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Abstract

�-�T�L�D�Q�N�T�R���M�D�V���Ö�M�C�H�M�F�R���R�H�M�B�D���S�G�D���Ö�Q�R�S���B�N�L�O�Q�D�G�D�M�R�H�U�D���O�T�A�K�H�B�@�S�H�N�M���N�M���S�G�D���E�D�K�H�C�R���E�Q�N�L���4�M�S�D�Q�L�@�R�R�E�D�K�C�����'�D�L-

mer 2001) give additional insights into pertinent problems regarding felid taxonomy, the phylogeography of 

the cat species recorded in the Untermassfeld fauna, and their predator and prey interactions.

Additional material of Panthera oncagombaszoegensis���B�N�M�Ö�Q�L�R���S�G�D���I�@�F�T�@�Q���@�R���S�G�D���L�N�R�S���E�Q�D�P�T�D�M�S�K�X���C�D�S�D�B�S�D�C��

�B�@�S���H�M���E�N�R�R�H�K���Ö�M�C�R���E�Q�N�L���4�M�S�D�Q�L�@�R�R�E�D�K�C�
���3�G�D���C�H�R�B�N�U�D�Q�X���N�E���@���L�@�M�C�H�A�K�D���E�Q�@�F�L�D�M�S���E�Q�N�L���@���B�T�A�����G�@�Q�C�K�X���N�K�C�D�Q���S�G�@�M��

three to four months, has broadened our understanding of the ecology of�S�G�D���$�O�H�U�H�K�K�@�E�Q�@�M�B�G�H�@�M���I�@�F�T�@�Q�
���(�M��

solitary Panthera species, cubs of this age reside close to their lair, within the mother’s home range. In the 

case of Untermassfeld, this must have included a section of the river valley within the range of the docu-

�L�D�M�S�D�C���G�H�F�G���×�N�N�C���R�H�S�T�@�S�H�N�M�R�
�� � �� �M�D�@�Q�K�X���B�N�L�O�K�D�S�D���G�D�L�H�L�@�M�C�H�A�K�D���Q�D�O�Q�D�R�D�M�S�R���S�G�D���Ö�Q�R�S���Ö�M�C�H�M�F�� �N�E�� �@���K�N�V�D�Q���/2

�Q�D�O�N�Q�S�D�C���E�N�Q���@���$�T�Q�@�R�H�@�M���I�@�F�T�@�Q�����V�G�H�B�G���T�M�S�H�K���M�N�V���G�@�R���N�M�K�X���A�D�D�M���U�D�Q�X���Q�@�Q�D�K�X���E�N�T�M�C���H�M���K�H�N�M�R���@�M�C���S�H�F�D�Q�R�
���3�G�D���R�H�Y�D��

�U�@�Q�H�@�A�H�K�H�S�X���N�E���S�G�D���Q�D�B�N�Q�C�D�C���O�@�Q�S�R���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q���O�N�O�T�K�@�S�H�N�M���C�N�D�R���M�N�S���B�N�Q�Q�D�R�O�N�M�C���S�N���S�G�@�S���N�E���@���E�T�K�K��

population. As of yet, smaller individuals in particular are apparently missing from the site.

A second, largely complete but badly crushed, skull of Acinonyx pardinensis pleistocaenicus was also re-

�B�N�U�D�Q�D�C���� �S�N�F�D�S�G�D�Q�� �V�H�S�G�� �@�� �R�T�A�R�S�@�M�S�H�@�K�� �O�@�Q�S�� �N�E�� �S�G�D�� �H�M�C�H�U�H�C�T�@�K�K�X�� �@�R�R�N�B�H�@�S�D�C�� �E�N�Q�D�P�T�@�Q�S�D�Q�� �R�J�D�K�D�S�N�M�� �B�N�L�O�Q�H�R�H�M�F��

the nearly complete left forepaw and the vertebral column up to the fourth thoracic vertebra. This partial 

�R�J�D�K�D�S�N�M���H�R���O�Q�D�R�D�Q�U�D�C���H�M���H�S�R���N�Q�H�F�H�M�@�K���Ö�M�C���O�N�R�H�S�H�N�M���H�M���@�M���H�M���R�H�S�T���A�K�N�B�J���O�Q�D�O�@�Q�@�S�H�N�M�
���(�M�C�H�U�H�C�T�@�K�K�X���Q�D�K�@�S�D�C���S�G�N�Q�@�B�H�B��

vertebrae X–XIII and lumbar vertebrae I–III of a large individual from Untermassfeld show the typical Aci-

nonyx proportions, as do available skeletal elements of fore and hind legs. A small head, typical of cheetahs, 

completes the overall picture. Estimations for a mean-sized Epivillafranchian cheetah from Untermassfeld 

reveal a head and body length of c. 175cm, a shoulder height of c. 110cm, and a body mass of c. 125kg.

Although �!���•�P�A�R�D�I�N�E�N�S�I�S���P�L�E�I�S�T�O�C�A�E�N�I�C�U�S���V�@�R���F�H�F�@�M�S�H�B�����H�S���G�@�C���@�M�@�S�N�L�H�B�@�K���O�Q�D�Q�D�P�T�H�R�H�S�D�R���B�N�L�O�@�Q�@�A�K�D���S�N���S�G�N�R�D��

of extant A�
�•jubatus, suggesting that it too chased its prey at a sprint and then killed by suffocation.

A well-preserved partial puma skeleton forms the holotype of the subspecies Puma pardoides brevipes ssp.

nov., differing from the Middle Villafranchian �0���• �P�A�R�D�O�I�D�E�S�� �P�A�R�D�O�I�D�E�S. The former was a morphologically 

generalised cat with no emphasised specialisation, and is neither comparable to the fossil cheetah-like pu-

�L�@�R���N�E���S�G�D��� �L�D�Q�H�B�@�R�����M�N�Q���S�N���S�G�D���D�W�S�@�M�S���O�T�L�@�•�m���@���I�T�L�O�D�Q���V�H�S�G���U�D�Q�X���K�N�M�F���G�H�M�C���K�D�F�R�
���3�G�D���E�T�M�B�S�H�N�M�@�K���L�N�Q�O�G�N�K-
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ogy of �0���•�P�A�R�D�O�I�D�E�Sbrevipes���R�T�F�F�D�R�S�R���@�M���@�C�@�O�S�@�S�H�N�M���S�N���@���K�H�E�D���H�M���V�N�N�C�D�C���G�@�A�H�S�@�S�R�
���(�S�R���Ö�A�T�K�@���H�R���M�N�S�D�V�N�Q�S�G�X���C�T�D��

to the anteriorly directed expansion of its proximal end. This diagnostic synapomorphic feature of the puma 

�D�U�N�K�T�S�H�N�M�@�Q�X���K�H�M�D���B�N�M�Ö�Q�L�R���S�G�D���F�D�M�D�Q�H�B���@�E�Ö�K�H�@�S�H�N�M�
���3�G�D���C�D�M�S�H�S�H�N�M���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���O�T�L�@���G�@�R���R�G�D�C���K�H�F�G�S��

�N�M���S�V�N���O�Q�D�U�H�N�T�R�K�X���T�M�B�K�D�@�Q���B�@�R�D�R�
���3�G�D���Ö�Q�R�S���H�R���@���L�@�M�C�H�A�T�K�@�Q���E�Q�@�F�L�D�M�S���E�Q�N�L���S�G�D���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���/�H�M�I�N�Q���Y�N�M�D���N�E��

the Indian Siwaliks, which was believed to be a leopard, but is obviously a puma.The other is the »leopard« 

of the Late Pliocene Moroccan site of Ahl al Oughlam, whose puma nature is underlined by its considerable 

similarity to the Untermassfeld cat.

Well-preserved cervical and thoracic vertebrae of Lynx have the same relative vertebral length as that re-

corded in the extant L. pardinus and L�
�•lynx, in contrast to the long-necked L�
�•issiodorensis. This crucial 

difference in functional morphology supports an upgrade, together with the closely related Villafranchian 

South European lynxes, to that of a separate species, L�
�•valdarnensis. As sister species of the Iberian �,���•�P�A�R�D�I-

nus, both evolved contemporaneously. The Epivillafranchian lynx from Untermassfeld has been allocated to 

a new chrono-subspecies, �,���•�V�A�L�D�A�R�N�E�N�S�I�S���S�P�E�L�A�E�O�I�D�E�S��ssp. nov.

New material from the dirk-toothed cat Megantereon from Untermassfeld is scarce, but shows an ex-

tremely wide variability of size, indicating strong sexual dimorphism. The persistent issues on the identity 

of the evolutionary advanced Megantereon in Europa towards the end of the Villafranchian and during 

�S�G�D���$�O�H�U�H�K�K�@�E�Q�@�M�B�G�H�@�M���@�Q�D���A�Q�N�@�C�K�X���C�H�R�B�T�R�R�D�C�
���3�G�D���B�K�@�R�R�H�Ö�B�@�S�H�N�M���N�E���B�N�Q�Q�D�R�O�N�M�C�H�M�F���E�N�Q�L�R���@�R���@���R�D�O�@�Q�@�S�D���R�O�D-

cies, �-���•�A�D�R�O�V�E�R�I, is supported, whereas the hypothesis of a European spread of the African �-���•�W�H�I�T�E�I is 

�Q�D�I�D�B�S�D�C�


� ���G�D�L�H�L�@�M�C�H�A�K�D���N�E���@���I�T�U�D�M�H�K�D���G�N�L�N�S�G�D�Q�D���E�Q�N�L���4�M�S�D�Q�L�@�R�R�E�D�K�C���H�R���N�M�D���N�E���S�G�D���E�D�V���@�U�@�H�K�@�A�K�D���D�W�@�L�O�K�D�R���N�E���R�B�H�L�H-

tar cubs in Europe and was in the latter part of the second half-year of its life. Furthermore, the new Homo-

therium material from Untermassfeld includes a second, well-preserved mandible of an adult individual, 

which shows great similarity to a hemimandible from the late Early Pleistocene of Semibalki in the Azov 

Sea region. In view of the still controversial taxonomy of Pleistocene Homotherium, a two species concept 

is supported here, which keeps the Middle to early Late Villafranchian populations of Eurasia as �(���•�C�R�E�N�A-

tidens, the robustly built earlier species. Because of clear differences in the respective functional morphol-

ogy, it is separated from the more gracile �(���•�L�A�T�I�D�E�N�S. This geochronologically younger species is subdivided 

into the latest Early to Middle Pleistocene �(���•�L�A�T�I�D�E�N�Sultimum, the Middle to Late Pleistocene European to 

East Beringian �(���•�L�A�T�I�D�E�N�S���L�A�T�I�D�E�N�S�����@�M�C���S�G�D���R�O�@�S�H�@�K�K�X���@�C�I�@�B�D�M�S���R�T�A�R�O�D�B�H�D�R���(���•�L�A�T�I�D�E�N�S���S�E�R�U�M of southern North 

� �L�D�Q�H�B�@�
���3�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���R�B�H�L�H�S�@�Q���B�@�S���H�R���S�N���A�D���@�R�R�H�F�M�D�C���S�N���S�G�D���Ö�Q�R�S���M�@�L�D�C���S�@�W�N�M�����V�G�H�B�G���Q�N�@�L�D�C���@�B�Q�N�R�R��

Europe and into East Asia, surviving there up to the Middle Pleistocene.

1. Introduction

�3�V�D�M�S�X�� �X�D�@�Q�R�� �G�@�U�D�� �M�N�V�� �O�@�R�R�D�C�� �R�H�M�B�D�� �S�G�D���Ö�Q�R�S�� �B�N�L�O�Q�D�G�D�M�R�H�U�D�� �O�T�A�K�H�B�@�S�H�N�M�� �N�M�� �S�G�D�� �E�D�K�H�C�R�� �E�Q�N�L�� �S�G�D�� �$�O�H�U�H�K-

lafranchian of Untermassfeld appeared (Hemmer 2001). By then, the recovered fossil material of this 

extraordinary site included the remains of all of the recognised six cat species with body masses of more 

than 10 kg from the European late Early Pleistocene. Systematic excavations continued (Kahlke 2020) and 

again produced an overwhelming number of fossils, some of them spectacular. Following completion of 

�S�G�D���Ö�D�K�C���V�N�Q�J���H�M���������������*�@�G�K�J�D���H�M���S�G�H�R���U�N�K�T�L�D�������S�G�D���@�H�L���N�E���S�G�D���B�T�Q�Q�D�M�S���R�S�T�C�X���H�R���S�N���O�Q�D�R�D�M�S���S�G�D���J�M�N�V�K�D�C�F�D��

�F�@�H�M�D�C�� �E�Q�N�L�� �S�G�D�� �R�H�S�D�� �N�M�� �S�G�D�� �O�@�K�@�D�N�A�H�N�K�N�F�X�� �N�E�� �S�G�D�� �I�@�F�T�@�Q�� ��Panthera onca), the giant cheetah (Acinonyx 

pardinensis), the Old World puma (Puma pardoides), the lynx (Lynx valdarnensis), the dirk-toothed cat 

(Megantereon adroveri), and the scimitar cat (Homotherium latidens) during the late Early Pleistocene in 

Central Europe.
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�3�G�D���Ö�Q�R�S���O�@�O�D�Q���N�M���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���E�D�K�H�C�R�����'�D�L�L�D�Q���K�
�B�
�����H�M�H�S�H�@�S�D�C���S�G�D���S�@�W�N�M�N�L�H�B���@�S�S�Q�H�A�T�S�H�N�M���N�E���S�G�D���$�T�Q�@�R�H�@�M��

�I�@�F�T�@�Q�����S�G�D�M��P.gombaszoegensis) to the American species P�
�•onca, and proved the existence of the Eurasian 

puma, whose fossil remains were mistakenly attributed to several other genera and species. These investi-

�F�@�S�H�N�M�R���@�Q�D���B�N�M�S�H�M�T�D�C���G�D�Q�D�����A�@�R�D�C���N�M���S�G�D���T�M�H�P�T�D���C�H�R�B�N�U�D�Q�X���N�E���@���O�@�Q�S�H�@�K���O�T�L�@���R�J�D�K�D�S�N�M���S�G�@�S���V�@�R���D�W�B�@�U�@�S�D�C��

�C�T�Q�H�M�F���S�G�D���K�@�R�S���Ö�D�K�C���R�D�@�R�N�M�R���@�S���4�M�S�D�Q�L�@�R�R�E�D�K�C�


�-�D�V���Ö�M�C�R���@�M�C���B�N�Q�Q�D�R�O�N�M�C�H�M�F���Q�D�R�D�@�Q�B�G���Q�D�R�T�K�S�R���G�@�U�D���@�K�R�N���A�D�D�M���O�T�A�K�H�R�G�D�C���E�Q�N�L���R�D�U�D�Q�@�K���N�S�G�D�Q���E�N�R�R�H�K���R�H�S�D�R���@�B�Q�N�R�R��

�$�T�Q�N�O�D�����V�G�H�B�G���G�@�U�D���B�N�M�S�Q�H�A�T�S�D�C���S�N���@���A�D�S�S�D�Q���T�M�C�D�Q�R�S�@�M�C�H�M�F���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���E�D�K�H�C���Ö�M�C�R�
���3�G�D���D�@�Q�K�X���,�H�C�C�K�D��

�/�K�D�H�R�S�N�B�D�M�D���N�E���"�G�©�S�D�@�T�����%�Q�@�M�B�D�����R�T�O�O�K�H�D�C���@���Q�H�B�G���R�D�Q�H�D�R���N�E���I�@�F�T�@�Q���A�N�M�D�R�����H�M�B�K�T�C�H�M�F���@���M�D�@�Q�K�X���B�N�L�O�K�D�S�D���R�J�D�K�D�S�N�M��

��� �Q�F�@�M�S���D�S�•�@�K�
��������������� �Q�F�@�M�S���@�M�C��� �Q�F�@�M�S�������������
���3�G�D���(�S�@�K�H�@�M���+�@�S�D���5�H�K�K�@�E�Q�@�M�B�G�H�@�M���K�N�B�@�K�H�S�X���N�E���/�@�M�S�@�K�K�@���O�Q�N�C�T�B�D�C��

�S�V�N���M�D�@�Q�K�X���B�N�L�O�K�D�S�D���B�G�D�D�S�@�G���R�J�T�K�K�R�����"�G�D�Q�H�M���D�S�•�@�K�
�����������������@�M�N�S�G�D�Q���O�@�Q�S�H�@�K���R�J�T�K�K�����U�H�Q�S�T�@�K�K�X���D�W�S�Q�@�B�S�D�C���E�Q�N�L���H�S�R���G�N�R�S��

�L�@�S�Q�H�W���A�X���R�X�M�B�G�Q�N�S�Q�N�M���Q�@�C�H�@�S�H�N�M�����V�@�R���E�N�T�M�C���@�S���,�N�M�S�D��� �Q�F�D�M�S�@�Q�H�N�����"�G�D�Q�H�M���D�S�•�@�K�
�������������
���3�G�D���2�O�@�M�H�R�G���R�H�S�D�R���N�E��

Cueva Victoria and Vallparadís contributed important Epivillafranchian puma and lynx materials (Madurell-

�,�@�K�@�O�D�H�Q�@�� �D�S�• �@�K�
�� ������������ �!�N�R�B�@�H�M�H�� �D�S�• �@�K�
�� �����������
�� � �� �Q�D���D�U�@�K�T�@�S�H�N�M�� �N�E�� �S�G�D�� �V�D�K�K���J�M�N�V�M�� �B�N�L�O�K�D�S�D�� �C�H�Q�J���S�N�N�S�G�D�C��

cat skeleton from the Middle Villafranchian of Senèze (France) has provided extensive knowledge on the 

anatomy of Megantereon cultridens (Christiansen and Adolfssen 2007). The Spanish Late Villafranchian site 
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massfeld species, as will be shown in the following pages.

During the past two decades, tremendous molecular genetic progress has been made in understanding 
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provided insight into a truly complex pattern, not only of divergent but also convergent evolutionary pro-

cesses. For example, multiple post-speciation admixture has contributed genetic material between nearly 

each of the extant Panthera���R�O�D�B�H�D�R�����%�H�F�T�D�H�Q�¹���D�S�•�@�K�
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rated into the discussions below.
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mer 2001). Each species section is introduced with preliminary notes, which provide short summaries on the 

current state of knowledge and identify current unresolved issues that may be solved based on the data ob-
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fauna is therefore the sum of the material lists given by Hemmer (l.c.) and those in the present article. The 

description of fossils relevant to the knowledge of corresponding species is supplemented by illustrations 

and tables of measurements. If the measured distances are not self-explanatory, they follow Schmid (1940) 

for dental elements and Driesch (1976) for the postcranial skeleton, especially for vertebrae. Concluding 
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at least during the Early and early Middle Pleistocene, and draw conclusions for their respective taxonomic 
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presumable prey size spectrum and matching species within the Untermassfeld herbivore fauna. Notes on 

habitat use conclude each species presentation.
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2.1. Panthera onca gombaszoegensis (Kretzoi, 1938)

2.1.1. Introduction

�+�@�S�D���5�H�K�K�@�E�Q�@�M�B�G�H�@�M���h�O�@�M�S�G�D�Q�R�i���N�E���S�G�D��� �O�D�M�M�H�M�D���O�D�M�H�M�R�T�K�@�����O�K�@�B�D�C���A�D�S�V�D�D�M���S�H�F�D�Q�R���@�M�C���I�@�F�T�@�Q�R�����%�H�B�B�@�Q�D�K�K�H���@�M�C��

�3�N�Q�Q�D�� ������������ �@�M�C�� �B�K�@�R�R�H�Ö�D�C�� �@�R��Panthera toscana (Schaub, 1949), were considered half a century ago as 
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Differences in the dental morphology of early and later palaeopopulations led to a division on a chrono-
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1972). Growing evidence of only minor differences between Pleistocene Eurasian and North American 
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Pleistocene ages, parallel to the simultaneous use of �0���•�T�O�S�C�A�N�A��for the earlier and �0���•�G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S��for 

the later populations (Marciszak 2014), is, at the very least, extremely confusing.
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���*�T�C�@�Q�N���"�@�U�D�����!�@�Q�X�R�G�M�H�J�N�U���������������@�M�C���O�N�R�R�H�A�K�X���D�U�D�M���K�N�M�F�D�Q���H�M���/�N�K�@�M�C�����!�H�k�M�H�J���"�@�U�D�����,�@�Q�B�H�R�Y�@�J�������������


Whereas, at several other European sites more or less complete cranial and postcranial skeletal elements of 

�0���•�O�N�C�A���G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S���G�@�U�D���N�B�B�@�R�H�N�M�@�K�K�X���A�D�D�M���E�N�T�M�C�����D�
 �F�
����� �Q�S�D�M�@�B�����3�N�T�Q�M�D�O�H�B�G�D���������������"�G�©�S�D�@�T����� �Q�F�@�M�S��

�D�S�•�@�K�
�� ������������ � �Q�F�@�M�S���@�M�C��� �Q�F�@�M�S���������������� �S�G�D���$�O�H�U�H�K�K�@�E�Q�@�M�B�G�H�@�M���R�D�Q�H�D�R���E�Q�N�L���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�N�M�R�H�R�S�R���N�E���L�@�H�M�K�X��

�E�Q�@�F�L�D�M�S�D�C���D�K�D�L�D�M�S�R�
���-�D�U�D�Q�S�G�D�K�D�R�R�����S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���L�@�S�D�Q�H�@�K���H�R���T�M�H�P�T�D���A�D�B�@�T�R�D���N�E���H�S�R���Q�D�K�@�S�H�U�D�K�X���G�H�F�G���L�H�M�H-

mum number of represented individuals (MNI, see section 2.1.3.), whose remains were all deposited during 

a very limited span of time (see section 2.1.2.). A largely complete �0���•�O�N�C�A���G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S��skeleton recov-

ered from the Château site (Argant and Argant 2011), and used as a size reference, enables the calculation 
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of the mean percent deviation for each of the Untermassfeld skeletal elements, as far as the corresponding 

measurements are available. This procedure leads to a relatively exact idea of the relative size distribution 

�@�M�C���U�@�Q�H�@�A�H�K�H�S�X���V�H�S�G�H�M���@�M���$�O�H�U�H�K�K�@�E�Q�@�M�B�G�H�@�M���I�@�F�T�@�Q���O�N�O�T�K�@�S�H�N�M�


Such knowledge could even be of some taxonomic interest, as body size once played a central role in the 

�C�H�R�B�T�R�R�H�N�M���@�R���S�N���V�G�D�S�G�D�Q���/�K�D�H�R�S�N�B�D�M�D���-�N�Q�S�G��� �L�D�Q�H�B�@�M���I�@�F�T�@�Q�R�����0���•�O�N�C�A���A�U�G�U�S�T�A) should merit a subspecies or 

species status (Seymour 1993).

�$�W�S�@�M�S���I�@�F�T�@�Q�R���O�Q�D�E�D�Q���Q�H�O�@�Q�H�@�M���K�@�M�C�R�B�@�O�D�R���H�M���A�N�S�G���E�N�Q�D�R�S�D�C���@�M�C���N�O�D�M���F�Q�@�R�R�X���@�Q�D�@�R�����-�N�V�D�K�K���@�M�C���)�@�B�J�R�N�M�������������
��

Such a habitat was also assumed for �0���•�O�N�C�A���G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S�����'�D�L�L�D�Q���������������������������'�D�L�L�D�Q���D�S�•�@�K�
����������������

�A�T�S���S�G�H�R���V�@�R���K�@�S�D�Q���P�T�D�R�S�H�N�M�D�C����� �Q�F�@�M�S���@�M�C��� �Q�F�@�M�S�������������
��� ���L�@�M�C�H�A�T�K�@�Q���E�Q�@�F�L�D�M�S���E�Q�N�L���@�M���4�M�S�D�Q�L�@�R�R�E�D�K�C��

�I�@�F�T�@�Q���B�T�A���O�Q�N�U�H�C�D�R���S�G�D���O�D�Q�E�D�B�S���N�O�O�N�Q�S�T�M�H�S�X���S�N���Q�D���D�W�@�L�H�M�D���S�G�D�R�D���H�R�R�T�D�R���H�M���@�M���T�M�D�W�O�D�B�S�D�C���V�@�X�����R�T�O�O�K�D�L�D�M�S�D�C��

�A�X���M�D�V���H�M�R�H�F�G�S�R���H�M�S�N���S�G�D���I�@�F�T�@�Q�i�R���T�R�D���N�E���H�S�R���G�@�A�H�S�@�S�


2.1.2. Material

C sup. sin. IQW 1994/24 528 (Mei. 24057),
C sup. sin. fragment IQW 1986/21797 (Mei. 21316),
P3 dex. fragment IQW 1992/24253 (Mei. 23782),
�,�@�M�C�H�A�T�K�@���C�D�W�
�����I�T�U�
�����(�0�6���������������� �����������,�D�H�
 ���� ����������
Mandibula sin. IQW 2010/30721 (Mei. 29883),
P3 sin. IQW 1986/21787 (Mei. 21306) + IQW 1986/21788 (Mei. 21307),
P3 dex. IQW 1984/19684 (Mei. 19204),

P4 dex. IQW 1986/21779 (Mei. 21298),
Atlas IQW 2002/27338 (Mei. 26843),
Vertebra cervicalis V IQW 2011/35493 (Mei. 32703),
Humerus dex. diaphyseal fragment IQW 2018/45338 (Mei. 50647),
Humerus dex. distal fragment IQW 1994/24434 (Mei. 23963),
Pelvis dex. IQW 1983/18981 (Mei. 18501),
Pelvis dex. IQW 2009/30453 (Mei. 29615),
Pelvis dex. IQW 2011/35491 (Mei. 32701),
Tibia sin. distal fragment IQW 2012/38597 (Mei. 35571),
Tibia dex. proximal fragment IQW 1986/21749 (Mei. 21268),
Calcaneus dex. IQW 2007/29116 (Mei. 28278),
Naviculare (Tc) dex. IQW 1982/18048 (Mei. 17568),
Metatarsale (Mt) 4 dex. IQW 1994/24520 (Mei. 24049),

Metatarsale (Mt) 4 dex. proximal fragment IQW 2010/31032 (Mei. 30194).§

�3�G�D���B�N�M�B�D�M�S�Q�@�S�H�N�M���N�E���E�N�R�R�H�K���L�@�S�D�Q�H�@�K���@�S���S�G�D���R�H�S�D���V�@�R���H�M�C�T�B�D�C���A�X���S�G�D���@�B�B�T�L�T�K�@�S�H�M�F���D�E�E�D�B�S���N�E���@���B�K�@�R�S�H�B���L�T�C�×�N�V��

�E�@�M�
��� �K�L�N�R�S���S�G�D���D�M�S�H�Q�D���I�@�F�T�@�Q���Ö�M�C�R���N�Q�H�F�H�M�@�S�D���E�Q�N�L���S�G�D���R�D�C�H�L�D�M�S�R���N�E���@�M���D�Q�N�R�H�N�M���B�G�@�M�M�D�K�����R�D�D���R�D�B�S�H�N�M�����
���
���
����

�S�G�@�S���V�@�R���L�N�Q�D���K�H�J�D�K�X���S�N���G�@�U�D���Ö�K�K�D�C���N�U�D�Q���@���S�H�L�D�R�O�@�M���N�E���C�@�X�R���N�Q���V�D�D�J�R���Q�@�S�G�D�Q���S�G�@�M���L�N�M�S�G�R���N�Q���X�D�@�Q�R�����*�@�G�K�J�D��

�D�S�• �@�K�
�� �����������
�� � �� �L�H�M�N�Q�� �D�W�B�D�O�S�H�N�M�� �H�R�� �S�G�D�� �E�Q�@�F�L�D�M�S�@�Q�X�� �Q�H�F�G�S�� �L�@�M�C�H�A�K�D�� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ���������� �E�Q�N�L��

�R�P�T�@�Q�D���0�������������R�D�D���'�D�L�L�D�Q�������������������� �E�E�
�����O�K�
 �������������m�������N�Q�H�F�H�M�@�S�H�M�F���E�Q�N�L���S�G�D���+�N�V�D�Q���%�K�T�U�H�@�S�H�K�D���2�@�M�C�R�����+�%�2���
��

�3�G�H�R���R�H�M�F�K�D���R�O�D�B�H�L�D�M���H�R�����S�G�D�Q�D�E�N�Q�D�����R�K�H�F�G�S�K�X���N�K�C�D�Q���S�G�@�M���S�G�D���L�@�R�R���N�E���S�G�D���N�S�G�D�Q���Ö�M�C�R�
��� �� �E�D�V���R�O�D�B�H�L�D�M�R���E�Q�N�L��

the years 1979 (catalogued in 1980 and 1982) cannot be assigned with any certainty to either of the two 

sand bodies (Kahlke 1997a, 8). However, the corresponding age difference within the entire material, of 

�O�Q�D�R�T�L�@�A�K�X���M�N�S���L�N�Q�D���S�G�@�M���@���E�D�V���C�D�B�@�C�D�R�����H�R���M�N�S���N�E���A�H�N�R�S�Q�@�S�H�F�Q�@�O�G�H�B���Q�D�K�D�U�@�M�B�D�����*�@�G�K�J�D���D�S�•�@�K�
�������������
���.�U�D�Q�@�K�K����

�S�G�D���I�@�F�T�@�Q���L�@�S�D�Q�H�@�K���E�Q�N�L���4�M�S�D�Q�L�@�R�R�E�D�K�C���Q�D�O�Q�D�R�D�M�S�R���N�M�D���R�H�M�F�K�D���A�H�N�K�N�F�H�B�@�K���O�N�O�T�K�@�S�H�N�M�
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2.1.3. Description and comparison

�3�G�D���M�D�V���I�@�F�T�@�Q���L�@�S�D�Q�H�@�K���E�Q�N�L���4�M�S�D�Q�L�@�R�R�E�D�K�C���H�M�B�K�T�C�D�R���@���E�Q�@�F�L�D�M�S�@�Q�X���Q�H�F�G�S���G�D�L�H�L�@�M�C�H�A�K�D���E�Q�N�L���@���B�T�A�����(�0�6��

2009/29962 (Mei. 29124) (Fig. 1). Both of its inner deciduous incisors are in place. These teeth are the 

�Ö�Q�R�S���S�N���R�G�D�C���C�T�Q�H�M�F���S�N�N�S�G���Q�D�O�K�@�B�D�L�D�M�S�
���"�N�M�R�D�P�T�D�M�S�K�X�����S�G�H�R���B�T�A���L�T�R�S���G�@�U�D���A�D�D�M���X�N�T�M�F�D�Q���S�G�@�M���S�G�D���N�M�R�D�S���N�E��

�S�G�D���K�N�R�R���N�E���S�G�D���C�D�B�H�C�T�N�T�R���C�D�M�S�H�S�H�N�M�
��� �B�B�N�Q�C�H�M�F���S�N���S�G�D���@�K�K�N�L�D�S�Q�H�B���D�P�T�@�S�H�N�M���E�N�Q���D�W�S�@�M�S���E�D�K�H�C�R���:�N�M�R�D�S���N�E���S�N�N�S�G��

replacement (months) = 0.37 × body mass (g)0.27] (Hemmer 1979), tooth replacement should have started 

�H�M���@���R�O�D�B�H�D�R���H�M���S�G�D���R�H�Y�D���Q�@�M�F�D���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q�����A�N�C�X���L�@�R�R���D�R�S�H�L�@�S�H�N�M�R���R�D�D���A�D�K�N�V�����@�S���@�M���@�F�D���N�E������

�S�N���������L�N�M�S�G�R�
���(�M���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q���B�T�A���S�G�D���#P3�����S�G�D���K�@�R�S���S�N�N�S�G���H�M���S�G�D���D�Q�T�O�S�H�N�M���R�D�P�T�D�M�B�D���N�E���S�G�D���E�D�K�H�C��

deciduous dentition, is present (Fig. 1). As it erupts in a pantherine cat of that size at around the age of two 

months (compilation in Hemmer 1966), this animal must have been older than that. The lack of any mac-

rowear on the DP3 points to the earliest stage within the period between the completion of the deciduous 

dentition and the start of tooth replacement with DI1 and DI2 �K�N�R�R�����B�N�Q�Q�D�R�O�N�M�C�H�M�F���V�H�S�G���R�S�@�F�D���(�(�(���@�R���C�D�Ö�M�D�C��

�E�N�Q���S�G�D���D�Q�T�O�S�H�N�M���R�D�P�T�D�M�B�D���N�E���C�D�B�H�C�T�N�T�R���@�M�C���O�D�Q�L�@�M�D�M�S���S�D�D�S�G���H�M��Homotherium serum (Rawn-Schatzinger 

1983). An age of three to four months has been suggested for this stage in the scimitar cat (Rawn-Schatz-

�H�M�F�D�Q���K�
�B�
�������H�
 �D�
�����H�M���@���B�@�S���R�N�L�D�V�G�@�S���K�@�Q�F�D�Q���S�G�@�M���S�G�D���$�T�Q�N�O�D�@�M���I�@�F�T�@�Q�����R�D�S�S�H�M�F���S�G�D���L�@�W�H�L�T�L���O�Q�D�R�T�L�D�C���K�H�E�D���R�O�@�M��

�N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q���B�T�A���@�S���S�G�Q�D�D���S�N���E�N�T�Q���L�N�M�S�G�R�


The size of the mandibular bone, as indicated by the length of the diastema and the corresponding height 

of the mandible at that section (�6�C�D�N�G�|��), is considerably smaller than in an early Middle Pleistocene Euro-

pean �0���•�O�N�C�A���G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S��cub from l’Escale (Bonifay 1971). The description of this specimen points 

to the very beginning of tooth replacement (corresponding to the onset of Rawn-Schatzinger’s stage V).

� ���+�@�S�D���/�K�D�H�R�S�N�B�D�M�D��� �L�D�Q�H�B�@�M���I�@�F�T�@�Q���B�T�A�����0���•�O�N�C�A���A�U�G�U�S�T�A) from Haile VII in Florida (Kurtén 1965) seems to 

represent the end of stage IV. This cat is also much larger than the Untermassfeld animal. Thus, the small 

�R�H�Y�D���N�E���S�G�D���K�@�S�S�D�Q���B�N�M�Ö�Q�L�R���H�S�R���X�N�T�M�F�D�Q���@�F�D���@�S���C�D�@�S�G���B�N�L�O�@�Q�D�C���S�N���S�G�@�S���N�E���S�G�D���K�i�$�R�B�@�K�D���@�M�C���'�@�H�K�D���5�(�(���H�M�C�H�U�H�C�T�@�K�R�
��

Moreover, the DP3 of the Untermassfeld mandibular fragment is larger than in those cubs, indicating that it 

was not simply a very small cat. Overall, the evidence points to an individual age for the Untermassfeld cub 

of certainly less than half a year and presumably not older than three to four months.

� ���E�T�Q�S�G�D�Q���M�D�V�K�X���C�H�R�B�N�U�D�Q�D�C���Ö�M�C���H�R���S�G�D���B�N�L�O�K�D�S�D���K�D�E�S���G�D�L�H�L�@�M�C�H�A�K�D���(�0�6���������������� �����������,�D�H�
 ���� ������������Fig. 2), 

which supplements the previously described series of mandibular fragments and isolated teeth from Un-

�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q�R�����'�D�L�L�D�Q�������������������� �E�E�
���
���6�H�S�G�H�M���S�G�D���K�N�B�@�K���R�D�Q�H�D�R�����@�R��

�V�D�K�K�� �@�R���V�H�S�G�H�M���S�G�D���S�N�S�@�K���Q�@�M�F�D���N�E�� �J�M�N�V�M���$�T�Q�@�R�H�@�M���I�@�F�T�@�Q�R���� �S�G�H�R���G�D�L�H-

mandible represents the upper region of the size variability (�6�C�D�N�G�|��).

Wear marks are limited to the molar, indicating an early mature age 

for the individual. The dentition shows the typical features of �0���•�O�N�C�A��

gombaszoegensis�
���'�N�V�D�U�D�Q�����S�G�H�R���Ö�M�C���H�R���S�G�D���Ö�Q�R�S���L�@�M�C�H�A�K�D���E�Q�N�L���@���$�T�Q�@-

�R�H�@�M���I�@�F�T�@�Q���S�G�@�S���N�Q�H�F�H�M�@�K�K�X���G�@�C���@���/2 as an additional premolar. The tooth 

itself is missing, but the open and sharp-edged alveola indicates its 

existence during the lifetime of the individual.

Fig. 1 Panthera onca gombaszoegensis�� ���*�Q�D�S�Y�N�H������ �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��a–c Right hemi-
mandible fragment IQW 2009/29962 (Mei. 29124) with DI1, DI2 and DP3, occlusal, buccal, 
�K�H�M�F�T�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�
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�3�@�A�K�D�j���/�K�D�H�R�S�N�B�D�M�D���$�T�Q�N�O�D�@�M���@�M�C���-�N�Q�S�G��� �L�D�Q�H�B�@�M���I�@�F�T�@�Q�R�����B�N�L�O�@�Q�@�S�H�U�D���L�D�@�R�T�Q�D�L�D�M�S�R�����L�L�����N�E���C�D�B�H�C�T�N�T�R���C�D�M�S�H�S�H�N�M�


Panthera onca 
gombaszoegensis

Untermassfeld,
IQW 2009/29962 

(Mei. 29124)

Panthera onca 
gombaszoegensis

L’Escale 
CD–5

(Bonifay 1971)

Panthera onca 
augusta

Reddick 
(Florida, USA),

UF 2565

(Kurtén 1965)

Panthera onca 
augusta

Haile VII
(Florida, USA),

UF 8455

(Kurtén 1965)

Ontogenetic stage as after 
Rawn-Schatzinger (1983)

III V III or IV IV

Mandible height in the 
diastema

22.3 30.1

Diastema length 6.7 10.2 9.5

DI1 transversal diameter 1.8

anterior-posterior 
diameter

2.2

DI2 transversal diameter 2.5

anterior-posterior 
diameter

2.2

DP3 length 14.2 13.2 12.7 13.3

maximal width 5.3 6.2 5.3 5.5

anterior width 4.5

protoconid length 5.9 5.7 6.1

protoconid height 7.7

Fig. 2 Panthera onca gombaszoegensis 
(Kretzoi), Untermassfeld. – a–c Left hemi-
mandible IQW 2010/30721 (Mei. 29883) 
with I2-M1�����N�B�B�K�T�R�@�K�����A�T�B�B�@�K�����K�H�M�F�T�@�K���U�H�D�V�R�
�•�m��
�2�B�@�K�D�������� �L�L�
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IQW 
2010/30721
(Mei. 29883)

Earlier published
Untermassfeld

jaguars: 
min. – max. (n)

(Hemmer 2001)

IQW 
1986/21787
(Mei. 21306) 

+ IQW##

1986/21788#

(Mei. 21307)

IQW 
1984/19684

 (Mei. 19204)

IQW 
1986/21779

 (Mei. 21298)

Mandible length Processus 
condylaris-Infradentale

c. 190.0

Depth behind M1 38.5 37.5 (1)

Depth in the diastema 39.5 33.5–33.7 (2)

Thickness below P4/M1 17.4

Alveolar length P3-M1 64.6 58.6–59.5 (2)

Alveolar length P2-M1 68.4

Distance C-P3 16.5 16.0–22.0 (3)

Diastema length C-P2 14.1

I2 transversal width 4.3

antero-posterior 6.3
height 7.5 6.0–7.7 (2)

I3 transversal width 5.6 5.9 (1)
antero-posterior 6.5 6.5 (1)
height 12.8 9.2 (1)

C length c. 20.0 17.3–18.5 (3)
width 13.0–13.8 (3)
height c. 35.5 28.5–38.1 (3)

P2 alveolar length 4.3
alveolar width 3.2

P3 length 16.1 14.8–18.3 (4) 17.9 14.9
maximal width 8.3 7.2–9.1 (4) 9.0 7.5
anterior width 6.5 6.3–7.5 (4) 7.9 6.5
protoconid length 8.5 8.2–10.7 (4) 10.3 8.2
protoconid height 9.4 8.4–9.6 (4) 9.4 8.5

P4 length 24.0  21.8–24.5+ (4)
maximal width 11.6+   10.7–12.2 (4) 12.2
anterior width 10.3   8.8–10.7 (4)
protoconid length 11.7   11.3–11.8 (4)
protoconid height 14.1   13.4–15.2+ (4)

M1 length 25.2 22.3–27.7 (4)
width 12.5 11.2–13.4 (4)
protoconid length 15.2 13.3–16.0 (4)
paraconid length 13.8 12.1–15.0 (4)
protoconid height 14.4 12+–15.0 (4)
paraconid height 12.5+–14.2+ (4)
depth at notch 6.3–7.6 (4)

�3�@�A�K�D�j ��Panthera oncagombaszoegensis (Kretzoi), measurements (mm) of the hemimandible IQW 2010/30721 (Mei. 29883), com-
�O�@�Q�D�C���S�N���S�G�D���O�Q�D�U�H�N�T�R�K�X���O�T�A�K�H�R�G�D�C���R�@�L�O�K�D���N�E���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q�R�����'�D�L�L�D�Q���������������@�M�C���M�D�V�K�X���E�N�T�M�C���S�D�D�S�G
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�3�G�D���,�-�(���Q�D�O�Q�D�R�D�M�S�D�C���H�M���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q���R�D�Q�H�D�R�����@�R���U�D�Q�H�Ö�D�C���A�X���L�@�M�C�H�A�K�D���E�Q�@�F�L�D�M�S�R���@�M�C���S�D�D�S�G�����V�@�R��

previously determined to be 5 (Hemmer 2001). Based on the new material this number has been increased 

to 7.

�3�V�N�� �B�D�Q�U�H�B�@�K�� �U�D�Q�S�D�A�Q�@�D�� �@�Q�D�� �@�R�R�H�F�M�D�C�� �S�N�� �I�@�F�T�@�Q�R�
�� � �M�� �@�S�K�@�R�� �E�Q�@�F�L�D�M�S���� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ������������ �G�@�R��

�S�G�D���E�N�K�K�N�V�H�M�F���L�D�@�R�T�Q�D�L�D�M�S�R�����L�L�������E�@�B�H�D�R���@�Q�S�H�B�T�K�@�Q�H�R���B�Q�@�M�H�@�K�H�R���V�H�C�S�G�����������E�@�B�H�D�R���@�Q�S�H�B�T�K�@�Q�H�R���B�@�T�C�@�K�H�R���V�H�C�S�G����������

dorsal anterior-posterior diameter of neural arch 39.7, neural arch height 44. There is another, somewhat 

�R�L�@�K�K�D�Q���@�S�K�@�R���� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ������������ �H�M���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q���B�N�K�K�D�B�S�H�N�M���� �V�G�H�B�G���V�@�R���D�Q�Q�N�M�D-

ously assigned to Homotherium crenatidens (Hemmer 2001, 752). A cervical vertebra V, IQW 2011/35493 

���,�D�H�
 ���� �������������L�D�@�R�T�Q�D�R�����L�L�������B�D�M�S�Q�T�L���K�D�M�F�S�G���B�
�����������K�D�M�F�S�G���@�M�S�D�Q�H�N�Q���S�N���O�N�R�S�D�Q�H�N�Q���Y�X�F�@�O�N�O�G�X�R�D�R�������
�������V�H�C�S�G��

across the anterior zygapophyses 70.5, width across the posterior zygapophyses 64.6, facies terminalis 

cranialis width 32.8, facies terminalis cranialis height c. 23, facies terminalis caudalis width 34.4, facies 

terminalis caudalis height c. 24.

The foreleg is represented in the new material by only two humerus fragments. A shaft, IQW 2018/45338 

(Mei. 50647), has a minimal transverse diameter of 26.4mm. The trochlear width of distal fragment IQW 

1994/24434 (Mei. 23963) measures around 50mm.

Three right-side pelvis fragments belong to the same size category as one previously documented (Hemmer 

2001, 701) (�6�C�D�N�G�|�����
���"�N�L�O�@�Q�D�C���S�N���S�G�D���R�J�D�K�D�S�N�M���N�E���@���Q�D�B�D�M�S���K�@�Q�F�D���L�@�K�D���2�N�T�S�G��� �L�D�Q�H�B�@�M���I�@�F�T�@�Q�����S�G�D���4�M�S�D�Q-

massfeld pelves are clearly larger.

A proximal tibia fragment, IQW 1986/21749 (Mei. 21268), is considerably larger than a tibia found at the 

Château site (Fig. 3, �6�C�D�N�G�| ��). The latter was compared with the tibia of an extant lioness of the same 

IQW 1980/17482
(Mei. 17004)

IQW 1983/18981
(Mei. 18501)

IQW 2009/30453
(Mei. 29615)

IQW 2011/35491
(Mei. 32701)

Acetabulum length on rim 36.4 37.2 35.5 40.2

Ilium min. height on shaft 39.2 39.3 40.9 40.1

�3�@�A�K�D�j��Panthera onca gombaszoegensis (Kretzoi), pelvis measurements (mm), Untermassfeld.

�%�H�F�
 ��Panthera onca gombaszoegensis (Kretzoi), Untermassfeld.a–e Right tibia fragment IQW 1986/21749 (Mei. 21268), 
�@�M�S�D�Q�H�N�Q�����D�W�S�D�Q�M�@�K�����O�N�R�S�D�Q�H�N�Q�����H�M�S�D�Q�M�@�K�����O�Q�N�W�H�L�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�
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length and found to be much stouter (Argant and Argant 2011). The Untermassfeld tibia also surpasses 

�S�G�N�R�D���N�E���-�N�Q�S�G��� �L�D�Q�H�B�@�M���/�K�D�H�R�S�N�B�D�M�D���I�@�F�T�@�Q�R�����6�C�D�N�G�|��).

� ���G�T�F�D���B�@�K�B�@�M�D�T�R���N�E���@�M���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q�����(�0�6���������������� �����������,�D�H�
 ���� �������������H�R���@�K�R�N���L�T�B�G���A�H�F�F�D�Q���S�G�@�M���S�G�D��

largest calcaneus found at Château (Fig. 4, �6�C�D�N�G�|�������@�M�C���I�T�R�S���D�W�B�D�D�C�R���S�G�D���T�O�O�D�Q���K�H�L�H�S���N�E���S�G�D���Q�D�B�N�F�M�H�R�D�C���U�@�Q�H-

�@�A�H�K�H�S�X���H�M���$�T�Q�@�R�H�@�M���I�@�F�T�@�Q�R�����,�@�Q�B�H�R�Y�@�J���������������%�H�F�
 �����
���3�G�D���R�@�L�D���H�R���S�Q�T�D���E�N�Q���S�G�D���B�N�L�O�@�Q�H�R�N�M���V�H�S�G���0���•�O�N�C�A���A�U�G�U�S�T�A��

(�6�C�D�N�G�|��). A naviculare, IQW 1982/18048 (Mei. 17568), is less conspicuous. This applies also for a slender 

metatarsal 4, IQW 1994/24520 (Mei. 24049) (Fig. 5, �6�C�D�N�G�|��) and a fragmentary Mt4 IQW 2010/31032 

(Mei. 30194).

Untermassfeld
IQW 1986/21749 

(Mei. 21268)

Château
CHA.1-00-F.8-40r

(Argant and Argant 2011)

P. onca augusta
North America
min. – max. (n)

(Kurtén 1973a)

Maximal proximal TD 79.0 75.3 71.0–76.0 (3)

Maximal proximal APD 81.8 78.1

�3�@�A�K�D�j ��Panthera onca gombaszoegensis (Kretzoi), proximal tibia measurements (mm), Untermassfeld and Château, compared to 
�0���•�O�N�C�A���A�U�G�U�S�T�A�
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q����� �/�#�•�m���@�M�S�D�Q�H�N�Q���O�N�R�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�


�%�H�F�
 ��Panthera onca gombaszoegensis 
���*�Q�D�S�Y�N�H�������4�M�S�D�Q�L�@�R�R�E�D�K�C�
�•�m��a–d Right calca-
neus IQW 2007/29116 (Mei. 28278), dor-
�R�@�K�����D�W�S�D�Q�M�@�K�����O�K�@�M�S�@�Q�����H�M�S�D�Q�M�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D����
30mm.

Untermassfeld
IQW 2007/29116

(Mei. 28278)

Château
min. – max. (n)

(Argant and 
Argant 2011)

Kudaro cave
min. – max. (n)

(Baryshnikov 2011)

P. onca augusta
North America
min. – max. (n)

(Kurtén 1965; 1973a)

Length 105.5 96.3–99.3 (2) 73.5–93.6 (2) c. 74.0–104.0 (12)

Maximal proximal TD 50.0 44.6–46.8 (4) 37.1 (1)   31.4–45.0 (13)

�3�@�A�K�D�j��Panthera onca gombaszoegensis (Kretzoi), calcaneus measurements (mm), Untermassfeld and Château, compared to �0���•�O�N�C�A��
augusta�
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q�
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The use of a largely complete skeleton of �0���•�O�N�C�A���G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S from the early Middle Pleistocene of 

Château (Argant and Argant 2011) as a size reference allows both the single dental and skeletal remains to 

�A�D���B�N�L�A�H�M�D�C���H�M���@���I�N�H�M�S���R�H�Y�D���R�B�@�K�D���S�G�@�S���B�N�U�D�Q�R���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q���O�N�O�T�K�@�S�H�N�M���E�Q�N�L���S�G�D���R�L�@�K�K�D�R�S���S�N���S�G�D��

largest represented individuals. If available, the dimension of each Château element to be compared with an 

�4�M�S�D�Q�L�@�R�R�E�D�K�C���D�P�T�H�U�@�K�D�M�S���H�R���R�D�S���@�S�������� ���
���%�Q�N�L���S�G�D���C�H�U�D�Q�F�D�M�B�D���@�Q�H�R�D�R���@���O�N�R�H�S�H�U�D���N�Q���M�D�F�@�S�H�U�D���O�D�Q�B�D�M�S���C�D�U�H�@-

�S�H�N�M�
���'�N�V�D�U�D�Q�����C�T�D���S�N���N�B�B�@�R�H�N�M�@�K���C�H�E�E�D�Q�D�M�B�D�R���H�M���L�D�@�R�T�Q�H�M�F���S�D�B�G�M�H�P�T�D�R���@�M�C���S�G�D���D�W�H�R�S�D�M�B�D���N�E���@�K�K�N�L�D�S�Q�H�D�R�����H�
 �D�
����

size-related shifting of proportions, as given e. g., for the relative size and proportions of the P3 in the lower 

�C�D�M�S�H�S�H�N�M�����'�D�L�L�D�Q���D�S�•�@�K�
�����������������S�G�H�R���L�D�S�G�N�C���L�H�F�G�S���A�D���R�N�L�D�V�G�@�S���H�M�@�B�B�T�Q�@�S�D�
���-�D�U�D�Q�S�G�D�K�D�R�R�����H�S���F�H�U�D�R���@���F�N�N�C��

idea of the relative size variability within a fossil population, such as the one from Untermassfeld (�6�C�D�N�G�|��).

2.1.4. Discussion

The span between the smallest and the largest Château reference related size values of Untermassfeld 

�I�@�F�T�@�Q���Q�D�L�@�H�M�R�����F�H�U�D�M���@�R���O�D�Q�B�D�M�S���O�N�H�M�S�R�����H�R�����������E�Q�N�L������ �����S�N���
���� �������6�C�D�N�G�|��). Although this value indicates 

�B�N�M�R�H�C�D�Q�@�A�K�D���H�M�C�H�U�H�C�T�@�K���R�H�Y�D���U�@�Q�H�@�A�H�K�H�S�X���V�H�S�G�H�M���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���O�N�O�T�K�@�S�H�N�M���S�G�@�S���G�@�R���R�N���E�@�Q���A�D�D�M���H�C�D�M�S�H�Ö�D�C����

it is much less than expected for a complete Panthera population. Representative values were obtained for 

extant East African lion (�0���•�L�E�O) and leopard (P�
�•pardus) populations from corresponding skull series stored 

�%�H�F�
 ��Panthera onca gombaszoegensis ���*�Q�D�S�Y�N�H������ �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��
a–f Right metatarsal 4 IQW 1994/24520 (Mei. 24049), dorsal, exter-
�M�@�K�����O�K�@�M�S�@�Q�����H�M�S�D�Q�M�@�K�����O�Q�N�W�H�L�@�K�����C�H�R�S�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�


Untermassfeld
Mt4 dex.

IQW 1994/24520
(Mei. 24049)

Untermassfeld
Mt4 dex.

IQW 2010/31032
(Mei. 30194)

Château
min. – max. (n)

(Argant and 
Argant 2011)

P. onca augusta
North America
min. – max. (n)

(Kurtén 1965; 1973a)

Maximal length 113.1 112.4–119.9 (3) 102.0–118.0 (6)

Maximal proximal TD 19.5 19.0 19.9–22.2 (5)

Maximal proximal APD 22.9 22.1–25.5 (4) 21.8–22.3 (2)

Minimal diaphyseal TD 12.8 13.4–15.7 (4) 13.1–15.0 (8)

Maximal distal TD 18.9 20.2–21.0 (4) 18.5–20.9 (6)

Maximal distal APD 18.8 18.5–19.8 (4)

�3�@�A�K�D�j��Panthera onca gombaszoegensis (Kretzoi), metatarsal 4 measurements (mm), Untermassfeld and Château, compared to �0���•�O�N�C�A��
augusta�
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q����� �/�#�•�m���@�M�S�D�Q�H�N�Q���O�N�R�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�




Compared skeletal element 
and dimensions

Château reference 
related size 

(% difference)

Presumable sex 
and size category

IQW 1984/20268
(Mei. 19788)

�,�@�W�H�K�K�@�����+���/4 0 large female / small male

IQW 1983/19169
(Mei. 18689)

�,�@�M�C�H�A�K�D���R�H�M�
����
L tooth row and P3, P4, M1

-6 female

IQW 1992/24137
(Mei. 23666)

�,�@�M�C�H�A�K�D���R�H�M�
����
L P3, P4

+1 large female / small male

IQW 2010/30721
(Mei. 29883)

�,�@�M�C�H�A�K�D���R�H�M�
����
L tooth row and P3, P4, M1

+4 male

IQW 1995/25343
(Mei. 24872)

�,�@�M�C�H�A�K�D���C�D�W�
����
L tooth row and P3, P4, M1

-4 female

IQW 1986/ 21782
Mei. 21301)

IQW 1986/21789
(Mei. 21308)

IQW 1986/ 21780
(Mei. 21299)

L P3 dex., P4 sin., 
M1 dex.

+12 large male

IQW 1986/21787
(Mei. 21306) +

IQW 1986/21788
(Mei. 21307)

L P3 sin. +11 large male

IQW 1984/19684
(Mei. 19204)

L P3 dex. -7 female

IQW 1980/17157
(Mei. 16678)

L M1 dex. +4 male

IQW 1980/16247
(Mei. 15758)

�'�T�L�D�Q�T�R����
TD distal, trochlea (sub-adult)

0 ���A�N�C�X���L�@�R�R�����X�N�T�M�F���L�@�K�D��

IQW 1980/15513
(Mei. 15025)

�'�T�L�D�Q�T�R����
TD distal, trochlea

-2 large female / small male 
���A�N�C�X���L�@�R�R�����R�L�@�K�K���L�@�K�D��

IQW 1994/24434
(Mei. 23963)

�'�T�L�D�Q�T�R����
TD trochlea

-4 female

IQW 1980/16625
(Mei. 16146)

IQW 1980/16621
(Mei. 16142)

IQW 1980/16622
(Mei. 16143)

IQW 1980/16624
(Mei. 16145)

IQW 1980/16623
(Mei. 16144)

�,�D�S�@�B�@�Q�O�@�K������������������������������
TD proximal, diaphyseal 

(sub-adult)

-2 ���A�N�C�X���L�@�R�R�����X�N�T�M�F���L�@�K�D��

IQW 1986/21749 
(Mei. 21268)

�3�H�A�H�@�����3�#���O�Q�N�W�H�L�@�K+5 male

IQW 2007/29116 
(Mei. 28278)

�"�@�K�B�@�M�D�T�R�����+ +8 large male

IQW 1982/18048 
(Mei. 17568)

�-�@�U�H�B�T�K�@�Q�D�����+ -3 female

IQW 1994/24520 
(Mei. 24049)

�,�D�S�@�S�@�Q�R�@�K������
TD diaphyseal, distal

-4 female

�3�@�A�K�D�j ��Panthera onca gombaszoegensis�� ���*�Q�D�S�Y�N�H������ �4�M�S�D�Q�L�@�R�R�E�D�K�C���� �"�G�©�S�D�@�T�� �Q�D�E�D�Q�D�M�B�D�� �Q�D�K�@�S�D�C�� �R�H�Y�D�� ���A�@�R�H�B�� �C�@�S�@�� �A�X�� �'�D�L�L�D�Q�� ������������ �S�G�H�R��
�O�@�O�D�Q���
���+�•�m���K�D�M�F�S�G�����3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q�����R�H�Y�D���C�H�L�D�M�R�H�N�M�R�����Q�N�T�M�C�D�C���L�D�@�M�R�
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in the Bavarian State Collection of Zoology Munich. The percent point span (minimum to maximum value, 

each related to the mean) for the basal length of 31 lion skulls is 29, and that of 35 leopard skulls 34. If a 

similar span is set for �0���•�O�N�C�A���G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S��from Untermassfeld, a substantial part of the former variabil-

ity is not represented in the available fossil record. This is likely to affect the upper range of the size variability 

to a lesser degree, as a number of individual teeth (Hemmer 2001, Tab. 5) and postcranial elements (tibia, 

�B�@�K�B�@�M�D�T�R�����E�Q�N�L���4�M�S�D�Q�L�@�R�R�E�D�K�C���@�Q�D���@�L�N�M�F���S�G�D���K�@�Q�F�D�R�S���Ö�M�C�R���N�E���$�T�Q�@�R�H�@�M���/�K�D�H�R�S�N�B�D�M�D���I�@�F�T�@�Q�R�
���(�S���H�R���S�G�D���R�L�@�K�K�D�Q��

individuals that are most likely missing in the Untermassfeld series. The lower end of the variability could be 

�H�M�C�H�B�@�S�D�C���A�X���@���I�@�F�T�@�Q���L�@�M�C�H�A�K�D���N�E�����O�Q�N�A�@�A�K�X�����@�K�R�N���$�O�H�U�H�K�K�@�E�Q�@�M�B�G�H�@�M���@�F�D���E�Q�N�L���-�D�T�K�D�H�M�H�M�F�D�M�����&�D�Q�L�@�M�X�����'�D�L-

mer and Heidtke 2013). Its Château reference related size is -16. A combination of this value with that of 

the Untermassfeld series results in a percent point span of 28 for a total Epivillafranchian population, fully 

comparable to the lion and leopard results given above.

The diagnosis of sex is usually easy in both the lower and upper range of a pantherine cat’s variability. This 

task is facilitated by the fact that, as a rule, the sexes only slightly overlap in body mass estimations using 

�O�Q�D�C�H�B�S�H�N�M�� �D�P�T�@�S�H�N�M�R�
�� �3�G�H�R�� �H�R�� �M�N�S�� �S�G�D�� �B�@�R�D�� �V�G�D�M�� �T�R�H�M�F�� �K�H�M�D�@�Q�� �L�D�@�R�T�Q�D�L�D�M�S�R�
�� �!�N�C�X�� �L�@�R�R�� �B�@�K�B�T�K�@�S�H�N�M�R�� �@�Q�D��

based on the smallest diameters of the humerus and femur diaphyses (Hemmer 2001) and of metacarpal 

�R�G�@�E�S�R�����'�D�L�L�D�Q���D�S�•�@�K�
�����������������@�R���S�G�D���B�Q�N�R�R���R�D�B�S�H�N�M�R���N�E���S�G�D�R�D���A�N�M�D�R���@�Q�D���@�C�@�O�S�D�C���S�N���S�G�D���K�N�@�C���D�W�D�Q�S�D�C���N�M���S�G�D�L��

�A�X���S�G�D���A�N�C�X���L�@�R�R�����A�N�S�G���V�G�H�K�D���Q�D�R�S�H�M�F���@�R���V�D�K�K���@�R���C�T�Q�H�M�F���K�N�B�N�L�N�S�H�N�M�
���3�G�D���K�N�M�F���A�N�M�D�R���Q�D�×�D�B�S���S�G�D���H�M�C�H�U�H�C�T�@�K��

body mass more directly than the M1���K�D�M�F�S�G���A�@�R�D�C���O�Q�D�C�H�B�S�N�Q�����5�@�M���5�@�K�J�D�M�A�T�Q�F�G���������������T�R�D�C���H�M���S�G�D���Ö�Q�R�S���L�@�R�R��

estimations of �0���•�O�N�C�Agombaszoegensis�����'�D�L�L�D�Q��������������������������������������� �Q�F�@�M�S���@�M�C��� �Q�F�@�M�S�������������
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���������������O�N�H�M�S�R���S�N���@���Q�@�V���A�N�C�X���L�@�R�R���N�E�������� �J�F�����V�G�H�B�G���R�G�N�T�K�C���A�D���F�H�U�D�M���@�R�������� �J�F���S�N���@�U�N�H�C���@�M�X���H�K�K�T�R�H�N�M���N�E��

accuracy being out of reach of such a statistical calculation. It is surely reasonable to round body mass es-

�S�H�L�@�S�D�R���T�O���S�N���S�G�D���M�D�@�Q�D�R�S������ �J�F���H�M���S�G�D���Q�@�M�F�D���N�E���������S�N�������� �J�F���@�M�C���S�N���S�G�D���M�D�@�Q�D�R�S������ �J�F���E�N�Q���@�K�K���G�H�F�G�D�Q���Ö�F�T�Q�D�R��

(Hemmer 2004). The humerus from Le Vallonnet has a Château reference related size (see above) of +8, 

�H�
 �D�
�����S�G�D���R�@�L�D���@�R���S�G�D���D�M�N�Q�L�N�T�R���B�@�K�B�@�M�D�T�R���E�Q�N�L���4�M�S�D�Q�L�@�R�R�E�D�K�C�
���"�N�M�R�D�P�T�D�M�S�K�X���������� �J�F���R�D�D�L�R���S�N���A�D���@���Q�D�K�H�@�A�K�D��

�A�N�C�X���L�@�R�R���E�N�Q���S�G�D���K�@�Q�F�D�R�S���L�@�K�D���$�T�Q�N�O�D�@�M���I�@�F�T�@�Q�R�
���3�G�Q�D�D���G�T�L�D�Q�T�R���R�G�@�E�S�R���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���R�D�Q�H�D�R���@�K�K�N�V��

estimations to be made of 100, 160 and 170kg respectively. The latter calculation results from a sub-adult 

individual as the mean of 140kg based on earlier published metacarpals (Hemmer 2001, Tab. 3). The early 

Middle Pleistocene site of L’Escale (Bonifay 1971) supplied shafts of two humeri and four femora providing 

�A�N�C�X���L�@�R�R���U�@�K�T�D�R���N�E�������������������������������������������������@�M�C�������� �J�F���Q�D�R�O�D�B�S�H�U�D�K�X�
���3�G�D���Ö�Q�R�S���S�V�N���Ö�F�T�Q�D�R���B�N�Q�Q�D�R�O�N�M�C���S�N��

Château reference related sizes of -12 and -5. The accumulation around 100kg most likely indicates the 

centre of the female masses, whereas all values from 140kg upwards presumably belong to males. Paral-

lels in the extant pantherines are found with �0���•�L�E�O���P�E�R�S�I�C�A�•�m���E�D�L�@�K�D�R���������m������ �J�F�����L�@�K�D�R���������m������ �J�F�����@�M�C��

P�
�•tigris corbetti�•�m���E�D�L�@�K�D�R���������m������ �J�F�����L�@�K�D�R���������m������ �J�F�����B�N�L�O�H�K�@�S�H�N�M���A�X���-�N�V�D�K�K���@�M�C���)�@�B�J�R�N�M�������������
���3�G�D�R�D��

data support the body mass diagnosis of sex in �0���•�O�N�C�A���G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S�����(�M���@�B�B�N�Q�C�@�M�B�D���V�H�S�G���S�G�D�R�D���Ö�M�C-

�H�M�F�R�����S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q���Q�D�L�@�H�M�R���@�Q�D���C�N�L�H�M�@�S�D�C���A�X���L�@�K�D���H�M�C�H�U�H�C�T�@�K�R�
���6�G�D�M���S�G�D���B�N�Q�Q�D�R�O�N�M�C�H�M�F���,�-�(��

�N�E�������H�R���O�Q�N�I�D�B�S�D�C���N�M�S�N���S�G�D���K�H�R�S���N�E���S�G�D���"�G�©�S�D�@�T���Q�D�E�D�Q�D�M�B�D���Q�D�K�@�S�D�C���R�H�Y�D�����6�C�D�N�G�|��), the most probable scenario 

concluded from the Untermassfeld fossil record is the existence of at least one very large old male, one 

mean-sized adult male, one relatively small adult male, one sub-adult male and two adult females, as well 

as a small cub.

�3�G�D���R�D�U�D�M���Q�D�B�N�Q�C�D�C���H�M�C�H�U�H�C�T�@�K�R���N�E���S�G�D���E�N�Q�L�D�Q���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q���O�N�O�T�K�@�S�H�N�M���C�D�L�N�M�R�S�Q�@�S�D���@���B�N�M�R�O�H�B�T�N�T�R�K�X��

�G�H�F�G���U�@�Q�H�@�A�H�K�H�S�X���N�E���O�Q�D�L�N�K�@�Q���@�M�C���L�N�K�@�Q���R�S�Q�T�B�S�T�Q�D�R�����S�G�T�R���H�M�C�H�B�@�S�H�M�F���@���A�Q�N�@�C���F�D�M�D�S�H�B���C�H�U�D�Q�R�H�S�X�����'�D�L�L�D�Q��������������

this paper). This fact should exclude a genetic bottleneck cause for the P2 incidence in the mandible de-

scribed above (see section 2.3.1., Fig. 2). On the other hand, the existence of a mandibular P2 is extremely 

rare in pantherine cats. Two male Cape lion (�0���•�L�E�O���M�E�L�A�N�O�C�H�A�I�T�A) skulls in the collections of the Natural His-
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tory Museum, London (Mazak 1975) are the only examples within the subgenus Panthera (�0���•�L�E�O, �0���•�P�A�R�D�U�S, 

�0���•�O�N�C�A) known to the authors. As the geographically limited former Cape lion population, »separated from 

other populations of lion by a complex of various physico-geographical factors« (Mazak l.c.), embodies 

more features that are unusual for �0���•�L�E�O, strong genetic bottlenecking might be a plausible explanation.

Another comparable case of an additional P2 within the genus Panthera was found in a Burmese tiger (�0���•�T�I-

gris) (Lydekker 1878).

Based on the determined MNI, �0���•�O�N�C�A���G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S��is the most common felid of the Untermassfeld 

fossil record. The relatively low number and mostly fragmentary condition of its skeletal elements are re-
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154, 268, 502, 524, 596, 627, 651, 660, 684, 692, 709, and 751) and distributed over a fairly extended 

�C�D�O�S�G���H�M�S�D�Q�U�@�K�����E�Q�N�L�����
���� �L���A�D�K�N�V���S�N�����
���� �L���@�A�N�U�D���R�H�S�D�������K�D�U�D�K�����E�N�Q���Ö�D�K�C���C�N�B�T�L�D�M�S�@�S�H�N�M���R�D�D���*�@�G�K�J�D��������������

in this volume, Fig. 13, Foldout II).

The ratio of recorded dental and skeletal remains in proportion to the corresponding MNI results in c. 7 for 
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latter two species are represented by partial skeletons in different disarticulation stages (see sections 2.2.3., 
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�P�T�N�S�H�D�M�S���N�E���S�N�S�@�K���M�T�L�A�D�Q���N�E���R�J�D�K�D�S�@�K���D�K�D�L�D�M�S�R���N�E���@���R�O�D�B�H�D�R���S�N���H�S�R���Q�D�B�N�Q�C�D�C���,�-�(���B�@�M���A�D���B�N�M�R�H�C�D�Q�D�C���@�R���×�N�N�C��

vulnerability ratio (FVR). Within certain limits, this ratio can be used to analyse the resistance of large ver-

�S�D�A�Q�@�S�D�R���S�N���×�N�N�C���D�U�D�M�S�R�
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The discovery of a mandibular fragment of a young cub less than half a year and presumably not more than 
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solitary species of the genus Panthera (�0���•�T�I�G�R�I�S, P�
�•pardus), cubs of this age remain in close vicinity of their lair 

within the mother’s home range, even when the latter is hunting. In the case of Middle Asian tigers, such 
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in the Brazilian Pantanal (Quigley and Crawshaw 2002) show that �0���•�O�N�C�A cubs up to half a year old also stay 

close together. �6�G�D�M���S�Q�@�M�R�E�D�Q�Q�D�C���S�N���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���I�@�F�T�@�Q���B�T�A�����R�T�B�G���A�D�G�@�U�H�N�T�Q���R�T�F�F�D�R�S�R���S�G�@�S���H�S�R���K�@�H�Q���L�T�R�S��
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Accordingly, the home range of its mother included part of the valley along the river. This in turn indicates 

that riparian landscapes were the central habitat of �0���•�O�N�C�A���G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S�����I�T�R�S���@�R���H�M���D�W�S�@�M�S���I�@�F�T�@�Q�R�


The herbivore fauna of Untermassfeld offered a broad spectrum of potential prey. Cats are opportunistic 

hunters. However, if given a choice, they focus on different prey sizes based on their own body mass. The 

�O�Q�D�X�� �E�N�B�T�R�� �L�@�R�R�� �@�R�R�D�R�R�L�D�M�S�� �B�@�M�� �A�D�� �B�@�K�B�T�K�@�S�D�C�� �T�R�H�M�F�� �@�� �O�Q�D�C�H�B�S�H�N�M�� �D�P�T�@�S�H�N�M�� �A�@�R�D�C�� �N�M�� �D�R�S�H�L�@�S�D�C�� �B�@�S�� �A�N�C�X��

�L�@�R�R���:�K�N�F���Z�O�Q�D�X���E�N�B�T�R���L�@�R�R�����J�F���\���������
���������K�N�F���Z�B�@�S���A�N�C�X���L�@�R�R�����J�F���\���������
�������<���@�M�C���O�Q�D�R�D�M�S�R���S�G�D���Q�D�R�T�K�S�R���@�R���O�Q�D�X��

mass classes in logarithmic scaling. The regularly hunted prey of a cat species ranges from three prey size 

�B�K�@�R�R�D�R���A�D�K�N�V���S�G�D���E�N�B�T�R���B�K�@�R�R���S�N���N�M�D���R�H�Y�D���B�K�@�R�R���@�A�N�U�D�����'�D�L�L�D�Q�����������������������@���
���3�G�T�R�����E�D�L�@�K�D�R���N�E���S�G�D���4�M�S�D�Q-

�L�@�R�R�E�D�K�C���I�@�F�T�@�Q���O�N�O�T�K�@�S�H�N�M���V�N�T�K�C���G�@�U�D���E�N�B�T�R�D�C���N�M���O�Q�D�X���E�Q�N�L���@�Q�N�T�M�C���������S�N�������� �J�F�����V�G�D�Q�D�@�R���L�@�K�D�R���V�N�T�K�C��

�G�@�U�D���O�Q�D�E�D�Q�Q�D�C���S�N���G�T�M�S���O�Q�D�X���N�E���@�Q�N�T�M�C���������T�O���S�N������������ �J�F�
���3�G�D���S�G�Q�D�D���L�N�R�S���E�Q�D�P�T�D�M�S�K�X���Q�D�B�N�Q�C�D�C���4�M�S�D�Q�L�@�R�R�E�D�K�C��

large herbivore species, Eucladoceros guilii, Pseudodama vallonnetensis, and Bison menneri (MNI 91, 86 and 

�������Q�D�R�O�D�B�S�H�U�D�K�X�����*�@�G�K�J�D���H�M���S�G�H�R���U�N�K�T�L�D�����3�@�A�K�D���������L�@�S�B�G���S�G�H�R���R�H�Y�D���Q�@�M�F�D�����R�D�D���R�D�B�S�H�N�M�����
���
���
���6�G�D�Q�D�@�R���S�G�D���E�@�K�K�N�V��

�C�D�D�Q���K�H�J�D���B�D�Q�U�H�C���H�R���L�N�Q�D���H�M���S�G�D���O�Q�D�X���R�H�Y�D���Q�@�M�F�D���N�E���E�D�L�@�K�D���I�@�F�T�@�Q�R�����S�G�D���A�H�R�N�M���H�R���L�N�Q�D���K�H�J�D�K�X���S�N���Ö�S���H�M�S�N���S�G�@�S���N�E��
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male individuals. This indicates that the earlier published diagram showing the �0���•�O�N�C�A���G�O�M�B�A�S�Z�O�E�G�E�N�S�I�S��

potential prey spectrum in the Untermassfeld fauna (Hemmer 2001, Fig. 3) remains valid.

�3�G�D���L�D�@�M���C�@�H�K�X���P�T�@�M�S�H�S�X���@���I�@�F�T�@�Q���D�@�S�R���E�Q�N�L���@���B�@�Q�B�@�R�R���N�E�S�D�M���B�N�L�O�Q�H�R�D�R���N�M�K�X���@���R�L�@�K�K���O�@�Q�S���N�E���S�G�D���S�N�S�@�K���O�Q�D�X�
��

�3�G�D���H�M�S�@�J�D���L�@�X���@�K�R�N���A�D���D�R�S�H�L�@�S�D�C���V�H�S�G���@���A�N�C�X���L�@�R�R���A�@�R�D�C���O�Q�D�C�H�B�S�H�N�M���D�P�T�@�S�H�N�M���:�K�N�F���Z�C�@�H�K�X���E�N�N�C���H�M�S�@�J�D�����J�F���\��

�������
���������K�N�F���Z�B�@�S���A�N�C�X���L�@�R�R�����J�F���\���������
�������<�����'�D�L�L�D�Q�����������������������@���
���2�N���4�M�S�D�Q�L�@�R�R�E�D�K�C���E�D�L�@�K�D���I�@�F�T�@�Q�R���B�N�T�K�C��

have consumed around 4.5kg of meat per day and average-sized males around 6.5kg, whereas the largest 

�H�M�C�H�U�H�C�T�@�K�R���B�N�T�K�C���G�@�U�D���B�N�M�R�T�L�D�C���T�O���S�N�����
�� �J�F�
���$�U�D�M���V�G�D�M���B�@�K�B�T�K�@�S�H�M�F���E�N�Q���L�T�K�S�H�O�K�D���@�L�N�T�M�S�R���N�E���S�G�D�R�D���P�T�@�M�S�H-

�S�H�D�R�����S�@�J�D�M���H�L�L�D�C�H�@�S�D�K�X���E�Q�N�L���@���E�Q�D�R�G���J�H�K�K���@�M�C���C�T�Q�H�M�F���Q�D�O�D�@�S�D�C���Q�D�S�T�Q�M�R���N�U�D�Q���R�T�A�R�D�P�T�D�M�S���C�@�X�R�����@���B�N�M�R�H�C�D�Q�@�A�K�D��

amount of a large prey species would have remained to be used by other carnivores.

2.2. Acinonyx pardinensis pleistocaenicus (Zdansky, 1925)

2.2.1. Introduction

�3�G�D�� �Ö�Q�R�S�� �C�D�R�B�Q�H�O�S�H�N�M�� �N�E�� �S�G�D�� �F�H�@�M�S�� �4�M�S�D�Q�L�@�R�R�E�D�K�C�� �B�G�D�D�S�@�G�� ���'�D�L�L�D�Q�� ������������ �V�@�R�� �A�@�R�D�C�� �S�@�W�N�M�N�L�H�B�@�K�K�X�� �N�M�� �@��

�L�N�M�N�R�O�D�B�H�Ö�B���B�N�M�B�D�O�S���E�N�Q���@�K�K���$�T�Q�@�R�H�@�M���+�@�S�D���/�K�H�N�B�D�M�D���@�M�C���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���B�G�D�D�S�@�G�R�����V�G�H�B�G���V�D�Q�D���@�R�R�H�F�M�D�C���S�N��

Acinonyx pardinensis�����"�Q�N�H�Y�D�S���D�S���)�N�A�D�Q�S�������������������5�H�Q�D�S���������������2�B�G�Â�S�S�����������@�����%�H�B�B�@�Q�D�K�K�H�������������


�3�G�D���L�@�M�C�H�A�K�D���@�M�C���K�N�V�D�Q���C�D�M�S�H�S�H�N�M���N�E���S�G�D���Ö�Q�R�S���4�M�S�D�Q�L�@�R�R�E�D�K�C���R�O�D�B�H�L�D�M���C�D�L�N�M�R�S�Q�@�S�D���B�N�M�R�H�C�D�Q�@�A�K�D���B�N�Q�Q�D�R�O�N�M�C-

�D�M�B�D���V�H�S�G���L�H�C�C�K�D���S�N���K�@�S�D���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���-�N�Q�S�G���"�G�H�M�D�R�D���Ö�M�C�R���E�Q�N�L���8�T�@�M�B�G�T�G�R�H�D�M�����2�G�@�M�W�H���� �@�M�C���-�H�G�D�V�@�M��

(Hebei), the former being the holotype of Cynailurus pleistocaenicus Zdansky, 1925. The clear morphologi-

cal differentiation of this eastern Eurasian cheetah from the western Villafranchian form was taxonomically 

expressed as two different geographic subspecies, �!���•�P�A�R�D�I�N�E�N�S�I�Spleistocaenicus and �!���•�P�A�R�D�I�N�E�N�S�I�Spardin-

ensis�����S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�G�D�D�S�@�G���A�D�H�M�F���@�S�S�Q�H�A�T�S�D�C���S�N���S�G�D���E�N�Q�L�D�Q���N�E���S�G�D���S�V�N�����'�D�L�L�D�Q�������������


The description of a series of early Early Pleistocene cheetahs from Longdan (Gansu, North China), dated 

to 2.55–2.15 Ma, older than �!���•�P�A�R�D�I�N�E�N�S�I�Spleistocaenicus, reverted to a multispecies concept and shifted 

A�
�•pardinensis out of the genus Acinonyx to the genus Sivapanthera���*�Q�D�S�Y�N�H�����������������0�H�T���D�S�•�@�K�
�������������
���(�M���@�C-

dition to the new Longdan Sivapanthera linxiaensis Qiu, Deng et Wang, 2004, the later Early Pleistocene 

Chinese cheetah was upgraded to the species Sivapanthera pleistocaenica�
���(�E���S�G�H�R���B�K�@�R�R�H�Ö�B�@�S�H�N�M���H�R���@�B�B�D�O�S�D�C����

the Untermassfeld cheetah should also be integrated into the latter species. The taxonomic framework that 

includes the Longdan cheetah, as well as the latest Pliocene North African A. aicha from Ahl al Oughlam 

���,�N�Q�N�B�B�N�����&�D�Q�@�@�C�R�����������������B�N�T�K�C���G�@�U�D���R�T�O�O�N�Q�S�D�C���@���L�T�K�S�H�R�O�D�B�H�Ö�B���@�R���V�D�K�K���@�R���@���L�N�M�N�R�O�D�B�H�Ö�B���B�N�M�B�D�O�S�����A�@�R�D�C���N�M��

the limited knowledge of the time. Therefore, a macrospecies concept, i. e., A�
�•pardinensis in the broadest 

�R�D�M�R�D�����V�@�R���R�T�F�F�D�R�S�D�C���T�M�S�H�K���M�D�V���Ö�M�C�R���B�N�T�K�C���O�Q�N�U�H�C�D���A�D�S�S�D�Q���H�M�R�H�F�G�S���H�M�S�N���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���B�G�D�D�S�@�G���D�U�N�K�T�S�H�N�M��

�@�M�C���S�G�T�R���E�@�B�H�K�H�S�@�S�D���@���C�D�B�H�R�H�N�M���A�D�S�V�D�D�M���S�G�D���B�N�M�S�Q�@�R�S�H�M�F���H�C�D�@�R�����'�D�L�L�D�Q���D�S�•�@�K�
�������������������������
���3�G�H�R���B�N�M�B�D�O�S���V�@�R��

�@�B�B�D�O�S�D�C���A�X���K�@�S�D�Q���V�N�Q�J�����"�G�D�Q�H�M���D�S�•�@�K�
�������������
���.�M���S�G�D���N�S�G�D�Q���G�@�M�C�����R�O�D�B�H�D�R���Q�@�M�J�H�M�F���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�G�D�D-

tah as �!���•�P�L�E�I�S�T�O�C�A�E�N�I�C�U�S has been considered plausible, and a generic separation of Sivapanthera linxiaensis

as a member of the Acinonyx stem-group has not been excluded (Spassov 2011).

Nevertheless, it should be kept in mind that a monospecies concept, which even included the extant spe-

cies A. jubatus, was proposed (Turner and Antón 1997). However, some functionally important anatomical 

�O�D�B�T�K�H�@�Q�H�S�H�D�R���N�E���S�G�D���L�N�C�D�Q�M���B�G�D�D�S�@�G�i�R���R�J�T�K�K���K�N�N�J���L�N�Q�D���K�H�J�D���@���K�@�S�D���@�B�P�T�H�R�H�S�H�N�M���H�M���B�G�D�D�S�@�G���D�U�N�K�T�S�H�N�M�����@�M�C���@�Q�D��

not present in A�
�•pardinensis�����"�G�D�Q�H�M���D�S�•�@�K�
���������������&�D�Q�@�@�C�R���������������&�Q�N�G�°���D�S�•�@�K�
�����������������I�T�R�S�H�E�X�H�M�F���S�G�D���Q�@�M�J���N�E���@��

separate species. In contrast, the distinctive characteristics of different Early Pleistocene forms »are perhaps 

�H�M�R�T�E�Ö�B�H�D�M�S���S�N���V�@�Q�Q�@�M�S���R�O�D�B�H�D�R���C�H�R�S�H�M�B�S�H�N�M���E�Q�N�L��A�
�•pardinensis« (Geraads 2014). Given all these arguments, a 

revision of cheetah taxonomy seems highly desirable. For the European scene, this revision will be based on 

�S�G�D���@�U�@�H�K�@�A�H�K�H�S�X���N�E���M�D�V���B�N�L�O�@�Q�@�S�H�U�D���L�@�S�D�Q�H�@�K���E�Q�N�L���C�H�E�E�D�Q�D�M�S���H�M�S�D�Q�U�@�K�R���N�E���S�G�D���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D�����@���R�D�B�N�M�C���R�J�T�K�K��
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�E�Q�N�L���2�@�H�M�S���5�@�K�K�H�D�Q�����%�Q�@�M�B�D�����&�D�Q�@�@�C�R���������������B�
�����
�� �,�@�������@���O�@�Q�S�H�@�K���L�@�M�C�H�A�K�D���E�Q�N�L���%�N�M�D�K�@�R�����2�O�@�H�M�����&�@�Q�Q�H�C�N��������������

�B�
�����
�� �,�@�������S�V�N���R�J�T�K�K�R���@�M�C���@���G�D�L�H�L�@�M�C�H�A�K�D���E�Q�N�L���/�@�M�S�@�K�K�@�����(�S�@�K�X�����"�G�D�Q�H�M���D�S�•�@�K�
���������������B�
�����
���m���
�� �,�@�������@�M�C���@��

�O�@�Q�S�H�@�K���R�J�T�K�K���E�Q�N�L���,�N�M�S�D��� �Q�F�D�M�S�@�Q�H�N�����(�S�@�K�X�����"�G�D�Q�H�M���D�S�•�@�K�
���������������B�
�����
�� �,�@���
���3�G�D���@�O�O�Q�N�W�H�L�@�S�D�K�X�����
�����m���
���� �,�@��

old site of Untermassfeld has contributed a second cheetah skull and a corresponding hemimandible associ-

ated with large parts of the postcranial skeleton, as well as the predominantly postcranial remains of a third 

individual. This new material is dealt with here.

2.2.2. Material

Calvarium IQW 2004/28616 (Mei. 27778),
I3 dex. IQW 2017/45017 (Mei. 50326),
C sup. sin. IQW 2015/42019 (Mei. 47328),
C sup. dex. IQW 2016/43801 (Mei. 49110),
C inf. sin. IQW 2017/44983 (Mei. 50292),
Mandibula sin. with P3 IQW 2015/42011 (Mei. 47320),

P4 sin. IQW 2016/43806 (Mei. 49115),
M1 sin. IQW 2017/45018 (Mei. 50327),
Atlas fragment IQW 2004/28618 (Mei. 27780),
Vertebra thoracica IV IQW 2015/42129 (Mei. 47438),
Vertebra thoracica VIII IQW 2010/30708 (Mei. 29870),
Vertebra thoracica IX IQW 1980/16626 (Mei. 16147),
Vertebra thoracica X IQW 1980/16629 (Mei. 16150),
Vertebra thoracica X IQW 2015/41935 (Mei. 47244),
Vertebra thoracica XI IQW 2015/41936 (Mei. 47245),
Vertebra thoracica XII IQW 2015/41940 (Mei. 47249),
Vertebra thoracica XIII IQW 2015/41939 (Mei. 47248),
Vertebra lumbalis I IQW 2015/41934 (Mei. 47243),
Vertebra lumbalis II IQW 2016/43844 (Mei. 49153),
Vertebra lumbalis III IQW 2017/44920 (Mei. 50229),
Vertebra caudalis (proximal) IQW 1980/16126 (Mei. 15637),
Vertebra caudalis (transitional) IQW 1982/17923 (Mei. 17443),
Vertebra caudalis (transitional) IQW 1980/15381 (Mei. 14893),
Scapula sin. IQW 2016/43953 (Mei. 49262),
Scapula dex. IQW 2016/43953 (Mei. 49262),
Humerus dex. IQW 2016/43819 (Mei. 49128),
Humerus dex. distal fragment IQW 2017/45019 (Mei. 50328),
Ulna dex. IQW 2004/28674 (Mei. 27836),
Radius sin. diaphyseal fragment IQW 2010/30678 (Mei. 29840),
Trapezoid (C2) dex. IQW 1980/15442 (Mei. 14954),
Capitatum (C3) dex. IQW 2012/38641 (Mei. 35615),
Metacarpale (Mc) 2 dex. IQW 2015/42082 (Mei. 47391),
Metacarpale (Mc) 3 dex. IQW 2015/42081 (Mei. 47390),
Metacarpale (Mc) 4 sin. IQW 2012/38493 (Mei. 35467),
Femur dex. diaphyseal fragment IQW 1980/17023 (Mei. 16544),
Tibia sin. diaphyseal fragment IQW 2002/27323 (Mei. 26828),
Calcaneus dex. IQW 2016/43793 (Mei. 49102),
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Cuneiforme 1 (T2) dex. IQW 1980/16258 (Mei. 15769),
Metatarsale (Mt) 2 dex. IQW 2017/44982 (Mei. 50291),
Metatarsale (Mt) 3 dex. IQW 2009/30526 (Mei. 29688),
Metatarsale (Mt) 3 dex. IQW 2016/43818 (Mei. 49127),
Metatarsale (Mt) 4 dex. IQW 2009/30527 (Mei. 29689),
Metatarsale (Mt) 4 dex. IQW 2017/45020 (Mei. 50329),
Phalanx I IQW 2016/43822 (Mei. 49131).
§
�(�M�C�H�U�H�C�T�@�K���D�K�D�L�D�M�S�R���V�H�S�G�H�M���S�G�D���O�Q�D�O�@�Q�@�S�H�N�M���(�0�6���������������� �����������,�D�H�
 ���� �������������E�N�Q���S�G�D���O�N�K�X�R�O�D�B�H�Ö�B���A�N�M�D���B�N�M-
centration in situ and when lifting by crane see Kahlke 2020, Fig. 5a–b, for completed block preparation 
�R�D�D���E�Q�N�M�S�H�R�O�H�D�B�D����
Vertebra cervicalis II (epistropheus),
Vertebra cervicalis III,
Vertebra cervicalis IV,
Vertebra cervicalis V,
Vertebra cervicalis VI,
Vertebra cervicalis VII,
Vertebra thoracica I,
Vertebra thoracica II,
Vertebra thoracica III,
Vertebra thoracica IV,
6 costae and proximal fragments of anterior ribs,
Scapula dex.,
Ulna sin.,
Radius sin.,
Scapholunare (Cr + Ci) sin.,
�3�Q�H�P�T�D�S�Q�T�L�����"�T�����R�H�M�
��
Pisiforme (Ca) sin,
Trapezium (C1) sin.,
Trapezoid (C2) sin.,
Capitatum (C3) sin.,
Hamatum (C4) sin.,
Metacarpale (Mc) 2 sin.,
Metacarpale (Mc) 3 sin.,
Metacarpale (Mc) 4 sin.,
Metacarpale (Mc) 5 sin.,
8 Ossa sesamoidea,
Phalanx I dig. 1 sin. man.,
Phalanx I dig. 2 sin. man.,
Phalanx I dig. 3 sin. man.,
Phalanx I dig. 4 sin. man.,
Phalanx I dig. 5 sin. man.,
Phalanx II dig. 2 sin. man.,
Phalanx II dig. 5 sin. man.,
Phalanx III dig. 2 sin. man.,
Phalanx III dig. 3 sin. man.,



1482 H. Hemmer · R.-D. Kahlke · New results on felids from the Early Pleistocene site of Untermassfeld

Phalanx III dig. 5 sin. man.,
Metacarpale (Mc) 1 dex.,
Metacarpale (Mc) 2 dex.,
Metacarpale (Mc) 3 dex.,
Metacarpale (Mc) 4 dex.,
Metacarpale (Mc) 5 dex.,
Phalanx I dig.1 dex. man.,
Phalanx I dig. 2 dex. man.,
Phalanx III dig. 1 dex. man.

�%�H�F�
�� Acinonyx pardinensis pleistocaenicus ���9�C�@�M�R�J�X�������4�M�S�D�Q�L�@�R�R�E�D�K�C�
�•�m��a–c���"�@�K�U�@�Q�H�T�L���(�0�6���������������� �����������,�D�H�
 ���� �������������O�Q�N�A�@�A�K�X���E�D�L�@�K�D�
�•�m��
d–f���"�@�K�U�@�Q�H�T�L���(�0�6���������������� �����������,�D�H�
 ���� �������������O�Q�N�A�@�A�K�X���L�@�K�D�
�•�m��a, d���Q�H�F�G�S���K�@�S�D�Q�@�K���U�H�D�V�R����b, e���C�N�Q�R�@�K���U�H�D�V�R����c, f ���U�D�M�S�Q�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�
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2.2.3. Description and comparison

The second giant cheetah skull discovered at Untermassfeld (Fig. 6a–c) is even more badly crushed and 

distorted than the previously published specimen (Hemmer 2001, 712 ff., Tab. 7, pl. 135). Therefore, sev-

eral measurements could only be taken or estimated with considerable caution, or were not possible at all.

Because of this, a detailed comparison with the limited number of other available Early Pleistocene chee-

�S�@�G���R�J�T�K�K�R���C�N�D�R���M�N�S���L�@�J�D���L�T�B�G���R�D�M�R�D�
���3�G�D���M�D�V���R�J�T�K�K���H�R���N�M�K�X���@���K�H�S�S�K�D���R�G�N�Q�S�D�Q���S�G�@�M���S�G�D���Ö�Q�R�S�����B�
�����m�� ���������A�T�S���H�R��

considerably narrower (�6�C�D�N�G�|��). The absolute size of the Untermassfeld skulls matches that of the North 

�"�G�H�M�D�R�D���D�@�Q�K�X���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���+�N�M�F�C�@�M���R�J�T�K�K�R���@�M�C���@�K�R�N���Ö�S�R���S�G�D���R�H�Y�D���B�@�S�D�F�N�Q�X���N�E���K�@�S�D�Q���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���"�G�H-

nese cheetahs. Late Pliocene European and North African fossils also show comparably enormous sizes, as 

�C�N���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���B�G�D�D�S�@�G�R���E�Q�N�L���S�G�D���2�N�T�S�G��� �R�H�@�M���/�H�M�I�N�Q���Y�N�M�D�
���(�M���B�N�M�S�Q�@�R�S�����S�G�D���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���$�T�Q�N�O�D�@�M��

�B�G�D�D�S�@�G�R���N�K�C�D�Q���S�G�@�M���S�G�D���+�@�S�D���S�N���Ö�M�@�K���5�H�K�K�@�E�Q�@�M�B�G�H�@�M���%�@�Q�M�D�S�@���S�N���/�H�Q�Q�N���E�@�T�M�@�K���T�M�H�S�R���H�M���(�S�@�K�X���@�Q�D���R�L�@�K�K�D�Q�����,�N�M�S�D��

� �Q�F�D�M�S�@�Q�H�N�����"�G�D�Q�H�M���D�S�•�@�K�
�����������������6�C�D�N�G�|��). Skull proportions are essentially the same in the previously pub-

lished Untermassfeld specimen as they are in the somewhat smaller individuals of the latter European group 

���L�D�@�R�T�Q�D�L�D�M�S�R���2�@�H�M�S���5�@�K�K�H�D�Q�����5�H�Q�D�S���������������A�T�S���R�D�D���&�D�Q�@�@�C�R���������������/�@�M�S�@�K�K�@�����"�G�D�Q�H�M���D�S�•�@�K�
�������������
���3�G�D���S�D�D�S�G���N�E��

the new Untermassfeld skull are only a little worn and thus indicate a young adult age.

The upper dentition of the newly discovered skull IQW 2004/28616 (Mei. 27778) is smaller than that of the 

earlier described specimen (Fig. 7, �6�C�D�N�G�|����). The length divergence between both individuals spans from 

�@�A�N�T�S���� �����H�M���S�G�D��P3���@�M�C�����m�� �����H�M���S�G�D���/4�����T�O���S�N���@���B�N�M�R�H�C�D�Q�@�A�K�D������ �����H�M���S�G�D���T�O�O�D�Q���B�@�M�H�M�D�
���3�G�D���K�@�S�S�D�Q���R�G�N�V�R��

�M�N���K�N�M�F�H�S�T�C�H�M�@�K���F�Q�N�N�U�D�R�����A�T�S���@���P�T�H�S�D���R�G�@�Q�O���Q�D�@�Q���D�C�F�D�
���3�G�D��P3 is remarkable by its anterior cusp (protocone) 

which is nearly as high as the posterior and stands in a lingual position (Fig. 7a), but close to the median 

IQW 2004/28616
(Mei. 27778)

IQW 1980/16350
(Mei. 15861)

(Hemmer 2001)

Condylobasal length c. 208.0 c. 216.0

Basal length 197.5 c. 200.0

Median palatal length 
(Prosthion-Staphylion)

c. 95.0

Basifacial axis
(Prosthion-Synsphenion)

c. 142.0

Basicranial axis (Synsphenion-Basion) c. 72.5

Zygomatic width �������������ø���B�
���������
�� c. 173.0

Facial width, C-C over alveoli c. 70.0

Palatal width, P4-P4 over alveoli      c. 82.0 c. 102.0

Neurocranial width c. 76.0 / 77.0

Mastoid width c. 79.5

C-P4 alveolar length 65.5 / 66.0 74.5 / –

Bulla maximal diameter       33.5 40.0

Bulla minimal diameter           c. 26.0 26.0

Width over the occipital condyles 47.0

Foramen magnum width                c. 24.0 25.0

Foramen magnum height 21.0

�3�@�A�K�D�j��Acinonyx pardinensis pleistocaenicus (Zdansky), skull measurements (mm), Untermassfeld.
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Basal length P4 length M 1 length

Early Pleistocene, Epivillafranchian: Europe

Untermassfeld (Hemmer 2001, this paper) 197.5–c. 200.0 (2) 27.7–29.8 (4) 21.9–23.9 (3)

Early Pleistocene, Late Villafranchian: Europe

Fonelas (Garrido 2008) 19.7 (1)

Pantalla (Cherin et al. 2014) 175.5 (1) 28.3–29.9 (4) 21.3 (1)

Olivola (Kurtén and Crusafont-Pairó 1977) 27.5 (1)

Upper Valdarno (Kurtén and Crusafont-Pairó 1977) 27.6 (1)

Monte Argentario (Cherin et al. 2018) 30.0 (1) 22.6 (1)

Early Pleistocene, Late Villafranchian: Asia

�8�T�@�M�P�T�����9�C�@�M�R�J�X������������ 23.8 (1)

Gongwangling (Hu and Qi 1978) 24.5 (1)

Early Pleistocene, Middle Villafranchian: Europe

�2�@�H�M�S���5�@�K�K�H�D�Q�����5�H�Q�D�S��������������� �Q�F�@�M�S������������165.0 (1) 25.9–28.8 (6) 20.1–21.0 (4)

Puebla de Valverde (Kurtén and Crusafont-Pairó 1977) 25.9 (1)

Senèze (Kurtén and Crusafont-Pairó 1977) 25.8 (1)

Livenzovka (Sotnikova et al. 2002) 30.1 (1)

Early Pleistocene, Middle Villafranchian: Asia

Longdan (Qiu et al. 2004) 200.0–202.0 (3) 26.9–31.0 (4) 19.4–23.2 (3)

�3�T�N�Y�H�C�N�M�F�����-�@�M�I�H�M�F���,�T�R�D�T�L���@�M�C���(�M�R�S�H�S�T�S�D���N�E��
Archaeology 2007)

c. 28.2 (1) 20.0–23.5 (3)

Kuruksai (Sharapov 1986) 18.0–19.0 (2)

Early Pleistocene, Pinjor: Asia

�2�H�V�@�K�H�J���'�H�K�K�R�����+�X�C�D�J�J�D�Q���������������L�D�@�R�T�Q�D�L�D�M�S�R���'�
�'�
�� 21.7–23.4 (3)

Late Pliocene, Early Villafranchian: Europe

Villafranca d’Asti (measurements H.H.) 26.0 (1) 20.4 (1)

Les Étouaires (Schaub 1949) 24.5 (1)

Ardé (Schaub 1949) 20.3 (1)

Villarroya (Villalta 1952) 22.9–23.4 (2)

�,�N�M�S�N�O�N�K�H�����%�H�B�B�@�Q�D�K�K�H���������������"�G�D�Q�H�M���D�S �@�K�
������������26.7–27.5 (2) 19.6 / 20.0 (1)

Late Pliocene, Early Villafranchian: Africa

Ahl al Oughlam (Geraads 1997) 28.3–32.1 (4) 20.8–22.7 (2)

�3�@�A�K�D�j��Acinonyx sp., comparative basic measurements (mm) of skull and dentition (n), Pliocene and Early Pleistocene of Eurasia and 
North Africa.
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�%�H�F�
 ��Acinonyx pardinensis pleistocaenicus 
(Zdansky),�4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��a Left C-P4 IQW
2004/28616 (Mei. 27778), probably female, 
�K�H�M�F�T�@�K���U�H�D�V�
�•�m��b Left C-M1 IQW 1980/16350 
(Mei. 15861), �O�Q�N�A�@�A�K�X�� �L�@�K�D���� �K�H�M�F�T�@�K�� �U�H�D�V�
�• �m��
�2�B�@�K�D�������� �L�L�


IQW 2004/28616
(Mei. 27778)

IQW 1980/16350
(Mei. 15861)

(Hemmer 2001)

IQW 2015/42019
(Mei. 47328),

IQW 2016/43801
(Mei. 49110)

sin. dex. sin. dex. sin. dex.

C sup. length 13.4 13.3 15.4 15.0 15.2
width    c. 10.5 10.3 12.1 11.7 11.6
crown height 26.1 27.0+ 26.9
total height 61.9

P2   length 3.7
width 4.2

P3   length 17.6 18.0 18.1
maximal width 8.9 8.8 9.5 9.8
anterior width 7.7 7.9 8.5 8.6
paracone length 8.4 8.0 8.0
paracone height 13.4 13.0+ 13.0+

P4   length 27.8 27.7 29.7 29.8
length at protocone 28.6 28.5
maximal width     c. 11.2 11.2 12.5
width behind protocone 9.5 9.4 9.7
maximal posterior width 9.1 9.1 10.0
paracone length 10.9 11.2 11.7 c. 11.7
metacone length 11.2 10.9 12.6 12.3
paracone + metacone length 20.5 20.5 22.0 c. 23.2
paracone height 15.9 15.0+

M1 length 4.5 4.2
width 8.8 8.1

�3�@�A�K�D�j����Acinonyx pardinensis pleistocaenicus (Zdansky), measurements (mm) of the upper dentition, Untermassfeld.
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�K�H�M�D���N�E���S�G�D���S�N�N�S�G���H�M���S�G�D���N�B�B�K�T�R�@�K���U�H�D�V�
���3�G�H�R���L�N�Q�O�G�N�K�N�F�X���V�@�R���@�K�R�N���R�H�L�H�K�@�Q�K�X���M�N�S�D�C���@�M�C���C�H�R�B�T�R�R�D�C���E�N�Q���S�G�D���Ö�Q�R�S��

Untermassfeld skull (Hemmer 2001, 720). In contrast, the P3 protocone of the Pantalla cheetah is very small 

���"�G�D�Q�H�M���D�S�•�@�K�
�������������
���3�G�D���O�Q�N�S�N�B�N�M�D���L�N�Q�O�G�N�K�N�F�X���N�E���S�G�D���,�N�M�S�D��� �Q�F�D�M�S�@�Q�H�N��P3�����"�G�D�Q�H�M���D�S�•�@�K�
���������������H�R���R�H�L�H�K�@�Q��

to the Untermassfeld tooth. The P4 of the new Untermassfeld skull is characterised by an extreme reduction 

�N�E���S�G�D���O�Q�N�S�N�B�N�M�D�����@���R�S�Q�N�M�F���D�B�S�N�O�@�Q�@�R�S�X�K�D�•�m���K�@�Q�F�D�Q���S�G�@�M���H�M���S�G�D���Ö�Q�R�S���R�J�T�K�K�����@�M�C���@���V�H�C�D���A�T�B�B�@�K���O�H�S���A�D�S�V�D�D�M���S�G�D��

paracone and metacone. An isolated right upper canine IQW 2016/43801 (Mei. 49110) of a third Unter-

massfeld cheetah also has no grooves, but presents front and rear edges at its inner wall.

The newly excavated hemimandible IQW 2015/42011 (Mei. 47320) (Fig. 8���� �Ö�S�R�� �S�G�D�� �R�D�B�N�M�C�� �R�J�T�K�K�� �(�0�6��

2004/28616 (Mei. 27778) (Fig. 6a–c) by size, matching bite, and tooth wear, indicating that both the 

�B�@�K�U�@�Q�H�T�L���@�M�C���L�@�M�C�H�A�K�D���A�D�K�N�M�F���S�N���S�G�D���R�@�L�D���H�M�C�H�U�H�C�T�@�K�
���3�G�H�R���I�@�V���V�@�R���E�N�T�M�C���V�H�S�G���N�M�K�X���S�G�D��P3 in place, the 

P4 and the M1���V�D�Q�D���D�W�B�@�U�@�S�D�C���@�R���H�R�N�K�@�S�D�C���S�D�D�S�G���@�M�C���K�@�S�D�Q���B�N�L�A�H�M�D�C���C�T�D���S�N���S�G�D�H�Q���D�W�@�B�S���Ö�S�
���3�G�D���S�N�N�S�G���K�D�M�F�S�G��

�C�H�U�D�Q�F�D�M�B�D���A�D�S�V�D�D�M���A�N�S�G���4�M�S�D�Q�L�@�R�R�E�D�K�C���L�@�M�C�H�A�K�D�R���R�O�@�M�R���E�Q�N�L���@�Q�N�T�M�C���� �����H�M���S�G�D��P3�����������H�M���S�G�D���/4�����@�M�C���� ����

in the M1�
���3�G�D���R�@�L�D���R�D�P�T�D�M�B�D���H�R���E�N�T�M�C���E�Q�N�L���S�G�D���S�G�H�Q�C���O�Q�D�L�N�K�@�Q���S�N���S�G�D���B�@�Q�M�@�R�R�H�@�K���H�M���A�N�S�G���N�E���S�G�D���R�J�T�K�K�R�����R�D�D��

above). Given the same situation for the lower canine in the new mandible, its estimated length should be 

�Q�N�T�F�G�K�X���@�Q�N�T�M�C�����������
�����L�L�
��� �M���H�R�N�K�@�S�D�C���B�@�M�H�M�D���(�0�6���������������� �����������,�D�H�
 ���� �����������C�N�D�R���M�N�S���A�D�K�N�M�F���S�N���S�G�H�R���I�@�V��

and must come from a larger individual (�6�C�D�N�G�|����).

The most noticeable feature is the steep symphysis protruding downwards from the mandibular corpus 

(Fig. 8b–c). The anterior mental foramen is noticeably larger than the posterior (Fig. 8b). Both characteristics 

�@�Q�D���@�K�R�N���U�H�R�H�A�K�D���H�M���S�G�D���Ö�Q�R�S���4�M�S�D�Q�L�@�R�R�E�D�K�C���L�@�M�C�H�A�K�D���(�0�6���������������� �����������,�D�H�
 ���� �����������@�M�C���(�0�6���������������� ��������

(Mei. 15016) (Hemmer 2001, Figs. 4a, 5a, pl. 136). In European late Early Pleistocene Acinonyx, a nearly 

�U�D�Q�S�H�B�@�K���@�M�S�D�Q�H�N�Q���A�N�Q�C�D�Q���H�R���@�K�R�N���O�Q�D�R�D�M�S���H�M���S�G�D���,�N�M�S�D��� �Q�F�D�M�S�@�Q�H�N���R�O�D�B�H�L�D�M�����"�G�D�Q�H�M���D�S�•�@�K�
���������������@�M�C���@���L�T�B�G��

older mandibular fragment from Fonelas (Spain, Garrido 2008) shows some similarity. Steep symphysis and 

large anterior mental foramen are also typical attributes of the Chinese late Early Pleistocene cheetahs (Qiu 

�D�S�•�@�K�
�� ������������ �@�M�C�� �S�G�D�� �R�@�L�D�� �L�N�Q�O�G�N�F�M�N�R�S�H�B�� �E�D�@�S�T�Q�D�R�� �@�Q�D�� �O�Q�D�R�D�M�S�D�C�� �A�X�� �2�H�V�@�K�H�J�� �/�H�M�I�N�Q�� �Y�N�M�D�� �E�N�R�R�H�K�R�� ���+�X�C�D�J�J�D�Q��

1884, pl. 44).

The very limited wear recorded in the dentition of the hemimandible IQW 2015/42011 (Mei. 47320) pro-

vides a perfect overview of the lower premolar and molar morphology. Both premolars are high and slender.

In the P3 the anterior cusp is a little smaller than the posterior, whereas the reverse proportions can be seen 

�%�H�F�
 ��Acinonyx pardinensis pleistocaenicus (Zdansky), Untermass-
�E�D�K�C�
�•�m��a–c Left hemimandible IQW 2015/42011 (Mei. 47320) with P3, P4

IQW 2016/43806 (Mei. 49115) and M1 IQW 2017/45018 (Mei. 50327), 
�O�Q�N�A�@�A�K�X���E�D�L�@�K�D�����N�B�B�K�T�R�@�K�����A�T�B�B�@�K�����K�H�M�F�T�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�
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in the P4, where the rear cingulum gives the impression of an additional cusp. The lower carnassial is con-

�R�O�H�B�T�N�T�R���A�X���S�G�D���R�G�@�O�D���N�E���H�S�R���A�@�B�J���O�Q�N�Ö�K�D�
��� ���R�L�@�K�K���S�@�K�N�M�H�C���H�R���E�N�K�K�N�V�D�C���H�M���@���R�S�@�H�Q�R���K�H�J�D���L�@�M�M�D�Q���A�X���@���R�L�@�K�K�����A�T�S��

well individualised metaconid, separated from the protoconid by a tiny, but clearly visible incision. The same 

characteristic is present in the earlier published Untermassfeld individual (Hemmer 2001, 722). This distinc-

�S�H�U�D���L�N�Q�O�G�N�K�N�F�X���L�H�F�G�S���@�K�R�N���D�W�H�R�S���H�M���S�G�D���,�N�M�S�D��� �Q�F�D�M�S�@�Q�H�N���B�G�D�D�S�@�G�����A�T�S���S�G�D���O�T�A�K�H�R�G�D�C���O�H�B�S�T�Q�D�����"�G�D�Q�H�M���D�S�•�@�K�
��

�������������%�H�F�
 �������C�N�D�R���M�N�S���@�K�K�N�V���E�N�Q���T�M�D�P�T�H�U�N�B�@�K���C�H�E�E�D�Q�D�M�S�H�@�S�H�N�M���N�M���S�G�H�R���O�N�H�M�S�
���3�G�D���R�S�@�H�Q�R���K�H�J�D���S�@�K�N�M�H�C���L�D�S�@�B�N�M�H�C��

complex typical for the Untermassfeld cheetahs is present in two Chinese fossils, i. e., the holotype of Cyn-

ailurus pleistocaenicus (Zdansky, 1925) and a mandibular fragment from Gongwangling (Shaanxi, Hu and 

Qi 1978). The trace of a metaconid on the lingual side of the M1 is mentioned for a Saint-Vallier fossil (Viret 

IQW 2015/42011
(Mei. 47320)

sin.

IQW 2017/44983
(Mei. 50292)

sin.

IQW 1980/15504
(Mei. 15016)

sin.

IQW 1980/15503
(Mei. 15015)

dex.

Mandible length 
Processus condylaris-
Infradentale

177.0 181.5

Mandible height 
Processus angularis-
Coronion

90.0+ 91.5

Depth behind M1 37.2 32.8 33.0

Depth in the diastema 28.6 30.6 31.5

Thickness below P4/M1 16.6 18.0 17.0

Alveolar length P3-M1 c. 55.0 58.2 59.8

Diastema length c. 12.0 c. 10.5 c. 9.5

C inf. length 14.2 14.0+ 13.0+
width 11.1 11.0 11.0
height 24.5+

P3 length 15.5 16.0 16.0
maximal width 9.7 9.7 9.5
anterior width 6.7 6.7 6.3
protoconid length 7.5 8.0 7.9
protoconid height 12.0 12.0+ 11.5+

P4 length 18.7 19.8 19.8
maximal width 9.4 9.8 9.7
anterior width 8.4 8.0 8.3
protoconid length 8.5 8.8 9.0
protoconid height 13.6 12.5+ 13.0+

M1 length 21.9 23.4 23.9
maximal width 10.5 10.0 10.3
protoconid length 14.4 14.4 14.6
paraconid length 10.9 11.5 11.4
protoconid height 14.0 15.9+ 15.6
paraconid height 12.0 13.0 13.9

�3�@�A�K�D�j����Acinonyx pardinensis pleistocaenicus (Zdansky), measurements (mm) of mandible and lower dentition, Untermassfeld, hemi-
mandible IQW 2015/42011 (Mei. 47320) completed with P4 IQW 2016/43806 (Mei. 49115), and M1 IQW 2017/45018 (Mei. 50327).
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1954). The mandibular fragment from Fonelas presents a not clearly separated, weak talonid and metaco-

nid without the stairs structure (Garrido 2008, Fig. 4), suggesting a precursor stage.

During preparation, part of the atlas remained connected to calvarium IQW 2004/28616 (Mei. 27778) de-

scribed above. The other part of the atlas was found as an isolated fragment IQW 2004/28618 (Mei. 27780).

Beginning with the epistropheus, a long section of the vertebral column encompassing C II to C VII and T I 

to T IV has been completely preserved in an in-situ block preparation IQW 2014/41900 (Mei. 47209) (fron-

tispiece). This form of conservation (Kahlke 2020, 1049ff .) was chosen in order to preserve a part of the 

�T�M�T�R�T�@�K�K�X���G�H�F�G���B�N�M�B�D�M�S�Q�@�S�H�N�M���N�E���A�N�M�D���Ö�M�C�R���@�S���S�G�D���A�@�R�D���N�E���S�G�D���B�G�@�M�M�D�K���H�M�Ö�K�K���N�E���S�G�D���R�H�S�D���:�4�O�O�D�Q���%�K�T�U�H�@�S�H�K�D���2�@�M�C�R��

�4�%�2���K�����V�H�S�G���Q�D�V�N�Q�J�D�C���8�N�T�M�F�D�Q���"�N�@�Q�R�D���&�Q�@�U�D�K�R���8�"�&�����C�D�S�@�H�K�D�C���H�M���*�@�G�K�J�D���D�S�•�@�K�
�����������<���@�M�C���S�N���O�Q�N�S�D�B�S���M�T�L�D�Q�N�T�R��

deformed and severely splintered skeletal elements from further disintegration.

The block also contains a large number of other postcranial elements from the corresponding cheetah in-

dividual (Fig. 9), including the complete left forepaw (see below). The length of the epistropheus including 

�C�D�M�R���H�R������ �L�L���� ���
�� ���� �K�D�R�R���S�G�@�M���S�G�D���"�� �(�(�� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ������������ �V�G�H�B�G���N�A�U�H�N�T�R�K�X���A�D�K�N�M�F�R���S�N���S�G�D��

skull IQW 1980/16350 (Mei. 15861) (Hemmer 2001, 712ff .). The newly discovered second cervical vertebra 

is much larger than its counterpart in the Late Pliocene cheetah skeleton of Les Étouaires (France), which 

measures 66mm (Schaub 1939). Only a few reliable measurements could be taken along the vertebral 

�B�N�K�T�L�M�����C�T�D���S�N���O�@�Q�S�H�@�K���D�L�A�D�C�C�H�M�F���H�M���S�G�D���O�Q�D�O�@�Q�@�S�H�N�M�i�R���N�Q�H�F�H�M�@�K���R�D�C�H�L�D�M�S���@�M�C���L�T�K�S�H�O�K�D���B�Q�@�B�J�R���@�M�C���Ö�R�R�T�Q�D�R�
��

�3�G�D�R�D���@�Q�D�����H�M���L�L���� �E�N�Q���B�D�Q�U�H�B�@�K���U�D�Q�S�D�A�Q�@�D���� �B�D�M�S�Q�T�L���K�D�M�F�S�G���"�� �(�5���B�
�� �������� �"�� �5�� �B�
�� �������� �E�@�B�H�D�R���S�D�Q�L�H�M�@�K�H�R���B�Q�@�M�H�@�K�H�R��

�V�H�C�S�G���"���5���B�
�����������"���5�(�������
�������E�@�B�H�D�R���S�D�Q�L�H�M�@�K�H�R���B�Q�@�M�H�@�K�H�R���G�D�H�F�G�S���"���5���B�
�����������"���5�(���B�
�����������E�@�B�H�D�R���S�D�Q�L�H�M�@�K�H�R���B�@�T�C�@�K�H�R��

�G�D�H�F�G�S���"���(�5���B�
�����������E�N�Q���S�G�N�Q�@�B�H�B���U�D�Q�S�D�A�Q�@�D�����B�D�M�S�Q�T�L���K�D�M�F�S�G���3���(�������m���������3���(�(�����������3���(�(�(�������


A series of thoracic and lumbar vertebrae (Figs. 10–11, Tables 12–13) comprises the whole front sector 

of the integrated region of the vertebral column between the diaphragmatic vertebra and the last lumbar 

���3�•�7�m�+���5�(�(�������1�@�M�C�@�T���C�@���"�N�R�S�@���"�@�Q�U�@�K�G�N�����������������C�D�L�N�M�R�S�Q�@�S�H�M�F���S�G�D���D�W�S�Q�@�N�Q�C�H�M�@�Q�X���K�D�M�F�S�G���N�E���S�G�D���K�@�R�S���S�G�N�Q�@�B�H�B��

�%�H�F�
 ��Acinonyx pardinensis pleistocaenicus (Zdansky), in-situ block preparation IQW 2014/41900 (Mei. 47209), 
�4�M�S�D�Q�L�@�R�R�E�D�K�C�
�•�m��a���+�D�E�S���T�K�M�@�����Q�@�C�H�T�R���@�M�C���L�@�M�T�R�
�•�m��b���$�K�D�L�D�M�S�R���N�E���Q�H�F�G�S���L�@�M�T�R�
�•�m��c Cervical vertebra II to thoratic 
�U�D�Q�S�D�A�Q�@���(�
�•�m���2�B�@�K�D�R�������� �L�L�
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�%�H�F�
 ����Acinonyx pardinensis pleistocaenicus ���9�C�@�M�R�J�X������ �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�•�m��a–e���3�G�N�Q�@�B�H�B���U�D�Q�S�D�A�Q�@���(�5�� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ���������
�•�m��
f–j�•�3�G�N�Q�@�B�H�B���U�D�Q�S�D�A�Q�@���7���(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��k–o���3�G�N�Q�@�B�H�B���U�D�Q�S�D�A�Q�@���7�(���(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��p–t Thoracic verte-
�A�Q�@���7�(�(���(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��u–y���3�G�N�Q�@�B�H�B���U�D�Q�S�D�A�Q�@���7�(�(�(���(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��a, f, k, p, u���@�M�S�D�Q�H�N�Q���U�H�D�V�R����b, g, l, 
q, v���K�D�E�S���K�@�S�D�Q�@�K���U�H�D�V�R����c, h, m, r, w���O�N�R�S�D�Q�H�N�Q���U�H�D�V�R����d, i, n, s, x���C�N�Q�R�@�K���U�H�D�V�R����e, j, o, t, y���U�D�M�S�Q�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�
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and the lumbar vertebrae in this Untermassfeld giant cheetah. Its lumbar vertebrae are considerably longer 

than those of one of the world’s largest extant cats, the Indian tiger (Panthera tigris tigris�������+���(�������
�� �����@�A�N�U�D��

�S�G�D�� �L�@�W�H�L�T�L�� �N�E�� �Ö�U�D�� �@�C�T�K�S�� �S�H�F�D�Q�R�� �N�E�� �D�H�S�G�D�Q�� �R�D�W���� �+�� �(�(�� �����
�� ������ �+�� �(�(�(�� �����
�� ���� ���3�H�V�@�Q�H�� �D�S�• �@�K�
�� �����������
�� �3�G�D�� �D�W�B�D�O-

�S�H�N�M�@�K���Q�D�K�@�S�H�U�D���K�D�M�F�S�G���N�E���S�G�D���K�@�R�S���S�G�N�Q�@�B�H�B���@�M�C���S�G�D���K�T�L�A�@�Q���U�D�Q�S�D�A�Q�@�D���@�K�R�N���C�D�Ö�M�D�R���S�G�D���+�@�S�D���/�K�H�N�B�D�M�D��Acinonyx

vertebrae from Les Étouaires, as it is characteristic for the extant �!���• �J�U�B�A�T�U�S (Schaub 1939). Three nearly 

�B�N�L�O�K�D�S�D���B�@�T�C�@�K���U�D�Q�S�D�A�Q�@�D���V�D�Q�D���Q�D�B�N�U�D�Q�D�C�����@���O�Q�N�W�H�L�@�K�����O�Q�N�A�@�A�K�X���S�G�D���L�H�C���O�Q�N�W�H�L�@�K���U�D�Q�S�D�A�Q�@�����B�D�M�S�Q�T�L���K�D�M�F�S�G��

39.6mm), and two transitional vertebrae (centrum length 67.3mm and 71.3mm). One of these might rep-

resent the longest vertebra (terms after Russo 2015). Both of the transitional vertebrae are much larger than 

two caudal vertebrae from Les Étouaires (53.5mm and 58.8mm, described as being longer than the longest 

caudal vertebra of a lion skeleton, Schaub 1939).

T IV
IQW 2015/42129

(Mei. 47438)

T VIII
IQW 2010/30708

(Mei. 29870)

T IX
IQW 1980/16626

(Mei. 16147)

T X
IQW 1980/16629

(Mei. 16150)

Centrum length 29.3 30.2 33.0 36.0

Maximal height 115.0+

Width at transverse processes

Facies terminalis cranialis width c. 31.0

Facies terminalis cranialis height 23.0 c. 22.0 23.1 25.0

Facies terminalis caudalis width c. 42.0 35.7

Facies terminalis caudalis height 22.6 23.3 23.5

Neural canal cranial width

Neural canal cranial height c. 14.5 c. 11.1 13.6

Neural canal caudal width

Neural canal caudal height c. 19.0

T X
IQW 2015/41935

(Mei. 47244)

T XI
IQW 2015/41936

(Mei. 47245)

T XII
IQW 2015/41940

(Mei. 47249)

T XIII
IQW 2015/41939

(Mei. 47248)

Centrum length 34.1 37.5 41.9 46.5

Maximal height 67.0+      63.0+

Width at transverse processes 63.0 50.2

Facies terminalis cranialis width 32.0 37.0 38.7 40.0

Facies terminalis cranialis height 24.5 27.8 29.0 31.0

Facies terminalis caudalis width 35.2 39.5   c. 38.6

Facies terminalis caudalis height 27.0 27.5 29.0 30.0

Neural canal cranial width

Neural canal cranial height   c. 13.2 12.3 15.2 17.4

Neural canal caudal width

Neural canal caudal height   c. 12.7 16.9 16.5 14.5

�3�@�A�K�D�j����Acinonyx pardinensis pleistocaenicus (Zdansky), measurements (mm) of thoracic vertebrae, Untermassfeld.
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L I
IQW 2015/41934

(Mei. 47243)

L II
IQW 2016/43844

(Mei. 49153)

L III
IQW 2017/44920

(Mei. 50229)

Centrum length 50.6 52.8 55.7

Maximal height 85.0 90.0 97.0

Width at transverse processes 81.0+

Facies terminalis cranialis width 35.6 36.0 36.0

Facies terminalis cranialis height 32.0 33.0 30.0

Facies terminalis caudalis width 39.2   c. 40.0 40.0

Facies terminalis caudalis height 30.0 30.1 30.0

Neural canal cranial width c. 17.0   c. 17.5

Neural canal cranial height c. 16.5   c. 17.0 c. 19.0

Neural canal caudal width

Neural canal caudal height c. 18.7   c. 18.0

Fig. 11 Acinonyx pardinensis pleistocaenicus ���9�C�@�M�R�J�X������ �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��a–e Lumbar vertebra I IQW 
�������������� �����������,�D�H�
 ���� ���������
�•�m��f–j�•�+�T�L�A�@�Q���U�D�Q�S�D�A�Q�@���(�(���(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��k–o Lumbar vertebra III 
�(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��a, f, k���@�M�S�D�Q�H�N�Q���U�H�D�V�R����b, g, l���K�D�E�S���K�@�S�D�Q�@�K���U�H�D�V�R����c, h, m���O�N�R�S�D�Q�H�N�Q���U�H�D�V�R����d, i, n
�C�N�Q�R�@�K���U�H�D�V�R����e, j, o���U�D�M�S�Q�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�


�3�@�A�K�D�j����Acinonyx pardinensis pleistocaenicus (Zdansky), measurements (mm) of lumbar vertebrae, Untermassfeld.
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The in-situ block preparation IQW 2014/41900 (Mei. 47209) contains the right scapula of the smaller indi-

vidual. Both scapulae of a second cheetah are embedded at the surface of another block preparation IQW 

�������������� �����������,�D�H�
 ���� �������������*�@�G�K�J�D���D�S�•�@�K�
���������������%�H�F�
 �������@�M�C�����D�W�B�D�O�S���E�N�Q���S�G�D�H�Q���H�L�O�Q�D�R�R�H�U�D���R�H�Y�D�����6�C�D�N�G�|����), they 

completely resemble the scapula of extant �!���•�J�U�B�A�T�U�S.

The foreleg of Acinonyx is represented among the new discoveries by an ulna and a radius, as well as by the 

nearly complete left and the partial right paw of the smaller individual embedded in the block preparation 

(Fig. 9a–b���
���(�R�N�K�@�S�D�C���Ö�M�C�R���H�M�B�K�T�C�D���@���B�N�L�O�K�D�S�D���G�T�L�D�Q�T�R�����@���C�H�R�S�@�K���G�T�L�D�Q�T�R���E�Q�@�F�L�D�M�S�����@���B�N�L�O�K�D�S�D���T�K�M�@�����S�G�D��

diaphysis of a radius, a trapezoid, a capitatum, and metacarpals 2, 3, and 4.

The humerus IQW 2016/43819 (Mei. 49128) is enormously slender in view of its extraordinary length 

(Fig. 12a–f, �6�C�D�N�G�|����). This can be clearly illustrated by comparing it with the smallest of nine humeri from 

the Late Pleistocene North American Panthera leo atrox, the largest cat ever found. In the giant lion, this 

�A�N�M�D�����@�K�S�G�N�T�F�G���N�E���R�H�L�H�K�@�Q���K�D�M�F�S�G�������������U�R�
�������� �L�L�������H�R���R�S�N�B�J�X���V�G�D�M���B�N�L�O�@�Q�D�C���S�N���S�G�D���F�H�@�M�S���B�G�D�D�S�@�G�����L�@�W�H�L�@�K��

proximal width 78.7 vs. 56.0mm, diaphyseal transverse diameter 33 vs. 26.5mm, maximal distal width 85.7 

vs. 60.2mm (�0���•�L�E�Oatrox�����,�D�Q�Q�H�@�L���@�M�C���2�S�N�B�J�������������
���3�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���G�T�L�D�Q�T�R���H�R���G�N�V�D�U�D�Q���R�S�N�B�J�H�D�Q���S�G�@�M��

its much smaller (length from caput 216.2mm) counterpart in the extant A. jubatus���� �L�H�M�H�L�@�K���C�H�@�O�G�X�R�D�@�K��

�V�H�C�S�G���H�M�������K�D�M�F�S�G�����
�����U�R�
�����
�������L�@�W�H�L�@�K���C�H�R�S�@�K���V�H�C�S�G���H�M�������K�D�M�F�S�G�������
�����U�R�
�����
������A. jubatus���L�D�@�M�����5�@�M���5�@�K�J-

IQW 2014/41900
(Mei. 47209) 

IQW 2016/43953
(Mei. 49262) sin.

IQW 2016/43953
(Mei. 49262) dex.

Maximal length (along the spine)   c. 232.0 226.0+

Minimal length of the collum scapulae 44.9 44.1

Maximal length of the glenoid process c. 50.0 53.3 53.3

Length of the glenoid cavity c. 41.0 38.2 38.4

Width of the glenoid cavity c. 30.0 32.0

�3�@�A�K�D�j����Acinonyx pardinensis pleistocaenicus (Zdansky), scapula measurements (mm), Untermassfeld.

Untermassfeld
IQW 2016/43819

(Mei. 49128)

Untermassfeld
IQW 2017/45019

(Mei. 50328)

Dmanisi

(Hemmer et al. 2011)

Maximal length 320.0 281.5

Length from caput 310.0 273.0

Maximal proximal TD 56.0 58.5

Maximal proximal APD 79.6 73.5

Minimal diaphyseal TD 26.5 26.4 24.5

Maximal distal TD 60.2 61.4+ 60.2

Maximal distal APD 44.7 44.7+ 43.4

Trochlear TD 43.8 46.1+ 45.5

Trochlear minimal thickness 23.6 24.1 22.8

Trochlear minimal height 19.8 21.8 20.1

Fossa olecrani max width 28.0 29.1 27.5

�3�@�A�K�D�j ����Acinonyx pardinensis pleistocaenicus (Zdansky), humerus measurements (mm), Untermassfeld, Dmanisi cheetah humerus 
�@�C�C�D�C���E�N�Q���B�N�L�O�@�Q�H�R�N�M�
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q����� �/�#�•�m���@�M�S�D�Q�H�N�Q���O�N�R�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�
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Fig. 12 Acinonyx pardinensis pleistocaenicus ���9�C�@�M�R�J�X������ �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��a–f Right humerus IQW 2016/43819 
���,�D�H�
 ���� ���������
�•�m��g–l���1�H�F�G�S���T�K�M�@���(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��a, g���@�M�S�D�Q�H�N�Q���U�H�D�V�R����b, h���D�W�S�D�Q�M�@�K���U�H�D�V�R����c, i���O�N�R�S�D�Q�H�N�Q���U�H�D�V�R����
d, j���H�M�S�D�Q�M�@�K���U�H�D�V�R����e, k���O�Q�N�W�H�L�@�K���U�H�D�V�R����f, l���C�H�R�S�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�
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�D�M�A�T�Q�F�G���D�S�•�@�K�
�������������
��� ���R�N�L�D�V�G�@�S���R�G�N�Q�S�D�Q���B�G�D�D�S�@�G���G�T�L�D�Q�T�R���E�Q�N�L���#�L�@�M�H�R�H�����&�D�N�Q�F�H�@�����'�D�L�L�D�Q���D�S�•�@�K�
��������������

�H�R���D�U�D�M���R�S�N�B�J�H�D�Q���S�G�@�M���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���E�N�R�R�H�K���� �L�H�M�H�L�@�K���C�H�@�O�G�X�R�D�@�K���V�H�C�S�G���H�M������ �K�D�M�F�S�G�����
������ �L�@�W�H�L�@�K���C�H�R�S�@�K��

�V�H�C�S�G���H�M�������K�D�M�F�S�G�������
���
���(�M���!���•�J�U�B�A�T�U�S, the ratio of humerus length / femur length scatters at around 0.86 

���5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
�������������
���%�N�Q���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�G�D�D�S�@�G���S�G�H�R���Q�@�S�H�N���H�R�����
���������H�L�O�K�X�H�M�F���R�H�L�H�K�@�Q���O�Q�N�O�N�Q�S�H�N�M�R��

from foreleg to hind leg.

The ulna IQW 2004/28674 (Mei. 27836) is a long and slender bone (Fig. 12g–l,���6�C�D�N�G�|����). The ratio for the 

lengths of ulna and humerus of an extant �!���•�J�U�B�A�T�U�S skeleton is 1.22, and that of a Late Pliocene skeleton 

from Les Étouaires c. 1.17 (Schaub 1939). The corresponding elements of the Untermassfeld cheetah result 

in a value of 1.08. This might indicate a somewhat shorter ulna than expected if both of the bones belong 

to the same individual. However, it is possible that the two bones belonged to individuals of different sexes 

(see section 2.2.4.).

The metapodials demonstrate different ratios of slenderness (Figs. 13–15, Tables 17–18), a very useful 

sexual characteristic (see section 2.2.4.) that can be immediately determined when comparable specimens 

are available for side by side analysis (Figs. 14–15). A comparative illustration is not possible for the Mc4 as 

�@���B�N�Q�Q�D�R�O�N�M�C�H�M�F���R�O�D�B�H�L�D�M���H�R���O�@�Q�S���N�E���S�G�D���O�Q�D�U�H�N�T�R�K�X���L�D�M�S�H�N�M�D�C���A�K�N�B�J���O�Q�D�O�@�Q�@�S�H�N�M�����S�G�D���Ö�F�T�Q�D���N�E���S�G�D���@�U�@�H�K�@�A�K�D��

specimen (Fig. 13�����L�H�F�G�S���A�D���T�R�D�E�T�K���E�N�Q���E�T�Q�S�G�D�Q���V�N�Q�J�
���3�G�D���D�@�Q�K�H�D�Q���C�D�R�B�Q�H�A�D�C���Ö�E�S�G���L�D�S�@�B�@�Q�O�@�K���(�0�6���������������� ��������

(Mei. 16076) from Untermassfeld (Hemmer 2001, 723) has a more evenly thick and less curved shaft than 

the corresponding element from the early Middle Pleistocene site of Hundsheim (Austria) and the compara-

tively small Mc5 of extant �!���•�J�U�B�A�T�U�S�����3�G�D�M�H�T�R���������������%�H�B�B�@�Q�D�K�K�H�������������
���3�G�D���,�B�����N�E���S�G�D���O�@�Q�S�H�@�K���R�J�D�K�D�S�N�M���H�M���S�G�D��

�%�H�F�
 ����Acinonyx pardinensis pleistocaenicus ���9�C�@�M�R�J�X������ �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��
a–f Left metacarpal 4 IQW2012/38493 (Mei. 35467), probably male,dorsal, 
�H�M�S�D�Q�M�@�K�����O�@�K�L�@�Q�����D�W�S�D�Q�M�@�K�����O�Q�N�W�H�L�@�K�����C�H�R�S�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�


Untermassfeld
IQW 2004/28674

(Mei. 27836)

Dmanisi

(Hemmer et al. 2011)

Maximal length 347.0

Olecranon length 57.7

Olecranon maximal TD 19.3

Olecranon minimal APD 37.8

APD over Processus anconaeus 43.9

Height of trochlear notch 25.0 26.5

�3�@�A�K�D�j ����Acinonyx pardinensis pleistocaenicus (Zdansky), ulna measurements (mm), Untermassfeld, Dmanisi cheetah ulna added for 
�B�N�L�O�@�Q�H�R�N�M�
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q����� �/�#�•�m���@�M�S�D�Q�H�N�Q���O�N�R�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�
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Untermassfeld
Mc2 dex.

IQW 2015/42082
(Mei. 47391)

Untermassfeld
Mc3 sin.

IQW 1980/15656
(Mei. 15168)

Untermassfeld
Mc3 dex.

IQW 2015/42081
(Mei. 47390)

Untermassfeld
Mc3 sin.

IQW 2014/41900
(Mei. 47209)

Maximal length 104.3 122.5 123.1 c. 113.5

Maximal proximal TD 19.2 21.0 20.8

Maximal proximal APD 25.0 21.0 21.1

Minimal diaphyseal TD 12.5 15.0 14.1 c. 13.5

Maximal distal TD 18.7 20.0 20.1

Maximal distal APD 17.4 19.3

Untermassfeld
Mc3 dex.

IQW 2014/41900
(Mei. 47209)

Untermassfeld
Mc4 sin.

IQW 2012/38493
(Mei. 35467)

Untermassfeld
Mc4 sin.

IQW 2014/41900
(Mei. 47209)

Untermassfeld
Mc4 dex.

IQW 2014/41900
(Mei. 47209)

Maximal length c. 117.0 119.4 c. 111.0 c. 103.0

Maximal proximal TD 15.5

Maximal proximal APD 18.9

Minimal diaphyseal TD c. 13.0 12.6 c. 11.5 c. 11.0

Maximal distal TD 17.9

Maximal distal APD 18.9

Untermassfeld
Mc5 sin.

IQW 2014/41900
(Mei. 47209)

Untermassfeld
Mc5 sin.

IQW 1980/16555
(Mei. 16076)

Dmanisi 
Mc2 sin. 
D2002a

(Hemmer et al.
2011)

Dmanisi 
Mc3 sin.
D2002b

(Hemmer et al.
2011)

Maximal length c. 92.0 95.0 95.3 109.2

Maximal proximal TD 18.0 19.8 22.0

Maximal proximal APD 18.0 23.5 20.5

Minimal diaphyseal TD c. 10.0 11.5 10.7 12.8

Maximal distal TD 17.5 16.7 17.8

Maximal distal APD 16.6 19.0

Dmanisi 
Mc4 sin.
D2002c

(Hemmer et al.
2011)

Dmanisi 
Mc5 sin.
D2002d

(Hemmer et al.
2011)

Maximal length 106.9 86.3

Maximal proximal TD 13.7 15.5

Maximal proximal APD 20.4 18.2

Minimal diaphyseal TD 11.3 9.8

Maximal distal TD 16.8 16.5

Maximal distal APD 18.6 16.5

�3�@�A�K�D�j����Acinonyx pardinensis pleistocaenicus (Zdansky), metacarpal measurements (mm), Untermassfeld, Dmanisi cheetah metacarpals 
�@�C�C�D�C���E�N�Q���B�N�L�O�@�Q�H�R�N�M�
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q����� �/�#�•�m���@�M�S�D�Q�H�N�Q���O�N�R�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�




�%�H�F�
 ����Acinonyx pardinensis pleistocaenicus ���9�C�@�M�R�J�X������ �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��a–f Left metacarpal 5 
�E�Q�N�L�� �H�M���R�H�S�T�� �A�K�N�B�J�� �O�Q�D�O�@�Q�@�S�H�N�M�� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ������������ �O�Q�N�A�@�A�K�X�� �E�D�L�@�K�D�
�• �m��g–l Left meta-
�B�@�Q�O�@�K�� ���� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ������������ �O�Q�N�A�@�A�K�X�� �L�@�K�D�
�• �m��a, g�� �C�N�Q�R�@�K�� �U�H�D�V�R����b, h�� �H�M�S�D�Q�M�@�K�� �U�H�D�V�R����
c���•i�•�O�@�K�L�@�Q���U�H�D�V�R����d, j���D�W�S�D�Q�M�@�K���U�H�D�V�R����e, k���O�Q�N�W�H�L�@�K���U�H�D�V�R����f, l���C�H�R�S�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�


�%�H�F�
 ����Acinonyx pardinensis pleistocaenicus ���9�C�@�M�R�J�X������ �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��a–f Right metatarsal 3 IQW 2009/30526 (Mei. 29688), 
�O�Q�N�A�@�A�K�X���E�D�L�@�K�D�
�•�m��g–l���1�H�F�G�S���L�D�S�@�S�@�Q�R�@�K�������(�0�6���������������� �����������,�D�H�
 ���� �������������O�Q�N�A�@�A�K�X���L�@�K�D�
�•�m��m–r Right metatarsal 4 IQW 2009/30527 
���,�D�H�
 ���� ������������ �O�Q�N�A�@�A�K�X�� �E�D�L�@�K�D�
�• �m��s–x�� �1�H�F�G�S�� �L�D�S�@�S�@�Q�R�@�K�� ���� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ������������ �O�Q�N�A�@�A�K�X�� �L�@�K�D�
�• �m��a, g, m, s�� �C�N�Q�R�@�K�� �U�H�D�V�R����
b���•h���•n���•t���D�W�S�D�Q�M�@�K���U�H�D�V�R����c, i, o, u���O�K�@�M�S�@�Q���U�H�D�V�R����d, j, p, v���H�M�S�D�Q�M�@�K���U�H�D�V�R����e, k, q, w���O�Q�N�W�H�L�@�K���U�H�D�V�R����f, l, r, x���C�H�R�S�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�
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�A�K�N�B�J���O�Q�D�O�@�Q�@�S�H�N�M���(�0�6���������������� �����������,�D�H�
 ���� �������������R�K�H�F�G�S�K�X���R�G�N�Q�S�D�Q���@�M�C���S�G�H�M�M�D�Q���S�G�@�M���S�G�D���Ö�Q�R�S���B�N�Q�Q�D�R�O�N�M�C�H�M�F��

�Ö�M�C�� �E�Q�N�L�� �4�M�S�D�Q�L�@�R�R�E�D�K�C�� ��Fig. 14, �6�C�D�N�G�| ����), is indicative of the morphology of geochronologically later, 

smaller cheetahs. Despite the size difference, there are hardly any fundamental functional differences be-

tween the cheetahs from Untermassfeld and the younger forms.

The right Mc4 of the Acinonyx individual in block IQW 2014/41900 (Mei. 47209) shows an enormous lat-

eral exostosis (Fig. 9b) that would have seriously handicapped this cat when running. Another, lengthwise 

extending exostosis on the internal side of the proximal part of a Mt3 (Fig. 15a–d) also looks like it would 

�G�@�U�D���A�D�D�M���@���R�D�U�D�Q�D���G�@�M�C�H�B�@�O�
���3�G�D���H�M�I�T�Q�H�D�R���R�T�R�S�@�H�M�D�C���A�X���S�G�D���B�G�D�D�S�@�G���S�G�@�S���K�D�C���S�N���S�G�D�R�D���D�W�N�R�S�N�R�D�R���L�@�X���G�@�U�D��

been due to a single accident, e. g., an encounter with a porcupine, assuming that the metacarpals and 

�L�D�S�@�S�@�Q�R�@�K�R���H�M���P�T�D�R�S�H�N�M���A�D�K�N�M�F���S�N���S�G�D���R�@�L�D���H�M�C�H�U�H�C�T�@�K�


Skeletal elements representing the hind leg are rarer in the newly excavated material from Untermassfeld than 

�S�G�N�R�D���N�E���S�G�D���E�N�Q�D�K�D�F�
���%�Q�@�F�L�D�M�S�R���N�E���@���E�D�L�T�Q���@�M�C���S�H�A�H�@�����@���B�@�K�B�@�M�D�T�R�����@���B�T�M�D�H�E�N�Q�L�����@�M�C���Ö�U�D���L�D�S�@�S�@�Q�R�@�K�R����Fig. 15, 

�6�C�D�N�G�|���������V�D�Q�D���E�N�T�M�C�
���3�G�D���B�@�K�B�@�M�D�T�R���(�0�6���������������� �����������,�D�H�
 ���� �����������G�@�R���S�G�D���E�N�K�K�N�V�H�M�F���L�D�@�R�T�Q�D�L�D�M�S�R�����L�L������

maximal length 105.5, maximal transverse diameter 41.0, maximal anterior-posterior diameter 42.0.

Mt2 dex.
IQW 1980/15797

(Mei. 15308)

Mt2 dex.
IQW 2017/44982

(Mei. 50291)

Mt3 dex.
IQW 1980/15796

(Mei. 15307)

Mt3 dex.
IQW 2009/30526

(Mei. 29688)

Maximal length 133.5 132.1 143.5

Maximal proximal TD 14.0 13.9 23.0 22.5

Maximal proximal APD 24.0 23.7+ 31.0 29.1

Minimal diaphyseal TD 12.5 14.1 19.0 16.0

Maximal distal TD 20.1 21.9

Maximal distal APD 19.7 21.0

Mt3 dex.
IQW 2016/43818

(Mei. 49127)

Mt4 dex.
IQW 1980/15655

(Mei. 15167)

Mt4 dex.
IQW 2009/30527

(Mei. 29689)

Mt4 dex.
IQW 2017/45020

(Mei. 50329)

Maximal length 151.0 150.0 141.4 147.8+

Maximal proximal TD 25.0 19.0 20.6 20.8

Maximal proximal APD 31.2 24.0 23.6 23.6+

Minimal diaphyseal TD 17.9 15.5 12.9 14.6

Maximal distal TD 21.5 20.5 19.1 19.7

Maximal distal APD 22.0 20.0 20.7

Mt5 dex.
IQW 1980/15657

(Mei. 15169)

Maximal length 129.0

Maximal proximal TD 18.0

Maximal proximal APD

Minimal diaphyseal TD 12.0

Maximal distal TD 19.0

Maximal distal APD

�3�@�A�K�D�j ����Acinonyx pardinensis pleistocaenicus�� ���9�C�@�M�R�J�X������ �L�D�S�@�S�@�Q�R�@�K�� �L�D�@�R�T�Q�D�L�D�M�S�R�� ���L�L������ �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�� �3�#�• �m�� �S�Q�@�M�R�U�D�Q�R�D�� �C�H�@�L�D�S�D�Q����
� �/�#�•�m���@�M�S�D�Q�H�N�Q���O�N�R�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�
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� ���O�G�@�K�@�M�W���(���(�0�6���������������� �����������,�D�H�
 ���� �����������G�@�R���S�G�D���E�N�K�K�N�V�H�M�F���L�D�@�R�T�Q�D�L�D�M�S�R�����L�L�������L�@�W�H�L�@�K���K�D�M�F�S�G�������
������

maximal proximal transverse diameter 18.4, maximal proximal anterior-posterior diameter 17.2, minimal 

diaphyseal transverse diameter 13.0, maximal distal transverse diameter 16.0., maximal distal anterior-pos-

�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�������
���
���3�G�D���C�H�R�B�N�U�D�Q�X���N�E���S�G�D���O�G�@�K�@�M�F�D�R���(�(���@�M�C���(�(�(���N�E���S�G�D���Ö�E�S�G���C�H�F�H�S���N�E���S�G�D���K�D�E�S���E�N�Q�D�O�@�V����Fig. 9a) 

in the position of claw retraction supports the presumption (Hemmer 2001) that the claws of �!���•�P�A�R�D�I�N�E�N�S�I�S

were still retractile in adults, contrary to �!���•�J�U�B�A�T�U�S.

2.2.4. Discussion

The newly discovered Acinonyx���Q�D�L�@�H�M�R���E�Q�N�L���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�N�M�Ö�Q�L���S�G�D���L�N�Q�O�G�N�K�N�F�X���@�K�Q�D�@�C�X���D�R�S�@�A�K�H�R�G�D�C���H�M��

the previously published material from this locality (Hemmer 2001). With the mandible as the only directly 

�B�N�L�O�@�Q�@�A�K�D���R�J�D�K�D�S�@�K���D�K�D�L�D�M�S�����S�G�D���Ö�M�C�R���B�N�Q�Q�D�R�O�N�M�C���S�N���S�G�D���B�G�@�Q�@�B�S�D�Q�H�R�S�H�B�R���N�E���K�@�S�D���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���"�G�H�M�D�R�D��

�B�G�D�D�S�@�G�R�����Ö�Q�R�S���C�D�R�B�Q�H�A�D�C���@�R��Cynailurus pleistocaenicus���9�C�@�M�R�J�X�������������
���"�N�M�R�D�P�T�D�M�S�K�X�����S�G�D�Q�D���H�R���M�N���H�R�R�T�D���V�H�S�G��

classifying both the Epivillafranchian European and the Late Villafranchian East Asian palaeopopulations 

�V�H�S�G�H�M���S�G�D���R�@�L�D���S�@�W�N�M�����Q�@�M�J�D�C���H�M���S�G�D���Ö�Q�R�S���C�D�R�B�Q�H�O�S�H�N�M���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���E�D�K�H�C�R���@�R���@���R�T�A�R�O�D�B�H�D�R���N�E��A�
�•par-

dinensis, i. e., A�
�•pardinensis pleistocaenicus, and differed from the nominate form A�
�•pardinensis pardinen-

sis (Hemmer 2001).

A set of easily recognisable features allow both of the aforementioned taxa to be distinguished.�!���•�P�A�R�D�I�N-

ensis pleistocaenicus is characterised by the conspicuous stairs-like metaconid-talonid complex of the M1, 

the steep symphysis and the anterior mental foramen, which is noticeably larger than the posterior. This 

�S�@�W�N�M���V�@�R���R�T�A�R�D�P�T�D�M�S�K�X���T�O�F�Q�@�C�D�C���S�N���R�O�D�B�H�D�R���Q�@�M�J���@�M�C���R�G�H�E�S�D�C���S�N���S�G�D���F�D�M�T�R��Sivapanthera as S. pleistocaeni-

cus ���0�H�T���D�S�•�@�K�
�������������


The widely accepted revision of the systematics and taxonomy of the extant cat species (e. g., Chimento 

�D�S�• �@�K�
�� ������������ �&�D�Q�@�@�C�R�� ������������ �A�T�S�� �R�D�D�� �*�H�S�B�G�D�M�D�Q�� �D�S�• �@�K�
�� �������������� �A�@�R�D�C�� �N�M�� �F�D�M�D�S�H�B�� �@�R�R�D�R�R�L�D�M�S�� ���)�N�G�M�R�N�M�� �D�S�• �@�K�
��

2006), combines all species of each of the, in total, eight extant felid evolutionary clades within one single 

genus, if they were found to have diverged from their respective sister taxa during the Pliocene and Pleisto-

�B�D�M�D�
���$�W�S�D�M�C�H�M�F���S�G�H�R���B�N�M�B�K�T�R�H�U�D���B�N�M�B�D�O�S���S�N���E�N�R�R�H�K���R�O�D�B�H�D�R���Q�D�I�D�B�S�R���S�G�D���E�T�Q�S�G�D�Q���T�R�D���N�E���@�M�X���N�S�G�D�Q���F�D�M�D�Q�H�B���M�@�L�D��

than Acinonyx for the evolution of the Plio-Pleistocene cheetah. Therefore, the Untermassfeld cheetah can 

undoubtedly be attributed to the genus Acinonyx. To make a conclusive decision on its taxonomic status 

at the species or subspecies level depends on what facts are available regarding its position in the Eurasian 

cheetah phylogeny.

The aforementioned Chinese palaeopopulation apparently existed at least between c. 1.9 and 1.3Ma (Qiu 

2006). This time span is immediately followed by the appearance of corresponding cheetahs in Europe, 

�V�H�S�G���S�G�D���Ö�Q�R�S���J�M�N�V�M���Q�D�O�Q�D�R�D�M�S�@�S�H�U�D���E�Q�N�L���,�N�M�S�D��� �Q�F�D�M�S�@�Q�H�N�����"�G�D�Q�H�M���D�S�•�@�K�
�������������
���3�G�D�H�Q���D�@�R�S���V�D�R�S���C�H�R�O�D�Q�R�@�K��

over Eurasia seems to indicate a new advance into, until that time, an apparently Acinonyx-free Europe.

The nominate taxon of A�
�•pardinensis���H�R���A�D�R�S���Q�D�O�Q�D�R�D�M�S�D�C���H�M���2�@�H�M�S���5�@�K�K�H�D�Q�����5�H�Q�D�S���������������&�D�Q�@�@�C�R���������������@�M�C���H�M��
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�����S�N�����
���m���
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franchian Upper Valdarno localities supplied no really meaningful comparable mandibular material, so that 

only the absolute size may be tentatively used as a clue, although it is not an essential taxonomic feature.

Nevertheless, by size, the Upper Valdarno cheetahs may also have been members of the earlier nominate 

�E�N�Q�L���@�M�C���B�N�T�K�C���G�@�U�D���A�D�D�M���N�M�D���N�E���S�G�D�H�Q���X�N�T�M�F�D�R�S���Q�D�O�Q�D�R�D�M�S�@�S�H�U�D�R�
���(�S���R�D�D�L�R���P�T�H�S�D���O�N�R�R�H�A�K�D���S�G�@�S���E�N�Q���@���L�@�W�H�L�T�L��

of half a million years there was a geographical, allopatric coexistence of the western nominate and eastern 

Chinese forms of cheetah.

� �� �B�N�L�O�@�Q�@�A�K�D�� �O�D�Q�H�N�C�� �N�E�� �S�H�L�D�� �E�N�Q�� �S�G�D�� �C�D�U�D�K�N�O�L�D�M�S�� �N�E�� �O�G�X�K�N�F�D�N�F�Q�@�O�G�H�B�� �H�M�S�Q�@�R�O�D�B�H�Ö�B�� �C�H�U�D�Q�R�H�S�X�� �H�R�� �E�N�T�M�C�� �H�M��

extant large cat species as indicated by molecular studies. For example, it was estimated that modern Pan-

thera onca���L�S�#�-� ���K�H�M�D�@�F�D�R���@�Q�N�R�D�����
�����m���
���� �,�@���@�F�N�����$�H�Y�H�Q�H�J���D�S�•�@�K�
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���$�W�S�@�M�S��Panthera pardus lineages 
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were estimated to have diverged about 0.47Ma, when 2.00 Ma is used as a calibration point between 

�K�H�N�M�R���@�M�C���K�D�N�O�@�Q�C�R�����4�O�G�X�Q�J�H�M�@���D�S�•�@�K�
�������������
��� �M���@�O�O�K�H�B�@�S�H�N�M���N�E���S�G�D�R�D���C�@�S�@���S�N���S�G�D��Acinonyx evolution separates 

the contemporaneous western and eastern Middle to Late Villafranchian populations taxonomically at the 

subspecies level. The duration of the existence of the two mentioned cheetah populations is shorter than 

that of generally accepted felid species, which starting from the node between sister species can be speci-

�Ö�D�C���S�N���@�S���K�D�@�R�S���@�Q�N�T�M�C���N�M�D���L�H�K�K�H�N�M���X�D�@�Q�R�����C�D�C�T�B�D�C���E�Q�N�L���C�@�S�@���A�X���)�N�G�M�R�N�M���D�S�•�@�K�
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�@�O�O�K�H�B�@�S�H�N�M���N�E���S�G�H�R���S�H�L�D���B�N�M�B�D�O�S���E�N�Q���B�G�D�D�S�@�G���D�U�N�K�T�S�H�N�M���@�S���S�G�D���R�T�A�R�O�D�B�H�Ö�B���K�D�U�D�K���H�R���S�G�D���Q�N�N�S�H�M�F���N�E���A�N�S�G���S�@�W�@���H�M��

�P�T�D�R�S�H�N�M���V�H�S�G�H�M���N�M�D���@�M�C���S�G�D���R�@�L�D���R�O�D�B�H�D�R�����!���•�P�A�R�D�I�N�E�N�S�I�S.

The complete set of characteristic features that marks the mandible of A�
�•pardinensis pleistocaenicus so well 

�H�R���N�A�U�H�N�T�R�K�X���K�@�B�J�H�M�F���H�M���L�N�R�S���N�E���S�G�D���"�G�H�M�D�R�D���B�G�D�D�S�@�G���Ö�M�C�R�����H�
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�� �,�@�����-�@�M�I�H�M�F���,�T�R�D�T�L���@�M�C���(�M�R�S�H�S�T�S�D���N�E��� �Q�B�G�@�D�N�K�N�F�X��

2007). Although, there is a partial exception within the Longdan series. The mandible IVPP V13537 found at 

Shitougou, a village near Longdan, has a metaconid-talonid complex in its carnassial in addition to a steeper 

symphysis when compared to the holotype mandible of Sivapanthera linxiaensis from the lower Longdan.

Additionally, its coronoid process is strikingly different from the latter and shaped as in later �!���•�P�A�R�D�I�N�E�N�S�I�S

���0�H�T���D�S�•�@�K�
���������������O�K�R�
 ���������������
���(�E���S�G�D���S�V�N��Acinonyx forms from the Longdan series actually lived in temporal 

proximity to each other, such a multiple morphognostic difference could well indicate the existence of two 

different species. Unfortunately, the exact chronological position of the Shitougou calvarium and mandible 

�H�M���P�T�D�R�S�H�N�M���R�D�D�L���S�N���A�D���T�M�J�M�N�V�M�
���(�M���$�T�Q�N�O�D�����@���B�
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a precursor stage of the later Chinese �!���• �P�A�R�D�I�N�E�N�S�I�S�� �P�L�E�I�S�T�O�C�A�E�N�I�C�U�S�
�� �+�N�V�D�Q�� �I�@�V�R�� �E�Q�N�L�� �S�G�D�� �2�N�T�S�G�� � �R�H�@�M��
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morphognostic features, but do not present all of them. Thus, the evolutionary time model for subspecies 

level acceptance seems to be applicable to the Eurasian Early Pleistocene Acinonyx�
���"�N�M�R�D�P�T�D�M�S�K�X�����S�G�D���4�M-

�S�D�Q�L�@�R�R�E�D�K�C�� �B�G�D�D�S�@�G���H�R�� �R�S�H�K�K�� �B�K�@�R�R�H�Ö�D�C�� �@�R��A�
�•pardinensis pleistocaenicus and separated from A. pardinensis

pardinensis.�!���• �P�A�R�D�I�N�E�N�S�I�S�� �B�R�A�C�H�Y�G�N�A�T�H�U�S (Lydekker, 1884) could be accepted as a third Eurasian Early 

Pleistocene subspecies from South Asia.

From the onset of the Middle up to the Late Villafranchian, Europe and western Asia seem to have been 

�O�N�O�T�K�@�S�D�C���A�X���K�@�Q�F�D���R�H�Y�D�C���B�G�D�D�S�@�G�R���B�K�@�R�R�H�Ö�D�C���@�R���!���•�P�A�R�D�I�N�E�N�S�I�Spardinensis. This nominate, western subspe-

cies then disappeared before Europe was repopulated from East Asia by the gigantic A. pardinensis pleis-

tocaenicus. It now appears acceptable to postulate the existence in the Pliocene of a separate Acinonyx

ancestor species, the Acinonyx stem group (Spassov 2011), which gave rise to �!���•�P�A�R�D�I�N�E�N�S�I�S. Such a con-

�R�H�C�D�Q�@�S�H�N�M���B�N�T�K�C���Q�D�O�K�@�B�D���S�G�D���L�@�B�Q�N�R�O�D�B�H�D�R���B�N�M�B�D�O�S���V�G�H�B�G���G�@�R���A�D�D�M���T�R�D�C���T�M�S�H�K���M�N�V�����'�D�L�L�D�Q���D�S�•�@�K�
�������������
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For this Pliocene ancestor, by priority the name �!���•�A�R�V�E�R�N�E�N�S�I�S is available. Three taxonomic subdivisions may 

be established, namely A. arvernensis arvernensis (Croizet et Jobert, 1828) in Europe, �!���•�A�R�V�E�R�N�E�N�S�I�Saicha

Geraads, 1997 in North Africa, and �!���•�A�R�V�E�R�N�E�N�S�I�Slinxiaensis (Qiu, Deng et Wang, 2004) in China, the lat-

ter disappearing not earlier than c. 2.0 Ma. The evolution of cheetahs in Africa and the roots of �!���•�J�U�B�A�T�U�S

�@�Q�D���H�M�R�T�E�Ö�B�H�D�M�S�K�X���C�N�B�T�L�D�M�S�D�C�����@�M�C���R�N���V�G�D�S�G�D�Q���S�G�D���D�W�S�@�M�S���B�G�D�D�S�@�G���H�R���@���R�H�R�S�D�Q���R�O�D�B�H�D�R���N�E���!���•�P�A�R�D�I�N�E�N�S�I�S or an 

offshoot of the latter remains unanswered.

To get a good idea of the linear size of the �!���•�P�A�R�D�I�N�E�N�S�I�S���P�L�E�I�S�T�O�C�A�E�N�I�C�U�S giant cheetahs, the mean man-

dibular length calculated from 10 modern African �!���• �J�U�B�A�T�U�S (122.1mm) has been taken as a standard 

���6�@�X�M�D���D�S�•�@�K�
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���3�G�D���Ö�Q�R�S���C�D�R�B�Q�H�A�D�C���4�M�S�D�Q�L�@�R�R�E�D�K�C���H�M�C�H�U�H�C�T�@�K�����'�D�L�L�D�Q�������������������� �E�E�
�����H�R�����
�����m���
�������S�H�L�D�R��

larger. A modern, clearly larger than average-sized and thus presumably male (means by Van Valkenburgh 

�D�S�•�@�K�
���������������R�J�D�K�D�S�N�M�����2�B�G�@�T�A���������������G�@�R���A�D�D�M���T�R�D�C���S�N���D�R�S�H�L�@�S�D���S�G�D���R�H�Y�D���Q�D�K�@�S�H�N�M���A�D�S�V�D�D�M��A�
�•jubatus and the 

Untermassfeld cheetahs using the postcranial skeleton. The following ratios result from the Untermassfeld / 

�!���•�J�U�B�A�T�U�S���A�N�M�D���K�D�M�F�S�G�R�����G�T�L�D�Q�T�R�����R�D�D���R�D�B�S�H�N�M�����
���
���
����Fig. 12a–f, �6�C�D�N�G�|����) 1.43, Ulna (see section 2.2.3., 
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Fig. 12g–l, �6�C�D�N�G�|����) 1.28, femur (Hemmer 2001, 716ff .) 1.42, tibia (Hemmer l.c.) 1.41, presumably male 

Mt3 (see section 2.2.3., Fig. 15g–l, �6�C�D�N�G�|���� and below) 1.39 and smaller, presumably female Mt3 (see 

section 2.2.3., Fig. 15a–f, �6�C�D�N�G�|����) 1.32. As deduced from the ratio of the latter specimen, the available 

ulna IQW 2004/28674 (Mei. 27836) (Fig. 12g–l) could also be female.

An extrapolation based on the mean postcranial ratio of 1.41 for (presumably) male specimens and isomet-

ric calculation give a rough estimation of the linear body size of the studied A�
�•pardinensis pleistocaenicus.

�3�G�D���O�Q�D�Q�D�P�T�H�R�H�S�D���E�N�Q���S�G�D���G�D�@�C���@�M�C���A�N�C�X���K�D�M�F�S�G���D�W�S�Q�@�O�N�K�@�S�H�N�M���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�G�D�D�S�@�G���H�R���S�G�D���O�Q�N�O�N�Q�S�H�N�M-

ing of the spinal column sections corresponding to those in A�
�•jubatus. The available thoracic and lumbar 

vertebrae from Untermassfeld (see section 2.2.2.) demonstrate the distinctive presence of these typical pro-

portions, which have also been found in the late Pliocene Les Étouaires cheetah (Schaub 1939). Thus, there 

is no discernible impediment for the following calculation.

A total of 194 modern South and East African adult cheetah individuals of both sexes have a mean head 

and body length of 124.2cm, with a minimum to maximum range of 105–152cm (calculation based on 

Marker and Dickman 2003, Tabs. 2–3). When transferred to the Untermassfeld cheetah, this gives an esti-

mate of around 175cm for an average sized European Epivillafranchian A�
�•pardinensis pleistocaenicus. Us-

ing the same process of extrapolation from modern �!���•�J�U�B�A�T�U�S long bones with a modern mean of c. 78cm 

(calculation based on Marker and Dickman l.c.), an estimation of the shoulder height of the Untermassfeld 

cheetah results in around 110cm. A head and body length in the range of 175cm reveals a conspicuous 

feature of the cheetah’s anatomy, i. e., its small head. A lion with a corresponding body length would have 

a cranial condylobasal length of about 306mm. A tiger, which has a smaller head, still has a condylobasal 

�K�D�M�F�S�G���N�E���@�Q�N�T�M�C�������� �L�L�����A�@�R�D�C���N�M���D�P�T�@�S�H�N�M�R���B�@�K�B�T�K�@�S�D�C���A�X���'�D�L�L�D�Q�������������
���(�M���B�N�M�S�Q�@�R�S�����S�G�D���B�N�Q�Q�D�R�O�N�M�C-

ing lengths of the two described Untermassfeld cheetah skulls only measure around c. 208 and c. 216mm.

Thus, both fossil individuals show the typical Acinonyx features.
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���(�M���S�G�D���Ö�Q�R�S���O�@�O�D�Q���N�M���S�G�D���4�M�S�D�Q-

massfeld cats (Hemmer 2001), the M1 length was used as a mass predictor (Van Valkenburgh 1990) as the 

results were comparable to those obtained from extant A�
�•jubatus�����'�D�L�L�D�Q���K�
�B�
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later publication, this measurement was still used as the only predictor for estimating the body mass of fossil 
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it should be remembered that measurements of teeth cannot give the actual load which the body mass 

exerted on a bone. Dentition measurements may allow to predict a genetically programmed frame of body 

size, but they can never give the real size an individual reached during its ontogeny (Hemmer 2007b). Thus, 

tooth dimensions should be applied extremely carefully, if at all, when trying to estimate the body mass of 

real individuals. For this reason, here we have used bone cross-sections, i. e., the minimal diaphyseal widths 
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Mc3 sin. 110kg, Mc4 sin. 107kg, Mc5 sin. 79kg, Mc3 dex. 101kg, Mc4 dex. 96kg, Mc5 dex. 99kg. The 

right Mc4 value has been excluded in view of the extreme exostosis on this bone. The Mc5 results have 

also been discounted, as the body mass calculation based on this metacarpal led to an underestimation in 
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rounded up to the next 10kg to avoid false precision (Hemmer 2004). The body mass determination for 

the individual from the in-situ block preparation IQW 2014/41900 (Mei. 47209) thus leads to a value of c.

110kg.

Larger metacarpals (see section 2.2.2., �6�C�D�N�G�|����) resulted in values of 162kg (Mc2), 137kg and 120kg (Mc3) 

�@�M�C�������� �J�F�����,�B�������������� �J�F���A�@�R�D�C���N�M���@���K�@�Q�F�D���,�B�����G�@�R���A�D�D�M���C�H�R�B�N�T�M�S�D�C�
���3�G�D�R�D���G�H�F�G�D�Q���U�@�K�T�D�R���E�N�Q���S�G�D���A�N�C�X���L�@�R�R��
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are completed by 144kg based on the femur (Hemmer 2001, Tab. 9a) in addition to 158 and 156kg based 

on two humeri (�6�C�D�N�G�|����). The resulting raw mean of 144kg can be rounded down to 140kg. In this way, 

values of 110kg for the smaller and 140kg for the larger cheetahs of Untermassfeld are obtained. Earlier 

�D�R�S�H�L�@�S�H�N�M�R���A�@�R�D�C���N�M���S�G�D���L�N�K�@�Q���K�D�M�F�S�G���O�Q�D�C�H�B�S�H�N�M�����'�D�L�L�D�Q���������������"�G�D�Q�H�M���D�S�•�@�K�
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The range of reconstructed body weights from 110kg to 140kg corresponds to the expectation for females 

�@�M�C���L�@�K�D�R���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���O�@�K�@�D�N�O�N�O�T�K�@�S�H�N�M�
���3�G�D���D�P�T�@�S�H�N�M���K�N�F�!�,�_ = 1.037 × logBM�a - 0.14 (r = 

0.969) is calculated using data from six extant cheetah populations of East, Southwest and South Africa 

(Marker and Dickman 2003). The extrapolation to a mean mass of 140kg for male individuals indicates a 

mean mass for females at around 122kg. Body mass dimorphism in the large reference series of Namibian 

�B�G�D�D�S�@�G�R�����,�@�Q�J�D�Q���@�M�C���#�H�B�J�L�@�M���K�
�B�
���� �H�R�������
�� ���
�� �!�@�R�D�C���N�M���@���A�N�C�X���L�@�R�R���N�E�������� �J�F�� �E�N�Q���L�@�K�D���H�M�C�H�U�H�C�T�@�K�R���S�G�H�R��

would give a mean mass of around 114kg for females. Both of these estimations are reasonably near to the 

110kg obtained for the smaller Untermassfeld individual.

Morphological differences between the relatively smaller and larger Untermassfeld cheetahs support their 

assignment to both sexes. The determined female-male mass dimorphism is much less than that seen in 

Panthera onca gombaszoegensis from the same site, with comparable female body masses (see section 
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�� �$�W�S�D�Q�M�@�K�� �L�N�Q�O�G�N�L�D�S�Q�H�B�� �C�@�S�@�� �E�Q�N�L�� �S�G�D�� �-�@�L�H�A�H�@�M�� �Q�D�E�D�Q�D�M�B�D�� �R�D�Q�H�D�R�� �F�H�U�D�� �P�T�H�S�D�� �C�H�E�E�D�Q�D�M�S�� �O�D�Q�B�D�M�S�@�F�D�R��

for sexual dimorphisms, with the greatest differences recorded in skull width and lower canine size, as well 

as in the legs for hind foot width (Marker and Dickman l.c.). This is paralleled by the considerably narrower 

skull, the smaller canines, and the slenderer metacarpals of the smaller Untermassfeld cheetah individual 

described here. As such, the cat from the in-situ block preparation IQW 2014/41900 (Mei. 47209) is most 

probably an average-sized female. All larger skeletal remains of the Untermassfeld material clearly belonged 

to two males. Based on the data, a mean body mass including both sexes would scatter at around 125kg.

�3�G�H�R���U�@�K�T�D���H�R���R�H�F�M�H�Ö�B�@�M�S�K�X���K�D�R�R���S�G�@�M���S�G�D���L�@�R�R���N�E���@���K�H�N�M���V�H�S�G���@���G�D�@�C���@�M�C���A�N�C�X���K�D�M�F�S�G���N�E�������� �B�L�
���3�G�H�R���L�D�@�R-

urement corresponds to the maximum length of female African lions (140–175cm) with body masses of 

120–182kg and is near the lower limit of male lions (170–250cm) with body masses of 150–225kg (Haas 

�D�S�•�@�K�
�������������
�� �3�G�D���B�N�L�O�@�Q�H�R�N�M���V�H�S�G��Panthera leo depicts �!���•�P�A�R�D�I�N�E�N�S�I�Spleistocaenicus as a slender, light-

�V�D�H�F�G�S���B�@�S�����I�T�R�S���K�H�J�D���S�N�C�@�X�i�R���B�G�D�D�S�@�G�


Modern-day �!���• �J�U�B�A�T�U�S is an extraordinarily specialised cat. Cheetahs are famous sprinters, facilitated by 

�@���K�H�F�G�S���A�T�H�K�C���V�H�S�G���K�N�M�F���K�H�L�A�R���@�M�C���@���K�N�M�F�����×�D�W�H�A�K�D���U�D�Q�S�D�A�Q�@�K���B�N�K�T�L�M�
���%�N�K�K�N�V�H�M�F���@���R�T�B�B�D�R�R�E�T�K���B�G�@�R�D�����S�G�D���T�R�T�@�K��

�J�H�K�K�H�M�F���S�D�B�G�M�H�P�T�D���N�E���R�T�E�E�N�B�@�S�H�N�M���A�X���G�N�K�C�H�M�F���S�G�D���S�G�Q�N�@�S���H�R���@�K�R�N���C�T�D���S�N���@���C�H�R�S�H�M�B�S���R�O�D�B�H�@�K�H�R�@�S�H�N�M�
��� ���R�T�R�S�@�H�M�D�C���I�@�V��

clench is facilitated by a mandible with relatively short, blunt canines followed immediately by high-crowned 

�O�Q�D�L�N�K�@�Q�R�����V�G�H�B�G���R�T�O�O�K�X���@���R�S�D�@�C�X���Q�N�V���N�E���R�G�@�Q�O���F�Q�@�R�O�H�M�F���O�N�H�M�S�R�����*�H�M�F�C�N�M���������������'�D�L�L�D�Q�����������@���
���3�G�D���4�M�S�D�Q-

massfeld cheetah is much larger than the extant species, but has the same small head, a comparable light 

build, albeit stouter by size, functionally the same dentition suitable for specialised killing, a comparable 

�U�D�Q�S�D�A�Q�@�K���B�N�K�T�L�M�����@�M�C���K�N�M�F���K�D�F�R���E�N�Q���G�H�F�G���R�O�D�D�C���Q�T�M�M�H�M�F�
���"�N�M�R�D�P�T�D�M�S�K�X�����S�G�D���F�H�@�M�S���$�O�H�U�H�K�K�@�E�Q�@�M�B�G�H�@�M���!���•�P�A�R-

dinensis pleistocaenicus���V�@�R���O�D�Q�E�D�B�S�K�X���@�C�@�O�S�D�C���E�N�Q���G�T�M�S�H�M�F���T�R�H�M�F���S�G�D���R�@�L�D���S�D�B�G�M�H�P�T�D�R���@�R���!���•�J�U�B�A�T�U�S, i. e., 

�@���G�H�F�G���R�O�D�D�C���B�G�@�R�D���E�N�K�K�N�V�D�C���A�X���R�T�E�E�N�B�@�S�H�N�M���J�H�K�K�H�M�F�•�m���S�G�N�T�F�G���M�N�S���M�D�B�D�R�R�@�Q�H�K�X���V�H�S�G���S�G�D���R�@�L�D���E�@�L�N�T�R���R�O�D�D�C��

�@�M�C���L�@�M�N�D�T�U�Q�@�A�H�K�H�S�X�����@�R���R�T�O�O�N�Q�S�D�C���A�X���@�C�C�H�S�H�N�M�@�K���Ö�M�D���R�O�D�B�H�@�K�H�R�@�S�H�N�M�R���E�N�Q���F�@�Y�D�K�K�D���G�T�M�S�H�M�F���S�G�@�S���L�@�X���M�N�S���G�@�U�D��

�D�U�N�K�U�D�C���A�D�E�N�Q�D���S�G�D���+�@�S�D���/�K�D�H�R�S�N�B�D�M�D�����.�i�1�D�F�@�M���������������&�Q�N�G�°���D�S�•�@�K�
�������������
���-�D�H�S�G�D�Q���S�G�D���F�H�@�M�S���B�G�D�D�S�@�G�i�R���G�T�M�S�H�M�F��

�@�A�H�K�H�S�X���M�N�Q���H�S�R���J�H�K�K�H�M�F���D�P�T�H�O�L�D�M�S���G�@�C���@�M�X�S�G�H�M�F���H�M���B�N�L�L�N�M���V�H�S�G���S�G�D���E�T�M�B�S�H�N�M�@�K���@�C�@�O�S�@�S�H�N�M���N�E���O�@�M�S�G�D�Q�H�M�D���B�@�S�R��

�@�R���D�@�Q�K�H�D�Q���R�S�T�C�H�D�R���G�@�U�D���S�Q�H�D�C���S�N���B�N�M�U�D�X�����"�G�D�Q�H�M���D�S�•�@�K�
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tuning of both predators’ eco-physiological abilities would have taken place.

Body mass is a useful predictor in estimating the probable prey size of a fossil cat. The prey focus mass 

reconstruction method, which uses the cat’s body mass as a predictor, provides, on a logarithmic scale, 
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not only an idea on the main preferred prey size (focus mass), but also outlines the range of prey regularly 

�S�@�J�D�M���A�X���S�G�D���N�O�O�N�Q�S�T�M�H�R�S�H�B���G�T�M�S�D�Q�����'�D�L�L�D�Q�����������������������@���
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masses for both sexes of the Untermassfeld cheetah results in a 20–500kg class prey size range, with the 

focus on 200kg animals. In view of the relatively small size of the cheetah’s canines, a possible lower prey 

�R�H�Y�D���B�K�@�R�R�����H�
 �D�
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as it may, it is the very abundant cervid Pseudodama vallonnetensis in the Untermassfeld fauna that best 

�L�@�S�B�G�D�R���S�G�D���O�Q�D�C�H�B�S�D�C���R�H�Y�D���Q�@�M�F�D�����R�D�D���R�D�B�S�H�N�M�����
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may have been the preferred target of the giant cheetahs. The larger Eucladoceros guilii most likely played 

a more marginal role as prey, as given that it was a browser it would have preferred more wooded habitats 

���!�Q�D�C�@���D�S�•�@�K�
�������������������������
���'�N�Q�R�D�R�����G�N�V�D�U�D�Q�����V�N�T�K�C���G�@�U�D���@�K�R�N���A�D�D�M���O�N�R�R�H�A�K�D���O�Q�D�X���H�M���S�G�D���B�G�D�D�S�@�G�i�R���O�Q�D�R�T�L�@�A�K�X��

more open hunting ground. Such a habitat preference is indicated, alongside the functional morphology of 

�S�G�D���E�D�K�H�C���R�O�D�B�H�D�R���H�S�R�D�K�E�����A�X���S�G�D���×�N�N�C���U�T�K�M�D�Q�@�A�H�K�H�S�X���Q�@�S�H�N�����%�5�1�����R�D�D���R�D�B�S�H�N�M�����
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valley was not a substantial part of the Untermassfeld giant cheetah’s home range. The previously published 

data of the presumed prey spectrum of A�
�•pardinensis pleistocaenicus is therefore still valid (Hemmer 2001, 

Fig. 11).

�/�Q�D�C�H�B�S�H�N�M�R���Q�D�F�@�Q�C�H�M�F���S�G�D���C�@�H�K�X���L�D�@�S���B�N�M�R�T�L�O�S�H�N�M�����'�D�L�L�D�Q�����������������������@�����N�E���@�C�T�K�S���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�G�D�D�S�@�G�R��

indicate an amount of 5kg for females and 5.5kg for males. A model calculation done for a probable male 

cheetah (A. pardinensis pardinensis) of about 100kg body mass from the c. 1.8Ma old Early Pleistocene 

site of Dmanisi (Georgia) suggests, with a mean mass of 50kg per kill, a scenario of more than one ton of 

pure meat each year available to other consumers, in addition to around 4 ½ tons of other leftovers, such 

�@�R���A�N�M�D�R�����G�H�C�D���@�M�C���H�M�S�D�R�S�H�M�D�R�����'�D�L�L�D�Q���D�S�•�@�K�
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termassfeld guild of competing carnivores. Like extant �!���•�J�U�B�A�T�U�S, the Epivillafranchian cheetah would have 

�A�D�D�M���@���O�N�S�D�M�S�H�@�K���G�N�R�S���E�N�Q���J�K�D�O�S�N�O�@�Q�@�R�H�S�H�R�L���A�X���R�O�D�B�H�D�R���S�G�@�S���C�N�L�H�M�@�S�D�C���H�M���S�G�D���H�M�S�D�Q�R�O�D�B�H�Ö�B���G�H�D�Q�@�Q�B�G�X�
���(�S���B�@�M���A�D��

assumed that despite its gigantic size, the cheetah would have tried to avoid any confrontations at its kill 

owing to its small head and the relatively small canines that were its main weapons. Nevertheless, its feed-

ing situation was most probably satisfactory, given that even a severely handicapped individual (see section 

2.2.3.) was able to survive.

2.3. Puma pardoides brevipes ssp. nov.

2.3.1. Introduction

�$�T�Q�@�R�H�@�M���O�T�L�@���Ö�M�C�R���E�Q�N�L���/�K�H�N�B�D�M�D���,�N�M�F�N�K�H�@���V�D�Q�D���O�T�A�K�H�R�G�D�C���H�M���������������2�N�S�M�H�J�N�U�@���������������@�M�C���V�D�Q�D���@�K�R�N���@�R-

sumed to exist for Early Pleistocene Europe (Kurtén 1976). However, the real beginnings of European puma 

research started only 25 years later. Introductory to the description of the Untermassfeld puma, Viretailurus 

schaubi (Viret, 1954) from the Middle Villafranchian of Saint-Vallier (France) was synonymised with Felis par-

doides Owen, 1846, and attributed to the genus Puma as Puma pardoides (Hemmer 2001). Eurasian puma 
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had been formerly attributed to Lynx. �/�T�L�@���Q�D�L�@�H�M�R���V�D�Q�D���@�K�R�N���H�C�D�M�S�H�Ö�D�C���G�H�C�C�D�M���@�L�N�M�F�R�S�� �Ö�M�C�R���E�N�Q�L�D�Q�K�X��

assigned to Panthera pardus���@�S���/�K�H�N�B�D�M�D���R�H�S�D�R���H�M���$�@�R�S���@�M�C���2�N�T�S�G��� �E�Q�H�B�@�����'�D�L�L�D�Q���D�S�•�@�K�
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Valverde and from the Epivillafranchian of Cueva Victoria and Vallparadís. This material was also compared 
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with Panthera pardus and Panthera uncia. It was noted that the �0���•�P�A�R�D�O�I�D�E�S dental remains from Cueva 

Victoria and Vallparadís more closely resemble extant pumas than those from Saint-Vallier and La Puebla de 
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cats to the genus Puma���G�@�C���M�D�U�D�Q���A�D�D�M���R�T�O�O�N�Q�S�D�C���A�X���S�G�D���H�C�D�M�S�H�Ö�B�@�S�H�N�M���N�E���@�M�X���R�X�M�@�O�N�L�N�Q�O�G�X���V�H�S�G���S�G�D���D�W-

�S�@�M�S���O�T�L�@�����"�G�D�Q�H�M���D�S�•�@�K�
�����������@�����H�R���M�N�V���C�H�R�O�D�K�K�D�C���V�H�S�G���S�G�D���O�Q�D�R�D�M�S�@�S�H�N�M���N�E���@���L�N�R�S�K�X���O�Q�D�R�D�Q�U�D�C���R�J�D�K�D�S�N�M���E�Q�N�L��

�4�M�S�D�Q�L�@�R�R�E�D�K�C�
���3�G�H�R���Ö�M�C���H�M�B�K�T�C�D�R���S�G�D���R�X�M�@�O�N�L�N�Q�O�G�H�B���@�M�S�D�Q�H�N�Q���D�W�S�D�M�R�H�N�M���N�E���S�G�D���Ö�A�T�K�@���G�D�@�C�����B�N�M�Ö�Q�L�H�M�F���H�S�R��

�F�D�M�D�Q�H�B���O�T�L�@���@�E�Ö�K�H�@�S�H�N�M�
���0���•�P�A�R�D�O�I�D�E�S���H�R���@�B�S�T�@�K�K�X���B�K�@�R�R�H�Ö�D�C���H�M���@��Puma subgenus of its own, Puma (Viretailu-

rus) pardoides�����2�O�@�R�R�N�U���������������"�G�H�L�D�M�S�N���D�S�•�@�K�
�������������
���!�D�R�H�C�D���S�G�D���M�N�L�H�M�@�S�D���R�T�A�F�D�M�T�R���E�N�Q��P�
�•concolor, other 

Puma subgenera have been established based on advancements made in felid taxonomy over the last two 

�C�D�B�@�C�D�R�����"�G�H�L�D�M�S�N���D�S�•�@�K�
���K�
�B�
���
���&�D�M�D�S�H�B���@�R�R�D�R�R�L�D�M�S���N�E���S�G�D���D�W�S�@�M�S���B�@�S���R�O�D�B�H�D�R���R�T�O�O�N�Q�S�R���S�G�D���Q�D�B�N�F�M�H�S�H�N�M���N�E���D�H�F�G�S��

evolutionary clades in total, which presumably radiated in the Late Miocene. Species within such a clade, 
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related to �0���•�C�O�N�C�O�L�O�R, it was then attributed to the genus Puma as P�
�•yagouaroundi�����)�N�G�M�R�N�M���D�S�•�@�K�
�������������
��

The availability of a differentiating taxonomic unit between the rank of genus on the one hand and the rank 

of species on the other, i. e., the subgenus level, has been neglected in that process. Nevertheless, setting up 

separate subgenera seems to be a suitable instrument with which to express Pliocene divergence of extant 

felid species or species groups. This procedure helps to illustrate separate units in multi-species genera, as 
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(Castellanos, 1958), displays great similarities with the latter species, but was much larger, like a small 
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and Acinonyx jubatus. Therefore, �0���•�P�U�M�O�I�D�E�S has been considered as representing the basic evolutionary 

level of the subgenus Herpailurus. It also displays similarities with the Late Pliocene and Pleistocene North 
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1990) and were later proved, using mitochondrial ancient DNA, to have diverged from the puma, but not 
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belonging taxonomically to the genus Puma and given the rank of a further subgenus, P.� • � �Miracinonyx) 
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The extant puma (subgenus Puma) is a large, slender cat characterised by very long hind legs and feet, a 
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relatively short legs, and a very long tail. These features are representative of an adaptation for moving 

easily through dense undergrowth. The subgenus Miracinonyx of the North American Plio-Pleistocene was 

characterised by a marked cheetah-like anatomy, pointing to a specialisation for running.
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gence from the cheetah line may be presumed, and which may represent the origin of puma evolution better 

than any New World species. The build of the subgenus Viretailurus was, as yet, unknown. This gap is now 
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2.3.2. Material 

Maxillare sin. fragment with P2 IQW 2018/45336 (Mei. 50645) and associated C sup. IQW 2017/45012 
(Mei. 50321),
C sup. dex. fragment IQW 2016/43814 (Mei. 49123),
I3 dex. IQW 2018/45414 (Mei. 50723),
P4 sin. distal fragment IQW 2008/29823 (Mei. 28985),

Mandibula sin. with P3-M1 IQW 2018/45413 (Mei. 50722),
M1 dex. fragment IQW 1989/23140 (Mei. 22659), 
Vertebra thoracica III IQW 2017/45024 (Mei. 50333),
Vertebra thoracica VI IQW 2017/45329 (Mei. 50638),
Vertebra thoracica IX IQW 2017/45023 (Mei. 50332),
Vertebra thoracica XII IQW 2017/44984 (Mei. 50293),
Sacrum IQW 2016/43797 (Mei. 49106),
Scapula dex. IQW 1995/25289 (Mei. 24818),
Humerus dex. IQW 2016/43792 (Mei. 49101),
Ulna dex. IQW 2017/45013 (Mei. 50322),
Radius sin. IQW 2016/43817 (Mei. 49126),
Radius dex. IQW 2017/45022 (Mei. 50331),
Scapholunare (Cr + Ci) sin. IQW 2017/44941 (Mei. 50250),
Pisiforme (Ca) sin. IQW 2016/43803 (Mei. 49112), 
Trapezoid (C2) sin. IQW 2016/43820 (Mei. 49129),
Metacarpale (Mc) 1 sin. IQW 2016/43807 (Mei. 49116),
Metacarpale (Mc) 3 sin. IQW 2016/43813 (Mei. 49122),
Metacarpale (Mc) 3 dex. IQW 2016/43811 (Mei. 49120),
Metacarpale (Mc) 4 dex. IQW 2016/43800 (Mei. 49109),
Phalanx I dig. 1 sin. man. IQW 2016/43808 (Mei. 49117),
Phalanx I dig. 3 dex. man. IQW 2016/43812 (Mei. 49121),
Phalanx III dig. 1 dex. man. IQW 2016/43810 (Mei. 49119),
Phalanx III dig. 3 sin. man. IQW 2016/43805 (Mei. 49114),
Pelvis dex. IQW 1995/24934 (Mei. 24463),
Femur sin. IQW 2016/43795 (Mei. 49104),
Femur dex. IQW 2016/43796 (Mei. 49105),
Patella dex. IQW 2018/45335 (Mei. 50644),
Tibia sin. IQW 2016/43794 (Mei. 49103),
Fibula sin. proximal fragment, IQW 2016/43887 (Mei. 49196),
Fibula sin. distal fragment, IQW 2016/43888 (Mei. 49197),
Astragalus sin. IQW 1993/24322 (Mei. 23851),
Naviculare (Tc) sin. IQW 2007/29104 (Mei. 28266),
Phalanx I IQW 2018/45411 (Mei. 50720),
Phalanx I IQW 2009/30464 (Mei. 29626).

§
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documentation see Kahlke 2020) and belong to a single skeleton (see section 2.3.3.). They originated from 
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a sandy-gravelly amalgamation zone full of vertebrate remains, which was deposited in the deepest part of 
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this volume, Fig. 13, Foldout III).

2.3.3. Description and comparison

The rich new collection of cranial and especially postcranial bones (see section 2.3.2.) obviously represents 

a single adult individual. A well-preserved upper left canine (height including the root 53.5+, crown height 
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lary fragment (Fig. 16a–d���
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canine (length 14.6mm, width 12.0 mm) from the Middle Villafranchian locality of La Puebla de Valverde 

(Spain) has previously been described (Kurtén and Crusafont Pairó 1977).

The canine from Untermassfeld is a little worn and rounded at its tip. It is noticeably slender, in contrast to 

the usually plump canine of P.concolor. Longitudinal grooves are well marked. The extant puma demon-

�R�S�Q�@�S�D�R���@���V�H�C�D���U�@�Q�H�@�A�H�K�H�S�X���H�M���S�G�H�R���B�G�@�Q�@�B�S�D�Q�����H�M���R�N�L�D���B�@�R�D�R�����B�@�M�H�M�D���F�Q�N�N�U�D�R���@�Q�D���K�@�B�J�H�M�F���@�M�C���H�M���N�S�G�D�Q�R���S�G�D�X���@�Q�D��

�N�M�K�X���V�D�@�J�K�X���C�D�U�D�K�N�O�D�C�����'�D�L�L�D�Q�������������
���3�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�@�M�H�M�D���H�R���R�H�F�M�H�Ö�B�@�M�S�K�X���R�L�@�K�K�D�Q���S�G�@�M���H�S�R���B�N�T�M�S�D�Q-

part in �0���•�C�O�N�C�O�L�O�R. Its length is 3.0 s (standard deviation) less than a �0���•�C�O�N�C�O�L�O�R mean (Van Valkenburgh 
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includes the inner wall of the rear part and the distal root.

The left hemimandible of the Untermassfeld puma skeleton is nearly completely preserved, lacking only the 

symphyseal part (Fig. 16e–g, �6�C�D�N�G�|�������
���3�G�H�R���K�N�V�D�Q���I�@�V���Q�D�R�D�L�A�K�D�R���L�@�M�C�H�A�K�D�R���N�E���R�L�@�K�K���D�W�S�@�M�S���,�D�W�H�B�@�M���O�T-

mas of the onza morph (see Greenwell 1986) on the one hand and Middle Villafranchian �0���•�P�A�R�D�O�I�D�E�S from 

Saint-Vallier on the other. The mandible is broken in the socket of the canine, so a nearly vertical position of 

�S�G�D���B�@�M�H�M�D���Q�N�N�S���H�R���D�W�O�N�R�D�C�����H�M�C�H�B�@�S�H�M�F���@���R�S�D�D�O���E�Q�N�M�S���O�Q�N�Ö�K�D���N�E���S�G�D���R�X�L�O�G�X�R�H�R�
���3�G�D�Q�D���@�Q�D���S�V�N���L�D�M�S�@�K���E�N�Q�@�L�H�M�@��

aligned horizontally, the larger one to the front is situated below the short diastema, the smaller one lies 

below the P3�
���3�G�H�R���B�N�M�Ö�F�T�Q�@�S�H�N�M���O�K�@�B�D�R���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���O�T�L�@���N�T�S�R�H�C�D���S�G�D���U�@�Q�H�@�A�H�K�H�S�X���N�E���D�W�S�@�M�S���0���•�C�O�N�C�O�L�O�R, 

but corresponds to the common pattern »for all fossil and living felids, other than pumas« (Savage 1960).

There is a very small, P�
�•concolor-like third mental foramen in the Saint-Vallier (Viret 1954, pl. 10) and the 

�"�T�D�U�@���5�H�B�S�N�Q�H�@�����,�@�C�T�Q�D�K�K���,�@�K�@�O�D�H�Q�@���D�S�•�@�K�
���������������0���•�P�A�R�D�O�I�D�E�S mandibles, whereas the size and position of 

the other two foramina are as those recorded in the Untermassfeld specimen. The shallow rostral end of 

the masseteric fossa reaches far under the molar, as is typical for �0���•�C�O�N�C�O�L�O�R�� in contrast to Panthera pardus 

���'�D�L�L�D�Q�����������@�����Ö�F�
�����
���3�G�H�R���B�G�@�Q�@�B�S�D�Q���H�R���@�K�R�N���E�N�T�M�C���H�M���S�G�D���D�@�Q�K�H�D�Q���O�T�A�K�H�R�G�D�C���0���•�P�A�R�D�O�I�D�E�S mandibular frag-

ment from Untermassfeld (Hemmer 2001, 729ff ., pl. 141, 1–3) and in the Saint-Vallier puma (Viret 1954).

The front part of the deep masseteric pit is limited above by a sharp crest as is also described for a Saint-

Vallier mandible (Viret l.c.) and also found in �0���•�C�O�N�C�O�L�O�R. The ventral margin of the masseteric fossa forms a 

�B�H�Q�B�T�K�@�Q���@�Q�B���H�M���H�S�R���Q�D�@�Q���R�D�B�S�N�Q�����V�G�H�B�G���H�R���S�X�O�H�B�@�K���E�N�Q���O�T�L�@�R�����'�D�L�L�D�Q�����������@�����%�H�F�
 �������A�T�S���V�G�H�B�G���H�R���P�T�H�S�D���T�M�K�H�J�D���S�G�D��

rather platter-like structure sloping out ventro-laterally to the angular process, as seen in leopards.

The lower dentition (�6�C�D�N�G�|����) is about the size of a female extant puma (Kurtén 1973b). The lengths of the 

premolars and the molar are 0.4–1.6 s shorter than the respective overall mean values of �0���•�C�O�N�C�O�L�O�R (Van 

�5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���������������3�@�A�K�D�•�����
���3�G�D���O�Q�D�L�N�K�@�Q�R���@�Q�D���U�D�Q�X���V�N�Q�M�
���3�G�D���O�Q�N�S�N�B�N�M�H�C���N�E���A�N�S�G���S�G�D��P3 and the P4

is polished off and the wear slopes nearly to the groove in front of the rear accessory cusp. The latter is af-

fected by considerable abrasion in both premolars. The same holds for the paraconid of the P4. The molar is 

less worn, mainly at the tip of the paraconid. The wear facets of the M1 are puma-like, parallel to the cutting 
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�%�H�F�
 ����Puma pardoides brevipes ssp.
nov., �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��a–d Left up-
per canine IQW 2017/45012 (Mei.
50321), isolated and combined with 
maxillafragment and left P2 IQW 2018/ 
���� �����������,�D�H�
 ���� ���������
�•�m��e–g Left man-
dible with P3-M1 IQW 2018/45413 
���,�D�H�
 ���� ���������
�• �m��a, c, f�� �A�T�B�B�@�K�� �U�H�D�V�R����
b, d, g���K�H�M�F�T�@�K���U�H�D�V�R����e���N�B�B�K�T�R�@�K���U�H�D�V�
�•�m��
�2�B�@�K�D�������� �L�L�


edges. This character, somewhat unusual for a felid, has already been mentioned in the original description 

of the Saint-Vallier mandibles (Viret 1954). The two premolars are well characterised by a prominent cingu-

lum running around the base of the teeth, rising in front into the anterior accessory cusp. Identical morphol-

ogy is found in the previously published Untermassfeld mandibular fragment (Hemmer 2001, 729ff .). This 

feature is less marked in the Saint-Vallier and Kvabebi pumas, where the heel cingulum, especially of the P4,
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looks as if it has been folded. The M1 of the cats of the latter two sites also have a bulging talonid in com-

mon, whereas this structure is smaller in both Untermassfeld specimens.

The vertebral column of the Untermassfeld skeleton is represented by four thoracic vertebrae evenly distrib-

uted over the total thoracic series and by the sacrum. The centra of the third, sixth and ninth thoracic are on 

�@�U�D�Q�@�F�D���N�M�K�X���� �����K�N�M�F�D�Q���S�G�@�M���S�G�N�R�D���E�N�T�M�C���H�M���S�G�D���Q�D�R�O�D�B�S�H�U�D���U�D�Q�S�D�A�Q�@�D���N�E���@���U�D�Q�X���R�L�@�K�K���D�W�S�@�M�S���O�T�L�@���T�R�D�C���E�N�Q��

�B�N�L�O�@�Q�H�R�N�M���:�(�0�6���������������� �����������J�
 � �
������ ���������<���A�T�S���@�Q�D���� �����F�Q�D�@�S�D�Q���H�M���G�D�H�F�G�S�
���3�G�H�R���R�T�F�F�D�R�S�R���S�G�@�S���S�G�D���B�D�M�S�Q�@���N�E��

these vertebrae in the Untermassfeld �0���•�P�A�R�D�O�I�D�E�S are relatively short and stocky. In contrast, the proportions 

of the twelfth thoracic of the latter are nearly the same as in P�
�•concolor (Fig. 17a–t, �6�C�D�N�G�|����). A short 

thoracic region relative to the lumbar region is characteristic for both the Early Pleistocene North American 

�0���•�I�N�E�X�P�E�C�T�A�T�U�S and the Late Pleistocene �0���•�T�R�U�M�A�N�I when compared to �0���•�C�O�N�C�O�L�O�R�����5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
��

1990). When considering regionalisation of the vertebral column with a highly integrated region between 

the diaphragmatic vertebra and the last lumbar (thoracic vertebra X to lumbar vertebra VII) (Randau da 

Costa Carvalho 2017), the longer thoracic vertebra XII of �0���•�P�A�R�D�O�I�D�E�S, in contrast to thoracic vertebrae III, 

VI and IX, is also suggestive of longer lumbars.

The sacrum of the Untermassfeld puma skeleton (Fig. 17u–y, �6�C�D�N�G�|����) greatly differs from that of �0���•�C�O�N-

color, being proportionally longer and narrower in its middle section. Its caudal articulation area (third 

�U�D�Q�S�D�A�Q�@���� �H�R�� �L�T�B�G�� �L�N�Q�D�� �Q�N�A�T�R�S���� �V�G�D�Q�D�@�R�� �H�S�R�� �B�Q�@�M�H�@�K�� �@�Q�S�H�B�T�K�@�S�H�N�M�� �R�T�Q�E�@�B�D�� ���Ö�Q�R�S�� �U�D�Q�S�D�A�Q�@���� �H�R�� �N�E�� �S�G�D�� �R�@�L�D�� �R�H�Y�D��

as that found in the small extant puma used for comparison. The third sacral vertebra is only moderately 

IQW 2018/45413
(Mei. 50722)

IQW 1983/18556
(Mei. 18376)

Mandible height
Processus angularis-Coronion

54.5

Depth behind M1   25.0 26.0

Depth in front of P3 24.6

Thickness below P4/M1 12.9

Alveolar length P3-M1 43.1

Diastema length 10.0

P3 length 11.8
maximal width 5.9
anterior width 4.7
protoconid length 6.0
protoconid height

P4 length 15.6 15.5
maximal width 7.6 7.7
anterior width 6.4 6.4
protoconid length 8.0 7.8
protoconid height

M1 length 16.6 16.9
maximal width 8.2 7.9
protoconid length 10.0 10.5
paraconid length 9.4 8.2
protoconid height 10.3+
paraconid height 10.0+

�3�@�A�K�D�j����Puma pardoides brevipes ssp. nov., measurements (mm) of the holotype left hemimandible, compared to an earlier described 
mandibular fragment (Hemmer 2001), Untermassfeld.
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P3 length P 3 width P 4 length P 4 width M 1 length M 1 width

Early Pleistocene, Epivillafranchian

�4�M�S�D�Q�L�@�R�R�E�D�K�C�����'�D�L�L�D�Q�������������@�M�C���M�D�V���Ö�M�C�R��

IQW 2018/45413
(Mei. 50722)

11.8 5.9 15.6 7.6 16.6 8.2

IQW 1983/18556
(Mei. 18376)

15.5 7.7 16.9 7.9

Cueva Victoria and Vallparadís (Madurell-Malapeira et al. 2010)

IPS 46144 12.6 6.3 16.7 8.7 18.6 8.9

IPS 46145 12.5 6.8

EVT 04178 15.6 7.8 8.0

Early Pleistocene, Middle Villafranchian

La Puebla de Valverde (Madurell-Malapeira et al. 2010)

IPS 36127 19.8 8.9

�2�@�H�M�S���5�@�K�K�H�D�Q�����5�H�Q�D�S���������������L�D�@�R�T�Q�D�L�D�M�S�R���'�
�'�
��

QSV 137 10.7 5.6 14.1 7.0 16.3 7.8

QSV 138 dex. 13.0 6.8 16.2 8.0 18.9 8.2

QSV 138 sin.
(cast NMB St.V.772)

13.2 7.3 c. 16.5 8.6 c. 18.6 9.0

Early Pleistocene, Pinjor

Siwalik Hills (measurements H.H.)

BM 16537a 13.0 6.4 17.0 8.0 c. 19.0 9.1

Late Pliocene, Early Villafranchian

Ahl al Oughlam (Geraads 1997, assigned to Panthera pardus) 

AaO-13 11.3 5.6 15.6 7.5 17.2 8.0

AaO-1375 16.1 8.0

AaO-1447 15.3 7.9

AaO-2027 16.6 7.3

AaO-2548 16.0 7.4

AaO-2550 16.2 8.1

AaO-3457 12.5 6.0 15.9 7.5 17.1 7.5

�*�U�@�A�D�A�H�����5�D�J�T�@���D�S �@�K�
���������������L�D�@�R�T�Q�D�L�D�M�S�R���'�
�'�
��

K 3035 dex. 16.1 8.1 17.8 7.8

K 3035 sin. 16.7 8.1

�3�@�A�K�D�j����Comparative measurements (mm) of lower premolar and molar lengths and widths of Late Pliocene and Early Pleistocene Puma 
pardoides of Europe, Asia and North Africa.
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�Q�D�C�T�B�D�C�� �V�H�S�G�� �Q�D�F�@�Q�C�� �S�N�� �S�G�@�S�� �N�E�� �S�G�D�� �Ö�Q�R�S�
�� �3�G�H�R�� �H�R�� �H�M�� �B�N�M�S�Q�@�R�S�� �S�N�� �R�G�N�Q�S���S�@�H�K�D�C�� �B�@�S�R�� ��Lynx, also Homotherium����

Rawn-Schatzinger 1992) and indicates the existence of a tail at least as long as that found in �0���•�C�O�N�C�O�L�O�R.

The Untermassfeld puma sacrum is singular due to an unusual feature, as its third vertebra is only partially 

fused with the second on only the left side. A comparable case of incomplete fusion has been described for 

Smilodon populator (Rawn-Schatzinger l.c.).

Part of a right scapula does not belong to the new Untermassfeld puma skeleton that was found in the 

erosion channel (see section 2.3.2.), but may be attributed to the previously described individual (Hemmer 

2001). Skeletal elements of the latter puma were all discovered in Lower Fluviatile Sands (LFS) that were 

�C�D�O�N�R�H�S�D�C���N�M���×�N�N�C�D�C���R�T�Q�E�@�B�D�R���N�T�S�R�H�C�D���N�E���S�G�D���B�G�@�M�M�D�K�����*�@�G�K�J�D���������������������������*�@�G�K�J�D���D�S�•�@�K�
�������������
���3�G�D���R�B�@�O�T�K�@��

�K�@�X���H�M���F�Q�H�C���R�P�T�@�Q�D���0���������������
���� �L���@�A�N�U�D���R�H�S�D�������K�D�U�D�K�����*�@�G�K�J�D���H�M���S�G�H�R���U�N�K�T�L�D�����%�H�F�
 ���������%�N�K�C�N�T�S���(�(�(���
���-�D�U�D�Q�S�G�D�K�D�R�R����

it is not preserved well enough to supply important comparative information. The maximal width of the 

articulation surface measures c. 20.5mm.

The right humerus of the Untermassfeld puma skeleton (Fig. 18a–f) is 1.4 s shorter than the �0���•�C�O�N�C�O�L�O�R

�L�D�@�M���U�@�K�T�D�����5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���������������S�@�A ���������A�T�S���M�D�U�D�Q�S�G�D�K�D�R�R���Q�@�M�F�D�R���V�H�S�G�H�M���S�G�D���U�@�Q�H�@�A�H�K�H�S�X���N�E���S�G�D���K�@�S�S�D�Q��

species. The shape of the distal part of the humerus is fully comparable with that of the earlier described 

�R�O�D�B�H�L�D�M�� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ������������ �A�T�S�� �S�G�D�� �M�D�V�� �E�N�R�R�H�K�� �H�R�� �@�A�N�T�S�� �� ���� �R�L�@�K�K�D�Q�� ���6�C�D�N�G�| ����). There is 

conspicuous morphological similarity with the Pliocene South American �0���•(Herpailurus) pumoides distal hu-

merus, but not with that of �0���•�C�O�N�C�O�L�O�R�����"�G�H�L�D�M�S�N���D�S�•�@�K�
���������������%�H�F�
 �����
���.�M���S�G�D���N�S�G�D�Q���G�@�M�C�����S�G�D���C�H�R�S�@�K���D�O�H�O�G�X-

sis of the humerus of �0���•�P�U�M�O�I�D�E�S differs from the Untermassfeld puma and the other known �0���•�P�A�R�D�O�I�D�E�S

�R�O�D�B�H�L�D�M�R�� �A�X�� �K�N�N�J�H�M�F�� �R�N�L�D�V�G�@�S�� �K�D�R�R�� �B�N�L�O�Q�D�R�R�D�C�� �@�M�S�D�Q�N���O�N�R�S�D�Q�H�N�Q�K�X�� ���P�T�N�S�H�D�M�S�� �@�M�S�D�Q�N���O�N�R�S�D�Q�H�N�Q�� �C�H�@�L�D�S�D�Q��

�S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q���÷�����
�������H�M���0���•�P�A�R�D�O�I�D�E�S�����ø�����
�������H�M���0���•�C�O�N�C�O�L�O�R, 0.68 in �0���•�P�U�M�O�I�D�E�R�����"�G�H�L�D�M�S�N���D�S�•�@�K�
�������������
��

The size of the Untermassfeld humeri is close to that of the Middle Villafranchian specimen from La Puebla 

T III
IQW 2017/45024

(Mei. 50333)

T VI
IQW 2017/45329

(Mei. 50638)

T IX
IQW 2017/45023

(Mei. 50332)

T XII
IQW 2017/44984

(Mei. 50293)

Centrum length �����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���<

Facies terminalis 
cranialis width

�����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���< –���:�����
���<

Facies terminalis 
cranialis height

�B�
�������
�����:�����
���< �B�
�������
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���<

Facies terminalis 
caudalis width

�����
�����:�����
���< –���:�����
���< �B�
�������
�����:�����
���< �B�
�������
�����:�����
���<

Facies terminalis 
caudalis height

�����
�����:�����
���< �B�
�������
�����:�����
���< �����
�����:�����
���< �����
�����:�B�
�������
���<

Maximal height –���:�����
���
�< –���:�����
���< –���:�����
���
�< �����
�����:�����
���<

Neural canal 
cranial width

�����
�����:�B�
�������
���< c. 12.0–13.0 
�:�B�
�������
���m�����
���<

13.0 
�:�B�
�������
���m�����
���<

�����
�����:�����
���<

Neural canal 
cranial height

���
�����:���
���< –���:���
���< ���
�����:���
���< ���
�����:���
���<

Neural canal 
caudal width

–���:�B�
�������
���m�����
���< –���:�B�
�������
���m�����
���< c. 12.0–13.0 
�:�B�
�������
���m�����
���<
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�:�B�
�������
���<

Neural canal 
caudal height

–���:�B�
�������
���< –���:�B�
�������
���< �����
�����:�����
���< �����
�����:���
���<

�3�@�A�K�D�j����Puma pardoides brevipes ssp. nov., measurements (mm) of thoracic vertebrae of the Untermassfeld puma skeleton, compared 
�:�H�M���A�Q�@�B�J�D�S�R�<���V�H�S�G���@���U�D�Q�X���R�L�@�K�K���D�W�S�@�M�S��Puma concolor IQW 2012/39542 (k. A. 36516).
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�%�H�F�
 ����Puma pardoides brevipes ssp. nov., 
�4�M�S�D�Q�L�@�R�R�E�D�K�C�
�•�m��a–e Thoracic vertebra III IQW 
�������������� �����������,�D�H�
 ���� ���������
�•�m��f–j Thoracic ver-
�S�D�A�Q�@�� �5�(�� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ���������
�• �m��
k–o Thoracic vertebra IX IQW 2017/45023 
���,�D�H�
 ���� ���������
�•�m��p–t Thoracis vertebra XII IQW 
�������������� �������� ���,�D�H�
 ���� ���������
�• �m��u–y Sacrum 
�(�0�6�� �������������� �������� ���,�D�H�
 ���� ���������
�• �m��a, f, k, p, 
u���@�M�S�D�Q�H�N�Q���U�H�D�V�R����b, g, l, q, v���K�D�E�S���K�@�S�D�Q�@�K���U�H�D�V�R����
c, h, m, r, w���O�N�R�S�D�Q�H�N�Q���U�H�D�V�R����d, i, n, s, x dor-
�R�@�K�� �U�H�D�V�R����e, j, o, t, y�� �U�D�M�S�Q�@�K�� �U�H�D�V�R�
�• �m�� �2�B�@�K�D����
30mm.

S 1–S 3 centrum
IQW 2016/43797

(Mei. 49106)

Maximal length �����
�����:–]

Total centrum length �����
�����:�����
���<

Width across 1st transverse process �����
�����:�����
���<

1st centrum Facies terminalis cranialis width �����
�����:�B�
�������
���<

1st centrum Facies terminalis cranialis height �����
�����:�����
���<

3rd centrum Facies terminalis caudalis width �����
�����:�����
���<

3rd centrum Facies terminalis caudalis height �����
�����:�����
���<

Neural canal cranial width �����
�����:�����
���<

Neural canal cranial height ���
�����:���
���<

Neural canal caudal width ���
�����:���
���<

Neural canal caudal height ���
�����:���
���<

�3�@�A�K�D�j����Puma pardoides brevipes ssp. nov., 
measurements (mm) of the sacrum of the 
�4�M�S�D�Q�L�@�R�R�E�D�K�C�� �O�T�L�@�� �R�J�D�K�D�S�N�M���� �B�N�L�O�@�Q�D�C�� �:�H�M��
brackets] with a very small extant Puma con-
color IQW 2012/39542 (k. A. 36516).
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Epivillafranchian
    P. pardoides brevipes ssp. nov.

Untermassfeld
IQW 2016/43792

(Mei. 49101)

Untermassfeld
IQW 1996/25710

(Mei. 25239)

Maximal length 189.5

Length from caput 187.0

Maximal proximal TD 37.6

Maximal proximal APD 44.3

Minimal diaphyseal TD 16.0

Maximal distal TD 44.6 47.0

Maximal distal APD 26.8 28.0*

Trochlear TD 30.0 32.0

Trochlear minimal thickness 13.8 15.0

Middle Villafranchian
    P. pardoides pardoides

La Puebla de Valverde
IPS 27272

(Madurell-Malapeira 
et al. 2010)

Saint-Vallier
SV.916.490

(Argant 2004)**

Saint-Vallier
MHNL 161.830 (QSV 120)

(Argant 2004)**

Maximal length 230.7 253.0

Maximal proximal TD 46.0 50.1

Maximal proximal APD 60.0 64.3

Minimal diaphyseal TD 15.9 19.2 21.1

Maximal distal TD 41.4 56.2 58.5

Maximal distal APD 24.8 31.1 34.3

�3�@�A�K�D�j����Puma pardoides�����.�V�D�M�������G�T�L�D�Q�T�R���L�D�@�R�T�Q�D�L�D�M�S�R�����L�L���
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q����� �/�#�•�m���@�M�S�D�Q�H�N�Q���O�N�R�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�
���	�•�m���$�Q-
�Q�N�M�D�N�T�R�K�X���F�H�U�D�M���@�R�������
�����H�M���'�D�L�L�D�Q���������������
���	�	�•�m���$�Q�Q�N�M�D�N�T�R�K�X���K�H�R�S�D�C���@�R��Acinonyx pardinensis���H�M��� �Q�F�@�M�S�������������������R�D�D���'�D�L�L�D�Q���D�S�•�@�K�
���������������


Ulna

IQW 2017/45013
(Mei. 50322)

IQW 1995/25335
(Mei . 24864)

(Hemmer 2001)

Maximal length 198.0

Olecranon length 34.6

Olecranon maximal TD 14.9

Olecranon minimal APD 22.3 c. 26.0

APD over processus anconaeus 28.5 30.0

Height of trochlear notch 18.5

Width of trochlear notch 22.7

Radius
IQW 2016/43817

(Mei. 49126)
IQW 2017/45022

(Mei . 50331)

Maximal length 162.5

Maximal proximal TD 20.9 20.2

Maximal proximal APD 14.9

Minimal diaphyseal TD 15.0

Maximal distal TD 30.8

Maximal distal APD 19.9

�3�@�A�K�D�j ����Puma pardoides brevipes�� �R�R�O�
�� �M�N�U�
���� �T�K�M�@�� �@�M�C�� �Q�@�C�H�T�R�� �L�D�@�R�T�Q�D�L�D�M�S�R�� ���L�L������ �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�� �3�#�• �m�� �S�Q�@�M�R�U�D�Q�R�D�� �C�H�@�L�D�S�D�Q���� � �/�#�• �m��
anterior-posterior diameter.
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�%�H�F�
 ����Puma pardoides brevipes ssp. nov., Unter-
�L�@�R�R�E�D�K�C�
�• �m��a–f Right humerus IQW 2016/43792 
���,�D�H�
 ���� ���������
�• �mg–l Right ulna IQW 2017/45013 
���,�D�H�
 ���� ���������
�• �m��m–r Left radius IQW 2016/43817 
���,�D�H�
 ���� ���������
�•�m��a, g, m���@�M�S�D�Q�H�N�Q���U�H�D�V�R����b, h, p external 
�U�H�D�V�R����c, i, o���O�N�R�S�D�Q�H�N�Q���U�H�D�V�R����d, j, n���H�M�S�D�Q�M�@�K���U�H�D�V�R����e, 
k, q���O�Q�N�W�H�L�@�K���U�H�D�V�R����f, l, r���C�H�R�S�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�


�C�D�� �5�@�K�U�D�Q�C�D�� ���@�A�N�T�S�� ���m���� ���� �R�L�@�K�K�D�Q������ �A�T�S�� �S�G�D�X�� �@�Q�D�� �R�T�A�R�S�@�M�S�H�@�K�K�X�� �R�L�@�K�K�D�Q���S�G�@�M���S�V�N�� �E�N�R�R�H�K�R�� �E�Q�N�L�� �2�@�H�M�S���5�@�K�K�H�D�Q��

(�6�C�D�N�G�|�����������V�G�H�B�G���R�T�Q�O�@�R�R���S�G�D���K�@�S�S�D�Q���A�X���@�Q�N�T�M�C�������m���� ���


The shape of the right ulna (Fig. 18g–l, �6�C�D�N�G�|����) best corresponds to the ulna of �0���•�C�O�N�C�O�L�O�R, when com-

�O�@�Q�D�C�� �S�N�� �N�S�G�D�Q�� � �L�D�Q�H�B�@�M�� �/�K�H�N�B�D�M�D�� �@�M�C�� �/�K�D�H�R�S�N�B�D�M�D�� �O�T�L�@�� �R�O�D�B�H�D�R�� ���"�G�H�L�D�M�S�N�� �D�S�• �@�K�
�� ������������ �%�H�F�
 ������ �O�Q�N�W�H�L�@�K��

�O�@�Q�S�����5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���������������%�H�F�
 �������C�H�R�S�@�K���O�@�Q�S���
���3�G�D���M�D�V���O�H�D�B�D���H�R���@���K�H�S�S�K�D���R�L�@�K�K�D�Q���S�G�@�M���S�G�@�S���O�Q�D�U�H�N�T�R�K�X��

recorded from Untermassfeld (Hemmer 2001, 729).
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The left radius of the Untermassfeld skeleton is completely preserved (Fig. 18m–r), whereas the right is 

missing the distal part (�6�C�D�N�G�|����). It is 1.2 s shorter than the �0���•�C�O�N�C�O�L�O�R���L�D�@�M���U�@�K�T�D�����5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
��

1990, tab 3), therefore falling within the variability of the latter species. Its proximal articular surface shows 

particular similarity to that of �0���•�P�U�M�O�I�D�E�S�����"�G�H�L�D�M�S�N���D�S�•�@�K�
���������������%�H�F�
 �������
���3�G�D���G�T�L�D�Q�N�Q�@�C�H�@�K���H�M�C�D�W���:�Q�@�C�H�T�R��

(maximal length)/humerus (physiological length = length from caput) × 100] of the right humerus is 86.9, 

which is smaller than one of the published means of �0���•�C�O�N�C�O�L�O�R (89.5), but still falls within its extremely 

large standard deviation (Gonyea 1976). It is larger, however, than another published �0���• �C�O�N�C�O�L�O�R mean 

(84.7, calculated from tables 6 and 7 by Spoor 1985), demonstrating the large variability in P�
�•concolor.

The �0���•�P�A�R�D�O�I�D�E�S index is considerably smaller than the humeroradial index of �0���•�I�N�E�X�P�E�C�T�A�T�U�S���������
�������K�D�M�F�S�G�R��

�A�X���5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���������������@�M�C���E�@�K�K�R���V�H�S�G�H�M���A�N�S�G���S�G�D���N�U�D�Q�K�@�O�O�H�M�F���U�@�Q�H�@�A�H�K�H�S�H�D�R���N�E��Panthera pardus and 

Panthera onca�
���(�S���H�R���R�H�F�M�H�Ö�B�@�M�S�K�X���R�L�@�K�K�D�Q���S�G�@�M���S�G�D���Q�D�R�O�D�B�S�H�U�D���H�M�C�H�B�D�R���N�E��Panthera leo and Panthera uncia, and 

it tends to be larger than the index of Neofelis nebulosa�����&�N�M�X�D�@���������������2�O�N�N�Q�������������


The carpals are represented by a pisiforme, a scapholunare and a trapezoid (Fig. 19a–f’). The pisiform 

bone is longer (20.5mm) than in �0���•�C�O�N�C�O�L�O�R�����C�@�S�@���A�X���,�N�Q�@�K�D�R���,�D�I�´�@���D�S�•�@�K�
�����������������A�T�S���H�R���M�N�S���@�R���K�N�M�F���@�R���H�M��

�0���•�I�N�E�X�P�E�C�T�A�T�U�S or �0���•�T�R�U�M�A�N�I�����C�@�S�@���A�X���5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
�����������������V�G�D�M���B�N�L�O�@�Q�D�C���S�N���S�G�D���R�B�@�O�G�N�K�T�M�@�Q�D�i�R��

width (23+ mm). The scapholunare itself seems to be most like its counterpart from �0���•�I�N�E�X�P�E�C�T�A�T�U�S (Van 

Valkenburgh�D�S�•�@�K�
���K�
�B�
�����%�H�F�
 ��).

�%�H�F�
 ����Puma pardoides brevipes �R�R�O�
���M�N�U�
�����4�M�S�D�Q�L�@�R�R�E�D�K�C�
�•�m��a–b’���+�D�E�S���R�B�@�O�G�N�K�T�M�@�Q�D���(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��c–d’ Left pisi-
�E�N�Q�L�D���(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��e–f�i���+�D�E�S���S�Q�@�O�D�Y�N�H�C���(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��g–i’ Left metacarpal 1 IQW 2016/43807 
���,�D�H�
 ���� ���������
�•�m��j–l’���+�D�E�S���L�D�S�@�B�@�Q�O�@�K�������(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��m–o’���1�H�F�G�S���L�D�S�@�B�@�Q�O�@�K�������(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��p–r’
�/�G�@�K�@�M�F�D���(�����������R�H�M�
�����L�@�M�
�����(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��s–u‘���/�G�@�K�@�M�F�D���(�����������C�D�W�
�����L�@�M�
�����(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��v–x‘ Phal-
�@�M�F�D���(�(�(�����������C�D�W�
�����L�@�M�
�����(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��y–z‘‘‘ ���/�G�@�K�@�M�F�D���(�(�(�����������R�H�M�
�����L�@�M�
�����(�0�6���������������� �����������,�D�H�
 ���� ���������
�•�m��a, c, e, g, j,
m, p, s, v, y���C�N�Q�R�@�K���U�H�D�V�R����g‘, j‘, n‘, p‘, t‘, w‘, y‘���H�M�S�D�Q�M�@�K���U�H�D�V�R����a‘, c‘, e‘, h, k, n, q, t, w, z���O�@�K�L�@�Q���U�H�D�V�R����h‘, k‘, m‘, q‘, s‘, v‘, z‘ external 
�U�H�D�V�R����b, d, f, i, l, o, r, u, x, z‘‘���O�Q�N�W�H�L�@�K���U�H�D�V�R����b‘, d‘, f‘, i‘, l‘, o‘, r‘, u‘, x‘, z‘‘‘���C�H�R�S�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�
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The metacarpals (Fig. 19g–o’�����@�Q�D���R�G�N�Q�S�����L�T�B�G���R�G�N�Q�S�D�Q���S�G�@�M���H�M���D�W�S�@�M�S���O�T�L�@�R�
���2�H�F�M�H�Ö�B�@�M�S�K�X�����S�G�D���,�B�����K�D�M�F�S�G��

is 3.8 s less than the �0���•�C�O�N�C�O�L�O�R���L�D�@�M���U�@�K�T�D�����5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���������������S�@�A �������@�M�C���S�G�T�R���N�T�S�R�H�C�D���S�G�D���U�@�Q�H-

ability of the extant species. In view of their absolute thickness, the metacarpals are stout, not slender. Their 

minimal transverse diaphyseal diameters fall within the �0���•�C�O�N�C�O�L�O�R���U�@�Q�H�@�A�H�K�H�S�X�����5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
�����K�
�B�
���
��

� ���,�B�����E�Q�N�L���S�G�D���2�O�@�M�H�R�G���,�H�C�C�K�D���5�H�K�K�@�E�Q�@�M�B�G�H�@�M���R�H�S�D���N�E���+�@���/�T�D�A�K�@���C�D���5�@�K�U�D�Q�C�D���H�R���@�A�N�T�S������ �����K�@�Q�F�D�Q���S�G�@�M���H�S�R��

Untermassfeld counterpart (�6�C�D�N�G�|����).

�3�G�D���G�T�L�D�Q�N���L�D�S�@�B�@�Q�O�@�K���H�M�C�D�W���:�,�B�������L�@�W�H�L�@�K���K�D�M�F�S�G�����G�T�L�D�Q�T�R�����O�G�X�R�H�N�K�N�F�H�B�@�K���K�D�M�F�S�G�������K�D�M�F�S�G���E�Q�N�L���B�@�O�T�S����

× 100] is 34.2 in the Untermassfeld cat. This is less than in �0���•�C�O�N�C�O�L�O�R (mean values 36.7 and 38.8, respec-

�S�H�U�D�K�X�����C�@�S�@���A�X���2�O�N�N�Q�������������@�M�C���5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���K�
�B�
�����@�M�C���H�M��P. inexpectatus (39.1, based on data by 

�5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���K�
�B�
���
���(�S���H�R���G�H�F�G�D�Q���S�G�@�M���H�M��Neofelis nebulosa (30.5), Panthera onca (31.1) and Panthera 

pardus (32.0) (calculated with data given by Spoor l.c.). The Mc3/Mc1 length index (Mc1/Mc3 × 100) is 38 in 

the Untermassfeld P.pardoides, 32 in �0���•�I�N�E�X�P�E�C�T�A�T�U�S�����5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���K�
�B�
�����@�M�C���@�K�R�N���������H�M���0���•�C�O�N�C�O�L�O�R

���,�N�Q�@�K�D�R���,�D�I�´�@���D�S�•�@�K�
�������������
���3�G�H�R���H�M�C�H�B�@�S�D�R���@���B�N�M�R�H�C�D�Q�@�A�K�X���K�N�M�F���,�B�������V�G�D�M���B�N�L�O�@�Q�D�C���S�N���A�N�S�G��� �L�D�Q�H�B�@�M���R�O�D-

�B�H�D�R�
���(�M���B�N�M�S�Q�@�R�S�����S�G�D���Q�D�K�@�S�H�U�D���K�D�M�F�S�G���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���O�T�L�@���,�B�����L�@�S�B�G�D�R���S�G�D���D�W�S�@�M�S���I�@�F�T�@�Q�����,�B�����,�B����

�K�D�M�F�S�G���H�M�C�D�W�����������C�@�S�@���A�X���,�N�Q�@�K�D�R���,�D�I�´�@���D�S�•�@�K�
���K�
�B�
���


A few phalanges from the forepaw were recovered, including the proximal and the distal phalanx of digit 1 

and digit 3 (Fig. 19p–z’’’). The dew claw is considerably larger than the latter, which is laterally compressed 

and sharp (�6�C�D�N�G�|����). The proximal phalanx of digit 1 is shorter in P�
�•pardoides than in �0���•�C�O�N�C�O�L�O�R, when 

�B�N�L�O�@�Q�H�M�F���S�G�D���K�D�M�F�S�G���N�E���,�B�������H�M�C�D�W�������
�����U�R�
�������
�������A�@�R�H�B���C�@�S�@���E�N�Q���S�G�D���D�W�S�@�M�S���O�T�L�@���A�X���,�N�Q�@�K�D�R���,�D�I�´�@���D�S�•�@�K�
��

2010).

Epivillafranchian
    P. pardoides brevipes 
ssp. nov.

Untermassfeld
Mc1 sin.

IQW 2016/43807
(Mei. 49116)

Untermassfeld
Mc3 sin.

IQW 
2016/43813
(Mei. 49122)

Untermassfeld
Mc3 dex.

IQW 
2016/43811
(Mei. 49120)

Untermassfeld
Mc4 dex.

IQW 
2016/43800)
(Mei. 49109)

Maximal length 24.2 64.0 59.5 61.0+

Maximal proximal TD 12.1 13.1 14.4

Maximal proximal APD 8.8 14.4 14.6

Minimal diaphyseal TD 7.6 c. 8.4 9.9 7.6

Maximal distal TD 10.0 13.6 13.8 13.2

Maximal distal APD 8.7 11.5 11.2

Middle Villafranchian
    P. pardoides pardoides

La Puebla de Valverde
Mc4 dex.

IPS 27285a

(Madurell-Malapeira 
et al. 2010)

Maximal length 71.4

Maximal proximal TD 12.6

Maximal proximal APD 14.5

Minimal diaphyseal TD 8.3

Maximal distal TD 14.6

Maximal distal APD 13.4

�3�@�A�K�D�j����Puma pardoides�����.�V�D�M�������L�D�S�@�B�@�Q�O�@�K���L�D�@�R�T�Q�D�L�D�M�S�R�����L�L���
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q����� �/�#�•�m���@�M�S�D�Q�H�N�Q���O�N�R�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�
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�-�N���O�@�Q�S���N�E���S�G�D���O�D�K�U�H�R���V�@�R���E�N�T�M�C���V�H�S�G���S�G�D���M�D�V���4�M�S�D�Q�L�@�R�R�E�D�K�C���O�T�L�@���R�J�D�K�D�S�N�M���E�Q�N�L���S�G�D���B�G�@�M�M�D�K���Ö�K�K�H�M�F�
���'�N�V-

ever, the right counterpart of the previously published left pelvic half (Hemmer 2001, 729ff .) has recently 

�A�D�D�M���C�H�R�B�N�U�D�Q�D�C���H�M���S�G�D���B�N�K�K�D�B�S�H�N�M���N�E���M�N�S���X�D�S���C�D�R�B�Q�H�A�D�C���4�M�S�D�Q�L�@�R�R�E�D�K�C���Ö�M�C�R�
���!�N�S�G���N�E���S�G�D�R�D���O�D�K�U�H�B���O�@�Q�S�R���V�D�Q�D��

�E�N�T�M�C���H�M���+�N�V�D�Q���%�K�T�U�H�@�S�H�K�D���2�@�M�C�R�����+�%�2�����N�T�S�R�H�C�D���S�G�D���B�G�@�M�M�D�K�����*�@�G�K�J�D���������������������������*�@�G�K�J�D���D�S�•�@�K�
���������������H�M���F�Q�H�C��

�R�P�T�@�Q�D�R���0�������������R�H�M�
�����@�M�C�������������C�D�W�
���������
���m���
�� �L���@�A�N�U�D���R�H�S�D�������K�D�U�D�K�����*�@�G�K�J�D���H�M���S�G�H�R���U�N�K�T�L�D�����%�H�F�
 ���������%�N�K�C�N�T�S���(�(�(����

see scapula description above). The newly discovered right half (inner length of the acetabulum 25.3mm, 

smallest dorso-ventral diameter of the ilium 27.1mm) is somewhat less well preserved than the former 

(Fig. 20). As stated earlier (Hemmer l.c.), the pelvis of P�
�•pardoides is not as long as in �0���•�C�O�N�C�O�L�O�R. This is true 

�%�H�F�
 ����Puma pardoides brevipes �R�R�O�
���M�N�U�
�����4�M�S�D�Q�L�@�R�R�E�D�K�C�
�•�m��
a Right side of pelvis IQW 1995/24934 (Mei. 24463), external 
�U�H�D�V�
�•�m��b Left side of pelvis IQW 1995/25337 (Mei. 24866), 
�D�W�S�D�Q�M�@�K���U�H�D�V�
�•�m���2�B�@�K�D�������� �L�L�


Phalanx I
dig.1 sin. man.

IQW 2016/43808
(Mei. 49117)

dig. 3 dex. man.
IQW 2016/43812

(Mei. 49121)

Maximal length 18.3 38.2

Maximal proximal TD 11.0 13.6

Maximal proximal APD 8.2 10.3

Minimal diaphysis TD 8.7 8.4

Maximal distal TD 8.9 10.7

Maximal distal APD 6.8 8.1

Terminal (claw) phalanx (III)
dig.1 dex. man.

IQW 2016/43810
(Mei. 49119)

dig. 3 sin. man.
IQW 2016/43805

(Mei. 49114)

Maximal length c. 23.0

Maximal TD 8.4 7.5

�3�@�A�K�D�j����Puma pardoides brevipes �R�R�O�
���M�N�U�
�����E�N�Q�D�O�@�V���O�G�@�K�@�M�W���L�D�@�R�T�Q�D�L�D�M�S�R�����L�L�������4�M�S�D�Q�L�@�R�R�E�D�K�C�
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q����� �/�#�•�m��
anterior-posterior diameter.
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for the ilium (about three times as long as the acetabulum in �0���•�P�A�R�D�O�I�D�E�S, about four times in �0���•�C�O�N�C�O�L�O�R) 

as well as the ischium (almost two times as long as the acetabulum vs. about three times). Thus, the pelvis 

proportions are very unlike those of �0���•�C�O�N�C�O�L�O�R. In contrast, they are nearly the same as those in Neofelis 

Fig. 21 Puma pardoides brevipes ssp. nov., Untermass-
�E�D�K�C�
�•�m��a–f Left femur IQW2016/43795 (Mei. 49���������
�•�m��
g–l Left tibia IQW 2016/43794 (Mei. 49���������
�• �m��m–q
�+�D�E�S�� �Ö�A�T�K�@�� �O�Q�N�W�H�L�@�K�� �E�Q�@�F�L�D�M�SIQW 2016/43887 
(Mei. ���� ���������
�• �m��r–v�� �+�D�E�S�� �Ö�A�T�K�@�� �C�H�R�S�@�Kfragment IQW
2016/43888 (Mei. 49���������
�•�m��a, g, m, r���@�M�S�D�Q�H�N�Q���U�H�D�V�R����
b, h, n, s �H�M�S�D�Q�M�@�K���U�H�D�V�R����c, i, o, t ���O�N�R�S�D�Q�H�N�Q���U�H�D�V�R����d, j,
p, u���D�W�S�D�Q�M�@�K���U�H�D�V�R����e, k, q���O�Q�N�W�H�L�@�K���U�H�D�V�R����f , l, v distal 
�U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�
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nebulosa (compare Fig. 20���V�H�S�G���3�T�I�D�J���������������%�H�F�
 ���������E�N�Q���D�W�S�@�M�S���O�T�L�@�����"�@�Q�K�N�M���@�M�C���'�T�A�A�@�Q�C���������������%�H�F�
 �����E�N�Q��

clouded leopard).

Both femora of the Untermassfeld �0���•�P�A�R�D�O�I�D�E�S skeleton are well preserved (Fig. 21a–f). Their proximal mor-

phology is more like that of �0���•(Herpailurus) pumoides than �0���•�C�O�N�C�O�L�O�R�����"�G�H�L�D�M�S�N���D�S�•�@�K�
���������������Ö�F�
�������
���3�G�D���C�H�R-

tal aspect looks more similar to that of the extant puma. The mentioned Untermassfeld femora (�6�C�D�N�G�|����) are 

�R�H�F�M�H�Ö�B�@�M�S�K�X���R�G�N�Q�S�D�Q���S�G�@�M���S�G�D���E�D�L�N�Q�@���N�E���0���•�C�O�N�C�O�L�O�R, with a 3.7 s difference when compared to a mean value 

�N�E���S�G�D���K�@�S�S�D�Q���R�O�D�B�H�D�R�����C�@�S�@���A�X���5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
�� �����������
�� �3�G�D���O�Q�D�U�H�N�T�R�K�X���O�T�A�K�H�R�G�D�C���4�M�S�D�Q�L�@�R�R�E�D�K�C���O�T�L�@��

femora (Hemmer 2001, 729ff .) are only a little larger. Earlier described and much older femora from the Mid-

�C�K�D���5�H�K�K�@�E�Q�@�M�B�G�H�@�M���N�E���2�O�@�H�M�����+�@���/�T�D�A�K�@���C�D���5�@�K�U�D�Q�C�D�����,�@�C�T�Q�D�K�K���,�@�K�@�O�D�H�Q�@���D�S�•�@�K�
���������������@�M�C���%�Q�@�M�B�D�����2�@�H�M�S���5�@�K�K�H�D�Q����

Argant 2004) prove the existence of two different size classes within �0���•�P�A�R�D�O�I�D�E�S. A specimen from La Puebla 

�C�D���5�@�K�U�D�Q�C�D���H�R���@�A�N�T�S������ �����K�N�M�F�D�Q���S�G�@�M���S�G�D���E�D�L�N�Q�@���N�E���4�M�S�D�Q�L�@�R�R�E�D�K�C�����S�V�N���E�D�L�N�Q�@���E�Q�N�L���2�@�H�M�S���5�@�K�K�H�D�Q���G�@�U�D���M�D�@�Q�K�X��

the same length as the bones described here. In relation to the humerus, the femur of �0���•�P�A�R�D�O�I�D�E�S is very 

short. The corresponding index (humerus/ femur × 100) is 113.2. This meets the value found for Panthera 

uncia (113.1), is near to Neofelis nebulosa (113.8), and somewhat smaller than in Panthera pardus and Pan-

thera onca�����������
�������������
�������Q�D�R�O�D�B�S�H�U�D�K�X�����B�N�L�O�@�Q�@�S�H�U�D���U�@�K�T�D�R���B�@�K�B�T�K�@�S�D�C���V�H�S�G���C�@�S�@���A�X���2�O�N�N�Q�������������
���(�M���B�N�M�S�Q�@�R�S����

�0���•�C�O�N�C�O�L�O�R���H�R���B�G�@�Q�@�B�S�D�Q�H�R�D�C���A�X���@���K�N�M�F���E�D�L�T�Q�����������
�����A�@�R�D�C���N�M���2�O�N�N�Q���K�
�B�
�����������
�����A�@�R�D�C���N�M���5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
��

���������������S�G�D���R�@�L�D���H�R���S�Q�T�D���E�N�Q���0���•�I�N�E�X�P�E�C�T�A�T�U�S�����������
�����T�R�H�M�F���C�@�S�@���E�Q�N�L���5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���K�
�B�
���


The patella of the Untermassfeld puma looks more like that of �0���•�C�O�N�C�O�L�O�R than that of �0���•�I�N�E�X�P�E�C�T�A�T�U�S or 

�0���•�T�R�U�M�A�N�I�����B�N�L�O�@�Q�D�C���V�H�S�G���5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
�������������%�H�F�
 �������


Epivillafranchian
P. pardoides brevipes
ssp. nov.

Untermassfeld
IQW 2016/43795

(Mei. 49104)

Untermassfeld
IQW 2016/43796

(Mei. 49105)

Untermassfeld
IQW 1996/25711

(Mei. 25240)

(Hemmer 2001)

Untermassfeld
IQW 1996/25618

(Mei. 25147)

(Hemmer 2001)

Maximal length
(from caput)

210.9 211.6

Length from trochanter 207.4 209.0

Maximal proximal TD 43.9 43.5

Caput APD 22.5 22.4

Minimal diaphyseal TD 17.6 17.2 18.5 18.5

Maximal distal TD 41.5 41.0

Maximal distal APD 36.0 36.0

Middle Villafranchian
P. pardoides pardoides

La Puebla de 
Valverde
IPS 27343

(Madurell-Mala-
peira et al. 2010)

Saint-Vallier
SV.98.759

(Argant 2004)

Saint-Vallier
SV.161.851

(Viret 1954; 
Argant 2004) 

Les Étouaires,
Prr 192

(Kurtén and Cru-
safont Pairó 1977)

Maximal length 271.0 209.6 275.0

Maximal proximal TD 42.6

Caput APD 19.8

Minimal diaphyseal TD 23.9 16.4 21.9

Maximal distal TD 48.5 38.1 39.7 49.5

Maximal distal APD 47.1 38.2

�3�@�A�K�D�j����Puma pardoides�����.�V�D�M�������E�D�L�T�Q���L�D�@�R�T�Q�D�L�D�M�S�R�����L�L���
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q����� �/�#�•�m���@�M�S�D�Q�H�N�Q���O�N�R�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�
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The left tibia of the Untermassfeld skeleton (Fig. 21g–l) is well preserved and is considerably shorter than 

the extant puma’s tibia (�6�C�D�N�G�|����), differing by 2.2 s from a �0���•�C�O�N�C�O�L�O�R mean value (data by Van Valken-

�A�T�Q�F�G���D�S�•�@�K�
���������������S�@�A �����
���3�G�D���O�Q�D�U�H�N�T�R�K�X���O�T�A�K�H�R�G�D�C���S�H�A�H�@���E�Q�N�L���S�G�D���R�D�B�N�M�C���H�M�C�H�U�H�C�T�@�K���E�Q�N�L���S�G�@�S���R�H�S�D�����'�D�L�L�D�Q��

������������������ �E�E�
�����H�R���� �����K�@�Q�F�D�Q�
��� ���,�H�C�C�K�D���5�H�K�K�@�E�Q�@�M�B�G�H�@�M���S�H�A�H�@���E�Q�N�L���2�@�H�M�S���5�@�K�K�H�D�Q���H�R���N�E���@���B�N�L�O�@�Q�@�A�K�D���R�H�Y�D���S�N���S�G�D��

�K�@�S�S�D�Q�����V�G�D�Q�D�@�R���@���S�H�A�H�@���N�E���+�@���/�T�D�A�K�@���C�D���5�@�K�U�D�Q�C�D���H�R���@�A�N�T�S������ �����K�@�Q�F�D�Q�
���!�N�S�G���S�G�D���E�D�L�T�Q���@�M�C���S�G�D���S�H�A�H�@���N�E���0���•�P�A�R-

doides are similarly stout when compared to the long, slim �0���•�C�O�N�C�O�L�O�R bones. The femoro-tibial index of the 

Untermassfeld puma (95.4) ranges within the variability of �0���•�C�O�N�C�O�L�O�R�����&�N�M�X�D�@�������������������
�����‚�����
���������C�@�S�@���A�X��

�2�O�N�N�Q�������������������
�����
��� ���B�N�L�O�@�Q�@�A�K�D���Q�D�K�@�S�H�N�M�R�G�H�O���A�D�S�V�D�D�M���S�H�A�H�@���@�M�C���E�D�L�T�Q���K�D�M�F�S�G���H�R���E�N�T�M�C���H�M���0���•�I�N�E�X�P�E�C�T�A�T�U�S

���A�@�R�D�C���N�M���5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
����������������Neofelis nebulosa�����&�N�M�X�D�@���K�
�B�
���������
�����‚�����
���������2�O�N�N�Q���K�
�B�
���������
���������@�M�C��

in Panthera pardus�����&�N�M�X�D�@���K�
�B�
���������
�����‚�����
���������2�O�N�N�Q���K�
�B�
���������
��������Panthera onca has a relatively shorter tibia, 

whereas the tibia of Panthera uncia���H�R���K�N�M�F�D�Q�����&�N�M�X�D�@���K�
�B�
�����2�O�N�N�Q���K�
�B�
���


�3�G�D���Ö�A�T�K�@����Fig. 21m–v, �6�C�D�N�G�|����) is particularly striking due to an anteriorly directed expansion of its proxi-

�L�@�K���D�M�C�
���3�G�D���S�H�O���N�E���S�G�H�R���D�M�K�@�Q�F�D�C���×�@�M�F�D���R�D�D�L�R���S�N���A�D���C�@�L�@�F�D�C�
���(�M���H�S�R���E�Q�N�M�S���U�H�D�V���S�G�D���O�Q�D�R�T�L�D�C���A�Q�D�@�J���R�G�N�V�R��

�S�G�D���N�T�S�K�H�M�D���N�E���@���M�D�@�Q�K�X���Q�D�B�S�@�M�F�T�K�@�Q�����G�H�F�G���@�M�C���M�@�Q�Q�N�V���R�S�Q�T�B�S�T�Q�D�
���2�T�B�G���@���O�Q�N�K�N�M�F�@�S�H�N�M���N�E���S�G�D���Ö�A�T�K�@���G�D�@�C�����V�G�H�B�G��

structurally can be extremely variable, is found in the extant �0���•(Puma) concolor as well as in the small P�
�•��Her-

Tibia
Epivillafranchian
Puma pardoides brevipes 
ssp. nov.

Untermassfeld
IQW 2016/43794

(Mei. 49103)

Untermassfeld
IQW 1996/25713

(Mei. 49103)

(Hemmer 2001)

Maximal length 201.1 215.0

Maximal proximal TD 42.1

Maximal proximal APD c. 40.5

Minimal diaphyseal TD 14.8 17.5

Maximal distal TD 30.0 34.5

Maximal distal APD 20.9 21.5

Tibia
Middle Villafranchian
Puma pardoides pardoides

La Puebla de Valverde
IPS 27345

(Madurell-Malapeira 
et al. 2010)

Saint-Vallier
SV.97.238

(Argant 2004)

Saint-Vallier
SV.99.550

(Argant 2004)

Maximal length 216.6

Maximal proximal TD 40.9 41.2

Maximal proximal APD 38.8 45.6

Minimal diaphyseal TD 22.7 20.3 18.8

Maximal distal TD 37.3 30.8

Maximal distal APD 24.3 18.4

Fibula

Untermassfeld
IQW 2016/43887

(Mei. 49196)

Untermassfeld
IQW 2016/43888

(Mei. 49197)

Saint-Vallier
SV.97.625

(Argant 2004)

Proximal APD 16.9+

Proximal TD 8.5

Distal TD 17.2 16.5

Distal APD 9.8 8.6

�3�@�A�K�D�j����Puma pardoides�����.�V�D�M�������S�H�A�H�@���@�M�C���Ö�A�T�K�@���L�D�@�R�T�Q�D�L�D�M�S�R�����L�L���
���3�#�•�m���S�Q�@�M�R�U�D�Q�R�D���C�H�@�L�D�S�D�Q����� �/�#�•�m���@�M�S�D�Q�H�N�Q���O�N�R�S�D�Q�H�N�Q���C�H�@�L�D�S�D�Q�
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pailurus) yagouaroundi and in the Pleistocene �0���•(Miracinonyx) inexpectatus and P.�•��Miracinonyx) trumani, 

�Q�D�O�Q�D�R�D�M�S�H�M�F���@�M���@�T�S�@�O�N�L�N�Q�O�G�H�B���B�G�@�Q�@�B�S�D�Q���N�E���S�G�D���O�T�L�@���K�H�M�D�@�F�D�����5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���������������2�@�K�K�D�R�������������
��

�3�G�D���Ö�A�T�K�@���G�D�@�C���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�@�S���L�N�R�S���Q�D�R�D�L�A�K�D�R���S�G�@�S���E�N�T�M�C���H�M���S�G�D���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���-�N�Q�S�G��� �L�D�Q�H�B�@�M��

�0���•�I�N�E�X�P�E�C�T�A�T�U�S�����5�@�M���5�@�K�J�D�M�A�T�Q�F�G���D�S�•�@�K�
���������������%�H�F�
 �������
���3�G�D���R�X�M�@�O�N�L�N�Q�O�G�H�B���@�M�S�D�Q�H�N�Q���O�Q�N�K�N�M�F�@�S�H�N�M���@�S���S�G�D���G�D�@�C��

�N�E���S�G�D���Ö�A�T�K�@���B�N�M�Ö�Q�L�R���S�G�D���F�D�M�D�Q�H�B���O�T�L�@���@�E�Ö�K�H�@�S�H�N�M���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�@�S�


A somewhat damaged left astragalus in articulation with the corresponding tibia (see above) and a navicu-

lar were also recovered. The latter has a transversal diameter of 17.2mm and a dorsoplantar diameter of 

20.5mm, the size of a small �0���•�C�O�N�C�O�L�O�R�
���3�G�D���@�R�S�Q�@�F�@�K�T�R���Ö�S�R���S�N���S�G�D���M�@�U�H�B�T�K�@�Q�D���@�M�C���H�R���R�L�@�K�K�D�Q���S�G�@�M���@�M���@�R�S�Q�@-

�F�@�K�T�R���E�Q�N�L���+�@���/�T�D�A�K�@���C�D���5�@�K�U�D�Q�C�D�����,�@�C�T�Q�D�K�K���,�@�K�@�O�D�H�Q�@���D�S�•�@�K�
�������������


2.3.4. Discussion

The comparison between the lower tooth rows of the Untermassfeld and the Saint-Vallier mandibles dem-

onstrates a clear difference between the Epivillafranchian pumas on the one hand and the over a million 

years older Middle Villafranchian ones on the other. The heel cingulum of the premolars, especially the P4, 

looks folded in the Saint-Vallier cat, whereas the prominent cingulum of the Untermassfeld puma is more 

rounded. The lower border of the tooth crown is marked by a moderate concave rounding over the gap 

of the roots in the latter, and by a rather acute-angled line in the former. Taken together, this gives the 

impression that the front and the rear part of the P4 would have been anterior-posteriorly pressed together 

in the Middle Villafranchian form in contrast to the Epivillafranchian counterpart. The molar of the latter 

has a small talonid, which is larger and more bulging in the former. Differences in the dentition of the early 

�@�M�C���S�G�D���K�@�S�D���$�T�Q�N�O�D�@�M���O�T�L�@�R���G�@�U�D���@�K�R�N���A�D�D�M���L�D�M�S�H�N�M�D�C���E�N�Q���S�G�D���(�A�D�Q�H�@�M���Q�D�B�N�Q�C�����,�@�C�T�Q�D�K�K���,�@�K�@�O�D�H�Q�@���D�S�•�@�K�
��

�����������
���"�N�M�R�D�P�T�D�M�S�K�X�����S�G�D�R�D���S�V�N���O�N�O�T�K�@�S�H�N�M�R���R�G�N�T�K�C���A�D���S�@�W�N�M�N�L�H�B�@�K�K�X���R�D�O�@�Q�@�S�D�C���@�S���S�G�D���R�T�A�R�O�D�B�H�D�R���K�D�U�D�K�
���3�G�D��

stratigraphic position of the type molar of »Felis« pardoides Owen, 1846 from the English Red Crag local-

�H�S�X���N�E���-�D�V�A�N�T�Q�M�D�����$�@�R�S��� �M�F�K�H�@�����H�R���M�N�S���B�N�L�O�K�D�S�D�K�X���B�K�D�@�Q���A�T�S���H�R���M�N�S���K�@�S�D�Q���S�G�@�M���,�-�����������'�D�L�L�D�Q���D�S�•�@�K�
�������������
��

Thus, the Middle Villafranchian European puma subspecies is the nominate one, �0���•�P�A�R�D�O�I�D�E�Spardoides. The 

Epivillafranchian form is described here as �0���•�P�A�R�D�O�I�D�E�S���B�R�E�V�I�P�E�S ssp. nov.

§

Puma pardoides brevipes ssp. nov.

§

�'�N�K�N�S�X�O�D��

Well preserved partial skeleton consisting of a set of the following components (sensu���(�"�9�-��������������� �Q�S�
�������
���
���
����

Maxillare sin. fragment with P2 IQW 2018/45336 (Mei. 50645) and associated C sup. IQW 2017/45012 

(Mei. 50321), C sup. dex. fragment IQW 2016/43814 (Mei. 49123), I3 dex. IQW 2018/45414 (Mei. 50723), 

P4 sin. fragment IQW 2008/29823 (Mei. 28985), mandibula sin. with P3-M1 IQW 2018/45413 (Mei. 50722), 

vertebra thoracica III IQW 2017/45024 (Mei. 50333), vertebra thoracica VI IQW 2017/45329 (Mei. 50638), 

vertebra thoracica IX IQW 2017/45023 (Mei. 50332), vertebra thoracica XII IQW 2017/44984 (Mei. 50293), 

sacrum IQW 2016/ 43797 (Mei. 49106), humerus dex. IQW 2016/43792 (Mei. 49101), ulna dex. IQW 

2017/45013 (Mei. 50322), radius sin. IQW 2016/43817 (Mei. 49126), radius dex. IQW 2017/45022 

(Mei. 50331), scapholunare sin. IQW 2017/44941 (Mei. 50250), pisiforme sin. IQW 2016/43803 (Mei. 49112), 

trapezoid sin. IQW 2016/43820 (Mei. 49129), metacarpale 1 sin. IQW 2016/43807 (Mei. 49116), metacar-

pale 3 sin. IQW 2016/43813 (Mei. 49122), metacarpale 3 dex. IQW 2016/43811 (Mei. 49120), metacarpale 

4 dex. IQW 2016/43800 (Mei. 49109), phalanx I dig. 1 sin. man. IQW 2016/43808 (Mei. 49117), phalanx I 

dig. 3 dex. man. IQW 2016/43812 (Mei. 49121), phalanx III dig. 1 dex. man. IQW 2016/43810 (Mei. 49119), 

phalanx III dig. 3 sin. man. IQW 2016/43805 (Mei. 49114), femur sin. IQW 2016/43795 (Mei. 49104), femur 

dex. IQW 2016/43796 (Mei. 49105), patella dex. IQW 2018/45335 (Mei. 50644), tibia sin. IQW 2016/43794 
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���,�D�H�
 ���� ������������ �Ö�A�T�K�@���R�H�M�
�� �O�Q�N�W�H�L�@�K���E�Q�@�F�L�D�M�S���(�0�6�� �������������� �������� ���,�D�H�
 ���� ������������ �Ö�A�T�K�@���R�H�M�
�� �C�H�R�S�@�K���E�Q�@�F�L�D�M�S���(�0�6��

2016/43888 (Mei. 49197), astragalus sin. IQW 1993/24322 (Mei. 23851), naviculare sin. IQW 2007/29104 

���,�D�H�
 ���� �������������O�G�@�K�@�M�W���(���(�0�6���������������� �����������,�D�H�
 ���� �������������O�G�@�K�@�M�W���(���(�0�6���������������� �����������,�D�H�
 ���� �������������R�S�N�Q�D�C���H�M��

the type collection of the Senckenberg Research Station of Quaternary Palaeontology Weimar (Figs. 16–19, 21).
§

�$�S�X�L�N�K�N�F�X����brevipes�����+�@�S�H�M�����A�Q�D�U�H�R�•�m���R�G�N�Q�S�����O�D�R�•�m���E�N�N�S

�3�X�O�D���K�N�B�@�K�H�S�X�����4�M�S�D�Q�L�@�R�R�E�D�K�C�����3�G�T�Q�H�M�F�H�@�����&�D�Q�L�@�M�X

�3�X�O�D���K�@�X�D�Q�����4�O�O�D�Q���%�K�T�U�H�@�S�H�K�D���2�@�M�C�R�����K�N�V�D�Q���O�@�Q�S���:�4�%�2���K���<�����R�@�M�C�X���F�Q�@�U�D�K�K�X���@�L�@�K�F�@�L�@�S�H�N�M���Y�N�M�D���@�S���S�G�D���A�@�R�D���N�E���S�G�D��

�E�N�R�R�H�K���A�D�@�Q�H�M�F���B�G�@�M�M�D�K���H�M�Ö�K�K

�"�G�Q�N�M�N�����@�M�C���A�H�N�R�S�Q�@�S�H�F�Q�@�O�G�H�B���@�F�D�����@�A�N�T�S�����
�����m���
���� �,�@�����$�O�H�U�H�K�K�@�E�Q�@�M�B�G�H�@�M

�#�H�@�F�M�N�R�H�R�����@�R���H�M���S�G�D���C�H�@�F�M�N�R�S�H�B���C�D�R�B�Q�H�O�S�H�N�M���@�A�N�U�D�����R�D�D���R�D�B�S�H�N�M�����
���
���
��
§

The individual unity of the listed components of the holotype is proved by the microstratigraphic documen-

�S�@�S�H�N�M���N�E���S�G�D���B�N�Q�Q�D�R�O�N�M�C�H�M�F���F�Q�H�C���R�P�T�@�Q�D�R���N�E���S�G�D���D�W�B�@�U�@�S�H�N�M�����S�G�D���D�L�A�D�C�C�H�M�F���R�S�@�S�T�R���@�M�C���N�Q���@�Q�S�H�B�T�K�@�S�H�N�M�R���N�E��

corresponding skeletal elements.

�#�T�D���S�N���H�S�R���E�@�Q���Q�D�@�B�G�H�M�F���R�J�D�K�D�S�@�K���B�N�L�O�K�D�S�D�M�D�R�R���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���O�T�L�@���B�N�K�K�D�B�S�H�N�M���P�T�@�K�H�Ö�D�R���@�R���@���Q�D�E�D�Q�D�M�B�D���E�N�Q��
Old World �0���•�P�A�R�D�O�I�D�E�S remains. Indeed, two enigmatic cases can be more easily understood using this mate-
�Q�H�@�K�
���3�G�D���Ö�Q�R�S���H�R���@���L�@�M�C�H�A�T�K�@�Q���E�Q�@�F�L�D�M�S���E�Q�N�L���S�G�D���(�M�C�H�@�M���2�H�V�@�K�H�J�R���/�H�M�I�N�Q���Y�N�M�D�����$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D�����H�M���S�G�D���!�Q�H�S�H�R�G��
Museum of Natural History, found in the 19th century (BMNH 16537a). This fossil had been previously associ-
�@�S�D�C���V�H�S�G���C�H�U�D�Q�R�D���S�@�W�@�����@�K�K�H�D�C���N�Q���R�H�L�H�K�@�Q���S�N��Panthera pardus�����+�X�C�D�J�J�D�Q���������������,�@�S�S�G�D�V 1929), as a holotype 
of a new species Panthera csomai (Kretzoi 1929), and also as a paratype of Sivafelis potens (Pilgrim 1932).
The holotype of the latter belongs to Acinonyx pardinensis (Schütt 1970a). Later, the mandibular fragment 
�H�M���P�T�D�R�S�H�N�M���V�@�R���S�G�N�T�F�G�S���S�N���Q�D�O�Q�D�R�D�M�S���@�M���@�Q�B�G�@�H�B���R�S�@�F�D���N�E���K�D�N�O�@�Q�C���D�U�N�K�T�S�H�N�M�����H�M���U�H�D�V���N�E���H�S�R���K�D�N�O�@�Q�C���R�H�Y�D���@�M�C���@��
�R�D�D�L�H�M�F�K�X���L�N�Q�D���I�@�F�T�@�Q���K�H�J�D���K�N�M�F��P3�����'�D�L�L�D�Q�������������
���%�N�K�K�N�V�H�M�F���S�G�D���K�@�S�S�D�Q�����H�C�D�M�S�H�Ö�B�@�S�H�N�M���@�R���@���I�@�F�T�@�Q���V�@�R���@�Q�F�T�D�C��
as a more probable solution (Turner 1990). Finally, the fossil was tentatively attributed to Panthera uncia in 
�U�H�D�V���N�E���H�S�R���R�G�N�Q�S�D�M�D�C���C�H�@�R�S�D�L�@�����#�D�M�M�D�K�K���D�S�•�@�K�
�������������
��� ���B�N�L�O�@�Q�H�R�N�M���V�H�S�G���S�G�D���G�N�K�N�S�X�O�D���L�@�M�C�H�A�K�D���N�E���0���•�P�A�R�D�O�I�D�E�S��
brevipes (Fig. 22�����C�D�L�N�M�R�S�Q�@�S�D�R���M�N�V���S�G�D���Q�D�@�K���M�@�S�T�Q�D���N�E���S�G�H�R���O�H�D�B�D�����L�H�R�H�C�D�M�S�H�Ö�D�C���E�N�Q���L�N�Q�D���S�G�@�M���@���B�D�M�S�T�Q�X�
���(�S��
does not originate in the genus Panthera�����M�D�H�S�G�D�Q���E�Q�N�L���@���K�D�N�O�@�Q�C�����M�N�Q���E�Q�N�L���@���I�@�F�T�@�Q�����M�N�Q���E�Q�N�L���@���R�M�N�V���K�D�N�O�@�Q�C�
��
It is a puma, larger than the Untermassfeld individuals, but with fully comparable morphological features.
The long P3, the premolar cingulum, the short diastema, the rostral end of the masseteric fossa reaching far 
under the molar, all these are characters of �0���•�P�A�R�D�O�I�D�E�S. Even the pattern of the tooth wear is the same. The 
exact stratigraphic localisation of the Indian fossil within the Early Pleistocene is unknown. The premolar mor-
phology puts it nearer to �0���•�P�A�R�D�O�I�D�E�Sbrevipes than to �0���•�P�A�R�D�O�I�D�E�Spardoides. Therefore �0���•�P�A�R�D�O�I�D�E�S���C�S�O�M�A�I
(Kretzoi, 1929) extends the dental characters of the late European form to South Asia.
�3�G�D���R�D�B�N�M�C���N�O�D�M���P�T�D�R�S�H�N�M���O�D�Q�S�@�H�M�R���S�N���S�G�D���S�Q�T�D���M�@�S�T�Q�D���N�E���S�G�D���R�N���B�@�K�K�D�C���K�D�N�O�@�Q�C���N�E���S�G�D���-�N�Q�S�G��� �E�Q�H�B�@�M���+�@�S�D��
Pliocene locality Ahl al Oughlam (Morocco). A series of dental remains and a few postcranial elements have 
been described under the name Panthera pardus, but placed in a group of leopard-sized cats with weak 
canines, such as »Panthera schaubi« from Saint-Vallier and »Felis, large species« (Barry 1987) from the 
East African Pliocene of Laetoli (Geraads 1997).Panthera schaubi is a synonym of �0���•�P�A�R�D�O�I�D�E�S. The above-
�L�D�M�S�H�N�M�D�C�� � �E�Q�H�B�@�M�� �R�O�D�B�H�D�R�� �V�@�R�� �@�S�S�Q�H�A�T�S�D�C�� �S�N�� �.�K�C�� �6�N�Q�K�C�� �O�T�L�@�R�� ���'�D�L�L�D�Q�� ������������ �'�D�L�L�D�Q�� �D�S�• �@�K�
�� �����������
�� � ��
comparative look at the lower tooth rows of the Untermassfeld P�
�•pardoides brevipes���:�(�0�6���������������� ��������
(Mei. 18376)] and the Ahl al Oughlam »leopard« (AaO-13) shows such a considerable similarity between 
the dentitions of these fossils it’s as if they were twins (Fig. 23). The exact same applies for the upper canines 
�E�N�T�M�C���H�M���S�G�D�R�D���S�V�N���K�N�B�@�K�H�S�H�D�R���:�(�0�6���������������� �����������,�D�H�
 ���� �����������U�R�
��� �@�.�������<�
���2�T�B�G���@�M���D�W�S�D�M�S���N�E���B�N�Q�Q�D�R�O�N�M�C-
ence is intriguing, as there is a chronological distance of about 1.5Ma between the two sites. The functional 
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morphology of �0���•�P�A�R�D�O�I�D�E�S should have been so successful that it overcame all ecological changes in the 

�V�N�Q�K�C���N�E���S�G�N�R�D���D�O�N�B�G�R���V�H�S�G���U�D�Q�X���K�H�S�S�K�D���L�N�Q�O�G�N�K�N�F�H�B�@�K���B�G�@�M�F�D�
���3�G�D���R�O�D�B�H�Ö�B���H�C�D�M�S�H�S�X���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���@�M�C��

the Ahl al Oughlam cats is beyond any doubt. Thus, there were no leopards in the Late Pliocene of Morocco, 

there were, however, pumas. Nevertheless, there is a difference between the Ahl al Oughlam felid and the 

Untermassfeld cat that originally supported the Panthera pardus���C�H�@�F�M�N�R�H�R���N�E���S�G�D���E�N�Q�L�D�Q�����&�D�Q�@�@�C�R���K�
�B�
�������S�G�D��

lower canine is not nearly as vertically inserted as it is in �0���•�P�A�R�D�O�I�D�E�S���B�R�E�V�I�P�E�S and, more obviously, �0���•�P�A�R-

doides pardoides. However, that character also applies for the Late Pliocene �0���•�P�A�R�D�O�I�D�E�S ssp. of Kvabebi 

���&�D�N�Q�F�H�@�����5�D�J�T�@���D�S�•�@�K�
�������������
���3�G�T�R�����H�S���C�N�D�R���M�N�S���@�E�E�D�B�S���S�G�D���O�T�L�@���C�H�@�F�M�N�R�H�R�


�%�H�F�
 ����Puma pardoides brevipes �R�R�O�
�� �M�N�U�
���� �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��
a�• �1�H�F�G�S�� �/4-M1 �(�0�6�� �������������� �������� ���,�D�H�
 ���� ������������ �A�T�B�B�@�K�� �U�H�D�V�
�• �[��
Puma pardoides �R�R�O�
����� �G�K���@�K���.�T�F�G�K�@�L�����,�N�Q�N�B�B�N���
�•�m��b�•�1�H�F�G�S���/3-M1, 
�A�T�B�B�@�K���U�H�D�V�
�•�m���2�B�@�K�D�������� �L�L�


Fig. 22 Puma pardoides csomai ���*�Q�D�S�Y�N�H�������2�H�V�@�K�H�J���'�H�K�K�R�����(�M�C�H�@���
�•�m��
a�• �+�D�E�S�� �L�@�M�C�H�A�K�D�� �E�Q�@�F�L�D�M�S�� �!�,�-�'�� �����������@�� �V�H�S�G�� �/3-M1, buccal 
�U�H�D�V�
�• �[��Puma pardoidesbrevipes �R�R�O�
�� �M�N�U�
���� �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��
b�• �+�D�E�S�� �L�@�M�C�H�A�K�D�� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ���������� �V�H�S�G�� �/3-M1, 
�A�T�B�B�@�K���U�H�D�V�
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An important basis for understanding the functional morphology and ecological role of an animal is its body 

mass. For the new Untermassfeld puma the humerus, femur, and Mc3 and Mc4 minimal shaft widths are 

available as mass predictors. Their raw values are 36.7, 39.2, 36.3, 40.6 and 40.8kg, giving a mean of 38.7kg.

Rounding up, this gives a body mass of about 40kg. The previously published second individual was estimated 

�@�R���A�D�H�M�F���@���K�H�S�S�K�D���G�D�@�U�H�D�Q�����@�A�N�T�S������ �J�F�����D�W�B�K�T�R�H�U�D�K�X���A�@�R�D�C���N�M���S�G�D���E�D�L�T�Q���R�G�@�E�S�����'�D�L�L�D�Q�������������������m���� �J�F�����A�@�R�D�C��

�N�M���L�N�K�@�Q���@�M�C���E�D�L�T�Q���O�Q�D�C�H�B�S�H�N�M���D�P�T�@�S�H�N�M�R�����A�T�S���R�D�D���'�D�L�L�D�Q�����������@�����C�D�M�S�H�S�H�N�M���B�G�@�Q�@�B�S�D�Q�R���L�T�R�S���A�D���@�O�O�K�H�D�C���V�H�S�G��

care for body mass predictions). Estimated raw masses for �0���•�P�A�R�D�O�I�D�E�S from La Puebla de Valverde (based on 
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Tables 23, 25, 27) are 36.1, 50.0 and 109.0kg, and from Saint-Vallier, 31.0, 62.2 and 81.6kg. These data 

�L�@�X���A�D���T�M�C�D�Q�R�S�N�N�C���@�R���S�G�D���D�W�O�Q�D�R�R�H�N�M���N�E���@�M���D�M�N�Q�L�N�T�R���R�D�W�T�@�K���C�H�L�N�Q�O�G�H�R�L�����S�G�D���E�D�L�@�K�D���A�N�C�X���L�@�R�R�D�R���U�@�Q�X�H�M�F��

between 30 and 50kg, the male ones between 60 and 110kg. This wide variability is completely covered by 

the body mass range of �0���•�C�O�N�C�O�L�O�R (Nowell and Jackson 1996). No individuals of the upper size class have 

�A�D�D�M�� �H�C�D�M�S�H�Ö�D�C�� �@�S�� �4�M�S�D�Q�L�@�R�R�E�D�K�C���� �A�T�S�� �K�@�Q�F�D���R�H�Y�D�C�� �K�N�V�D�Q�� �C�D�M�S�H�S�H�N�M�R�� �@�S�� �S�G�D�� �(�A�D�Q�H�@�M�� �$�O�H�U�H�K�K�@�E�Q�@�M�B�G�H�@�M�� �K�N�B�@�K�H�S�H�D�R��

also demonstrate the existence of a similar sexual dimorphism in the late Early Pleistocene Eurasian pumas.

�"�N�M�R�D�P�T�D�M�S�K�X�����S�G�D���S�V�N���H�C�D�M�S�H�Ö�D�C���O�T�L�@���H�M�C�H�U�H�C�T�@�K�R���E�Q�N�L���4�M�S�D�Q�L�@�R�R�E�D�K�C���R�G�N�T�K�C���A�D���A�N�S�G���E�D�L�@�K�D�R�


The discovery of a large number of skeletal elements of the Untermassfeld puma enables the build of �0���•�P�A�R-

doides���S�N���A�D���Q�D�B�N�M�R�S�Q�T�B�S�D�C���V�H�S�G���@���G�H�F�G���C�D�F�Q�D�D���N�E���B�N�M�Ö�C�D�M�B�D�
���(�S�R���@�M�@�S�N�L�X���C�N�D�R���M�N�S���B�N�L�O�K�D�S�D�K�X���B�N�Q�Q�D�R�O�N�M�C��

to that of any extant species of large cats. The absolute lengths of the humerus and the radius, as well as 

the size of the mandible, are in accordance with the body mass estimated with respect to �0���•�C�O�N�C�O�L�O�R. The 

�K�D�M�F�S�G���P�T�N�S�H�D�M�S���N�E���S�G�D���Q�@�C�H�T�R���@�M�C���G�T�L�D�Q�T�R���H�R���B�N�L�O�@�Q�@�A�K�D���V�H�S�G���S�G�@�S���N�E���S�G�D���D�W�S�@�M�S���O�T�L�@�����A�T�S���@�K�R�N���V�H�S�G���S�G�@�S��

�N�E���S�G�D���I�@�F�T�@�Q���@�M�C���S�G�D���K�D�N�O�@�Q�C�����@�M�C�����S�N���R�N�L�D���D�W�S�D�M�S�����D�U�D�M���V�H�S�G���S�G�@�S���N�E���S�G�D���B�K�N�T�C�D�C���K�D�N�O�@�Q�C�
���(�M���B�N�M�S�Q�@�R�S�����S�G�D��

metacarpals are substantially shorter in the European puma than in �0���•�C�O�N�C�O�L�O�R. Nevertheless, the forefoot 

is not as short as in Panthera pardus, Panthera onca and Neofelis nebulosa�
���3�G�D���K�D�M�F�S�G���P�T�N�S�H�D�M�S���N�E���S�G�D���G�T-

merus and the femur points to an extremely short femur, comparable to Panthera uncia and Neofelis nebu-

losa and similar to Panthera pardus and Panthera onca, which has a slightly longer femur. The short femur 

�H�R���R�T�O�O�K�D�L�D�M�S�D�C���A�X���@���R�G�N�Q�S���O�D�K�U�H�R�����@�R���H�M���S�G�D���B�K�N�T�C�D�C���K�D�N�O�@�Q�C�
���3�G�D���K�D�M�F�S�G���P�T�N�S�H�D�M�S���N�E���S�G�D���S�H�A�H�@���@�M�C���S�G�D���E�D�L�T�Q��

�B�N�Q�Q�D�R�O�N�M�C�R���S�N���S�G�@�S���N�A�R�D�Q�U�D�C���H�M���S�G�D���D�W�S�@�M�S���O�T�L�@�����S�G�D���K�D�N�O�@�Q�C���@�M�C���S�G�D���B�K�N�T�C�D�C���K�D�N�O�@�Q�C�
���(�M���S�G�D���I�@�F�T�@�Q�����S�G�D��

tibia is comparatively somewhat shorter and is somewhat longer in the snow leopard (for comparative data 

�R�D�D���&�N�M�X�D�@���������������2�O�N�N�Q�������������
���3�G�T�R�����S�G�D���E�T�M�B�S�H�N�M�@�K���D�W�S�D�Q�M�@�K���L�N�Q�O�G�N�K�N�F�X���N�E���S�G�D���$�T�Q�N�O�D�@�M���O�T�L�@���G�@�R���K�H�S�S�K�D��

�H�M���B�N�L�L�N�M���V�H�S�G���S�G�D���D�W�S�@�M�S���O�T�L�@���@�M�C���S�G�D���R�M�N�V���K�D�N�O�@�Q�C�����A�N�S�G���D�W�B�D�K�K�D�M�S���I�T�L�O�D�Q�R�
���2�N�L�D���R�H�L�H�K�@�Q�H�S�H�D�R���D�W�H�R�S���V�H�S�G��

the clouded leopard, the best climber among the extant large cats (Hemmer 1968), and the sharp claws in 

�0���•�P�A�R�D�O�I�D�E�S���B�N�T�K�C���V�D�K�K���R�T�O�O�N�Q�S���@�M���@�A�H�K�H�S�X���E�N�Q���B�K�H�L�A�H�M�F�
���4�R�H�M�F���U�D�Q�S�D�A�Q�@�K���O�Q�N�Ö�K�D�R���N�E���K�N�B�N�L�N�S�N�Q���F�Q�N�T�O�R���H�M���E�D�K�H�C�R��

(Randau da Costa Carvalho 2017), the base of the available thoracic vertebrae from Untermassfeld indicate 

�@���R�S�Q�N�M�F�D�Q���@�E�Ö�K�H�@�S�H�N�M���S�N���S�G�D���S�D�Q�Q�D�R�S�Q�H�@�K�����S�G�@�M���S�G�D���@�Q�A�N�Q�D�@�K���N�Q���R�B�@�M�R�N�Q�H�@�K���F�Q�N�T�O�R�
���"�N�L�A�H�M�H�M�F���S�G�D�R�D���Q�D�R�T�K�S�R�����S�G�D��

European puma may be considered as a morphologically generalised cat without a far-reaching specialisa-

tion, but well adapted to life in wooded habitats.

�6�H�S�G���@�M���@�O�O�Q�N�W�H�L�@�S�D���A�N�C�X���L�@�R�R���N�E�������m���� �J�F�����S�G�D���C�@�H�K�X���E�N�N�C���Q�D�P�T�H�Q�D�L�D�M�S���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���O�T�L�@�R���B�@�M��

�A�D���B�@�K�B�T�K�@�S�D�C���@�R���@�Q�N�T�M�C�����
�� �J�F�
���$�@�Q�K�H�D�Q���O�T�A�K�H�R�G�D�C���O�Q�D�C�H�B�S�H�N�M���D�P�T�@�S�H�N�M�R���D�M�@�A�K�D���S�G�D���L�N�C�@�K���B�K�@�R�R���N�E���S�G�D���A�N�C�X��

�L�@�R�R���S�G�@�S���B�N�M�R�S�H�S�T�S�D�R���S�G�D���O�Q�D�X���E�N�B�T�R���N�E���@���F�H�U�D�M���B�@�S���R�O�D�B�H�D�R���S�N���A�D���D�R�S�H�L�@�S�D�C���V�H�S�G���@���G�H�F�G���K�D�U�D�K���N�E���B�N�M�Ö�C�D�M�B�D�
��

� �R���B�@�S�R���@�Q�D���N�O�O�N�Q�S�T�M�H�R�S�H�B���G�T�M�S�D�Q�R�����V�G�H�B�G���T�R�T�@�K�K�X���J�H�K�K���L�T�B�G���L�N�Q�D���S�G�@�M���I�T�R�S���N�M�D���O�Q�D�X���R�O�D�B�H�D�R�����Q�D�F�T�K�@�Q�K�X���G�T�M�S�D�C��

prey can range from one size class above the calculated prey focus mass to three classes below (Hemmer 

���������������������@���
���.�B�B�@�R�H�N�M�@�K�K�X�����G�N�V�D�U�D�Q�����D�U�D�M���O�Q�D�X���@�M�H�L�@�K�R���N�T�S�R�H�C�D���S�G�H�R���A�Q�N�@�C���R�H�Y�D���Q�@�M�F�D���L�@�X���G�@�U�D���A�D�D�M���S�@�J�D�M�
��

Therefore, the prey focus class of a 40–45kg European puma is around 20kg and its expected prey body 

mass would range between 2 and 50kg, with occasional deviations towards smaller or larger prey. Another 

calculation based on the comparatively weak upper canine results in a somewhat lower raw value, but still 

indicates the 20kg prey focus mass category. Compared to other large cat species, the small canine size 

�V�N�T�K�C���G�@�U�D���T�M�C�N�T�A�S�D�C�K�X���H�M�×�T�D�M�B�D�C���G�N�V���S�G�D���$�T�Q�N�O�D�@�M���O�T�L�@���A�Q�N�T�F�G�S���C�N�V�M���H�S�R���O�Q�D�X�
���%�T�M�B�S�H�N�M�@�K���B�N�L�O�D�M�R�@-

tion may have been provided in P�
�•pardoides by the enlarged dewclaw, which would have been used for 

primary grasping the victim (see, e. g., discussion for Homotherium with extreme development of the dew-

�B�K�@�V���H�M��� �M�S�¹�M���D�S�•�@�K�
�������������


The transfer of the estimated prey body mass range to the actual Untermassfeld mammal population must 

take into account the presence of male European pumas in the former vicinity of the site, even if their 

�Q�D�L�@�H�M�R���V�D�Q�D���M�N�S���E�N�T�M�C���C�T�Q�H�M�F���S�G�D���D�W�B�@�U�@�S�H�N�M�
���"�N�M�R�D�P�T�D�M�S�K�X�����S�G�D���T�O�O�D�Q���Q�@�M�F�D���N�E���S�G�D���R�T�O�O�N�R�D�C���O�N�S�D�M�S�H�@�K��
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prey size variation should be increased by up to two additional classes of prey mass. The abundant deer 

species Pseudodama vallonnetensis and the rarer Capreolus cusanoides (MNI given by Kahlke in this volume, 

�3�@�A�K�D�•�������R�G�N�T�K�C���A�N�S�G���A�D���B�N�M�R�H�C�D�Q�D�C���@�R���@���O�Q�H�L�D���E�N�N�C���R�N�T�Q�B�D���E�N�Q���0���•�P�A�R�D�O�I�D�E�S���B�R�E�V�I�P�E�S (see section 3.3.). The 

complete range of prey, both regular and occasional, may have varied in size from large rodents to horses 

and larger-sized deer species (corresponding to Hemmer 2001, Fig. 14).

The Untermassfeld cat, whose skeleton provides so much information about P�
�•pardoides, had a deformed 

�Q�H�F�G�S���O�@�V���S�G�@�S���L�T�R�S���G�@�U�D�����S�N���R�N�L�D���D�W�S�D�M�S�����H�L�O�@�H�Q�D�C���G�T�M�S�H�M�F�
���,�H�R�R�H�M�F���S�N�D�R���N�Q���H�M�I�T�Q�D�C���E�N�N�S���O�@�C�R���C�N���M�N�S�����G�N�V-

�D�U�D�Q�����G�H�M�C�D�Q���D�W�S�@�M�S���O�T�L�@�R���E�Q�N�L���Q�D�@�B�G�H�M�F���N�K�C���@�F�D�����8�N�T�M�F���@�M�C���&�N�K�C�L�@�M�������������
��� ���B�@�L�D�Q�@���S�Q�@�O�O�H�M�F���R�S�T�C�X���G�@�R��

even shown that a female puma missing the left hind foot is able to survive in good condition (Huck and 

�%�D�Q�M�@�M�C�D�Y���#�T�P�T�D�������������
���2�T�B�G���@���R�H�S�T�@�S�H�N�M���V�N�T�K�C���@�K�R�N���G�@�U�D���A�D�D�M���O�N�R�R�H�A�K�D���C�T�Q�H�M�F���S�G�D���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D�
���3�G�D��

�@�E�E�D�B�S�D�C���G�T�M�S�H�M�F���A�D�G�@�U�H�N�T�Q���N�E���S�G�D���O�T�L�@���H�M���P�T�D�R�S�H�N�M���B�N�T�K�C���S�G�Q�N�V���K�H�F�G�S���N�M���@���M�N�S�H�B�D�@�A�K�D���N�A�R�D�Q�U�@�S�H�N�M���B�N�M�B�D�Q�M-

ing tooth wear. Although a killing weapon, the upper canine shows only slight wear at the tip, whereas the 

�K�N�V�D�Q���S�N�N�S�G���Q�N�V���H�R���B�N�M�R�H�C�D�Q�@�A�K�X���V�N�Q�M�
�� �+�D�R�R���J�H�K�K�H�M�F���� �A�T�S���R�T�E�Ö�B�H�D�M�S���D�@�S�H�M�F���� �B�N�T�K�C���O�N�H�M�S���S�N���L�N�Q�D���R�B�@�U�D�M�F�H�M�F��

and/or large-scale preying on small mammals without the need for powerful canine action. Both strategies 

could have been successfully exercised in the Epivillafranchian Untermassfeld environment.

2.4. Lynx valdarnensis spelaeoides ssp. nov.

2.4.1. Introduction

�6�G�D�M���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���K�X�M�W���V�@�R���Ö�Q�R�S���C�D�R�B�Q�H�A�D�C�����'�D�L�L�D�Q�����������������H�S���V�@�R���S�G�D���N�M�K�X���J�M�N�V�M���Q�D�O�Q�D�R�D�M�S�@�S�H�U�D���N�E���H�S�R��

genus in the European Epivillafranchian. It was named Lynx issiodorensis (Croizet et Jobert, 1828) ssp. ex aff.

spelaeus�� ���!�N�T�K�D���� �����������
�� �3�G�D�� �B�K�@�R�R�H�Ö�B�@�S�H�N�M�� �@�R��L�
�•issiodorensis was based on its evolutionary archaic structure 

with stout mandible and somewhat stocky humerus. The addition »ex aff.spelaeus« is not part of the name as 

following the International Code of Zoological Nomenclature (ICZN), but was coined to express morphometric 

�@�E�Ö�M�H�S�H�D�R���S�N��L�
�•spelaeus of the Middle and the Late Pleistocene of Southern Europe. A mandible from the early 

Middle Pleistocene Marine Isotope Stage (MIS) 14 level of the Arago cave (French Pyrenees) has been deter-

mined as being closely associated with the Untermassfeld lynx based on archaic characters of the dentition and 

�R�J�D�K�D�S�@�K���Q�N�A�T�R�S�M�D�R�R�
���-�D�U�D�Q�S�G�D�K�D�R�R�����S�G�H�R��� �Q�@�F�N���K�X�M�W���G�@�R���A�D�D�M���B�K�@�R�R�H�Ö�D�C���@�R���A�D�K�N�M�F�H�M�F���S�N���@�M���D�@�Q�K�X���F�Q�N�T�O���N�E���,���•�S�P�E-

laeus (Testu 2006). Later, the Untermassfeld lynx was taxonomically included in an unnamed chrono-subspecies 

of �,���•�I�S�S�I�O�D�O�R�E�N�S�I�S (�,���•�I�S�S�I�O�D�O�R�E�N�S�I�S ssp. 2, Cipullo 2010), which in turn was argued as representing part of a 

�R�D�P�T�D�M�S�H�@�K���D�U�N�K�T�S�H�N�M�@�Q�X���O�@�S�S�D�Q�M���K�D�@�C�H�M�F���D�U�D�M�S�T�@�K�K�X���S�N���,���•�P�A�R�D�I�N�U�S���S�P�E�L�A�E�U�S, which gave rise to the extant Iberian 

lynx �,���•�P�A�R�D�I�N�U�S (�,���•�I�S�S�I�O�D�O�R�E�N�S�I�S���R�R�O�
�������N�E���S�G�D���1�T�R�B�H�M�H�@�M�•�m���,���•�I�S�S�I�O�D�O�R�E�N�S�I�S���I�S�S�I�O�D�O�R�E�N�S�I�S of the Early and Middle 

�5�H�K�K�@�E�Q�@�M�B�G�H�@�M�•�m���,���•�I�S�S�I�O�D�O�R�E�N�S�I�S���V�A�L�D�A�R�N�E�N�S�I�S���N�E���S�G�D���D�@�Q�K�X���+�@�S�D���5�H�K�K�@�E�Q�@�M�B�G�H�@�M�•�m���@�M�C���,���•�I�S�S�I�O�D�O�R�E�N�S�I�S ssp. 2 of the 

�K�@�S�D�R�S���5�H�K�K�@�E�Q�@�M�B�G�H�@�M���@�M�C���$�O�H�U�H�K�K�@�E�Q�@�M�B�G�H�@�M�����"�H�O�T�K�K�N���������������"�G�D�Q�H�M���D�S�•�@�K�
�����������A�����/�D�S�Q�T�B�B�H���D�S�•�@�K�
�������������
��

�,�D�@�M�V�G�H�K�D�����M�D�V���Ö�M�C�R���E�Q�N�L���S�V�N���R�H�S�D�R���H�M���S�G�D���D�@�R�S�D�Q�M���(�A�D�Q�H�@�M���/�D�M�H�M�R�T�K�@�����5�@�K�K�O�@�Q�@�C�´�R���2�D�B�S�H�N�M���@�M�C���"�T�D�U�@���5�H�B�S�N-

ria) have been published that considerably widen our insight into the late Early Pleistocene lynx evolution in 

Southern and Central Europe. They indicate the existence of early representatives of L�
�•pardinus in south-

western Europe during the same period of time as the Untermassfeld population was living with features 

of the archaic �,���•�I�S�S�I�O�D�O�R�E�N�S�I�S���H�M���S�G�D���B�D�M�S�Q�D���N�E���S�G�D���B�N�M�S�H�M�D�M�S�����!�N�R�B�@�H�M�H���D�S�•�@�K�
�������������
���3�G�D���D�U�N�K�T�S�H�N�M�@�Q�X���Q�N�N�S�R��

of �,���•�P�A�R�D�I�N�U�S can even be traced back to the Late Villafranchian based on a skull from the north-eastern 

�2�O�@�M�H�R�G��� �U�D�M�B���,�@�Q�U�D�K���B�@�U�D�����!�N�R�B�@�H�M�H���D�S�•�@�K�
�������������
��� �S���S�G�D���R�@�L�D���S�H�L�D�����S�G�D���(�S�@�K�H�@�M���K�X�M�W���O�N�O�T�K�@�S�H�N�M�����R�S�H�K�K���B�K�@�R�R�H�Ö�D�C��

as���,���•�I�S�S�I�O�D�O�R�E�N�S�I�Svaldarnensis (Werdelin 1981), represents a taxonomic unit of its own with differing skull 

�L�N�Q�O�G�N�K�N�F�X�����"�G�D�Q�H�M���D�S�•�@�K�
�����������A�������S�N���V�G�H�B�G���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���K�X�M�W�D�R���V�D�Q�D���@�K�R�N���@�S�S�Q�H�A�T�S�D�C�����&�@�Q�Q�H�C�N�������������
��

Finally, the use of the open nomenclature Lynx sp. instead of �,���• �I�S�S�I�O�D�O�R�E�N�S�I�S is suggested for European 
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�K�X�M�W�D�R���C�@�S�D�C���S�N���S�G�D���H�M�S�D�Q�U�@�K�����
���m���
�� �,�@���S�G�@�S���@�Q�D���M�N�S���D�W�O�K�H�B�H�S�K�X���H�C�D�M�S�H�Ö�D�C���@�R���,���•�P�A�R�D�I�N�U�S. This also concerns 

�S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���Q�D�L�@�H�M�R�����@�K�S�G�N�T�F�G���S�G�D���O�N�R�R�H�A�H�K�H�S�X���N�E���@���B�N�M�Ö�Q�L�@�S�H�N�M���N�E���S�G�D�H�Q���,���•�I�S�S�I�O�D�O�R�E�N�S�I�S nature by new 

�Ö�M�C�R���H�R���B�N�M�R�H�C�D�Q�D�C�����,�D�B�N�Y�Y�H���D�S�•�@�K�
�������������


New lynx remains from Untermassfeld now provide the opportunity to re-open the discussion on the position 

of these cats within the frame of European lynx evolution from the late Early to the early Middle Pleistocene.

2.4.2. Material

P3 and P4 dex. IQW 2012/38474 (Mei. 35448),
Vertebra cervicalis V IQW 1996/25868 (Mei. 25397),
Vertebra cervicalis VI IQW 1996/25867 (Mei. 25396),
Vertebra cervicalis VII IQW 1996/25866 (Mei. 25395),
Vertebra thoracica I IQW 1996/25865 (Mei. 25394),
Vertebra thoracica II IQW 1996/25905 (Mei. 25434),
Vertebra thoracica IV IQW 1996/25908 (Mei. 25437),
Vertebra thoracica V IQW 1996/25907 (Mei. 25436),
Vertebra thoracica VI IQW 1996/25903 (Mei. 25432),
Vertebra thoracica VII IQW 1996/25909 (Mei. 25438),
Vertebra thoracica VIII IQW 1996/25902 (Mei. 25431),
Vertebra thoracica IX IQW 1996/25904 (Mei. 25433),
Scapula dex. IQW 1996/25885 (Mei. 25414),
Humerus dex. diaphyseal fragment IQW 1984/20319 (Mei. 19839).
§

�3�G�D���K�X�M�W���Q�D�L�@�H�M�R���L�@�H�M�K�X���N�Q�H�F�H�M�@�S�D���E�Q�N�L���S�G�D���+�%�2�
���2�H�M�F�K�D���Ö�M�C�R�����M�@�L�D�K�X���S�G�D���@�A�N�U�D���K�H�R�S�D�C���Q�H�F�G�S��P3 and P4, as well 
�@�R���S�G�D���G�T�L�D�Q�T�R���E�Q�@�F�L�D�M�S�����V�D�Q�D���Q�D�B�N�U�D�Q�D�C���E�Q�N�L���S�G�D���B�G�@�M�M�D�K���Ö�K�K�H�M�F���:�4�%�2���K���<�


2.4.3. Description and comparison

The two new lynx lower premolars represent a single, young 

adult individual. They show no signs of wear, but are a little 

damaged (Fig. 24). These teeth belong to the same category 

of size as the previously described dentitions (�6�C�D�N�G�|����). Their 

unworn condition is demonstrated by the original structure 

of the cutting edges. In the P4 a sharp crista-like thin blade, 

up to about 1mm wide, runs around the protoconid. The

paraconid is similar in size to the distal accessory cusp, which 

forms in front of a fairly well-developed cingulum. The P3 is 

dominated by a very high protoconid, the tip of which has 

broken away. The cutting edges are structured as described 

for the P4. The proximal (paraconid) and the distal acces-

sory cusps of the P3 are small, the latter stretches upwards 

along the distal edge of the protoconid. The distal cingulum 

is small but clearly developed.

�%�H�F�
 ����Lynx valdarnensis spelaeoides �R�R�O�
���M�N�U�
�����4�M�S�D�Q�L�@�R�R�E�D�K�C�
�•�m��a–c Right
P3�� �(�0�6�� �������������� �������� ���,�D�H�
 ���� ���������
�• �m��d–f Right P4 IQW 2012/38474 
���,�D�H�
 ���� ���������
�• �m��a, d�� �N�B�B�K�T�R�@�K�� �U�H�D�V�R����b, e�� �K�H�M�F�T�@�K�� �U�H�D�V�R����c, f�� �A�T�B�B�@�K�� �U�H�D�V�R�
�• �m��
�2�B�@�K�D�������� �L�L�
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�6�H�S�G���S�G�D���Ö�M�C�H�M�F���N�E���S�G�D�R�D���M�D�V���S�D�D�S�G�����S�G�D���,�-�(���N�E���4�M�S�D�Q�L�@�R�R�E�D�K�C���K�X�M�W�D�R���G�@�R���H�M�B�Q�D�@�R�D�C���S�N���S�G�Q�D�D�


Besides the Untermassfeld material, Epivillafranchian lynx remains have been recovered from the north-

�D�@�R�S�� �(�A�D�Q�H�@�M�� �K�N�B�@�K�H�S�H�D�R�� �N�E�� �5�@�K�K�O�@�Q�@�C�´�R�� �@�M�C�� �"�T�D�U�@�� �5�H�B�S�N�Q�H�@�� ���!�N�R�B�@�H�M�H�� �D�S�• �@�K�
�� �����������
�� �3�G�D�� �L�@�M�C�H�A�T�K�@�Q�� �B�N�Q�O�T�R�� �N�E��

�S�G�D�R�D���2�O�@�M�H�R�G���K�X�M�W�D�R���H�R���R�H�F�M�H�Ö�B�@�M�S�K�X���K�D�R�R���L�@�R�R�H�U�D���S�G�@�M���H�M���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���B�@�S�R�
���3�G�D���(�A�D�Q�H�@�M��P3 tends to be 

narrower, but both series overlap in this feature (�6�C�D�N�G�|����). The length ratio of P3 and M1 shows different 

proportions in �,���•�I�S�S�I�O�D�O�R�E�N�S�I�S (Les Étouaires, Saint-Vallier and Upper Valdarno) compared to the extant spe-

cies �,���•�P�A�R�D�I�N�U�S and �,���•�L�Y�N�X (Ficcarelli and Torre 1977, Fig. 2). The original measurements of the �,���•�P�A�R�D�I�N�U�S

�@�M�C���4�O�O�D�Q���5�@�K�C�@�Q�M�N���L�@�S�D�Q�H�@�K�����%�H�B�B�@�Q�D�K�K�H���@�M�C���3�N�Q�Q�D���K�
�B�
���� �3�@�A�K�D�•������ �@�Q�D���Q�D���T�R�D�C���G�D�Q�D���� �M�N�S���N�M�K�X���S�N���C�D�L�N�M�R�S�Q�@�S�D��

the position of the Untermassfeld lynx in the context of earlier and later populations, but also to allow a 

direct comparison to be made with the diagram published by the mentioned authors (Fig. 25). In their size 

and proportions, the Untermassfeld teeth cover the span from the centre of �,���•�P�A�R�D�I�N�U�S variability to the 

range of the Iberian Epivillafranchian lynxes as well as that of the Italian Late Villafranchian series. The latest 

IQW 2012/38474
(Mei. 35448)

dex.

IQW 1994/24691
(Mei. 24220)

sin.

IQW 1994/24691
(Mei. 24220)

dex.

IQW 1980/16573
(Mei. 16094)

dex.

Mandible length 
Processus condylaris-
Infradentale

92.5 92.5

Mandible height 
Processus angularis-
Coronion

44.2

Depth behind M1 20.0 20.2 19.6

Depth in the diastema 17.4

Alveolar length P3-M1 32.5 32.2 34.3

Diastema length 8.8 c. 8.0         > 6.0 / < 8.5

C height 14.4+ 14.7 13.7+
length 7.6 7.7 8.0
width 6.3 6.3 6.3

P3 length 8.2 8.0 7.8 9.3
maximal width 4.5 4.6 4.6 4.6
anterior width 3.7 3.3 3.3 3.6
protoconid length 5.1 4.7 4.8 4.8
protoconid height 6.3+ 6.2 6.4

P4 length 11.6 11.5 11.4 11.3
maximal width 5.3 5.2 5.4 5.5
anterior width 4.5 4.6 4.6 4.6
protoconid length 5.6 5.2 5.3 4.9
protoconid height 8.0 7.0+

M1 length 13.0    13.1    14.1+
maximal width 6.0 5.9 5.5
protoconid length 7.5 7.8
paraconid length 6.5 6.4 6.9
protoconid height 7.6 7.5
paraconid height 7.4 7.5+

�3�@�A�K�D�j����Lynxvaldarnensis spelaeoides ssp. nov., measurements (mm) of premolars IQW 2012/38474 (Mei. 35448), of the holotype 
mandible IQW 1994/24691 (Mei. 24220), and of the hemimandible IQW 1980/16573 (Mei. 16094), Untermassfeld.
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Early Pleistocene Spanish teeth and those of the late Early Pleistocene from Italy scatter above the axis of 

�S�G�D���'�N�K�N�B�D�M�D���(�A�D�Q�H�@�M���K�X�M�W�D�R�����R�N���S�G�@�S���S�G�D�X���Ö�S���H�M�S�N���S�G�D���@�Q�B�G�@�H�B��L. issiodorensis pattern (Ficcarelli and Torre l.c., 

�%�H�F�
 �����
���(�M���R�H�Y�D�����S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���C�D�M�S�H�S�H�N�M�R���Ö�S���S�G�D���K�N�V�D�Q���S�N���B�D�M�S�Q�@�K���Q�@�M�F�D���N�E���S�G�D���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���(�A�D�Q�H�@�M��

�@�M�C���(�S�@�K�H�@�M���R�D�Q�H�D�R�
���3�G�D���K�D�M�F�S�G���@�M�C���V�H�C�S�G���O�Q�N�Ö�K�D���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���L�@�M�C�H�A�T�K�@�Q���S�D�D�S�G���L�@�S�B�G�D�R���S�G�D���,���•�I�S-

siodorensis type (Kurtén and Werdelin 1984), as does the early Middle Pleistocene Arago C.M.I (Complexe 

Moyen I) mandible (Testu 2006).

The cervical and thoracic vertebrae of the Untermassfeld lynx (Fig. 26) resemble their extant counterparts 

in L���•�P�A�R�D�I�N�U�S. There are exostoses on the right side of the centrum in the thoracic vertebrae V to VII and 

�@�M�S�D�Q�H�N�Q���H�M�E�D�Q�H�N�Q���H�M���3���5�(�(�(�
���3�G�D�R�D���U�D�Q�S�D�A�Q�@�D���@�Q�D���@�A�N�T�S���� �����K�@�Q�F�D�Q�����L�D�@�M���B�D�M�S�Q�T�L���K�D�M�F�S�G�R�����S�G�@�M���S�G�N�R�D���E�N�T�M�C���H�M��

�@���K�@�Q�F�D���L�@�K�D���N�E���S�G�D���D�W�S�@�M�S���(�A�D�Q�H�@�M���K�X�M�W�����&�¨�K�U�D�Y���/�Q�@�C�@���D�S�•�@�K�
���������������E�N�Q���R�H�Y�D���B�N�L�O�@�Q�H�R�N�M���R�D�D���!�D�K�S�Q�¨�M���@�M�C���#�D�K�H�A�D�R��

�%�H�F�
 ����Bivariate plot of the lengths 
(mm) of P3 and M1�
�• �m���Ú Untermass-
�E�D�K�C�
�• �m���Á�• �"�T�D�U�@�� �5�H�B�S�N�Q�H�@�� �@�M�C�� �5�@�K�K�O�@�Q�@��
�C�´�R�
�• �m���¯�• �4�O�O�D�Q�� �5�@�K�C�@�Q�M�N�
�• �m���ø Extant 
�,���•�P�A�R�D�I�N�U�S�
�•�m��� �K�K�N�L�D�S�Q�H�B���K�H�M�D���E�N�Q��L�
�•par-
dinus���� ���/3 length) = 0.4266 × (M1

length)1.135.

Depth behind M 1

in % of P 3-M1 length
mean | min–max | n

P3 protoconid height
in % P3 length

mean | min–max | n

P3 width
in % length

mean | min–max | n

Lynx valdarnensis
spelaeoides ssp. nov.,
Epivillafranchian,
Untermassfeld 

�����
�����[�������
���m�����
�����[���� �����������[�������
���m�����
�����[���� �����
�����[�������
���m�����
�����[����

Lynx pardinus,
unnamed ssp.,
Epivillafranchian,
Vallparadís and
Cueva Victoria
(Boscaini et al. 2016)

�����
�����[�������
���m�����
�����[���� �����
�����[�������
���m�����
�����[����

Lynx valdarnensis
valdarnensis, 
Late Villafranchian
���%�@�A�Q�H�M�H������������
Cherin et al. 2013b)

�����
�����[ �m���[���� �����
�����[�������m�������[���� �����
�����[�������
���m�����
�����[����

�3�@�A�K�D�j����Indices of mandible and dentition of the Untermassfeld lynx compared with other late Early Pleistocene European lynxes.
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�����������
���3�G�D���P�T�N�S�H�D�M�S���N�E���S�G�D���B�D�M�S�Q�T�L���K�D�M�F�S�G�R���N�E���S�G�D���B�D�Q�U�H�B�@�K���U�D�Q�S�D�A�Q�@�D���5�m�5�(�(�������B�D�M�S�Q�T�L���K�D�M�F�S�G�R���N�E���S�G�D���S�G�N�Q�@�B�H�B��

vertebrae I–II is 1.62 for the Untermassfeld cat (Tables 31–32), 1.60 for an Iberian lynx, and 1.55–1.63 for 

three individuals of �,���•�L�Y�N�X�����*�T�Q�S�°�M���������������3�@�A�K�D�•�����
���3�G�D�R�D���U�@�K�T�D�R���B�N�M�S�Q�@�R�S���R�S�Q�N�M�F�K�X���V�H�S�G���S�G�@�S���N�E��L�
�•issiodorensis

from the type site Les Étouaires, which is characterised by much longer neck vertebrae, giving a ratio of 1.77 

(data by Kurtén l.c.).

The size of the right scapula fragment IQW 1996/25885 (Mei. 25414) is also larger, by the same order of 

�L�@�F�M�H�S�T�C�D�� ���@�A�N�T�S�� �� �������� �S�G�@�M�� �H�M�� �S�G�D�� �@�A�N�U�D���L�D�M�S�H�N�M�D�C�� �K�@�Q�F�D���,���• �P�A�R�D�I�N�U�S male. The measurements of the 

�4�M�S�D�Q�L�@�R�R�E�D�K�C���R�B�@�O�T�K�@���@�Q�D�����L�L�����H�M���A�Q�@�B�J�D�S�R���E�N�Q���S�G�D���,���•�P�A�R�D�I�N�U�S���L�@�K�D���H�M���P�T�D�R�S�H�N�M�����@�E�S�D�Q���&�¨�K�U�D�Y���/�Q�@�C�@���D�S�•�@�K�
��

���������������K�D�M�F�S�G���N�E���S�G�D���F�K�D�M�N�H�C���B�@�U�H�S�X�����������:�����
���<�����V�H�C�S�G���N�E���S�G�D���F�K�D�M�N�H�C���B�@�U�H�S�X�����������:�����
���<�����L�@�W�H�L�@�K���K�D�M�F�S�G���N�E���S�G�D��

�F�K�D�M�N�H�C���O�Q�N�B�D�R�R�����������:�����
���<�����L�H�M�H�L�@�K���K�D�M�F�S�G���@�S���S�G�D���B�N�K�K�T�L�����������:�����
���<�


�%�H�F�
 ����Lynx valdarnensis spelaeoides �R�R�O�
�� �M�N�U�
���� �4�M�S�D�Q�L�@�R�R�E�D�K�C�
�• �m��a–b Cervical vertebra V IQW 1996/25868 (Mei. 25397), 
cervical vertebra VI IQW 1996/25867 (Mei. 25396), cervical vertebra VII IQW 1996/25866 (Mei. 25395), thoracic vertebra I 
IQW 1996/25865 (Mei. 25394), thoracic vertebra II IQW 1996/25905 (Mei. 25434), thoracic vertebra IV IQW 1996/25908 
(Mei. 25437), thoracic vertebra V IQW 1996/25907 (Mei. 25436), thoracic vertebra VI IQW 1996/25903 (Mei. 25432), tho-
racic vertebra VII IQW 1996/25909 (Mei. 25438), thoracic vertebra VIII IQW 1996/25902 (Mei. 25431), thoracic vertebra IX 
�(�0�6���������������� �����������,�D�H�
 ���� �������������K�@�S�D�Q�@�K�����C�N�Q�R�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�


C V
IQW 1996/25868

(Mei. 25397)

C VI
IQW 1996/25867

(Mei. 25396)

C VII
IQW 1996/25866

(Mei. 25395)

Centrum length �����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���<

Length anterior to posterior zygapophyses �����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���<

Width across the anterior zygapophyses �m���:�����
���< �m���:�����
���< �����
�����:�����
���<

Width across the posterior zygapophyses �����
�����:�����
���< �m���:�����
���< �����
�����:�����
���<

Facies terminalis cranialis width �B�
�������
���	���:�����
���< �B�
�������
�����:�����
���< �B�
�������
�����:�����
���<

Facies terminalis cranialis height �����
���	���:���
���< �m���:���
���< �B�
�����
�����:���
���<

Facies terminalis caudalis width �����
�����:�����
���< �����
�����:�����
���< �����
���	���:�����
���<

Facies terminalis caudalis height ���
�����:���
���< ���
�����:���
���< ���
�����:���
���<

Neural canal interior width �����
�����:�m�< �����
�����:�m�< �����
�����:�m�<

Neural canal interior height ���
���	���:�m�< �����
�����:�m�< ���
�����:�m�<

�3�@�A�K�D�j����Lynx valdarnensis spelaeoides �R�R�O�
���M�N�U�
�����L�D�@�R�T�Q�D�L�D�M�S�R�����L�L�����N�E���B�D�Q�U�H�B�@�K���U�D�Q�S�D�A�Q�@�D���N�E���4�M�S�D�Q�L�@�R�R�E�D�K�C�����B�N�L�O�@�Q�D�C���:�H�M���A�Q�@�B�J�D�S�R�<���S�N��
a large male (for size comparison see Beltrán and Delibes 1993) of the extant L�
�•pardinus�����&�¨�K�U�D�Y���/�Q�@�C�@���D�S�•�@�K�
�������������
���	�•�m���D�W�N�R�S�N�R�H�R�
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The previously described (Hemmer 2001, 735ff .) humerus IQW 1996/25714 (Mei. 25243) (Fig. 27a), and 

the scapula and vertebrae discussed above, most probably belong to the same individual (size of the hu-

�L�D�Q�T�R�� �B�
�� �� ���� �K�@�Q�F�D�Q�� �S�G�@�M�� �S�G�D���,���• �P�A�R�D�I�N�U�S�� �G�T�L�D�Q�T�R�� �T�R�D�C�� �E�N�Q�� �B�N�L�O�@�Q�H�R�N�M���� �&�¨�K�U�D�Y�� �/�Q�@�C�@�� �D�S�• �@�K�
�� �K�
�B�
���
�� �3�G�D�R�D��

�R�J�D�K�D�S�@�K���D�K�D�L�D�M�S�R���V�D�Q�D���E�N�T�M�C���C�T�Q�H�M�F���S�G�D�������������Ö�D�K�C���R�D�@�R�N�M�����B�@�S�@�K�N�F�T�D�C���������������H�M���S�G�D���H�L�L�D�C�H�@�S�D�K�X���@�C�I�@�B�D�M�S��

�F�Q�H�C���R�P�T�@�Q�D�R���0�����������@�M�C���������������
���� �L���A�D�K�N�V���S�N�����
���� �L���@�A�N�U�D���R�H�S�D�������K�D�U�D�K�����*�@�G�K�J�D���H�M���S�G�H�R���U�N�K�T�L�D�����%�H�F�
 ���������%�N�K�C-

�N�T�S�•�(�(�(�������A�T�S���V�D�Q�D���M�N�S���E�T�K�K�X���@�U�@�H�K�@�A�K�D���E�N�Q���S�G�D���H�M�H�S�H�@�K���E�D�K�H�C���R�S�T�C�X�
���3�G�D�X���N�Q�H�F�H�M�@�S�D���E�Q�N�L���+�N�V�D�Q���%�K�T�U�H�@�S�H�K�D���2�@�M�C�R�����+�%�2������

�V�G�H�B�G���V�D�Q�D���C�D�O�N�R�H�S�D�C���C�T�Q�H�M�F���R�T�Q�E�@�B�D���×�N�N�C�H�M�F�����*�@�G�K�J�D���D�S�•�@�K�
���������������*�@�G�K�J�D���H�M���S�G�H�R���U�N�K�T�L�D���������������
���3�G�D���Ö�M�C�R��

T I
IQW 1996/25865

(Mei. 25394)

T II
IQW 1996/25905

(Mei. 25434)

T IV
IQW 1996/25908

(Mei. 25437)

T V
IQW 1996/25907

(Mei. 25436)

Centrum length �����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���<

Width at trans-
verse processes 

�����
�����:�����
���< �m���:�����
���< �����
�����:�����
���< �����
�����:�����
���<

Facies terminalis
cranialis width

�����
�����:�����
���< �m���:�����
���< �B�
�������
�����:�����
���< �B�
�������
�����:�����
���<

Facies terminalis 
cranialis height

���
�����:���
���< ���
�����:���
���< ���
�����:���
���< ���
�����:���
���<

Facies terminalis 
caudalis width

�����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���<

Facies terminalis
caudalis height

���
�����:���
���< ���
�����:���
���< ���
�����:���
���< ���
�����:���
���<

Neural canal 
interior width

�����
�����:�m�< �����
�����:�m�< ���
�����:�m�<

Neural canal
interior height

���
�����:�m�< ���
�����:�m�< ���
�����:�m�< ���
�����:�m�<

T VI
IQW 1996/25903

(Mei. 25432) 

T VII
IQW 1996/25909

(Mei. 25438)

T VIII
IQW 1996/25902

(Mei. 25431)

T IX
IQW 1996/25904

(Mei. 25433)

Centrum length �����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���<

Width at trans-
verse processes

�m���:�����
���< �����
�����:�����
���< �m���:�����
���< �����
�����:�����
���<

Facies terminalis 
cranialis width

�����
�����:�����
���< �����
�����:�����
���< �����
�����:�����
���< �����
���m�����
�����:�����
���<

Facies terminalis 
cranialis height

���
�����:���
���< ���
�����:���
���< ���
�����:���
���< ���
�����:���
���<

Facies terminalis 
caudalis width

�����
�����:�����
���< �����
�����:�m�< �����
�����:�����
���< �����
�����:�����
���<

Facies terminalis 
caudalis height

���
�����:���
���< ���
�����:���
���< ���
�����:���
���< ���
�����:���
���<

Neural canal 
interior width

���
�����:�m�< ���
�����:�m�< ���
�����:�m�< ���
�����:�m�<

Neural canal
interior height

���
�����:�m�< ���
�����:�m�< ���
�����:�m�< ���
�����:�m�<

�3�@�A�K�D�j����Lynx valdarnensis spelaeoides �R�R�O�
���M�N�U�
�����L�D�@�R�T�Q�D�L�D�M�S�R�����L�L�����N�E���S�G�N�Q�@�B�H�B���U�D�Q�S�D�A�Q�@�D���N�E���4�M�S�D�Q�L�@�R�R�E�D�K�C�����B�N�L�O�@�Q�D�C���:�H�M���A�Q�@�B�J�D�S�R�<���S�N��
a large male (for size comparison see Beltrán and Delibes 1993) of the extant L�
�•pardinus�����&�¨�K�U�D�Y���/�Q�@�C�@���D�S�•�@�K�
�����������������D�W�N�R�S�N�R�D�R���@�S���S�G�D���Q�H�F�G�S��
side of the centrum in thoracic vertebrae V–VII, antero-inferior in thoracic vertebra VIII.
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represent a cat a little bigger than the largest ex-

tant Iberian lynx male. With a minimal diaphyseal 

transverse diameter of 14.2mm, the second frag-

mentary humerus IQW 1984/20319 (Mei. 19839) 

(Fig. 27b) increased current understanding con-

cerning the size variability of the Untermassfeld 

lynxes to match that of the large Upper Valdarno 

specimens. It is comparable to a humerus from Il 

Tasso (n. 20, length 185mm, see Fabrini 1896, 

22, pl. II).

The relative humerus length of the Untermassfeld 

lynx is shorter than that found in �,���•�L�Y�N�X, is nearer 

in size to �,���•�P�A�R�D�I�N�U�S (humerus of the large skele-

�S�N�M���O�Q�D�R�D�M�S�D�C�� �A�X�� �&�¨�K�U�D�Y�� �/�Q�@�C�@���D�S�•�@�K�
�� �������������� �B�N�Q-

responds to the minimum of �,���• �S�P�E�L�A�E�U�S, but is 

much larger than that of L�
�•issiodorensis from Les 

Étouaires (Hemmer 2001, 737, Tab. 17).

2.4.4. Discussion

When considering their mandibular and femoral morphology, the Epivillafranchian lynxes of Untermassfeld 

are most similar to the Late Villafranchian lynx population of Italy. Both possess the archaic �,���•�I�S�S�I�O�D�O�R�E�N�S�I�S

pattern in their dental proportions, a trait they also share with the Iberian Epivillafranchian lynxes. Neverthe-

less, they are otherwise clearly different (�6�C�D�N�G�|�������
��� ���Ö�B�S�H�S�H�N�T�R���S�@�W�N�M�N�L�H�R�S���N�E���S�G�D���S�H�L�D���V�N�T�K�C���O�Q�D�R�T�L�@�A�K�X��

�G�@�U�D���Q�D�B�N�F�M�H�R�D�C���@���R�H�M�F�K�D���$�T�Q�N�O�D�@�M���K�X�M�W���R�O�D�B�H�D�R���V�H�S�G���S�V�N���F�D�N�F�Q�@�O�G�H�B���O�N�O�T�K�@�S�H�N�M�R���Ö�S�S�H�M�F���S�G�D���S�@�W�N�M�N�L�H�B���B�@�S-

�D�F�N�Q�X���N�E���R�D�O�@�Q�@�S�D���R�H�R�S�D�Q���R�T�A�R�O�D�B�H�D�R�����(�A�D�Q�H�@�M���@�M�C���"�D�M�S�Q�@�K���$�T�Q�N�O�D�@�M�
���(�M���Q�D�S�Q�N�R�O�D�B�S�����G�N�V�D�U�D�Q�����@�M���D�U�N�K�T�S�H�N�M�@�Q�X��

trend linking the late Early Pleistocene Iberian population to the modern L. pardinus can be recognised. As 

�@���B�N�M�R�D�P�T�D�M�B�D�����@�K�K���(�A�D�Q�H�@�M���K�X�M�W�D�R���E�Q�N�L���S�G�D���+�@�S�D���5�H�K�K�@�E�Q�@�M�B�G�H�@�M���S�N���S�G�D���D�W�S�@�M�S���O�N�O�T�K�@�S�H�N�M���G�@�U�D���A�D�D�M���B�N�L�A�H�M�D�C��

at the species level and attributed to L�
�•pardinus�����!�N�R�B�@�H�M�H���D�S�•�@�K�
�������������
���3�G�D���@�R�R�D�R�R�L�D�M�S���N�E���M�T�B�K�D�@�Q���@�M�C���L�H�S�N-

chondrial DNA assigns the phylogenetic node between the extant species �,���•�P�A�R�D�I�N�U�S and �,���•�L�Y�N�X to the late 

�$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D�����V�H�S�G�H�M���@������ �����B�N�M�Ö�C�D�M�B�D���K�D�U�D�K���@�S�����
�����m���
���� �,�@�����)�N�G�M�R�N�M���D�S�•�@�K�
�������������
���3�G�H�R���Ö�S�R���O�D�Q�E�D�B�S�K�X��

�V�H�S�G���B�T�Q�Q�D�M�S���O�@�K�@�D�N�M�S�N�K�N�F�H�B�@�K���S�G�H�M�J�H�M�F���� �S�G�@�S���(�A�D�Q�H�@�M���K�X�M�W�D�R���D�U�N�K�U�D�C���@�R���@���R�D�O�@�Q�@�S�D���R�O�D�B�H�D�R���C�T�Q�H�M�F�� �S�G�H�R���S�H�L�D��

period.

The taxonomic decision to include the early Spanish lynxes in the species �,���•�P�A�R�D�I�N�U�S means that the com-

bined Late Villafranchian Italian and the Epivillafranchian Central European populations must be upgraded 

to the rank of a species, i. e., a sister species of �,���•�P�A�R�D�I�N�U�S. This decision is strongly supported by the mor-

phology of the axial skeleton, i. e., the proportion of the cervical and thoracic vertebrae, which cannot be 

assigned to �,���•�I�S�S�I�O�D�O�R�E�N�S�I�S. The taxon L�
�•issiodorensis valdarnensis Werdelin, 1981 is therefore upgraded to 

�,���•�V�A�L�D�A�R�N�E�N�S�I�S. Two chrono-subspecies may be distinguished within this species. The nominate form L�
�•val-

darnensis valdarnensis include the Late Villafranchian lynxes of Italy. A lynx hemimandible from the Span-

ish Fonelas P-1 site (MNQ 18) corresponds to these Italian lynxes and is also attributable to �,���•�V�A�L�D�A�R�N�E�N�S�I�S��

valdarnensis (Garrido 2008). It indicates the Early Pleistocene phylogenetic rooting of �,���•�P�A�R�D�I�N�U�S within an 

Iberian population of the latter form. To classify the Fonelas lynx as L�
�•valdarnensis rather than the basal form 

of L�
�•pardinus gives later L�
�•valdarnensis from outside the Iberian Peninsula the status of a surviving stem 

species. The Epivillafranchian lynx of Untermassfeld is described here as a new subspecies, L. valdarnensis

spelaeoides ssp. nov.

§

�%�H�F�
 ����Lynx valdarnensis spelaeoides 
�R�R�O�
���M�N�U�
�����4�M�S�D�Q�L�@�R�R�E�D�K�C�
�•�m��a Right hu-
merus IQW 1996/25714 (Mei. 25243), 
�@�M�S�D�Q�H�N�Q�� �U�H�D�V�
�• �m��b Right humerus dia-
physeal fragment IQW 1984/20319 
���,�D�H�
 ���� ������������ �@�M�S�D�Q�H�N�Q�� �U�H�D�V�
�• �m�� �2�B�@�K�D����
30mm.
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Lynx valdarnensis spelaeoides ssp. nov.

§

�'�N�K�N�S�X�O�D��

Well preserved partial skeleton consisting of a set of the following components (sensu ICZN 1999, Art.

�����
���
���
����

Mandibula with complete dentition IQW 1994/24691 (Mei. 24220), vertebra cervicalis V IQW 1996/25868 

(Mei. 25397), vertebra cervicalis VI IQW 1996/25867 (Mei. 25396), vertebra cervicalis VII IQW 1996/25866 

(Mei. 25395), vertebra thoracica I IQW 1996/25865 (Mei. 25394), vertebra thoracica II IQW 1996/25905 

(Mei. 25434), vertebra thoracica IV IQW 1996/25908 (Mei. 25437), vertebra thoracica V IQW 1996/25907 

(Mei. 25436), vertebra thoracica VI IQW 1996/25903 (Mei. 25432), vertebra thoracica VII IQW 1996/25909 

(Mei. 25438), vertebra thoracica VIII IQW 1996/25902 (Mei. 25431), vertebra thoracica IX IQW 1996/25904 

(Mei. 25433), scapula dex. IQW 1996/25885 (Mei. 25414), humerus dex. fragment IQW 1984/20319 

���,�D�H�
 ���� �������������R�S�N�Q�D�C���H�M���S�G�D���S�X�O�D���B�N�K�K�D�B�S�H�N�M���N�E���S�G�D���2�D�M�B�J�D�M�A�D�Q�F���1�D�R�D�@�Q�B�G���2�S�@�S�H�N�M���N�E���0�T�@�S�D�Q�M�@�Q�X���/�@�K�@�D�N�M�S�N�K-

�N�F�X���6�D�H�L�@�Q�����'�D�L�L�D�Q���������������O�K�
 �������������m������Figs. 26, 27b).

§

�$�S�X�L�N�K�N�F�X����spelaeoides�����+�@�S�H�M�����R�O�D�K�@�D�T�L�•�m���B�@�U�D�����Q�D�E�D�Q�R���S�N���S�G�D���B�@�U�D���K�X�M�W���,���•�S�P�E�L�A�E�U�S�����R�O�D�K�@�D�N�H�C�D�R�•�m���R�H�L�H�K�@�Q���S�N��

the cave lynx

�3�X�O�D���K�N�B�@�K�H�S�X�����4�M�S�D�Q�L�@�R�R�E�D�K�C�����3�G�T�Q�H�M�F�H�@�����&�D�Q�L�@�M�X

�3�X�O�D���K�@�X�D�Q�����+�N�V�D�Q���%�K�T�U�H�@�S�H�K�D���2�@�M�C�R�����+�%�2��

�"�G�Q�N�M�N�����@�M�C���A�H�N�R�S�Q�@�S�H�F�Q�@�O�G�H�B���@�F�D�����@�A�N�T�S�����
�����m���
���� �,�@�����$�O�H�U�H�K�K�@�E�Q�@�M�B�G�H�@�M

�#�H�@�F�M�N�R�H�R�����L�D�C�H�T�L���R�H�Y�D�C���K�X�M�W���V�H�S�G���R�S�N�T�S���L�@�M�C�H�A�K�D�����G�H�F�G���@�M�C���A�Q�N�@�C��P3, �,���•�I�S�S�I�O�D�O�R�E�N�S�I�S-like length and width 

�O�Q�N�Ö�K�D���N�E���S�G�D���K�N�V�D�Q���C�D�M�S�H�S�H�N�M�����O�Q�N�O�N�Q�S�H�N�M�R���N�E���B�D�Q�U�H�B�@�K���@�M�C���S�G�N�Q�@�B�H�B���U�D�Q�S�D�A�Q�@�D���@�R���H�M���L�N�C�D�Q�M���K�X�M�W�����G�T�L�D�Q�T�R���@�R��

in �,���•�P�A�R�D�I�N�U�S

§

�(�M���U�H�D�V���N�E���S�G�D���B�K�N�R�D���L�N�Q�O�G�N�K�N�F�H�B�@�K���@�E�Ö�M�H�S�X���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���,���•�V�A�L�D�A�R�N�E�N�S�I�Sspelaeoides and the lynx 

of Complex Moyen I (C.M.I) (MIS 14) of the southern French Arago cave (Testu 2006), the occurrence of 

the Epivillafranchian Central European lynx obviously lasted well into the early Middle Pleistocene. Lynx 

remains from the German sites of Mauer and Mosbach, originally attributed to �,���•�V�A�L�D�A�R�N�E�N�S�I�S (Werdelin 

1981), may possibly also represent late forms of �,���•�V�A�L�D�A�R�N�E�N�S�I�S���S�P�E�L�A�E�O�I�D�E�S. Whether this new subspecies 

fully resembles �,���•�I�S�S�I�O�D�O�R�E�N�S�I�S ssp. 2 (Cipullo 2010) may be a matter for additional studies. A considerable 

morphological gap has been found between the Arago C.M.I lynx and later �,���•�S�P�E�L�A�E�U�S, although this early 

Middle Pleistocene lynx was also attributed taxonomically to the latter species (Testu 2006). A detailed re-

view of skull and postcranial features of �,���•�S�P�E�L�A�E�U�S from different localities dated between the end of the 

early Middle and the Late Pleistocene does not show a clear evolutionary pattern over time and space, but 

stresses the general characterisation as a taxon of its own with a combination of L�
�•pardinus and �,���•�L�Y�N�X

�E�D�@�S�T�Q�D�R�����3�D�R�S�T���K�
�B�
���
�� �#�H�R�B�K�@�H�L�H�M�F���S�G�H�R���E�@�B�S�����!�N�R�B�@�H�M�H���D�S�•�@�K�
�� ������������ �E�@�H�K�R���S�N���@�C�D�P�T�@�S�D�K�X���B�N�M�R�H�C�D�Q���S�G�D���E�T�K�K���R�D�S���N�E��

characters of �,���•�S�P�E�L�A�E�U�S. In contrast, the analysis of cytochrome b and control region fragments of ancient 

mt-DNA from Late Pleistocene to Holocene fossil lynx of Spain, southern France and Italy does not indicate 

the existence of independently evolved mt-DNA from L. pardinus and �,���•�L�Y�N�X haplotypes (Rodríguez-Varela 

�D�S�•�@�K�
�������������
���3�G�H�R���E�@�B�S���L�@�X���O�D�Q�E�D�B�S�K�X���O�@�Q�@�K�K�D�K���Q�D�R�T�K�S�R���H�M���D�W�S�@�M�S���-�N�Q�S�G��� �L�D�Q�H�B�@�M��Canis species. The Great Lakes 

region wolf (Canis lycaon) and the red wolf (Canis rufus) were found to represent admixed populations com-

posed of various proportions of gray wolf (Canis lupus) and coyote (Canis latrans�����@�M�B�D�R�S�Q�X�����5�N�M�'�N�K�C�S���D�S�•�@�K�
��

2016). Thus, �,���•�S�P�E�L�A�E�U�S may represent hybrid populations composed of various proportions of �,���•�P�A�R�D�I�N�U�S

and �,���•�V�A�L�D�A�R�N�E�N�S�I�S during the Middle Pleistocene and of �,���•�P�A�R�D�I�N�U�S and �,���•�L�Y�N�X during the Late Pleistocene.

Hybridisation is not uncommon in extant lynxes.�,���•�C�A�N�A�D�E�N�S�I�S and �,���•�R�U�F�U�S hybridise in Maine, Minnesota 
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�@�M�C�� �-�D�V�� �!�Q�T�M�R�V�H�B�J�� �V�G�D�Q�D�� �S�G�D�� �M�@�S�T�Q�@�K�� �C�H�R�S�Q�H�A�T�S�H�N�M�� �@�Q�D�@�R�� �N�E�� �A�N�S�G�� �R�O�D�B�H�D�R�� �N�U�D�Q�K�@�O�� ���2�B�G�V�@�Q�S�Y�� �D�S�• �@�K�
�� ������������

�'�N�L�X�@�B�J���D�S�•�@�K�
�������������
���(�M���O�Q�H�M�B�H�O�K�D�����S�G�D�Q�D���H�R���M�N���Q�D�@�R�N�M���M�N�S���S�N���D�W�O�D�B�S���S�G�D���R�@�L�D���E�N�Q���S�G�D���$�T�Q�N�O�D�@�M���/�K�D�H�R�S�N�B�D�M�D��

species in the border regions of their distribution areas.

�3�G�D���A�N�C�X���L�@�R�R���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���K�X�M�W�D�R���H�R���A�D�R�S���D�R�S�H�L�@�S�D�C���T�R�H�M�F���S�G�D���O�Q�D�C�H�B�S�H�N�M���D�P�T�@�S�H�N�M���E�N�Q���S�G�D���G�T�L�D�Q�T�R��

�L�H�M�H�L�@�K���C�H�@�O�G�X�R�D�@�K���V�H�C�S�G�����'�D�L�L�D�Q�������������������������
���3�G�D���S�V�N���@�U�@�H�K�@�A�K�D���G�T�L�D�Q�H�����N�E���U�D�Q�X���C�H�E�E�D�Q�D�M�S���H�M�C�H�U�H�C�T�@�K���R�H�Y�D�R����

have raw values of 17.2 and 26.0kg. Rounding up to the nearest kg for cats weighing less than 20kg and 

to the nearest 5kg for the range between 20 and 50kg (Hemmer 2004) avoids any illusion of accuracy 

beyond the possibilities of such a statistical method, resulting in values of 17kg (15kg as given by Hem-

mer 2001 was based on an earlier rounding method) and 25kg. Even the lesser of the two body masses is 

�B�N�M�R�H�C�D�Q�@�A�K�X���G�H�F�G�D�Q���S�G�@�M���S�G�@�S���E�N�T�M�C���H�M���D�W�S�@�M�S���@�C�T�K�S���(�A�D�Q�H�@�M���K�X�M�W�D�R�������
���m���
�� �J�F���H�M���E�D�L�@�K�D�R���������
���m�����
�� �J�F���H�M��

males (Beltrán and Delibes 1993). The mandible length of the holotype of �,���•�V�A�L�D�A�R�N�E�N�S�I�Sspelaeoides ranges 

within the upper part of the �,���•�P�A�R�D�I�N�U�S variability (92.5 vs. 82.0–96.9mm), as does its M1 length (13.0/13.1 

vs. 12.2–13.4mm, Beltrán and Delibes l.c.). This indicates somewhat heavier bodies for the Untermassfeld 

lynx than that of the more slender Iberian lynx. Linear measurements of the smaller individuals, i. e., of the 

females, of L�
�•valdarnensis spelaeoides overlap with that of male extant L. pardinus.

Body mass is a useful predictor of life history and behavioural characteristics. Based on this, the modal class 

of the preferred size of a cat’s prey and the wide range of regularly hunted prey can be estimated (for prey 

�E�N�B�T�R���L�@�R�R���L�D�S�G�N�C���R�D�D���'�D�L�L�D�Q�����������������������@���
��� ������ �J�F���4�M�S�D�Q�L�@�R�R�E�D�K�C���K�X�M�W���L�@�X���G�@�U�D���E�N�B�T�R�D�C���N�M���O�Q�D�X���R�O�D-

cies around 5kg body mass and regularly preyed upon animals between 0.5 and 10kg. For a 25kg lynx the 

numbers are 10kg and 1–20kg, respectively. Even prey outside this wide mass variability may have fallen 

�U�H�B�S�H�L���S�N���S�G�D�R�D���N�O�O�N�Q�S�T�M�H�R�S�H�B���G�T�M�S�D�Q�R�����@�S���K�D�@�R�S���N�B�B�@�R�H�N�M�@�K�K�X�
���3�G�D���O�Q�D�C�H�B�S�H�N�M���D�P�T�@�S�H�N�M���E�N�Q���S�G�D���L�D�@�M���C�@�H�K�X���E�N�N�C��

�H�M�S�@�J�D�����'�D�L�L�D�Q�����������������������@�����F�H�U�D�R���D�R�S�H�L�@�S�H�N�M�R���N�E�����
���m���
�� �J�F�
���/�Q�N�I�D�B�S�H�M�F���N�M�S�N���S�G�D���Q�D�@�K���4�M�S�D�Q�L�@�R�R�E�D�K�C���E�@�T�M�@��

(Kahlke in this volume) suggests for this range of prey mass in the upper sector calves of Pseudodama val-

lonnetensis, may be occasionally even young calves of Eucladoceros giulii, and possibly piglets of Sus scrofa 

priscus, in the focus range Capreolus cusanoides and the lagomorphs Hypolagus brachygnathus and Lepus 

�R�O�
�����@�M�C���H�M���S�G�D���K�N�V�D�R�S���R�D�B�S�N�Q�����O�D�Q�G�@�O�R���M�N�S���R�N���T�M�H�L�O�N�Q�S�@�M�S�����S�G�D���E�Q�D�P�T�D�M�S�K�X���Q�D�B�N�Q�C�D�C���F�Q�N�T�M�C���R�P�T�H�Q�Q�D�K��Spermo-

philus�
��� �M���D�@�Q�K�H�D�Q���O�T�A�K�H�R�G�D�C���Ö�F�T�Q�D���C�D�S�@�H�K�H�M�F���S�G�D���O�Q�D�R�T�L�D�C���O�Q�D�X���R�O�D�B�S�Q�T�L���N�E���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���K�X�M�W�����'�D�L�L�D�Q��

2001, Fig. 15) agrees well with the results of the predictor-based estimation of favoured prey size.

2.5. Megantereon adroveri Pons Moyà, 1987

2.5.1. Introduction

�(�M���S�G�D���Ö�Q�R�S���C�D�R�B�Q�H�O�S�H�N�M���N�E���S�G�D��Megantereon remains from Untermassfeld (Hemmer 2001) they were attrib-

uted to the taxon �-���•�C�U�L�T�R�I�D�E�N�Sadroveri Pons Moyà, 1987, originally described from the Late Villafranchian 

Spanish locality Venta Micena. However, a later study of the Venta Micena dirk-tooth cats tried to prove 

that they did not belong to the European M�
�•cultridens but instead to the African M�
�•�W�H�I�T�E�I (Broom, 1937) 

���,�@�Q�S�´�M�D�Y�� �-�@�U�@�Q�Q�N�� �@�M�C�� �/�@�K�L�P�U�H�R�S�� �����������
�� �3�G�H�R�� �H�C�D�@���V�@�R�� �A�@�R�D�C�� �N�M�� �@�A�R�N�K�T�S�D�� �S�N�N�S�G�� �R�H�Y�D���� �V�G�H�B�G�� �F�Q�N�T�O�D�C�� �S�G�D��

Venta Micena dentition with a small African collective series. Based on this assumption, the Venta Micena 

Megantereon was believed to represent a different taxon to the European species merely because of its 

smaller size. The original publication describing the Untermassfeld Megantereon���Q�D�I�D�B�S�D�C���S�G�H�R���L�D�S�G�N�C�N�K�N�F�X��

as not particularly conclusive (Hemmer 2001). Comparatively speaking, a much broader size variability exists 

in some extant large cat species than that recorded in the dirk-tooth cats. Instead, the favoured hypothesis 

was that the advanced form of �-���•�C�U�L�T�R�I�D�E�N�S of the late Early Pleistocene represented the last stage of a 

European evolutionary trend (Sardella 1998).
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However, the African origin hypothesis for the last European dirk-tooth cats was repeated by other research-

�D�Q�R�����,�@�Q�S�´�M�D�Y���-�@�U�@�Q�Q�N���������������/�@�K�L�P�U�H�R�S�����������������@�M�C���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C��Megantereon was assigned to the spe-

cies �-���•�W�H�I�T�E�I�����/�@�K�L�P�U�H�R�S���D�S�•�@�K�
�������������
���2�N�L�D���@�T�S�G�N�Q�R���F�D�M�D�Q�@�K�K�X���@�C�N�O�S�D�C���S�G�D��M�
�•�W�H�I�T�E�I hypothesis while still 

using the original naming of the Untermassfeld taxon as �-���•�C�U�L�T�R�I�D�E�N�S���A�D�R�O�V�E�R�I�����2�@�Q�C�D�K�K�@���D�S�•�@�K�
���������������5�H�R�K�N-

bokova 2018). A re-evaluation of the scenario whereby the African species colonised Europe and southwest 

Asia during the Early Pleistocene pointed again to the possibility that the latest European dirk-tooth cats rep-

resented nothing more than smaller-sized �-���•�C�U�L�T�R�I�D�E�N�S with derived features (�-���•�C�U�L�T�R�I�D�E�N�S���A�D�R�O�V�E�R�I) (Arribas 

and Garrido 2008). Finally, it was concluded that the advanced European Megantereon could be related to 

M�
�•cultridens rather than to M�
�•�W�H�I�T�E�I and it was placed taxonomically in a separate species, M�
�•adroveri, the 

original subspecies rank of this taxon having been upgraded (Lewis and Werdelin 2010).

�3�G�T�R�����S�G�D�Q�D���@�Q�D���S�G�Q�D�D���@�K�S�D�Q�M�@�S�H�U�D���B�K�@�R�R�H�Ö�B�@�S�H�N�M�R���@�U�@�H�K�@�A�K�D���E�N�Q���S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���C�H�Q�J���S�N�N�S�G���B�@�S����M�
�•cultridens

adroveri, M�
�•�W�H�I�T�E�I and M�
�•adroveri�
���3�G�H�R���R�H�S�T�@�S�H�N�M���Q�D�P�T�H�Q�D�R���@���M�D�V���D�U�@�K�T�@�S�H�N�M���N�E���H�S�R���O�N�R�H�S�H�N�M���V�H�S�G�H�M���$�T�Q�N�O�D�@�M��

Megantereon evolution that is as conclusive as possible. New Untermassfeld fossils attributable to Megan-

tereon are very scarce and limited to some postcranial elements. This re-evaluation will therefore be based 

on the previously published material (Hemmer 2001).

2.5.2. Material

Vertebra cervicalis II (epistropheus) IQW 2016/44192 (Mei. 49501),

�5�D�Q�S�D�A�Q�@���K�T�L�A�@�K�H�R���(�(�����I�T�U�
�����(�0�6���������������� �����������,�D�H�
 ���� ����������

�5�D�Q�S�D�A�Q�@���K�T�L�A�@�K�H�R���5�(�����I�T�U�
�����(�0�6���������������� �����������,�D�H�
 ���� ����������

�5�D�Q�S�D�A�Q�@���K�T�L�A�@�K�H�R���5�(�(�����I�T�U�
�����(�0�6���������������� �����������,�D�H�
 ���� ����������

Vertebra lumbalis VI? IQW 2008/29665 (Mei. 28827),

�2�@�B�Q�T�L�����I�T�U�
�����(�0�6���������������� �����������,�D�H�
 ���� ����������

Scapula sin. IQW 1996/25674 (Mei. 25203),

Astragalus dex. IQW 2003/28316 (Mei. 27478).

2.5.3. Description and comparison

Fragments of an epistropheus and a lumbar vertebra of an adult cat and those of three vertebrae with the 

�R�@�B�Q�T�L���N�E���@���I�T�U�D�M�H�K�D���H�M�C�H�U�H�C�T�@�K���G�@�U�D���A�D�D�M���@�S�S�Q�H�A�T�S�D�C���S�N��Megantereon (�6�C�D�N�G�|����). Compared to the nearly 

complete Senèze skeleton (Se311) used as a reference (Christiansen and Adolfssen 2007), the Untermass-

�E�D�K�C���@�C�T�K�S���U�D�Q�S�D�A�Q�@���H�R���@�Q�N�T�M�C������ �����R�L�@�K�K�D�Q�
���3�G�D���E�N�K�K�N�V�H�M�F���L�D�@�R�T�Q�D�L�D�M�S�R���@�Q�D���E�Q�N�L���S�G�D���H�M�B�N�L�O�K�D�S�D���I�T�U�D�M�H�K�D��

�R�@�B�Q�T�L�����L�L�������L�@�W�H�L�@�K���V�H�C�S�G���������
�������B�Q�@�M�H�@�K���@�Q�S�H�B�T�K�@�Q���V�H�C�S�G���������
�������G�D�H�F�G�S���������


A left scapula, IQW 1996/25674 (Mei. 25203), is not complete but is, nevertheless, so well preserved that 

comparative measurements give a good impression of its extraordinary size (�6�C�D�N�G�|�������
���(�S�R���K�D�M�F�S�G���H�R������ ����

larger than that of the Senèze skeleton and surpasses female lions (Christiansen and Adolfssen 2007). It is 

���� �����K�@�Q�F�D�Q���S�G�@�M���S�G�@�S���N�E���@���R�L�@�K�K���C�H�Q�J���S�N�N�S�G���B�@�S���E�Q�N�L���#�L�@�M�H�R�H�


An astragalus (Fig. 28) from Untermassfeld, IQW 2003/28316 (Mei. 27478), is of a similar size to one from 

�#�L�@�M�H�R�H�� ���5�D�J�T�@�� ������������ ���L�L���� �#�L�@�M�H�R�H�� �R�O�D�B�H�L�D�M�� �H�M�� �A�Q�@�B�J�D�S�R������ �L�@�W�H�L�@�K�� �K�D�M�F�S�G�� �����
���� �:�����
���<���� �L�@�W�H�L�@�K�� �C�D�O�S�G��

�����
�����:�����
���<�
���(�S���H�R���L�T�B�G���R�L�@�K�K�D�Q���S�G�@�M���S�G�D���@�R�S�Q�@�F�@�K�T�R���N�E���S�G�D���2�D�M�¯�Y�D���R�J�D�K�D�S�N�M�����"�G�Q�H�R�S�H�@�M�R�D�M���@�M�C��� �C�N�K�E�R�R�D�M��������������

Fig. 25).
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L II (juv.)
IQW 1980/15546

(Mei. 14958)

L VI (juv.)
IQW 1980/16572

(Mei. 16093)

L VII (juv.)
IQW 1980/16571

(Mei. 16092)

L VI?
IQW 2008/29665

(Mei. 28827)

Maximal height 89.2

Centrum length       44.0+ 43.3 48.5

Facies terminalis 
cranialis width

c. 35.0       c. 40.0   c. 40.0

Facies terminalis 
cranialis height

29.0 33.0

Facies terminalis 
caudalis width

c. 37.0       44.0 c. 43.0 43.3

Facies terminalis 
caudalis height

      29.0 27.0 31.5

Neural canal 
cranial width

  c. 20.0

Neural canal 
cranial height

c. 16.0   c. 14.9

Neural canal 
caudal width

Neural canal 
caudal height

c. 13.5   c. 15.6

M. adroveri
Untermassfeld

IQW 1996/25674
(Mei. 25203)

M. cultridens cultridens
Senèze, Se311

(Christiansen and 
Adolfssen 2007)

M. falconeri ssp.
Dmanisi

(Vekua 1996)

Maximal length (along the spine) 262.2 221.6

Minimal length of the collum scapulae 52.8

Maximal length of the glenoid process 59.4

Length of the glenoid cavity 49.8 34.0

Width of the glenoid cavity 39.3 27.0

�3�@�A�K�D�j����Megantereon adroveri Pons Moyà, measurements (mm) of lumbar vertebrae, Untermassfeld.

�3�@�A�K�D�j����Megantereon, scapula measurements (mm).

�%�H�F�
 ����Megantereon adroveri �/�N�M�R���,�N�X�§�����4�M�S�D�Q�L�@�R�R�E�D�K�C�
�•�m��a–d Right astragalus IQW 2003/28316 (Mei. 27478), dor-
�R�@�K�����D�W�S�D�Q�M�@�K�����O�K�@�M�S�@�Q�����H�M�S�D�Q�M�@�K���U�H�D�V�R�
�•�m���2�B�@�K�D�������� �L�L�
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2.5.4. Discussion

�6�C�D�N�G�|������demonstrates that western European dirk-tooth cats ranging from the latest Plio- to earliest Early 

�/�K�D�H�R�S�N�B�D�M�D�� �@�F�D�� ���$�@�Q�K�X�� �@�M�C�� �D�@�Q�K�X�� �,�H�C�C�K�D�� �5�H�K�K�@�E�Q�@�M�B�G�H�@�M������ �H�
 �D�
���� �S�G�N�R�D�� �S�G�@�S�� �@�Q�D�� �S�N�� �A�D�� �B�K�@�R�R�H�Ö�D�C�� �B�G�Q�N�M�N���R�S�Q�@�S�H-

�F�Q�@�O�G�H�B�@�K�K�X���A�D�S�V�D�D�M���5�H�K�K�@�Q�Q�N�X�@���@�M�C���+�D�R���”�S�N�T�@�H�Q�D�R���N�M���S�G�D���N�M�D���G�@�M�C���@�M�C���2�@�H�M�S���5�@�K�K�H�D�Q���N�M���S�G�D���N�S�G�D�Q�����E�N�Q�L���@���I�N�H�M�S��

group with relatively large upper and lower third premolars (P3 length around half the P4 length, P3 length 

�B�
�������m���� �����/4 length), a large lower fourth premolar, and a relatively short lower carnassial (P4���������� �����, 1) 

respectively. Taxonomically, this group represents the chrono-subspecies �-���• �C�U�L�T�R�I�D�E�N�S���M�E�G�A�N�T�E�R�E�O�N (Bra-

�U�@�Q�C�������������������'�D�L�L�D�Q�������������
���2�S�@�Q�S�H�M�F���V�H�S�G���S�G�D���Ö�M�C�R���E�Q�N�L���2�D�M�¯�Y�D�����K�N�V�D�Q���L�N�K�@�Q�R���@�Q�D���E�N�T�M�C���S�N���A�D���K�N�M�F�D�Q�����/4

�������� �����, 1). Multiple metric and morphognostic differences have been noted between the dirk-tooth cats 

from Saint-Vallier and those from Senèze. Based on these results, the idea of two independent European 

Middle Villafranchian Megantereon clades was derived (Liu 2005). The ages of the two French sites (Rook 

�@�M�C���,�@�Q�S�´�M�D�Y���-�@�U�@�Q�Q�N���������������*�@�G�K�J�D���D�S�•�@�K�
���������������-�N�L�@�C�D���D�S�•�@�K�
���������������H�M�C�H�B�@�S�D���S�G�@�S���@���R�T�E�Ö�B�H�D�M�S���S�H�L�D���R�O�@�M��

existed between them to generate corresponding differences brought about by evolutionary change. First 

illustrated with the Spanish Fonelas dirk-tooth cats at around 1.8Ma, the P3���A�D�B�@�L�D���R�G�N�Q�S�D�Q������������ �����/4), 

with a strong reduction of its paraconid and the emergence of a very short diastema between the P3 and P4

(Arribas and Garrido 2008). This trend has been further supported by the dirk-tooth cats from Olivola and, 

�R�T�A�R�D�P�T�D�M�S�K�X�����S�G�D���R�H�S�D�R���N�E���4�O�O�D�Q���5�@�K�C�@�Q�M�N�����V�G�D�Q�D���@���U�D�Q�X���A�Q�N�@�C���U�@�Q�H�@�A�H�K�H�S�X���H�R���Q�D�B�N�Q�C�D�C�����R�O�@�M�M�H�M�F���E�Q�N�L���@�Q�B�G�@�H�B��

to progressive inter-tooth proportions. The P3 �H�R���R�G�N�Q�S�D�M�D�C���A�X���T�O���S�N���K�D�R�R���S�G�@�M������ �����N�E���S�G�@�S���N�E���S�G�D���/4, and the 

P3���H�R���C�N�V�M���S�N������ �����N�E���S�G�D���/4. As the lectotype of the chrono-subspecies M. cultridens cultridens (Cuvier, 

1824) (Hemmer 2001) originates from the Late Villafranchian locality of Figline, Tasso Faunal Unit (FU) of 

the Upper Valdarno (Ficcarelli 1979), it represents the second evolutionary stage of European Megantereon.

A separation of the Fonelas dirk-tooth cat as M�
�•cultridens roderici Arribas and Garrido, 2008 may perhaps 

�A�D���I�T�R�S�H�Ö�D�C���E�N�Q���S�Q�@�M�R�H�S�H�N�M�@�K���E�N�Q�L�R���A�D�S�V�D�D�M���S�G�D���D�@�Q�K�H�D�Q��M�
�•cultridens megantereon and the later M�
�•cultridens

cultridens.

In European dirk-toothed cats, the relative size of the upper canine did not change substantially over a 

period of one million years (�6�C�D�N�G�|����). This functional structure, obviously successful over such a long span 

of time in succeeding ecosystems, became longer towards the end of the Late Villafranchian. A third evo-

lutionary stage of Megantereon is therefore clearly recognisable, extending from the Italian Farneta FU to 

the Epivillafranchian, with the localities Venta Micena, Argentario, Pirro Nord, Apollonia and Untermassfeld 

(�6�C�D�N�G�|�����������2�@�Q�C�D�K�K�@���D�S�•�@�K�
�������������
���(�M���S�G�H�R���R�S�@�F�D�����A�N�S�G���S�G�D���T�O�O�D�Q���@�R���V�D�K�K���@�R���S�G�D���K�N�V�D�Q���S�G�H�Q�C���O�Q�D�L�N�K�@�Q�R���@�Q�D���D�U�D�M��

more reduced, there is a larger diastema between P3 and P4, and the upper canines are enlarged to an ex-

�S�Q�D�L�D���R�H�Y�D���M�N�S���E�N�T�M�C���H�M���R�S�Q�@�S�H�F�Q�@�O�G�H�B�@�K�K�X���D�@�Q�K�H�D�Q���$�T�Q�N�O�D�@�M���C�H�Q�J���S�N�N�S�G�D�C���B�@�S�R�����B�@�M�H�M�D���K�D�M�F�S�G���������������/ 4 length, 

���������� ���� P3 length). The evolutionary and taxonomic status of these cats is considered controversial to this 

day (see section 2.5.1.).

The set of traits typical for this advanced European Megantereon, i. e., the extremely long upper canines 

combined with a very short P3, has already been observed as part of a wide variability in Chinese dirk-

toothed cats from Longdan and Nihewan (�6�C�D�N�G�|����), dated between 2.58 and 1.6Ma (Qui 2006). This fact 

�R�T�O�O�N�Q�S�R�� �S�G�D�� �H�C�D�@���N�E�� �@���F�D�M�D�� �×�N�V�� �E�Q�N�L�� �$�@�R�S�� � �R�H�@���H�M�S�N�� �K�@�S�D�� �$�T�Q�N�O�D�@�M���O�N�O�T�K�@�S�H�N�M�R�
�� �(�M�� � �E�Q�H�B�@�M���C�H�Q�J���S�N�N�S�G�D�C��

�B�@�S�R���� �S�G�D�� �R�H�Y�D�� �N�E�� �S�G�D�� �T�O�O�D�Q�� �B�@�M�H�M�D�R�� �D�W�B�D�D�C�R�� �S�G�@�S�� �N�E�� �S�G�D�� �B�N�Q�Q�D�R�O�N�M�C�H�M�F�� �S�D�D�S�G�� �N�E�� �S�G�D�� �Ö�Q�R�S�� �S�V�N�� �$�T�Q�N�O�D�@�M��

evolutionary stages (i. e., M�
�•cultridens megantereon, M�
�•cultridens cultridens), but does not reach the ex-

treme dimensions found in the most advanced European forms as well as in some Asian individuals. This 

observation alone should exclude an African ancestry for the advanced European dirk-toothed cats, thus 

�B�N�M�Ö�Q�L�H�M�F���S�G�D���O�Q�D�U�H�N�T�R���Q�D�I�D�B�S�H�N�M���N�E���S�G�D���G�X�O�N�S�G�D�R�H�R���N�E��M. �W�H�I�T�E�I���H�M�U�@�C�H�M�F���$�T�Q�N�O�D����� �Q�Q�H�A�@�R���@�M�C���&�@�Q�Q�H�C�N��������������

Lewis and Werdelin 2010). A very pronounced reduction of the upper and lower third premolars existed in 

both African and Asian populations before this trend also prevailed in Europe towards the end of the Late 
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C in % P4 C in % P3 P3 in % P4 P3 in % P4 P4 in % M 1

Europe

Villaroya 60.6 59.9 93.8

Les Ètouaires 76.5 148.3 51.5 64.3 93.4

Perrier 77.5–78.1 149.7–158.3 49.3–51.8

Pardines 82.1 158.3 51.9

Saint-Vallier 50.3 69.7 95.7

Senèze 74.4 144.9–145.0 51.4 61.0 88.1

Fonelas 49.8–55.9 82.3–87.0

Bugiulesti 70.0 123.5 56.7

Olivola 39.8

Upper Valdarno 74.3 183.7 40.4–58.3 45.9–46.6 81.8–95.0

Urkút 88.0

Venta Micena 81.5

Argentario 93.2 83.8

Pirro Nord 106.3 260.9 40.7

Apollonia 38.9 79.5

Untermassfeld �÷���������
�� �÷���������
�� 30.2

Asia

Kuruksay 55.9 92.3–97.4

Renzidong 81.2–82.6 159.5–161.4 50.9–51.2

Lingyi 76.7 164.3 46.7

�8�T�R�G�D 84.4 200.0 42.4

Longdan 78.9–93.5 165.5–225.4 36.2–47.7 43.1–44.2 85.1–93.8

Nihewan 101.4 204.3 46.4 50.0 79.2

Dmanisi 79.3–80.7 165.7–208.9 38.6–47.9 37.5 83.3–84.2

Gongwangling 41.7 78.3

Zhoukoudian 1 71.4 156.3 45.7

Siwaliks 38.1 80.8–96.4

Africa

South Turkwel 84.8

East Turkana 86.7 238.9 36.3 35.9 82.4

Sterkfontein 68.9

Kromdraai A 84.4–90.0 212.5 39.7 37.1 85.9

Elandsfontein 72.8

Schurveburg 45.5 82.4

�3�@�A�K�D�j����Metric differentiation of Old World Pliocene and Pleistocene Megantereon. Calculations of inter-tooth proportions based on 
�C�@�S�@���@�M�C���C�D�R�B�Q�H�O�S�H�N�M�R���F�H�U�D�M���A�X���5�H�K�K�@�K�S�@�������������������5�H�Q�D�S�������������������$�V�D�Q�������������������3�T�Q�M�D�Q�������������������,�@�Q�S�´�M�D�Y���-�@�U�@�Q�Q�N���@�M�C���/�@�K�L�P�U�H�R�S�������������������2�@�Q�C�D�K�K�@��
�����������������+�H�T�������������������@�M�C���/�@�K�L�P�U�H�R�S���D�S�•�@�K�
���������������
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Villafranchian. Chinese dirk-toothed cats from Longdan and Nihewan have closely connected or fused P3

�Q�N�N�S�R�����0�H�T���D�S�•�@�K�
�������������
���3�G�H�R���@�K�R�N���@�O�O�K�H�D�R���H�M���O�@�Q�S���S�N���S�G�D���B�@�S�R���E�Q�N�L���S�G�D���$�@�Q�K�X���/�K�D�H�R�S�N�B�D�M�D���2�N�T�S�G��� �R�H�@�M���2�H�V�@�K�H�J�R��

���+�X�C�D�J�J�D�Q���������������/�D�S�S�D�Q���@�M�C���'�N�V�D�K�K�������������
���3�G�D��P3 of the Dmanisi Megantereon is also single-rooted (Vekua 

1996). Furthermore, this character also appears in the Monte Argentario Megantereon which belongs to 

�S�G�D���@�C�U�@�M�B�D�C���$�T�Q�N�O�D�@�M���S�X�O�D�����2�@�Q�C�D�K�K�@���D�S�•�@�K�
�������������
���3�G�D���P�T�N�S�H�D�M�S�R���N�E���S�G�D���K�N�V�D�Q���C�D�M�S�H�S�H�N�M���N�E���S�G�D���$�T�Q�N�O�D�@�M��

Apollonia dirk-toothed cats are almost the same as for the Chinese Gongwangling mandible.

To prove the status of the African dirk-toothed cat as a valid species M�
�•�W�H�I�T�E�I, separate from M�
�•cultridens, 

it has been claimed »that the two Megantereon species have distinct tooth proportions, with M�
�•�W�H�I�T�E�I

showing an upper canine which is more than 1.5 times longer mesiodistally than the fourth lower premolar« 

���/�@�K�L�P�U�H�R�S���D�S�•�@�K�
�������������������������%�H�F�
�����
���(�M���E�@�B�S�����S�G�D���N�M�K�X���S�V�N��� �E�Q�H�B�@�M���R�O�D�B�H�L�D�M�R���V�G�D�Q�D���S�G�D�R�D���L�D�@�R�T�Q�D�L�D�M�S�R���@�Q�D��

�O�N�R�R�H�A�K�D���� �M�@�L�D�K�X�� �S�G�N�R�D�� �E�Q�N�L�� �*�Q�N�L�C�Q�@�@�H�� � �� �@�M�C�� �$�@�R�S�� �+�@�J�D�� �3�T�Q�J�@�M�@�� ���/�@�K�L�P�U�H�R�S�� �D�S�• �@�K�
�� �K�
�B�
���� �S�@�A�
�������� �O�Q�N�C�T�B�D�C��

�P�T�N�S�H�D�M�S�R���N�E�����
�������@�M�C�����
���������I�T�R�S���K�D�R�R���S�G�@�M�����
�������A�T�S���M�N�S���L�N�Q�D�
��� ���U�@�K�T�D���I�T�R�S���A�D�K�N�V�����
�����V�@�R���@�K�R�N���N�A�S�@�H�M�D�C���E�Q�N�L��

�@���R�J�T�K�K���E�Q�N�L���+�N�M�F�C�@�M�����"�G�H�M�@�������
�����
��� ���R�D�B�N�M�C���H�M�C�H�U�H�C�T�@�K���E�Q�N�L���S�G�D���R�@�L�D���R�H�S�D���O�Q�N�C�T�B�D�C���@���Q�@�S�H�N���N�E�����
�����
��� ���P�T�N-

�S�H�D�M�S���N�U�D�Q�����
�����H�R���N�M�K�X���R�D�D�M���H�M���S�G�D���@�C�U�@�M�B�D�C���$�T�Q�N�O�D�@�M���C�H�Q�J���S�N�N�S�G�D�C���B�@�S���N�E��� �Q�F�D�M�S�@�Q�H�N�������
�����


A complete Megantereon skull from Dmanisi has a C/P4���P�T�N�S�H�D�M�S���N�E�����
���������L�D�@�R�T�Q�D�L�D�M�S�R���A�X���5�D�J�T�@����������������

i. e., well below the 1.5 mark. The ratios of the upper canines to the P4 and the P3 of this and of another 

Dmanisi skull (�6�C�D�N�G�|����) are also lower than those found in African and stratigraphically younger European 

individuals. So, the upper canines of the Dmanisi individuals are not as extremely long as those found in the 

European advanced Megantereon, and don’t even reach the dimensions of the somewhat shorter canines 

of the African �-���•�W�H�I�T�E�I�
���"�N�M�R�D�P�T�D�M�S�K�X�����@�R���E�@�Q���@�R���S�G�D���B�G�@�Q�@�B�S�D�Q�H�R�S�H�B���E�D�@�S�T�Q�D���N�E���T�O�O�D�Q���B�@�M�H�M�D���K�D�M�F�S�G���R�T�O�O�N�Q�S�R��

the taxonomic attribution, the Dmanisi dirk-toothed cat would belong neither to the advanced European 

Megantereon nor to the African M�
�•�W�H�I�T�E�I. Oddly enough, it was exactly these Dmanisi skulls that played a 

crucial role in the discussion around the African Megantereon species in Europe and its presumed route out 

�N�E��� �E�Q�H�B�@�����,�@�Q�S�´�M�D�Y���-�@�U�@�Q�Q�N���@�M�C���/�@�K�L�P�U�H�R�S���������������������������/�@�K�L�P�U�H�R�S���������������6�D�Q�C�D�K�H�M���@�M�C���+�D�V�H�R���������������/�@�K�L�P�U�H�R�S��

�D�S�•�@�K�
���������������+�D�V�H�R���@�M�C���6�D�Q�C�D�K�H�M�������������
��� �R���S�G�D�Q�D���@�Q�D���L�N�Q�D���E�D�@�S�T�Q�D�R���S�G�@�S���C�H�R�S�H�M�F�T�H�R�G���S�G�D���#�L�@�M�H�R�H��Megante-

reon from the African M�
�•�W�H�I�T�E�I�����6�D�Q�C�D�K�H�M���@�M�C���+�D�V�H�R���������������%�H�F�
 �������+�D�V�H�R���@�M�C���6�D�Q�C�D�K�H�M���������������%�H�F�
 ���
���������S�G�D��

hypothesis of a dispersal of the African form via the Near East turntable to southwest Asia and on to Europe 

�R�G�N�T�K�C���A�D���Q�D�I�D�B�S�D�C�


Four alternative scenarios are possible in explaining the population change of the European dirk-toothed 

cats during the Late Villafranchian. Considerably accelerated regional evolution is one possible option which 

could explain the achievement of the same morphology that previously existed in the Asian population as 

part of a much broader variability. A second possible scenario is the extinction of the European �-���•�C�U�L�T�R�I�D�E�N�S��

cultridens���O�N�O�T�K�@�S�H�N�M���E�N�K�K�N�V�D�C���A�X���@���R�T�A�R�D�P�T�D�M�S���C�H�Q�J���S�N�N�S�G�D�C���B�@�S���Q�D���N�B�B�T�O�@�S�H�N�M���N�T�S���N�E��� �R�H�@�
��� ���B�N�Q�Q�D�R�O�N�M�C�H�M�F��

extinction and replacement out of Africa is a third possible explanation that has previously been advocated 

at some length. The fourth possible scenario is a combination of the thinning out of the existing European 

�O�N�O�T�K�@�S�H�N�M�� �@�M�C�� �H�M�Ö�K�S�Q�@�S�H�N�M�� �N�E�� � �R�H�@�M���N�Q�� � �E�Q�H�B�@�M���B�@�S�R�� �V�H�S�G�� �R�T�A�R�D�P�T�D�M�S�� �G�X�A�Q�H�C�H�R�@�S�H�N�M�� �@�M�C�� �H�M�S�Q�N�F�Q�D�R�R�H�N�M�
�� �3�G�D��

third scenario mentioned, i. e., a replacement out of Africa, seems the most improbable (see above). The 

second and fourth scenarios, i. e., re-occupation by Asian Megantereon or hybridisation and introgression, 

look somewhat more likely than scenario one, namely independent regional evolution in Europe. Although, 

�S�G�D���B�T�Q�Q�D�M�S���R�S�@�S�D���N�E���J�M�N�V�K�D�C�F�D���C�N�D�R���M�N�S���X�D�S���@�K�K�N�V���E�N�Q���@�M�X���C�D�Ö�M�H�S�H�U�D���B�K�@�Q�H�Ö�B�@�S�H�N�M���Q�D�F�@�Q�C�H�M�F���S�G�D���D�U�N�K�T�S�H�N�M��

of European dirk-toothed cats during the Late Villafranchian, a new level of European Megantereon, com-

bining excessive upper canine size with very small upper and lower third premolars, did appear during this 

period.

The three Early Pleistocene Megantereon clades of the Old World, namely the European, the African and 

the Asian, may be distinguished taxonomically at the species level (M�
�•cultridens, M�
�•�W�H�I�T�E�I, M�
�•falconeri) 
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���,�@�Q�S�´�M�D�Y���-�@�U�@�Q�Q�N���@�M�C���/�@�K�L�P�U�H�R�S���������������2�@�Q�C�D�K�K�@���������������+�D�V�H�R���@�M�C���6�D�Q�C�D�K�H�M�������������
���3�G�H�R���Q�@�M�J�H�M�F���V�N�T�K�C���L�@�S�B�G��

the average longevity of extant cat species through time, as understood from genetic assessment (Johnson 

�D�S�•�@�K�
�������������
��� ���Q�@�S�H�N�M�@�K���S�@�W�N�M�N�L�H�B���B�K�@�R�R�H�Ö�B�@�S�H�N�M���N�E���S�G�D���@�C�U�@�M�B�D�C���$�T�Q�N�O�D�@�M��Megantereon in a synopsis with 

the Asian �-���•�F�A�L�C�O�N�E�R�I or the African �-���•�W�H�I�T�E�I���D�W�B�K�T�C�D�R���S�G�D���R�T�A�R�O�D�B�H�Ö�B���Q�@�M�J���N�E��M�
�•cultridens. In view of the 

minimum evolutionary age of a possible ancestral species at the time when the new Megantereon popula-

tion appeared on the European stage, the corresponding rank as a species of its own (Lewis and Werdelin 

�������������R�G�N�T�K�C���A�D���K�D�F�H�S�H�L�@�S�D���Q�D�F�@�Q�C�K�D�R�R���N�E���H�S�R���O�G�X�K�N�F�D�M�D�S�H�B���@�M�B�D�R�S�Q�X�
���"�N�M�R�D�P�T�D�M�S�K�X�����S�G�D���4�M�S�D�Q�L�@�R�R�E�D�K�C���C�H�Q�J��

�S�N�N�S�G�D�C���B�@�S���G�@�R���A�D�D�M���T�O�F�Q�@�C�D�C���E�Q�N�L���H�S�R���N�Q�H�F�H�M�@�K���B�K�@�R�R�H�Ö�B�@�S�H�N�M���@�R���S�G�D���R�T�A�R�O�D�B�H�D�R��M�
�•cultridens adroveri (Hem-

mer 2001) to the species M�
�•adroveri.
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55kg was estimated using a carnassial (M1�����O�Q�D�C�H�B�S�H�N�M���D�P�T�@�S�H�N�M�����V�G�D�Q�D�@�R���@�S���K�D�@�R�S�������� �J�F���V�@�R���N�A�S�@�H�M�D�C���A�X��

comparing the surface area of the diaphyseal cross-section of the humerus, and a mass approaching 200kg 

was achieved by comparing the width of the distal epiphysis of the humerus with those of leopard and lion 

���,�@�Q�S�´�M�D�Y���-�@�U�@�Q�Q�N���@�M�C���/�@�K�L�P�U�H�R�S�������������


For the �-���•�C�U�L�T�R�I�D�E�N�S���C�U�L�T�R�I�D�E�N�S skeleton (Se311) from Senèze a body mass between 130 and 150kg was 

calculated by using the least diaphyseal latero-medial diameters of humerus and femur (Hemmer 2001). The 

same individual was estimated to have been around 100–110kg by a multivariate method based on 15 vari-

ables of the humerus, 3 of the ulna, 12 of the femur, and 6 of the tibia (Christiansen and Adolfssen 2007).

�/�Q�D�C�H�B�S�H�N�M���D�P�T�@�S�H�N�M�R���A�@�R�D�C���N�M���S�G�D���R�L�@�K�K�D�R�S���C�H�@�O�G�X�R�D�@�K���C�H�@�L�D�S�D�Q�R���N�E���S�G�D���L�D�S�@�B�@�Q�O�@�K�R�����'�D�L�L�D�Q���D�S�•�@�K�
��������������

�L�D�@�R�T�Q�D�L�D�M�S�R���N�E���S�G�D���2�D�M�¯�Y�D���H�M�C�H�U�H�C�T�@�K���A�X���2�@�Q�C�D�K�K�@���D�S�•�@�K�
���������������Q�D�R�T�K�S���H�M���L�@�R�R�D�R���N�E�����������S�N������ �J�F�����C�D�B�Q�D�@�R�H�M�F��

from Mc2 to Mc5, with a mean of 100 kg. If these calculations are considered in addition to those from the 

humerus and femur formulae, they result in a body mass of about 120kg for the Senèze individual, i. e., 

a value similar to that of the earlier 100–110kg estimation by Christiansen and Adolfssen (l.c.). However, 

�S�G�D���O�@�Q�S�H�B�T�K�@�Q�K�X���O�N�V�D�Q�E�T�K���E�N�Q�D�P�T�@�Q�S�D�Q�R���N�E��Megantereon�����2�B�G�@�T�A���������������"�G�Q�H�R�S�H�@�M�R�D�M���@�M�C��� �C�N�K�E�R�R�D�M���K�
�B�
�����R�D�D�L��

to produce a body mass over-estimation, not only when based on humerus measurements but also when 

�B�N�M�R�H�C�D�Q�H�M�F���S�G�D���D�W�S�Q�@�N�Q�C�H�M�@�Q�H�K�X���L�@�R�R�H�U�D���,�B���
���3�G�D���K�@�S�S�D�Q���Q�D�K�@�S�H�N�M�R�G�H�O���H�R���B�N�M�Ö�Q�L�D�C���A�X���@���E�N�Q�D�O�@�V���N�E���S�G�D���/�H�Q�Q�N��

Nord M�
�•adroveri, which gives an estimation of 134kg based on the Mc2 vs. 86–99kg when considering 

�S�G�D���,�B�����������@�M�C���������L�D�@�R�T�Q�D�L�D�M�S�R���A�X���2�@�Q�C�D�K�K�@���D�S�•�@�K�
�������������


Based on a fragmentary humerus, the body mass of one of the Untermassfeld dirk-toothed cat individuals 

was calculated to be 160kg (Hemmer 2001, 742ff .). Taking into account the possible over-estimation for 

this skeletal element as mentioned above, the actual mass of the individual would be closer to 130–140kg.

Since the Senèze skeleton obviously belonged to a male (Christiansen and Adolfssen 2007), the Untermass-

feld Megantereon must also, therefore, have been a large male individual. Its enormous size is also under-

lined by the scapula measurements (�6�C�D�N�G�| ����). Females would have ranged from about 60kg upwards 

���"�G�Q�H�R�S�H�@�M�R�D�M���@�M�C��� �C�N�K�E�R�R�D�M���K�
�B�
���E�N�Q���@���R�J�T�K�K���E�Q�N�L���/�D�Q�Q�H�D�Q�����'�D�L�L�D�Q�������������E�N�Q���@���G�T�L�D�Q�T�R���E�Q�N�L���#�L�@�M�H�R�H���
���3�G�H�R��

�H�M�C�H�B�@�S�D�R���@���O�Q�N�M�N�T�M�B�D�C���R�D�W�T�@�K���C�H�L�N�Q�O�G�H�R�L���V�G�N�R�D���Q�D�K�H�@�A�K�D���@�R�R�D�R�R�L�D�M�S���Q�D�P�T�H�Q�D�R���H�R�N�B�G�Q�N�M�N�T�R���E�N�R�R�H�K���L�@�S�D�Q�H�@�K��

from one single site. Indeed, the enormous scapula IQW 1996/25674 (Mei. 25203) (see section 2.5.3.), in 

combination with the small astragalus IQW 2003/28316 (Mei. 27478) (Fig. 28), indicate the extreme size 

variability in the Untermassfeld Megantereon, which is even larger than that seen in extant lion and leopard 

populations (see section 2.1.4.).

A cat with a body mass of around 130kg would have focused on prey in the 200kg class and regularly 

�G�T�M�S�D�C���@�M�H�L�@�K�R���@�B�Q�N�R�R���S�G�D�������m������ �J�F���B�K�@�R�R�D�R�����'�D�L�L�D�Q�����������������������@���
���6�H�S�G���H�S�R���D�W�S�Q�D�L�D�K�X���K�N�M�F���T�O�O�D�Q���B�@�M�H�M�D�R��

�@�M�C���H�S�R���U�D�Q�X���O�N�V�D�Q�E�T�K���E�N�Q�D�P�T�@�Q�S�D�Q�R�����@���L�@�K�D���C�H�Q�J���S�N�N�S�G�D�C���B�@�S���N�E���S�G�D���@�E�N�Q�D�L�D�M�S�H�N�M�D�C���A�N�C�X���L�@�R�R���V�@�R���E�T�M�B�S�H�N�M-

ally adapted to keep control over much larger prey than would be possible for any extant cat of comparable 
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size. For the male individual from Untermassfeld this would mean a shift in the prey mass range by one size 

class, i. e., a range of 50–1,000kg with the focus on 500kg.

�,�N�C�D�K�K�H�M�F���A�@�R�D�C���N�M���H�R�N�S�N�O�H�B���R�H�F�M�@�S�T�Q�D�R���R�T�F�F�D�R�S�R���S�G�@�S���L�N�Q�D���S�G�@�M������ �����N�E���S�G�D���A�H�N�L�@�R�R���H�M�F�D�R�S�D�C���A�X��M�
�•adrov-

eri at Venta Micena was the result of preying on Praemegaceros cf.verticornis, Stephanorhinus sp. and 

Equus altidens�����/�@�K�L�P�U�H�R�S���D�S�•�@�K�
�������������
��� �K�K���N�E���S�G�D�R�D���R�O�D�B�H�D�R���Ö�S���B�D�M�S�Q�@�K�K�X���N�Q���@�S���K�D�@�R�S���L�@�Q�F�H�M�@�K�K�X���H�M�S�N���S�G�D���O�Q�D-

dicted prey body mass range.

However, in view of depleted �13�"���U�@�K�T�D�R�����B�N�L�O�H�K�@�S�H�N�M���A�X���/�@�K�L�P�U�H�R�S���D�S�•�@�K�
���K�
�B�
���� �S�G�D���G�N�Q�R�D���Q�D�R�T�K�S���R�G�N�T�K�C���A�D��

treated here with caution. Overall, it can be concluded that large to very large browsing ungulates seem 

to have been the preferred prey of dirk-toothed cats in closed, wooded habitats. Given their occurrence in 

large numbers, it can be deduced that in the Untermassfeld herbivore guild the large deer (Eucladoceros

giulii) and the rhino (Stephanorhinus hundsheimensis�������!�Q�D�C�@���D�S�•�@�K�
���������������*�N�S�N�V�R�J�H���D�S�•�@�K�
���������������*�@�G�K�J�D���H�M��

this volume) would have been the main targets of male dirk-toothed cats. If female Megantereon were 
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reach in the corresponding palaeoenvironment.

The mean daily meat consumption of a 130kg dirk-toothed cat has been estimated at around 5.5kg using 
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the live mass of an extant fallow deer (Dama dama�����H�R���Q�D�O�Q�D�R�D�M�S�D�C���A�X���L�D�@�S�����G�D�@�Q�S���@�M�C���K�H�U�D�Q�����'�D�L�L�D�Q���D�S�•�@�K�
��

2011, based on Reinken 1987). Assuming a roughly similar composition in a 250kg Eucladoceros deer, this 

would have meant around 100kg of potential food for a dirk-toothed cat. To compensate for the economic 

discrepancy between the amount of food available after a successful kill and the daily meat consumption, 
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multiple meals. For the particularly heavily built Megantereon, maximum use of the prey must have been 

essential as its hunting success rate would have been limited in a wooded habitat. It is conceivable that 

its hunting success rate was even lower than that observed in the tiger (Panthera tigris), which probably 

means a ratio of at least twenty unsuccessful attempts to one successful killing (Schaller 1967). Staying for 

a long time near a carcass greatly enhances the chance of repeated challenges by potential kleptoparasitic 

scavengers. The defensive behaviour of a furious dirk-toothed cat with opened mouth and exposed white, 

shining super-canines would have been one of the most intimidating gestures displayed by carnivores of 

that time, and would have kept any potential competitors and scavengers at a distance in confrontational 

situations. With such imposing behaviour, Megantereon may have even been able to drive away other large 

carnivores from their kills and thus be successful without having to actually use their canines while hunting 

(Hemmer 2001).

Most authors agree that Megantereon�� �O�Q�D�E�D�Q�Q�D�C�� �B�K�N�R�D�C���� �V�N�N�C�D�C�� �G�@�A�H�S�@�S�R�� ���D�
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applied to the dirk-toothed cat, as the minimum number of individuals is too low. The total Megantereon

material from Untermassfeld represents an MNI of 2. While the Lower Fluviatile Sands (LFS) contained 
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Untermassfeld Megantereon.








































