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Abstract

Saber-toothed cats dominated the latest Pliocene to early Pleistocene ecosystems in 
the Old World, potentially competing with early hominins for food resources. 
However, the Pleistocene fossil records of the medium-sized Megantereon are often 
fragmented and scarce, leading to contentious debates regarding its evolutionary 
history.

Previously, it was commonly believed that Megantereon became locally extinct in 
Europe during the early Pleistocene, albeit without a precise timeline. In this study, 
we present findings from an unpublished Megantereon neurocranium discovered in 
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the Iberian Vallparadís Section. This discovery is correlated with the Jaramillo 
magnetostratigraphic subchron (ca. 1.0 Ma; MIS30). Additionally, we propose a 
connection between the disappearance of European Megantereon and the climatic 
shifts associated with the ‘Early-Middle Pleistocene Transition’, particularly the 
increase in aridity and expansion of open landscapes observed during the protracted 
glacial stage MIS30.
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1. Introduction
1.1. Megantereon in the Old World

Megantereon is a genus of mid-sized saber-toothed cats from the old world Plio-
Pleistocene, primarily recognized for fragmented and/or isolated dentognathic 
remains (Christiansen and Adolfssen, 2007). As an ambush predator with massive 
forelimbs, it has similar size of a jaguar (Christiansen and Adolfssen, 2007).

The earliest records of Megantereon in Eurasia and Africa were unearthed from the 
Nachukui Formation at the South Turkwel site in Kenya (ca. 3.58–3.2 Ma; Werdelin 
and Lewis, 2000). However, WoldeGabriel et al. (1994) mentioned the presence of cf. 
Megantereon sp. in Aramis (ca. 4.4 Ma, Ethiopia), with no subsequent references to 
this material. On the other hand, the oldest Western European findings can be 
associated with the Early Villafranchian Perrier–Les Etouaires assemblage (ca. 2.78 
Ma; Nomade et al., 2014). Regarding Asia, the initial mentions of this genus come 
from the Middle Villafranchian of Renzidong Cave and Longdan sites (ca. 2.5–2.2 
Ma, Anhui and Gansu provinces, China; Liu, 2003; Qiu et al., 2004; Li and Sun, 
2022). The presence of this felid can extend to the middle Pleistocene of 
Zhoukoudian-1 in northern China (ca. 0.5 Ma; Pei, 1934), although the latest 
European record is from Untermassfeld (ca. 1 Ma; Kahlke et al., 2011), roughly 
contemporaneous with the African one (ca. 1.3 Ma; Werdelin and Peigné, 2010).

The latest records of Megantereon in Europe were roughly contemporaneous with 
the ‘Early-Middle Pleistocene Transition’ (Head and Gibbard, 2015), a period during 
which changes in the Earth’s orbital parameters significantly affected the ecosystem 
of Northern Hemisphere. The European early Pleistocene was characterized by 
enhanced intraspecific competition within a diverse carnivoran guild (Rodríguez et 
al., 2012). During the latest early Pleistocene, some of these carnivoran taxa 
(Homotherium, Megantereon, Pachycrocuta, Canis (Xenocyon) or Panthera 
gombaszoegensis) gradually disappeared or became less common within European 
ecosystems, replaced by newcomer species. The precise chronology of these species’ 
local extinctions appears crucial to understanding the impact of the former climatic 
shifts on European ecological communities.

1.2. Taxonomic debate around Megantereon species
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The phylogenetic relationship between the different Megantereon species is still 
under discussion today. Scholars like Ficcarelli (1979) and Turner (1987) put all 
European Megantereon remains under the M. cultidens attribution. These authors 
argued that interspecific variation, sexual dimorphism, and biogeography are 
responsible for the differences between specimens. On the contrary, Sardella (1998) 
distinguished three species: the Asian remains included in Megantereon falconeri, the 
European specimens in M. cultridens, which putatively display several evolutionary 
convergences with the last one, the African in M. whitei. Later, Qiu et al. (2004) 
reviewed the Eurasian record of the Megantereon and concluded that M. 
nihowanensis is the species recorded in the middle Villafranchian of China (Longdan 
and Nihewan) and M. lantianensis is the species recorded in the late Villafranchian, 
whereas M. inexpectatus is from mMiddle Pleistocene. More recently, Li and Sun 
(2022) synonymized M. lantianensis with M. inexpectatus and argued that during 1.7–
1.3 Ma a dispersal event led to the appearance of M. whitei in Europe and M. 
inexpectatus in Asia, both originated in Africa.

Werdelin and Lewis (2000) erected the species Megantereon ekidoit from South 
Turkwel (ca. 3.58–3.2 Ma), the earliest African one. This species differs from the 
younger M. whitei in the absence of p3 and the morphology of the mandibular ramus. 
Lewis and Werdelin (2010) argued that the European remains do not belong to M. 
whitei based on analysis of specific morphological traits that differ between the 
European and African specimens. Therefore, they concluded that, in agreement with 
Pons-Moyà (1987), the more advanced European forms belong to M. adroveri.

Hemmer and Kahlke (2020) proposed a gene flow from East Africa into the late 
European populations, because the elongated upper canines and the short P3 of the 
Late Villafranchian Megantereon coincides with the Megantereon nihowanensis 
characters.

Martínez-Navarro (1992), Martínez-Navarro and Palmqvist (1995, 1996) and 
Palmqvist et al. (2007) included all Eurasian early-middle Villafranchian forms in M. 
cultridens and all the African ones in M. whitei. According to these authors, around 
ca. 2.0 Ma, as exemplified in the assemblage of Dmanisi (Caucasus; Bartolini-Lucenti 
et al., 2022), M. whitei dispersed from Africa to Eurasia and replaced M. cultridens, 
thus remaining the only recorded species until its disappearance.

In the present work, we describe a partial neurocranium from the latest early 
Pleistocene (ca. 1.0 Ma; MIS30) of the Vallparadís Section layer EVT12 which 
represents the last record of Megantereon in Western Europe, further discussing the 
basicranial morphology of the former lineage in the Old World.

2. Geological and chronological background

The Vallparadís Composite Section (VCS) includes the paleontological open-air 
sites of Cal Guardiola (CGR) and Vallparadís Estació (EVT) (Vallès-Penedès Basin, 
Northwestern Iberian Peninsula; see a synthesis in Madurell-Malapeira et al., 2010, 
2017; Fig. 1).

Biochronological, magnetostratigraphic, and U-series-ESR data indicate that the 
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VCS ranges from before the Jaramillo paleomagnetic subchron (ca. 1.2–1.1 Ma) to 
the early middle Pleistocene (ca. 0.6 Ma; Madurell-Malapeira et al., 2010, 2012, 
2014, 2017; Minwer-Barakat et al., 2011). Specifically, the studied specimen comes 
from the EVT12 layer correlated with the Jaramillo subchron and the interglacial 
stage MIS30 (ca. 0.99–1.07 Ma; Fig. 1). The complete faunal list of the layer EVT12 
is composed of: Macaca sylvanus cf. florentina, Lynx pardinus, Pachycrocuta 
brevirostris, Meles meles, Ursus deningeri, Canis (Xenocyon) lycaonoides, Canis 
mosbachensis, Vulpes alopecoides, Mammuthus meridionalis, Equus altidens, 
Stephanorhinus hundsheimensis, Hippopotamus antiquus, Sus strozzi, Caproleus sp., 
Dama vallonnetensis, Megaloceros savini, Bison schoetensacki, Mimomys savini, 
Allophaiomys chalinei, Eliomys quericinus, Hystrix refossa and Lagomorpha indet. 
(Madurell-Malapeira et al., 2010, 2012, 2013, 2014, 2017; Minwer-Barakat et al., 
2011; Boscaini et al., 2016; Bartolini-Lucenti et al., 2017; Cherin et al., 2020; Sorbelli 
et al., 2021; J.M.-M., unpublished data).

3. Materials and methods

The specimen studied in this work is a Megantereon neurocranium of layer EVT12 
(IPS 125140) of EVT housed in the collections of the Institut Català de Paleontologia 
Miquel Crusafont, Sabadell, Spain.

To describe the material, distinctive features of this species remarked by authors 
like Palmqvist et al. (2007) and Li and Sun (2022) have been taken. Anatomic 
terminologies are taken following Barone (1976). The measurements follow Von den 
Driesch (1976). Furthermore, the neurocranium of M. cultridens of Villarroya (La 
Rioja, northern Iberian System; IPS 36788), the 3D model of M. cultridens of Upper 
Valdarno (Tuscany, northeastern Apennines; IGF 827) and those of M. whitei of 
Dmanisi (Georgia; D1340, D1341), and the photographed material of M. whitei, M. 
nihowanensis, M. inexpectatus of Koobi Fora (Turkana Lake, Rift Valley; AMNH 
101471), Longdan (Linxia Basin; HMV 1215), Zhoukoudian-1 (Beijing; IVPP RV 
39094), respectively, have been used for comparison.

Institutions abbreviations: HMV, Hezheng Paleozoological Museum, Gansu 
Province, China; IGF, Natural History Museum Firenze, Italy; IPS, the Institut Català 
de Paleontologia Miquel Crusafont, Sabadell, Spain; IVPP, Institute of Vertebrate 
Paleontology and Paleoanthropology, Chinese Academy of Science, Beijing, China; 
KNM-ER, National Museums of Kenya Koobi Fora collections, Kenya.

Measurement abbreviations: BA, basicranial axis; GBFM, greatest breath of the 
foramen magnum; GBOC, greatest breadth of the occipital condyles; GMB, greatest 
mastoid breadth; GNB, greatest neurocranium breath; HOT, occipital height.

4. Systematic palaeontology

Family Felidae Fisher von Waldheim, 1817
Subfamily Machairodontinae Gill, 1872
Genus Megantereon Croizet and Jobert, 1828
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Megantereon sp.
(Figs. 2–4)

Referred specimen: Neurocranium (IPS 125140; Fig. 2).
Measurements: BA: 78.4mm; GBFM: 34.6mm; GBOC: 60mm; GMB: 101.3mm; 
GNB: 80.7mm; HOT: 103.8 mm.

Description: The specimen is quite deformed and broken, ventrally at the 
presphenoid corpus and dorsally at the frontal level (Fig. 2B). The right mandibular 
fossa is fractured in the middle of the bone. The tympanic bullae are not preserved 
(Fig. 2A). Additionally, the specimen displays a massive and descending postglenoid 
and mastoid processes, lower than the basioccipital plane, characters shown in 
Machairodontinae.

The braincase looks rounded in the dorsal view (Fig. 2B). However, there is a 
remarkable lengthening of the cranium in the posterior part (previously to the rise of 
the nuchal crest). Furthermore, the sagittal crest is short and well-marked (Fig. 2B). 
The jugal process of the temporal is noticeable. As a result, the process would have 
encircled the lateroposterior part of the tympanic bullae. The mastoid process is 
developed and projected in the cranium (Fig. 2D). The mandibular fossa is broad and 
presents a rectangular shape. Its curvature is not as deep and close as other extant 
felines like Lynx pardinus or Panthera pardus, especially the last one. In ventral view, 
the foramen magnum has a close U-shape. The musculotubal canal is well developed. 
Muscle insertions of the longus capitis muscle are well marked (Fig. 2A). The 
mastoid process overlaps the aperture of the external ear canal. Consequently, a U-
shaped is drawn between the mastoid process and the glenoid fossa. The nuchal crest 
is considerably noticeable. In addition, the occipital is triangular, being higher and 
narrower than other felids: Felis sylvestris presents a more rounded occipital, and 
Panthera pardus displays a width occipital, even if it is triangular-shaped. Regarding 
muscular insertions, the musculus rectus capitis dorsalis major insertions are highly 
marked. The insertions of the semispinalis muscles are also defined.

5. Discussion
5.1. Comparisons with European Megantereon remains

Regarding the neurocranium, the occipital condyles are well separated from each 
other through a narrow ventral depression (Fig. 3A). This last character is uncommon 
in Eurasian Megantereon, which normally displays the condyles united through a 
bone crest (Fig. 2B, D). Only the upper Valdarno M. cultridens skull (Italy; IGF 827) 
displays the two condyles separated as in the EVT12 specimen.

The fossa condylaris ventralis is more extended ventrally than other European 
remains such as Villarroya (Iberia; IPS 36788), Senèze (France; NMB.Se311), and 
Dmanisi (Georgia; D1340, D1341) (Fig. 3).

Additionally, it is worthy mentioning the rounded profile of the EVT12 
neurocranium. The most primitive forms of Megantereon are characterized by a 
mesiodistally long neurocranium less rounded in overall appearance (Fig. 4). 
Furthermore, the studied specimen displays an enlargement of the occipital bone. 
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Therefore, while IPS 125140 presents an occipital height of 77.35 mm, the average 
between Villarroya (e.g., IPS 36788) and Dmanisi (e.g., D1340 and D1341) 
specimens is 64 mm.

5.2. Comparisons with coeval Asian Megantereon remains

The morphology of the fossa condylaris ventralis from the specimen of Vallparadís 
Section is close to the morphology shown by the specimen of M. inexpectatus from 
Zhoukoudian-1 (IVPP RV 39094), and M. nihowanensis from Longdan (HMV 1215), 
even this last specimen does not present this trait as noticeable as in IPS 125140. 
Regarding M. inexpectatus, while the lengthening of the fossa condylaris ventralis is 
highly marked, the condyles are united at the rostral part. However, there is a 
depression between each other in the caudal part, as in M. nihowanensis. Moreover, in 
IVPP RV 39094, the foramen magnum in the ventral view presents a U-shape. On the 
contrary, HMV 1215 display a semicircular shape, such as the EVT specimen and the 
other European remains sited before.

Regarding the neurocranium shape, the EVT one presents a rounded form, as M. 
inexpectatus from Zhoukoudian-1. However, the Longdan’s cranium shows an 
elongation of the neurocranium. Therefore, like the European record, the ancient 
forms seem to present a mesiodistally elongated neurocranium (Fig. 3).

5.3. Comparisons with coeval African Megantereon remains
Only the Koobi Fora Megantereon whitei cranium can be compared with the 

studied specimen (Werdelin and Lewis, 2013). Unfortunately, the specimen from 
Koobi Fora is not well preserved, so a detailed comparison with our specimen is not 
possible. However, it appears that there is no lengthening of the fossa condylaris 
ventralis, but separation of the two occipital condyles (Fig. 3C). On the other hand, 
the general morphology of the Koobi Fora specimen in left lateral view looks more 
rounded like Vallparadís EVT12 neurocranium as compared with early early 
Pleistocene European forms (Fig. 4E).

6. Conclusions
The ‘Early-Middle Pleistocene Transition’ denotes a pivotal era characterized by 

significant alterations in Earth’s orbital parameters, which exerted profound impacts 
on the ecosystems of large mammals, particularly in the Northern Hemisphere. 
Towards the conclusion of the early Pleistocene epoch, Europe witnessed a gradual 
decline in the diversity of its carnivore guild, owing to the diminishing availability of 
their preferred habitats. Consequently, this period marked the local extinction of 
iconic species such as dirk-toothed cats and giant hyenas, alongside an escalating 
vulnerability observed among Eurasian hunting dogs and the European Jaguar 
population (Madurell-Malapeira et al., 2010, 2014; Head and Gibbard, 2015; Fidalgo 
et al., 2023).

In this study, we scrutinized the final occurrences of dirk-toothed European cats 
and documented an unpublished specimen unearthed from the later EVT12 layer of 
the Vallparadís Section. Identified as IPS125140 and here classified as Megantereon 
sp., this specimen represents the ultimate known instance of this genus within Europe. 



7

Megantereon, the pioneering large carnivoran to vanish from European ecosystems, 
succumbed to extinction during the Marine Isotope Stage 30 (MIS30), followed 
subsequently by the demise of other carnivorans during MIS21 (Madurell-Malapeira 
et al., 2010, 2014). The local extinction of Megantereon correlates with MIS30, 
characterized by heightened aridity and the proliferation of more open landscapes 
(Strani et al., 2019; Sorbelli et al., 2021).

Acknowledgments

The authors thank J.B. Fourvel for useful discussions and suggestions during the 
last months. Suggestions and corrections by the reviewers Lars Werdelin and Jin-Yi 
Liu and the editor Tao Deng greatly improved an early version of the manuscript. The 
authors also thank Prof. Lars Werdelin for kindly provide to us pictures of the Koobi 
Fora Megantereon cranium.

Research on the Vallparadís Section has been funded by the Departament de 
Cultura de la Generalitat de Catalunya under the research project ‘Evolució dels 
ecosistemes dels Pirineus Orientals i àrees adjaçents durant el Pleistocè: 2022–2025’ 
on which J.M.-M. is the principal investigator. The Spanish Ministry of Science and 
Innovation through the “María de Maeztu” excellence accreditation (CEX2019-
000945-M) and the Generalitat de Catalunya, 2021SGR 01238 (AGAUR) (B.M.-N.)

References

Barone, R., 1976. Anatomie comparée des mammifères domestiques: Tome 1 
Osteologie. Vigot Freres, Editeurs, Paris, 222 pp.

Bartolini-Lucenti, S., Alba, D.M., Rook, L., Moya-Sola, S., Madurell-Malapeira, J., 
2017. Latest Early Pleistocene wolf-like canids from the Iberian Peninsula. 
Quaternary Science Reviews 162, 12–25.

Bartolini-Lucenti, S., Madurell-Malapeira, J., Martínez-Navarro, B., Cirilli, O., 
Pandolfi, L., Rook, L., Bushkhianidze, M., Lordkipanidze, D., 2022. A 
comparative study of the Early Pleistocene carnivore guild from Dmanisi 
(Georgia). Journal of Human Evolution 162, 103108.

Boscaini, A., Alba, D.M., Beltrán, J.F., Moya-Sola, S., Madurell-Malapeira, J., 2016. 
Latest Early Pleistocene remains of Lynx pardinus (Carnivora, Felidae) from the 
Iberian Peninsula: taxonomy and evolutionary implications. Quaternary Science 
Reviews 143, 96–106.

Cherin, M., Alba, D.M., Crotti, M., Menconero, S., Moullé, P.É., Sorbelli, L., 
Madurell-Malapeira, J., 2020. The post-Jaramillo persistence of Sus strozzii 
(Suidae, Mammalia) in Europe: new evidence from the Vallparadís Section (NE 
Iberian Peninsula) and other coeval sites. Quaternary Science Reviews 233, 
106234.

Christiansen, P., Adolfssen, J.S., 2007. Osteology and ecology of Megantereon 
cultridens SE311 (Mammalia; Felidae; Machairodontinae), a sabrecat from the 
late Pliocene–early Pleistocene of Senèze, France. Zoological Journal of the 
Linnean Society 151, 833–884.



8

Croizet, J., Jobert, S., 1828. Recherches sur les ossemens fossils du département du 
Puy-de-Dôme. Memories de la Société Académique de Clermint-Ferrand, París, 
368 pp.

Ficcarelli, G., 1979. The Villafranchian machairodonts of Tuscany. Palaeontografica 
Italica 71, 17–26.

Fidalgo, D., Rosas, A., Bartolini-Lucenti, S., Boisserie, J.R., Pandolfi, L., Martínez-
Navarro, B., Palmqvist, P., Rook, L., Madurell-Malapeira, J., 2023. Increase on 
environmental seasonality through the European Early Pleistocene inferred from 
dental enamel hypoplasia. Scientific Reports 13, 16941.

Fischer von Waldheim, G., 1817. Adversaria zoologica. Mémoires de la Société 
Impériale des Naturalistes de Moscou 5, 357–428.

Gill, T., 1872. Arrangement of the families of mammals with analytical tables. 
Smithsonian Micellaneous Collections 11, 1–98.

Hemmer, H., Kahlke, R.D., 2020. New results on felids from the Early Pleistocene 
site of Untermassfeld. In: Kahlke, R.D. (Ed.). The Pleistocene of Untermassfeld 
near Meiningen (Thüringen, Germany) Part 5. Römisch-Germanisches 
Zentralmuseum, Senckenberg, Mainz, pp. 1465–1566

Head, M.J., Gibbard, P.L., 2015. Early–Middle Pleistocene transitions: linking 
terrestrial and marine realms. Quaternary International 389, 7–46.

Kahlke, R.D., García, N., Kostopoulos, D.S., Lacombat, F., Lister, A.M., Mazza, P.P., 
Spassov, N., Titov, V.V., 2011. Western Palaearctic palaeoenvironmental 
conditions during the Early and early Middle Pleistocene inferred from large 
mammal communities, and implications for hominin dispersal in Europe. 
Quaternary Science Reviews 30, 1368–1395.

Lewis, M.E., Werdelin, L., 2010. Carnivoran dispersal out of Africa during the early 
Pleistocene: relevance for hominins? In: Fleagle, J.G., Shea, J.J., Grine, F.E., 
Baden A.L., Leakey, R.E. (Eds.), Out of Africa I. The First Hominin 
Colonization of Eurasia. Springer, Dordrecht, pp. 13–26.

Li, Y., Sun, B., 2022. Megantereon (Carnivora, Felidae) in the late Early Pleistocene 
in China and its implications for paleobiogeography. Quaternary International 
610, 97–107.

Liu, J.Y., 2003. Machairondont and other carnivore fossils from the Renzidong Cave, 
Fanchang County, Anhui Province, China. PhD Dissertation, Graduate School of 
Chinese Academy of Science, Beijing, 257 pp. (in Chinese, with English 
summary).

Madurell-Malapeira, J., Minwer-Barakat, R., Alba, D.M., Garcés, M., Gómez, M., 
Aurell-Garrido, J., Berástegui, X., 2010. The Vallparadís section (Terrassa, 
Iberian Peninsula) and the latest Villafranchian faunas of Europe. Quaternary 
Science Reviews 29, 3972–3982.

Madurell-Malapeira, J., Alba, D.M., Minwer-Barakat, R., Aurell-Garrido, J., Moyà-
Solà, S., 2012. Early human dispersals into the Iberian Peninsula: A comment on 
Martínez et al. (2010) and Garcia et al. (2011). Journal of Human Evolution 62, 
169–173.



9

Madurell-Malapeira, J., Rook, L., Martínez-Navarro, B., Alba, D.M., Aurell-Garrido, 
J., Moyà-Solà, S., 2013. The latest European painted dog. Journal of Vertebrate 
Paleontology 33, 1244–1249.

Madurell-Malapeira, J., Ros-Montoya, S., Espigares, M.P., Alba, D.M., Aurell-
Garrido, J., 2014. Villafranchian large mammals from the Iberian Peninsula: 
paleobiogeography, paleoecology and dispersal events. Journal of Iberian 
Geology 40, 167–178.

Madurell-Malapeira, J., Alba, D.M., Espigares, M.P., Vinuesa, V., Palmqvist, P., 
Martínez-Navarro, B., Moyà-Solà, S., 2017. Were large carnivorans and great 
climatic shifts limiting factors for hominin dispersals? Evidence of the activity of 
Pachycrocuta brevirostris during the Mid-Pleistocene Revolution in the 
Vallparadís Section (Vallès-Penedès Basin, Iberian Peninsula). Quaternary 
International 431, 42–52.

Martínez-Navarro, B., 1992. Megantereon sp. (Carnivora, Mammalia) de Venta 
Micena (Orce, Granada, España). Spanish Journal of Paleontology 7, 113–117.

Martínez-Navarro, B., Palmqvist, P., 1995. Presence of the African machairodont 
Megantereon whitei (Broom, 1937) (Felidae, Carnivora, Mammalia) in the Lower 
Pleistocene site of Venta Micena (Orce, Granada, Spain), with some 
considerations on the origin, evolution and dispersal of the genus. Journal of 
Archeological Science 22, 569–582.

Martínez-Navarro, B., Palmqvist, P., 1996. Presence of the African saber-toothed 
felid Megantereon whitei (Broom, 1937) (Mammalia, Carnivora, 
Machairodontinae) in Apollonia-1 (Mygdonia Basin, Macedonia, Greece). 
Journal of Archeological Science 23, 869–872.

Minwer-Barakat, R., Madurell-Malapeira, J., Alba, D.M., Aurell-Garrido, J., De 
Esteban-Trivigno, S., Moyà-Solà, S., 2011. Pleistocene rodents from the Torrent 
de Vallparadís section (Terrassa, northeastern Spain) and biochronological 
implications. Journal of Vertebrate Paleontology 31, 849–865.

Nomade, S., Pastre, J.F., Guillou, H., Faure, M., Guérin, C., Delson E., Debard, E., 
Voinchet, P., Messager, E., 2014. 40Ar/39Ar constraints on some French landmark 
Late Pliocene to Early Pleistocene large mammalian paleofaunas: 
paleoenvironmental and paleoecological implications. Quaternary Geochronology 
21, 2–15.

Palmqvist, P., Torregrosa, V., Pérez-Claros, J.A., Martínez-Navarro, B., Turner, A., 
2007. A re-evaluation of the diversity of Megantereon (Mammalia, Carnivora, 
Machairodontinae) and the problem of species identification in extinct carnivores. 
Journal of Vertebrate Paleontology 27, 160–175.

Pei, W.C., 1934. On the Carnivora from locality 1 of Choukoutien. Palaeontologia 
Sinica, Series C 8, 1–166.

Pons-Moyà, J., 1987. Los carnivoros, Mammalia de Venta Micena, Granada, España. 
Paleontologia i Evololució Memoria Especial 1, 109–128.

Qiu, Z., Deng, T., Wang, B., 2004. Early Pleistocene mammalian fauna from 
Longdan, Dongxiang, Gansu, China. Palaeontologia Sinica 191, 1–198 (in 
Chinese, with English summary).

Rodríguez, J., Rodríguez-Gómez, G., Martín-González, J.A., Goikoetxea, I., Mateos, 
A., 2012. Predator–prey relationships and the role of Homo in Early Pleistocene 
food webs in Southern Europe. Palaeogeography, Palaeoclimatology, 
Palaeoecology 365, 99–114.



10

Sardella, R., 1998. The Plio-Pleistocene Old-World dirk-toothed cat Megantereon ex 
gr. cultridens (Mammalia, Felidae, Machairodontinae), with comments on 
taxonomy, origin and evolution. Neues Jahrbuch fur Geologie und Palaontologie 
207, 1–36.

Sorbelli, L., Alba, D.M., Cherin, M., Moullé, P.É., Brugal, J.P., Madurell-Malapeira, 
J., 2021. A review on Bison schoetensacki and its closest relatives through the 
early-Middle Pleistocene transition: Insights from the Vallparadís Section (NE 
Iberian Peninsula) and other European localities. Quaternary Science Reviews 
261, 106933.

Strani, F., DeMiguel, D., Alba, D.M., Moyà-Solà, S., Bellucci, L., Sardella, R., 
Madurell-Malapeira, J., 2019. The effects of the “0.9 Ma event” on the 
Mediterranean ecosystems during the Early-Middle Pleistocene transition as 
revealed by dental wear patterns of fossil ungulates. Quaternary Science Reviews 
210, 80–89.

Turner, A., 1987. Megantereon cultridens (Cuvier) (Mammalia, Felidae, 
Machairodontinae) from Plio-Pleistocene deposits in Africa and Eurasia, with 
comments on dispersal and the possibility of a New World origin. Journal of 
Paleontology 61, 1256–1268.

Von den Driesch, A., 1976. A Guide to the Measurement of Animal Bones from 
Archaeological Sites (Vol. 1). Peabody Museum Press, Chicago, 148 pp.

Werdelin, L., Lewis, M.E., 2000. Carnivora from the South Turkwel hominid site, 
northern Kenya. Journal of Paleontology 74, 1173–1180.

Werdelin, L., Lewis, M.E., 2013. Koobi Fora research project volume 7. The 
carnivora. In: Leakey, R. (Ed.), Koobi Fora, Researches into Geology, 
Paleontology and Human Origins. California Academy of Sciences, San 
Francisco, pp. 1–333.

Werdelin, L., Peigné, S., 2010. Carnivora. In: Werdelin, L., Sanders, W.J. (Eds.), 
Cenozoic Mammals of Africa. University of California Press, Los Angeles, pp. 
603–657.

WoldeGabriel, G., White, T.D., Suwa, G., Renne, P., de Heinzelin, J., Hart, W.K., 
Heiken, G., 1994. Ecological and temporal placement of early Pliocene hominids 
at Aramis, Ethiopia. Nature 371, 330–333.

Figure captions

Fig. 1. Geographical location of the Vallparadís Section within the Iberian Peninsual 
and the city of Terrassa. Additionally, composite stratigraphic section with the layer 
of precedence of the studied specimen. 

Fig. 2. Megantereon sp. neurocranium from Vallparadís Section EVT12 (Terrassa, 
Northeastern Iberian Peninsula). (A) ventral view; (B) dorsal view; (C) right lateral 
view; (D) left lateral view; (E) caudal view.
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Fig. 3. Ventral view of the Megantereon Vallparadís Section (A), compared with the 
Villarroya (Spain) IPS 36788 (B), Koobi Fora (Kenya) KNM-ER 793 (C), and 
Zoukoudian-1 (China) IVPP RV 39094 (D). Red arrows indicate morphology of fossa 
condylaris ventralis and blue ones morphology of occipital condyles.

Fig. 4. Megantereon fossils from the Old World in lateral view. (A) Vallparadís 
Section layer EVT12. (B) Les Pardines (France) LP18. (C) Upper Valdarno (Italy) 
IGF827. (D) Dmanisi (Georgia) D1340. (E) Koobi Fora (Kenya) KNM-ER 793A. (F) 
Zoukoudian-1 (China) IVPP RV 39094.
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