae, neither the strict
consensus (Fig. 12A) nor the bootstrap 50% majority rule
consensus (Fig. 12B) resolve the relationships between the
several afrosmilin taxa (Prosansanosmilus spp. and Afros-
milus spp.). Our results nevertheless support barbourofelin
monophyly (bootstrap support = 61, Bremer index = 1),
and further indicate that Sansanosmilus s.s. (i.e. S. palmi-
dens) is the basalmost barbourofelin, with the Barbouro-
felis + Albanosmilus clade being quite strongly supported
(bootstrap support = 93, Bremer index = 2). Although
the internal phylogeny of Barbourofelis s.s. is not fully
resolved, this clade is recovered as monophyletic (bootstrap
support = 61, Bremer index = 1), with B. loveorum as its
basalmost species (with the clade including the remaining
Barbourofelis species showing a bootstrap support of 51
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and a Bremer index of 1). Finally, our analysis is unable to
resolve conclusively whether 4. whitfordi is more closely
related to A. jourdani than to the Barbourofelis clade, since
amonophyletic Albanosmilus spp. clade is recovered by the
bootstrap 50% majority rule consensus (Fig. 12B) with a
bootstrap value of 59, but not by the strict consensus (Fig.
12A).

Our results roughly agree with those of Geraads &
Giileg (1997, fig. 2), which were based on fewer charac-
ters and taxa. These authors, however, did not distinguish
A. jourdani as a distinct genus (their Sansanosmilus s.1.
being clearly paraphyletic), and further considered ‘?B.’
vallesiensis as a distinct species more closely related to
Barbourofelis spp. than to A. jourdani. Geraads & Giileg
(1997) also considered that ‘B.” whitfordi would be the most
plesiomorphic Barbourofelis species, although the scarcity
of material by that time precluded a formal inclusion in
their phylogenetic analysis. The subsequent description of
additional material of this species (Tseng et al. 2010) and
the direct study of specimens housed at the AMNH allowed
us to include this taxon in our cladistic analysis. The fail-
ure of our analysis to resolve completely the phylogenetic
relationships between Albanosmilus spp. and Barbourofe-
lis s.s. in part stems from the fact that 4. whitfordi and A.
Jjourdani do not differ in a single character (other than miss-
ing data) from the matrix. From a taxonomic viewpoint the
attribution of 4. whitfordi to Barbourofelis is not justified,
because the former shows none of the derived features that
distinguish Barbourofelis s.s. from Albanosmilus. Accord-
ingly, we reallocate A. whitfordi to the latter genus, which
is weakly favoured by our cladistic results, despite recog-
nizing that a closer relationship between A. whitfordi and
Barbourofelis s.s. would be sounder on palaeobiogeograph-
ical grounds.

Geraads & Giileg (1997) and Morlo (2006) hypothe-
sized that a European species of Sansanosmilus dispersed
into North America close to the Middle/Late Miocene
boundary, giving rise to the North American Barbourofelis
clade, although the scarcity of Asian material supposedly
precluded finding a good intermediate species. However,
the close similarities between A. jourdani and A. whitfordi,
together with their more basal position relative to Barbouro-
felis s.s. suggest that no such intermediary is required. When
our phylogenetic results are combined with biochronologi-
cal and palacobiogeographical information, the hypothesis
is favoured that A. jourdani (or an unknown species closely
related to it) migrated from Eurasia into North America,
giving rise to 4. whitfordi and the Barbourofelis clade. The
validity of this hypothesis is independent of the taxonomic
attribution of A. whitfordi at the genus level, and is further
strengthened by the record of A. jourdani in Asia (Wang
et al. 2003). In Eurasia 4. jourdani is recorded from 11.9
to 9.7 Ma (this study), whereas in North America 4. whit-
fordi is recorded from 12 to 8.4 Ma (Tseng et al. 2010).
This suggests that the dispersal of barbourofelids into North

America did not take place during the Middle/Late Miocene
transition (as previously argued by Geraads & Giileg 1997),
but rather during the late Middle Miocene (> 12.0 Ma),
since both A. whitfordi and B. morrisi are already recorded
by this date (Tseng ef al. 2010). This is in accordance with
the previous hypothesis of Qiu (2003, fig. 2.1) that the
dispersal of barbourofelids from Eurasia into North Amer-
icatook place between 15 and 11 Ma. In Eurasia, 4. jourdani
survived until the early Vallesian, coexisting with the newly
arrived machairodontine felids such as Machairodus sp. in
CL1 (Crusafont-Pair6 & Kurtén 1976) and in Sinap local-
ity 64 (Morlo 2006), soon afterwards to become extinct. In
North America, however, A. jourdani would have given rise
to the most derived barbourofelins, further coexisting with
the derived felid Nimravides sp. from the Middle to Late
Miocene (Baskin 1981; Morlo 2006).

Although our analysis fails to resolve fully the inter-
nal phylogeny of Barbourofelis s.s., it confirms the previ-
ous results of Geraads & Giileg (1997) that B. loveorum
seems to be its most basal species, whereas B. piveteaui
from Turkey is deeply nested among North American
Barbourofelis. These authors formally classified the Turk-
ish barbourofelin into Barbourofelis, but favoured the view
that this taxon represented an independent development of
a Barbourofelis-like dental morphology. Although conceiv-
able, we see no particular reason for advocating such evolu-
tionary convergence or parallelism instead of an additional
dispersal event of Barbourofelis from North America into
Eurasia. Finally, the palacobiogeographical history of the
Barbourofelini is further complicated by the finding of an
advanced barbourofelid in the Late Miocene of Africa.
Thus, Tsujikawa (2005) reported a cranium with damaged
dentition of a large barbourofelid from the Namurungule
Formation in Kenya (c.10-7.5 Ma). Initially attributed to
Machairodontinae by Tsujikawa (2005), Werdelin & Peigné
(2010) identified it as an undetermined barbourofelid that
might belong to the genus Sansanosmilus. If confirmed, the
presence of Sansanosmilus s.1. in Africa could have signif-
icant implications for the known biogeographical history
of the Barbourofelinae. Nevertheless, it should be taken
into account that additional intercontinental faunal disper-
sals and range extension events took place between Africa
and Eurasia during the Late Miocene, so that the pres-
ence of Sansanosmilus in Africa by this time would not
contradict available evidence indicating a Eurasian origin
for Sansanosmilus.

Summary and conclusions

All the barbourofelin (Barbourofelidae: Barbourofelini)
craniodental material available from the Valles-Penedes
Basin (NE Iberian Peninsula), obtained from several late
Middle to Late Miocene localities, is described and
attributed to Albanosmilus jourdani, a species that was
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previously attributed to the genus Sansanosmilus. In addi-
tion to isolated teeth and dentognathic remains (some
described by previous authors), the newly described mate-
rial includes a complete cranium, a calvarium and several
mandibles, which taken together allow a more complete
description of this species. On this basis, it is concluded
that Albanosmilus, considered during the last decades to
be a junior subjective synonym of Sansanosmilus, must
be considered a distinct genus, with Grivasmilus being its
objective junior synonym. Accordingly, an emended diag-
nosis of Albanosmilus, together with a differential diagnosis
with regard to other barbourofelins, is provided. The nomi-
nal taxa Albanosmilus jourdani andresi and Sansanosmilus
Jjourdani vallesiensis (the latter considered a distinct species
of Sansanosmilus or even tentatively of Barbourofelis) are
considered subjective junior synonyms of Albanosmilus
jourdani s.s., which is the type species of the genus. The
North American species previously known as Barbourofe-
lis whitfordi is also attributed to Albanosmilus. A cladistic
phylogenetic analysis of Barbourofelidae, which incorpo-
rates previously published data for other barbourofelids as
well as the data provided by the newly described remains
of A. jourdani, supports the monophyly of Barbourofelidae
and Barbourofelini, with Sansanosmilus palmidens being
the basalmost member of this tribe, and the Barbouro-
felis s.s. clade being further supported. It is currently
unclear whether Albanosmilus whitfordi is more closely
related to Barbourofelis s.s. than to A. jourdani, although
the latter alternative is favoured by our results. Moreover,
from a taxonomic viewpoint, attribution of A. whitfordi
to Barbourofelis is not warranted on the basis of avail-
able morphologic evidence. From a palaeobiogeographi-
cal viewpoint, the results of the cladistic analysis indicate
that North American barbourofelins originated following
a dispersal event of Albanosmilus from Eurasia during the
late Middle Miocene, with the Turkish B. piveteaui proba-
bly representing a later dispersal event from North America
into Eurasia.
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Appendix 1

Collection numbers of riginal remains and good-quality casts of several North-
American Barbourofelis species, housed at the American Museum of Natural History
(AMNH; New York, USA) studied as comparison material:

Barbourofelis loveorum. AMNH 116920, left mandible with i3 and p4-m1 (cast).
Barbourofelis fricki. AMNH 61981, right m1; AMNH 61982, left partial mandible with
i1-m1; AMNH 103202, left mandible with i1-m1 (cast); AMNH 108193, cranium and
right hemimandible (cast of holotype).

B. whitfordi. AMNH 61856, partial cranium with left and right canine (partial) and P3-
P4; AMMH 61858, left hemimandible with i2-m1; AMNH 69453, left partial maxilla
with [1-13, and partial canine and P4; AMNH 69454, right partial maxilla with 12-C1;
AMNH 32798/80159, left hemimandible with i1-m1 (cast); AMNH 61844, right
hemimandible with c1 and p3-m1; AMNH 61857, left partial mandible with i3-m1;
AMNH 69455, right hemimandible with i1-m1; AMNH 14308, right hemimandible with
p4-m1 (cast of the holotype specimen); AMNH 69456, right partial hemimandible with
i2-m1; AMNH w/n (CLAR.C38A-210), left partial hemimandible with p4-m1
Barbourofelis morrisi. AMNH 25201, right hemimandible with i3-m1; AMNH 25202,
right partial hemimandible with m1; AMNH 61850, partial cranium with left 11, partial
canine and P3, and right P4; AMNH 61869, right partial hemimandible with m1;
AMNH 61870, cranium with left P4 and right P3; AMNH 61875, cranium with right P3
and left P3-P4; AMNH 61878, left maxillary fragment with dP3-dP4 and P4 germ;
AMNH 61889, right hemimandible with partial p4-m1; AMNH 61896, right
hemimandible with p4-m1; AMNH 61900, right hemimandible with i1-i3 and p4-m1;
AMNH 