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Abstract

-TLDQNTR MDV OMCHMFR RHMBD SGD OQRS BNLOQDGDMRHUD OTAKHBG
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 BNMOQLR SGD I@FT@Q @R SGD LNRS
B@S HM ENRRHK OMCR EQNL 4MSDQL@RREDKC 3GD CHRBNUDQX NE @
three to four months, has broadened our understanding of the ecology of SGD $OHUHKK@EQ @ MBGH
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-
LDMSDC GHFG xNNC RHST@SHNMR MD@QKX BNLOKDSD GDLHL@MCHA
QDONQSDC ENQ @ $TQ@RH@M I@FT@Q VGHBG TMSHK MNV G@R NMKX
U@QH@AHKHSX NE SGD QDBNQCDC O@QSR NE SGD 4MSDQL@RREDKC I @
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-
BNUDQDC SNFDSGDQ VHSG @ RTARS@MSH@K O@QS NE SGD HMCHUH(
the nearly complete left forepaw and the vertebral column up to the fourth thoracic vertebra. This partial
RIJDKDSNM HR OQDRDQUDC HM HSR NQHFHM@K OMC ONRHSHNM HM @M
vertebrae X—XIII and lumbar vertebrae I-lll 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 ¢. 110cm, and a body mass of c. 1k§.

Although ! *PARDINENSIS PLEISTOCAENICUS V@R FHF@MSHB HS G@C @M@
of extant A ejubatus, 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 * PARDOIDES PARDOIDES. The former was a morphol
generalised cat with no emphasised specialisation, and is neither comparable to the fossil cheetah-like pu-

L@R NE SGD LDQHB@R MNQ SN SGD DWS@MS OTL@*m @ ITLODQ VHSG
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ogyof 0 PARD@VPESRTFFDRSR @M @C@OS@SHNM SN @ KHED HM VNNCDC (
to the anteriorly directed expansion of its proximal end. This diagnostic synapomorphic feature of the puma
DUNKTSHNM@QX KHMD BNMOQLR SGD FDMDQHB @EOKH@SHNM 3GD CD
NM SVN OQDUHNTRKX TMBKD@Q B@RDR 3GD OQRS HR @ L@MCHATK®@Q
the Indian Siwaliks, which was believed to be a leopard, but is obviously a pumBhe 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 Llynx, 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 Maldarnensis. As sister species of the Iberian , *PARD I-
nus, both evolved contemporaneouslyThe Epivillafranchian lynx from Untermassfeld has been allocated to
a new chrono-subspecies, , *VALDARNENSIS SPELAEOIDES 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 dimorphisnT.he persistent issues on the identity
of the evolutionary advanced Megantereon in Europa towards the end of the Villafranchian and during
SGD $OHUHKK@EQ@MBGH@M @QD AQN@CKX CHRBTRRDC 3GD BK@RR
cies, - *ADROVERI,is supported, whereas the hypothesis of a European spread of the African - e WHITE
QDIDBSDC
GDLHL@MCHAKD NE @ ITUDMHKD GNLNSGDQD EQNL 4MSDQL@RREDKC

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 Eurasiaas ( * CREN A-
tidens, the robustly built earlier species. Because of clear differences in the respective functional morphol-
ogy, it is separated from the more gracile ( *LATID E N S. This geochronologically younger species is subdivided
into the latest Early to Middle Pleistoceng <L A T IWiEadhg the Middle to Late Pleistocene European to
EastBeringian ( *LATIDENS LATIDENS @MC SGD (RQATIDE@ KK XS BROU @ & SoittgrRNoAt

LDQHB@ 3GD 4MSDQL@RREDKC RBHLHS@Q B@S HR SN AD @RRHFMDC
Europe and into East Asia, surviving there up to the Middle Pleistocene.

1. Introduction

3VDMSX XD@QR G@UD MNYRSARRIODQ REMBRHIUB®DOTAKHB@SHNM NM S
lafranchian of Untermassfeld appeared (Hemmer 2001By 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 10kg from the European late Early Pleistocen&ystematic excavations continued (Kahlke 2020) and

again produced an overwhelming number of fossils, some of them spectaculdfollowing completion of

SGD ODKC VNQJ HM *@GKJD HM SGHR UNKTLD SGD @HL NE SGD
F@HMDC EQNL SGD RHSD NM SGD O@K@DNAHNKNFX NE SGD I@QFT@Q
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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3GD OQRS O@ODQ NM SGD 4MSDQL@RREDKC EDKHCR 'DLLDQ KB HMH

@ FT @ @.g@rbd3Megensis) to the American species ce, and proved the existence of the Eurasian

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

F@SHNMR @QD BNMSHMTDC GDQD A@RDC NM SGD TMHPTD CHRBNUDQ.

CTQHMF SGD K@RS ODKC RD@RNMR @S 4MSDQL@RREDKC

-DV OMCR @MC BNQQDRONMCHMF QDRD@QBG QDRTKSR G@UD @KRN AD

$TQNOD VGHBG G@UD BNMSQHATSDC SN @ ADSSDQ TMCDQRS@MCHMF |

/IKDHRSNBDMD NE "GOSD@T %Q@MBD RTOOKHDC @ QHBG RDQHDR NE |
QF@MS DS.@K QF@MS @MC QF@MS 3GD (S@KH@M +@SD 5

SVN MD@QKX BNLOKDSD BGDDS@G RIJTKKR "GDQHM DS-@K @MNSC

L@SQHW AX RXMBGQNSQNM Q@CH@SHNM V@R ENTMC @S ,NMSD QFD

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

, @OK@ODHQ@ DS @K INRB@HMH DS+ @K QD DU@KT@SHNM

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

anatomy of Megantereon cultridens (Christiansen and Adolfssen 2007). The Spanish Late Villafranchian site

NE (MB@QB@K ADB@LD E@LNTR ENQ HSR L@FMHOBDMS BNKKDBSHNM N

LNQOGNLDSQHB U@QH@AHKHSX MSTM @MC &@KNA@QS E@KNA@Q

OM@KKX 1TRRH@M GNLNSGDQDR 2NSMHJIJNU@ @MC 3HSNU - OQNUD(

massfeld species, as will be shown in the following pages.

During the past two decades, tremendous molecular genetic progress has been made in understanding

GXAQHCHR@SHNM @MC FDMD xNV @R HLONQS@MS DKDLDMSR HM FDMD

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 RODBHDR %HFTDHQ! DS @K ,NKDBTK@Q DUHCI
@QD@R NE Q@MFD NUDQK@O G@R @KRN ADDM OQNUDC ENQ NSGDQ BC
1TSKDCFD DS-@K ENM'NKCS DS.@K "NQQDRONMCHMF @CI

rated into the discussions below.

-DV ENRRHK L@SDQH@K @MC HSR RHFMHxB@MBD

3GD RSQTBSTQD NE SGD OQDRDMSDC RSTCX ENKKNVR SG@S NE SGD OC
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-
S@QHMDC EQNL SGD MDV OMCR 3GD EDKHC QDL@HMR SG@S G@QUD ADDI
ODC HM SGD DWHRSHMF BNKKDBSHNM @QD KHRSDC GDQD 3GD SNS@K |
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
CHRBTRRHNMR SQX SN OS SGD QDRTKSR HMSN SGD BTQQDMS GXONSGL
at least during the Early and early Middle Pleistocene, and draw conclusions for their respective taxonomic
BK@QRRHOB@SHNM INCX L@QRRDR @QD DRSHL@SDC AX OQDCHBSHNM D
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

+@SD 5SHKK@EQ@MBGH@M hO@MSGDQRi NE SGD ODMMHMD ODMHMRTK
3NQQD @ M C PPE@&RtBSCaDaC (Seh&ub, 1949), were considered half a century ago as
BNMRODBHOB VHSG SGD D@ QKX ,H C ednberbkgdrhbRassdegaddigretsol, Q988D @ M h K
'DLLDQ @MC 2BGASS 2TARDPTDMSKX SGHR S@QWNM V@R QDBNFMF
Differences in the dental morphology of early and later palaesopopulations led to a division on a chrono-
RTARODBHOB OKDGMDMMBAS DOEGEAS I * CGOMBANBSKX OEGENSIS GOMBASZOEGE
1972). Growing evidence of only minor differences between Pleistocene Eurasian and North American
I@FT@QR V@R CHRBTRRDC NM SGD NBB@RHNM NE SGD OQRS CDRBQH(
'DLLDQ 3GHR HMHSH@SDC SGD S@WNMNLHB CDBHRHNM SN QDEDC(
0 cONCAD.LeONCA TOSCAN A for Late Villafranchian and 0 « O N Gohthe EpWibaA&ShZH@EIG EN SIS
,HCCKD /KDHRSNBDMD ENQLR 'DLLDQ '‘DLLDQ DS.@K 2NLD K@ ¢
DF '"@QXRGMHJINU ,NK DSe@ K 5HRKNANJNU@ NSGDQR C
,@QBHRY@J , @CTQDKK ,@K@ODHQ@ DS-@K MNSGDQ @OOQN(
subdivisioninto 0 * TOSCANA, 0 * GOMBASZOEGENSIS,and 0 *c<ONCA QF@MS DS-@K
3GD CDBHRHNM NE GNV L@MX RODBHDR @ FDMTR BNMS@HMR HR BDQ!
PTDRSHNM NE BNMBDOSR TRDC AX CHEEDQDMS @TSGNQR SN CDOMD
RSTCHDR BK@RRHOB@SHNMR @S @ RODBHDR KDUDK RGNTKC AD BNMBI
KHMDR 'DLLDQ I1DIDBSENEBNN S CHENRIRGHID |@FT@ QR ADB@TRD HSIR SC
COX IOFT@Q B@KKDC %AHNKNFHB@K RODBHDR} HM:BMBAQAORESS ENSS
whilst retaining 0 *ONCA ENQ ANSG /KDHRSNBDMD @MC DWS@MS LDQHB@M I
inconsistent approach. The use of the name 0 *GOMBAS EZDEGCG@XKEKISTQ@RH@M I@FT@QR N
Pleistocene ages, parallel to the simultaneous use of 0 « T Od® D& daierand 0 GOMBASZGEGENSIS
the later populations (Marciszak 2014), is, at the very least, extremely confusing.

3GDQD HR @FQDDLDMS GNVDUDQ NM SGD I@FT@QIR OGXKNFDMX 'DLLD
LDQ @MC 'DHCSJD 3GD D@QKHDRS 1@ FT @ Q RPamiheld HidesRipEpEDRBD M C
lation, evidently dispersed across Europe during the Olduvai polarity subchron98-1.77 Ma) and reached
2NTSGVDRS RH@ AX SGD bDMC NE SG@S ODQHNC 'DLLDQ DS-@K &
CHUDQFDMBD NE SGD I@FT@Q KHMD EQNL SGD KHNM @MC KDNO@QC @
DS.@K RDD @KRN BNQQDBSHUD MNSDR AX #@UHR DS*@KONCA.3GDR
)TRS NMD LHKKHNM XD@QR @ESDQ HSR OQRS @QQHU@K HM $TQ@RH@
-NQSG LDQHB@ VHSGHM @ K@SD $@QKX /KDHRSNBDMD FK@BH@K ODQ
CHRODQRDC SN 2NTSG LDQHB@ CTQHMF SGD ,HCCKD /KDHRSNBDMD $H)

@MC 'DHCSJD 3GD I@FT@Q CHCMiS ITRS RTQUHUD HM $TQ@RH@ TN
OQDUHNTRKX @RRTLDC 'DLLDQ DS.@K ATS ODQRHRSDC HMSN SGD
*TC@QN "@UD '@QXRGMHJINU @MC ONRRHAKX DUDM KNMFDQ HM /N

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

0  ONCA GOMBASZOEGENSIS G@UD NBB@RHNM@KKX ADDM ENTMC D F
DS @K QF@MS @MC QF@MS SGD $OHUHKK@EQ@MBGH@M R
EQ@FLDMSDC DKDLDMSR -DUDQSGDKDRR SGD 4MSDQL@RREDKC L@SD
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 *«ONCA G O M Bke®OrEcGVEN S| S
ered from the Chéateau 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

@MC U@QH@AHKHSX VHSGHM @M $OHUHKK@EQ@MBGH@M I@FT@Q ONC
Such knowledge could even be of some taxonomic interest, as body size once played a central role in the
CHRBTRRHNM @R SN VGDSGDQ /KDHRSNBDMD -NQSG LDQHB@M I@FT@C
species status (Seymour 1993).

$WS@MS I@FT@QR OQDEDQ QHO@QH@M K@QMCRB@ODR HM ANSG ENQDR
Such a habitat was also assumedfor 0 *ONCA GOMBABEDEQENSIS 'DLLDQ DS.@K
ATS SGHR V@R K@SDQ PTDRSHNMDC QF@MS @MC QF@MS L@ N
I@FT@Q BTA OQNUHCDR SGD ODQEDBS NOONQSTMHSX SN QD DW@LHMD
AX MDV HMRHFGSR HMSN SGD I@QFT@QIR TRD NE HSR G@AHS@S

2.1.2. Material

C sup. sin. IQW 1994/24 528 (Mei. 24057),

C sup. sin. fragment IQW 1986/21797 (Mei. 21 316),

P8 dex. fragment IQW 1992/24 253 (Mei. 23782),

L, @MCHATK@ CDW ITU (06 ,DH
Mandibula sin. IQW 2010/30721 (Mei. 29883),

P sin. IQW 1986/21787 (Mei. 21306) + IQW 1986/21 788 (Mei. 21 307),
Ps dex. IQW 1984/19684 (Mei. 19204),

Px dex. IQW 1986/21779 (Mei. 21298),

Atlas IQW 2002/27 338 (Mei. 26 843),

Vertebra cervicalis V IQW 2011/35493 (Mei. 32703),

Humerus dex. diaphyseal fragment IQW 2018/45 338 (Mei. 50647),
Humerus dex. distal fragment IQW 1994/24 434 (Mei. 23 963),
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 1986/21 749 (Mei. 21 268),
Calcaneus dex. IQW 2007/29116 (Mei. 28278),

Naviculare (Tc) dex. IQW 1982/18048 (Mei. 17 568),

Metatarsale (Mt) 4 dex. IQW 1994/24520 (Mei. 24 049),
Metatarsale (Mt) 4 dex. proximal fragment IQW 2010/31032 (Mei. 30194).

3GD BNMBDMSQ@SHNM NE ENRRHK L@SDQH@K @S SGD RHSD V@R HMCT
E@M KLNRS SGD DMSHQD I@QFT@Q OMCR NQHFHM@SD EQNL SGD RDCF
SG@S V@R LNQD KHJDKX SN G@QUD OKKDC NUDQ @ SHLDRO@M NE C@ X
DS @K LHMNQ DWBDOSHNM HR SGD EQ@FLDMS@QX QHFGS L@N
RPT@QD O RDD 'DLLDQ EE OK m NOQHFHM@SHMF EQNL
3GHR RHMFKD RODBHLDM HR SGDQDENQD RKHFGSKX NKCDQ SG@M S
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

OQDRTL@AKX MNS LNQD SG@M @ EDVY CDB@CDR HR MNS NE AHNRSQ@
SGD I@FT@Q L@SDQH@K EQNL 4MSDQL@RREDKC QDOQDRDMSR NMD RH
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2.1.3. Description and comparison

3GD MDV I@FT@Q L@SDQH@K EQNL 4AMSDQL@RREDKC HMBKTCDR @ EQ
2009/29962 (Mei. 29124) (Fig. 1). Both of its inner deciduous incisors are in place. These teeth are the

OQRS SN RGDC CTQHMF SNNSG QDOK@BDLDMS "NMRDPTDMSKX SGHR
SGD KNRR NE SGD CDBHCTNTR CDMSHSHNM BBNQCHMF SN SGD @KKN
replacement (months) = 0.37 x body mass (§%7] (Hemmer 1979), tooth replacement should have started

HM @ RODBHDR HM SGD RHYD Q@MFD NE SGD 4MSDQL@RREDKC I@QFT@ ¢
SN LNMSGR (M SGD 4MSDQL@:RPBEDKKA®F SAN BT AN ESEHEBPDQTOSHNM
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 DR points to the earliest stage within the period between the completion of the deciduous

dentition and the start of tooth replacement with Dk and Dk KNRR BNQQDRONMCHMF VHSG R S(
ENQ SGD DQTOSHNM RDPTDMBD NE C D BdiGthddiinRse@uiii (Ra®@rbDSgha@ig& M S SDD
1983). An age of three to four months has been suggested for this stage in the scimitar cat (Rawn-Schatz-
HMFDQ K B HD HM @ B@S RNLDVG@S K@QQFDQ SG@M SGD $TQNOD@
NE SGD 4MSDQL@RREDKC I@FT@Q BTA @S SGQDD SN ENTQ LNMSGR

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 *ONCA GO MBAG®EZ fEGESBhE (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).

+@SD /KDHRSNBDMD LDQHB@M I@FT@Q BTA 0 *ONCA AUGUSTA) from Hai
represent the end of stage I\VThis cat is also much larger than the Untermassfeld animal. Thus, the small
RHYD NE SGD K@SSDQ BNMOQLR HSR XNTMFDQ @FD @S CD@SG BNLO@
Moreover, the DR 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.

ETQSGDQ MDVKX CHRBNUDQDC OMC HR SGD BNLOKDSD KDES GDLHL@!
which supplements the previously described series of mandibular fragments and isolated teeth from Un-
SDQL@RREDKC I@FT@QR 'DLLDQ EE 6HS(
VDKK @R VHSGHM SGD SNS@K Q@MFD NE JMNVM
mandible represents the upper region of the size variability (6CDN G| ).

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

for the individual. The dentition shows the typical features of 0 *ONCA
gombaszoegensis 'NVDUDQ SGHR OMC HR SGD OQRS LG
RHOM I@FT@Q SG @ 8&s ahQ@dtifichM @eksldTe@ah @ /

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

existence during the lifetime of the individual.

Fig. 1 Panthera onca gombaszoegensis *QDSYNH 4 M SBEcQRIght BnE-D KC » m
mandible fragment IQW 2009/29 962 (Mei. 29124) with Dl;, DI, and DR, occlusal, buccal,
KHMFT@K UHDVR em 2B@KD LL
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Panthera onca Panthera onca Panthera onca Panthera onca

gombaszoegensis gombaszoegensis augusta augusta
Untermassfeld, L'Escale Reddick Haile VII
IQW 2009/29 962 CD-5 (Florida, USA), (Florida, USA),
(Mei. 29124) (Bonifay 1971) UF 2565 UF 8455
(Kurtén 1965) (Kurtén 1965)
Ontogenetic stage as after Il Y Il or IV v
Rawn-Schatzinger (1983)
Mandible height in the 22.3 30.1
diastema
Diastema length 6.7 10.2 9.5
DI, transversal diameter 1.8
anterior-posterior 2.2
diameter
D, transversal diameter 2.5
anterior-posterior 2.2
diameter
DR; length 14.2 13.2 12.7 13.3
maximal width 5.3 6.2 5.3 55
anterior width 4.5
protoconid length 5.9 5.7 6.1
protoconid height 7.7

S@AKDKDHRSNBDMD $TQNOD@M @MC -NQSG LDQHB@M IQFT@QR BNLO@Q@SHUD LD@RTQI

Fig. 2 Panthera onca gombaszoegensis
(Kretzoi), Untermassfeld. -a—c Left hemi-
mandible IQW 2010/30721 (Mei. 29883)
withl--M; NBBKTR@K ATBB@K
2B@KD LL
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IQW Earlier published QW QW QW
2010/30721  Untermassfeld 1986/21787 1984/19684 1986/21779
(Mei. 29883) jaguars: (Mei. 21.306) (Mei. 19204)  (Mei. 21298)
min. — max. (n) +1QW
(Hemmer 2001) 1986/21788
(Mei. 21307)
Mandible length Processus c¢. 190.0
condylaris-Infradentale
Depth behind M, 38.5 37.5(1)
Depth in the diastema 39.5 33.5-33.7 (2)
Thickness below P/ M4 17.4
Alveolar length B-M; 64.6 58.6-59.5 (2)
Alveolar length B-M; 68.4
Distance C-B 16.5 16.0-22.0 (3)
Diastema length C-R 14.1
I, transversal width 4.3
antero-posterior 6.3
height 7.5 6.0-7.7 (2)
Is 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. 355 28.5-38.1 (3)
P, alveolar length 4.3
alveolar width 3.2
P; 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
P, 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)
M; 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 DPanthera oncagombaszoegensis (Kretzoi), measurements (mm) of the hemimandible IQW 2010/30721 (Mei.888), com-

O@QDC SN SGD OQDUHNTRKX OTAKHRGDC R@LOKD NE 4MSDQL@RREDKC I@FT@QR 'DLLDQ
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IQW 1980/17482 IQW 1983/18981 IQW 2009/30453 1QW 2011/35491

(Mei. 17004) (Mei. 18501) (Mei. 29615) (Mei. 32701)
Acetabulum length on rim 36.4 37.2 35.5 40.2
llium min. height on shaft 39.2 39.3 40.9 40.1

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

3GD ,-( QDOQDRDMSDC HM SGD 4MSDQL@RREDKC I@FT@Q RDQHDR @R
previously determined to be 5 (Hemmer 2001). Based on the new material this number has been increased

to 7.

3VN BDQUHB@K UDQSDAQ@D @QD @RRHFMDC SN I@QFT@QR M @SK@F
SGD ENKKNVHMF LD@RTQDLDMSR LL E@BHDR @QSHBTK@QHR BQ@MH
dorsal anterior-posterior diameter of neural arch 39.7, neural arch height 44. There is another, somewhat

RL@KKDQ @SK@R (06 ,DH HM SGD 4MSDQL@RREDKC 1@
ously assigned to Homotherium crenatidens (Hemmer 2001, 752). A cervical vertebra V, IQW 2011433
,DH LD@RTQDR LL BDMSQTL KDMFSG B KDMFSG @MSDQHNQ

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 2018/338

(Mei. 50647), has a minimal transverse diameter of 26.4mm. The trochlear width of distal fragment IQW
1994/24 434 (Mei. 23963) measures around 50 mm.

Three right-side pelvis fragments belong to the same size category as one previously documented (Hemmer
2001, 701) (6CDNG| "NLO@QDC SN SGD RIDKDSNM NE @ QDBDMS-K@QFD L
massfeld pelves are clearly larger.

A proximal tibia fragment, IQW 1986/21 749 (Mei. 21268), is considerably larger than a tibia found at the
Chéateau site (Fig. 3, 6C DN G| ). The latter was compared with the tibia of an extant lioness of the same

% H F Panthera onca gombaszoegensis (Kretzoi), Untermassfedeke Right tibia fragment IQW 1986/21 749 (Mei. 21 268),
@MSDQHNQ DWSDQM@K ONRSDQHNQ HMSDQM@K OQNWHL@K UHDVR *m 2B@KD LL
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P.onca augusta

Untermassfeld Chateau North America

IQW 1986/21749 CHA.1-00-F.8-40r min. — max. (n)

(Mei. 21268) (Argant and Argant 2011) (Kurtén 1973a)

Maximal proximal TD 79.0 75.3 71.0-76.0 (3)
Maximal proximal APD 81.8 78.1

3@ A K DPanthera onca gombaszoegensis (Kretzoi), proximal tibia measurements (mm), Untermassfeld and Chéateau, compared to
0+ ONCA AUGUSTA 3#m SQ@MRUDQRD CH@LDSDQ /#*m @MSDQHNQ ONRSDQHNQ CH@LDSD

% HF Panthera onca gombaszoegensis
*QDSYNH 4MSBQ@R@GhRBIEGDKC *m
neus IQW 2007/29116 (Mei. 2&878), dor-
R@K DWSDQM@K OK@MS@Q HMSDC
30mm.

P. onca augusta

Untermassfeld Chéteau Kudaro cave North America
IQW 2007/29116 min. — max. (n) min. — max. (n) min. — max. (n)
(Mei. 28278) (Argant and (Baryshnikov 2011)  (Kurtén 1965; 1973a)
Argant 2011)
Length 105.5 96.3-99.3 (2) 73.5-93.6 (2) €.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 Panthera onca gombaszoegensigretzoi), calcaneus measurements (mm), Untermassfeld and Chateau, comparedto 0 *sONCA
augusta 3#*m SQ@MRUDQRD CH@LDSDQ

length and found to be much stouter (Argant and Argant 2011). The Untermassfeld tibia also surpasses
SGNRD NE -NQSG LDQHB@M /KDHRSNBDMD I@FT@QR 6CDNG]|).

GTFD B@QKB@MDTR NE @M 4MSDQL@RREDKC I@FT@Q (06 ,DH
largest calcaneus found at Chateau (Fig. 46CDNG| @MC ITRS DWBDDCR SGD TOODQ KHL
@AHKHSX HM $TQ@RH@O@M I@QFT@QR ,@QBHRY@J WHENCAAADRUBIMR
(6CDNG| ). Anaviculare, IQW 1982/18 048 (Mxi8), s less conspicuous. This applies also for a slender
metatarsal 4, IQW 1994/24520 (Mei. 2849) (Fig. 5, 6CDN G| ) and a fragmentary Mt4 IQW 2008231
(Mei. 30194).
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% H F Panthera onca gombaszoegensis*QD S Y NH 4MSD(
a—f Right metatarsal 4 IQW 1994/24520 (Mei. 2049), dorsal, exter
M@K OK@MS@Q HMSDQM@K OQNWHL@K

P. onca augusta

Untermassfeld Untermassfeld Chéateau North America
Mt4 dex. Mt4 dex. min. — max. (n) min. — max. (n)
IQW 1994/24520 IQW 2010/31032 (Argant and (Kurtén 1965; 1973a)
(Mei. 24049) (Mei. 30194) Argant 2011)
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 Panthera onca gombaszoegensis (Kretzoi), metatarsal 4 measurements (mm), Untermassfeld and Chateau, comparedto 0 «ONCA
augusta 3#.m SQ@MRUDQRD CH@LDSDQ /#+m @MSDQHNQ ONRSDQHNQ CH@LDSDQ

The use of a largely complete skeleton of 0 *tONCA GOMBASZOEGENSIS from the early Middle Pleis
Chéteau (Argant and Argant 2011) as a size reference allows both the single dental and skeletal remains to

AD BNLAHMDC HM @ INHMS RHYD RB@KD SG@S BNUDQR SGD 4MSDQL@F
largest represented individuals. If available, the dimension of each Chateau element to be compared with an
AMSDQL@RREDKC DPTHU@KDMS HR RDS @S %QNL SGD CHUDQFDME
SHNM 'NvVDUDQ CTD SN NBB@RHNM@K CHEEDQDMBDR HM LD@RTQHMF
size-related shifting of proportions, as given e.g., for the relative size and proportions of the I the lower
CDMSHSHNM 'DLLDQ DS.@K SGHR LDSGNC LHFGS AD RNLDVG@S t
idea of the relative size variability within a fossil population, such as the one from Untermassfeld (6CDNG | ).

2.1.4. Discussion
The span between the smallest and the largest Chéateau reference related size values of Untermassfeld

I@QFT@Q QDL@HMR FHUDM @R ODQBDM 3 ONM®| S RIthdugh this Ea@&lihdicatess N
BNMRHCDQ@AKD HMCHUHCT@K RHYD U@QH@AHKHSX VHSGHM SGD 4MS
it is much less than expected for a complete Panthergopulation. Representative values were obtained for

extant East African lion (0 ¢ L E O) and leopaardBs)epopulations from corresponding skull series stored
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Compared skeletal element Chateau reference Presumable sex

and dimensions related size and size category
(% difference)

IQW 1984/20268 L OWHKK@ + / 0 large female / small male
(Mei. 19788)
IQW 1983/19169 ,@MCHAKD RHM -6 female
(Mei. 18689) L tooth row and P;, Py, M4
IQW 1992/24 137 ,@MCHAKD RHM +1 large female / small male
(Mei. 23666) LB P,
IQW 2010/30721 ,@MCHAKD RHM +4 male
(Mei. 29883) L tooth row and P;, Ps, M4
IQW 1995/25343 ,@MCHAKD CDW -4 female
(Mei. 24872) L tooth row and P;, Py, My
IQW 1986/ 21782
Mei. 21301)
IQW 1986/21789 L R dex., B sin., +12 large male
(Mei. 21308) M, dex.
IQW 1986/ 21780
(Mei. 21299)
IQW 1986/21787
(Mei. 21306) + )

L R sin. +11 large male
IQW 1986/21788
(Mei. 21307)
IQW 1984/19684 L R dex. -7 female
(Mei. 19204)
IQW 1980/17 157 L M, dex. +4 male
(Mei. 16678)
IQW 1980/16 247 '"TLDQTR 0 ANCX L@RR XNTMF L@KD
(Mei. 15758) TD distal, trochlea (sub-adult)
IQW 1980/15513 '"TLDQTR -2 large female / small male
(Mei. 15025) TD distal, trochlea ANCX L@RR RL@KK L@KD
IQW 1994/24434 'TLDQTR -4 female
(Mei. 23963) TD trochlea
IQW 1980/16 625
(Mei. 16146)
IQW 1980/16621
(Mei. 16142)
IQW 1980/16 622 ,DS@B@QO @K -2 ANCX L@RR XNTMF L@KD
(Mei. 16143) TD proximal, diaphyseal
IQW 1980/16 624 (sub-adult)
(Mei. 16145)
IQW 1980/16623
(Mei. 16144)
IQW 1986/21749 SHAH@ 3# OQNWHL @#s male
(Mei. 21268)
IQW 2007/29116 "OKB@MDTR + +8 large male
(Mei. 28278)
IQW 1982/18048 -@QUHBTK@QD + -3 female
(Mei. 17568)
IQW 1994/24520 ,DS@S@QR@K -4 female
(Mei. 24049) TD diaphyseal, distal

3@ A K Ppnthera onca gombaszoegensis *QDSYNH AMSDQL@RREDKC "GOSD@T QDEDQDMBD QDK@SDC
O@ODQ +*m KDMFSG 3#*m SQ@2MRUDQRD CH@LDSDQ RHYD CHLDMRHNMR QNTMCDC LD@N



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 spanissetfor 0 «ONCA G O M B AcdnADtEr@&ssiedd, & 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, Tah) and postcranial elements (tibia,
B@QKB@MDTR EQNL 4MSDQL@RREDKC @QD @LNMF SGD K@QQFDRS OMCR
individuals that are most likely missing in the Untermassfeld series. The lower end of the variability could be
HMCHB@SDC AX @ l@QFT@Q L@MCHAKD NE OQNA@AKX @KRN $OHUHKK
mer and Heidtke 2013). Its Chéateau 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 variabilityis

task is facilitated by the fact that, as a rule, the sexes only slightly overlap in body mass estimations using
OQDCHBSHNM DPT@SHNMR 3GHR HR MNS SGD B@RD VGDM TRHMF KHI
based on the smallest diameters of the humerus and femur diaphyses (Hemmer 2001) and of metacarpal
RG@ESR 'DLLDQ DS-@K @R SGD BQNRR RDBSHNMR NE SGDRD ANI
AX SGD ANCX L@RR ANSG VGHKD QDRSHMF @R VDKK @R CTQHMF KNB
body mass more directly thanthe M KDMFSG A@RDC OQDCHBSNQ 5@M 5@KIJDMATQFG

estimations of 0 ¢ O jothBaszoegensis 'DLLDQ QF@MS @MC QF@MS
3GD K@QFDRS OTAKHRGDC GTLDQTR NE @ $TQNOD@M I@QFT@Q EQNL S
DS.@K ONHMSR SN @ Q@V ANCX L@RR NE JF VGHBG RGNTKC AI

accuracy being out of reach of such a statistical calculation. It is surely reasonable to round body mass es-
SHL@SDR TO SN SGD MD@QDRS JF HM SGD Q@MFD NE SN JF @MC
(Hemmer 2004). The humerus from Le Vallonnet has a Chéateau reference related size (see above) of +8,

H D SGD R@LD @R SGD DMNQLNTR B@KB@MDTR EQNL 4MSDQL@RREDK
ANCX L@RR ENQ SGD K@QQFDRS L@KD $TQNOD@M I@QFT@QR 3GQDD GTI
estimations to be made of 100, 160 and 170kg respectivelyThe 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 LEscale (Bonifay 1971) supplied shafts of two humeri and four femora providing

ANCX L@RR U@KTDR NE @MC JF QDRODBSHUDKX 3G
Chéteau 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 «LEO PERSICAem EDL@KDR m JF L@KD
P tigris corbettiem EDL@ KDR m JF L@KDR m JF BNLOHK@SHNM AX -NVL
data support the body mass diagnosis of sexin 0 *ONCA GOMBASZOEGENSIS (M @BBNQC
HMFR SGD 4MSDQL@RREDKC I@FT@Q QDL@HMR @QD CNLHM@SDC AX |
N E HR OQNIDBSDC NMSN SGD KHRS NE SGD "GOSD@T QDEDQDMBD QD
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.

3GD RDUDM QDBNQCDC HMCHUHCT@KR NE SGD ENQLDQ 4MSDQL@RREDK
GHFG U@QH@AHKHSX NE OQDLNK@Q @MC LNK@Q RSQTBSTQDR SGTR
this paper). This fact should exclude a genetic bottleneck cause for the iacidence in the mandible de-

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

rare in pantherine cats. Two male Cape lion (0 sLEO MELANOCHAITA) skulls in the collections of the Natur
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tory Museum, London (Mazak 1975) are the only examples within the subgenus Panthgr@ *LBOGPARDUS,

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 |.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 Pwithin the genus Pantherawas found in a Burmese tiger (0 T I-

gris) (Lydekker 1878).

Based on the determined MNI, 0 *ONCA G O M B /s3h2 tnesGdorB8drsfelid of the Untermassfeld

fossil record. The relatively low number and mostly fragmentary condition of its skeletal elements are re-

L@QJ@AKD 3GD ATKJ NE SGD IQFT@Q OMCR NQHFHM@SD EQNL SGD Ol

3GD ENRRHKR VDQD ENTMC RB@SSDQDC NUDQ @ K@QFD MTLADQ NE FQ

154, 268, 502, 524, 596, 627, 651, 660, 684, 692, 709, and 751) and distributed over a fairly extended

CDOSG HMSDQU@K EQNL L ADKNV SN L @ANUD RHSD KDUDK ET

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

SGD 4AMSDQL@RREDKC I@FT@Q HM BNMSQ@RS SN B ENQ SGD OTL@

latter two species are represented by partial skeletons in different disarticulation stages (see sections 2.2.3.,

I@QFT@Q QDL@HMR VDQD LNRSKX xTRGDC HMSN SGD @QD@ NE SGC

PTNSHDMS NE SNS@K MTLADQ NE RIDKDS@K DKDLDMSR NE @ RODBHDI

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

SDAQ@SDR SN xNNC DUDMSR 2NLD EDKHC RODBHDR SG@S @QD MNS E

V@SDQ xNVR @R QDBNMRSQTBSDC ENQ SGD RHSD NE 4AMSDQL@RRED¥

AD RDUDQDKX @QEEDBSDC @MC LNQD NESDM E@KK UHBSHL SN SGD xNN

RXRSDLR @R O@QS NE SGDHQ BDMSQ@K G@AHS@SR 3GDRD @MHL@KF

DRB@OD HM SHLD .AUHNTRKX SGD $TQNOD@M I@QFT@Q V@R RTBG @ B

The discovery of a mandibular fragment of a young cub less than half a year and presumably not more than

SGQDD SN ENTQ LNMSGR NKC OQNUHCDR @M DSGN DBNKNFHB@K HMRFE

solitary species of the genus Panther@d « T | 8 palr@ys), 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

K@QHQR B@M AD ENTMC NM RL@KK xXxNNC OQNSDBSDC QHUDQHMD HRK@

in the Brazilian Pantanal (Quigley and Crawshaw 2002) show that 0 « O N C A cubs up to half a year old also stay

closetogether 6GDM SQ@MREDQQDC SN SGD 4MSDQL@RREDKC I@QFT@Q BTA F

G@uD ADDM RHST@SDC VHSGHM SGD xNNC OK@HM NE SGD QHUDQ U@K

Accordingly, the home range of its mother included part of the valley along the riveiThis in turn indicates

that riparian landscapes were the central habitatof 0 *ONCA GOMBASZOEGENSIS ITRS @R HI

The herbivore fauna of Untermassfeld offered a broad spectrum of potential preats are opportunistic

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

OQDX ENBTR L@RR @RRDRRLDMS B@M AD B@KBTK@SDC TRHMF @ OQEL

L@RR :KNF ZOQDX ENBTR L@RR JF \ KNF ZB@S ANCX L@RR JF \

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

BK@QRRDR ADKNY SGD ENBTR BK@RR SN NMD RHYD BK@RR @ANUD 'DL

LORREDKC I@QFT@Q ONOTK@SHNM VNTKC G@UD ENBTRDC NM OQDX EQI

G@UD OQDEDQQDC SN GTMS OQDX NE @QNTMC TO SN JF 3GD SGQ

large herbivore species, Eucladoceros guilii, Pseudodama vallonnetensis, and Bison menneri (MNI 91, 86 and
QDRODBSHUDKX *@GKJD HM SGHR UNKTLD 3@AKD L@SBG SGHR R

CDDQ KHJD BDQUHC HR LNQD HM SGD OQDX RHYD Q@MFD NE EDL@KD |
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male individuals. This indicates that the earlier published diagram showingthe 0 *ONCA GOMBASZOEG
potential prey spectrum in the Untermassfeld fauna (Hemmer 2001, Fig. 3) remains valid.
3GD LD@M C@HKX PT@MSHSX @ I@QFT@Q D@SR EQNL @ B@QB@RR NES
3GD HMS@JD L@X @KRN AD DRSHL@SDC VHSG @ ANCX L@RR A@RDC O
KNF ZB@S ANCX L@RR JF \ < 'DLLDQ @ 2N 4MSDQLGC
have consumed around 4.%g of meat per day and average-sized males around 6kg, whereas the largest
HMCHUHCT@KR BNTKC G@UD BNMRTLDC TO SN JF $UDM VGDM B@KBT
SHDR S@JDM HLLDCH@SDKX EQNL @ EQDRG JHKK @MC CTQHMF QDODC
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

3GD OQRS CDRBQHOSHNM NE SGD FH@MS 4MSDQL@RREDKC BGDDS@G

LNMNRODBHOB BNMBDOS ENQ @KK $TQ@RH@M +@SD /KHNBDMD @MC $¢

Acinonyx pardinensis "QNHYDS DS )NADQS 5HQDS 2BGASS @ %HBE

SGD L@QMCHAKD @MC KNVDQ CDMSHSHNM NE SGD OQRS 4MSDQL@RREDK(

DMBD VHSG LHCCKD SN K@SD $@QKX /KDHRSNBDMD -NQSG "GHMDRD O

(Hebei), the former being the holotype of Cynailurus pleistocaenicus Zdansky, 192Fe clear morphologi-

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

expressed as two different geographic subspecies, ! «P AR Dpldisodh8ri€@isand ! «PARD pErEiNS | S

ensis SGD 4AMSDQL@RREDKC BGDDS@G ADHMF @SSQHATSDC SN SGD ENQ

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 AR D | pl&dtbSdedicus, reverted to a multispecies concept and shifted

A pardinensis out of the genus Acinonyx to the genus§ivapanthera *QDSYNH OHT DS.@K

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 SGHR BK@RRHOB@SF

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
,NQNBBN &DQ@@CR BNTKC G@UD RTOONQSDC @ LTKSHRODBHOB

the limited knowledge of the time. Therefore, a macrospecies concept, i.eA pardinensis in the broadest

RDMRD V@R RTFFDRSDC TMSHK MDV OMCR BNTKC OQNUHCD ADSSDQ H

@MC SGTR E@BHKHS@SD @ CDBHRHNM ADSVDDM SGD BNMSQ@RSHMF F

@BBDOSDC AX K@SDQ VNQJ "GDQHM DS.@K .M SGD NSGDQ G@MC

tahas ! e PLEISTOCAENICU S has been considered plausible, and a gebmapaprtiaeatibmxdensis

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-

ciesA. jubatus, was proposed (Turner and Anton 1997). However, some functionally important anatomical

ODBTKH@QHSHDR NE SGD LNCDQM BGDDS@GIR RIJITKK KNNJ LNQD KHJD

not present in A pardinensis "GDQHM DS.@K &DQ@@CR &QNG° DS-@K

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

HMRTEOBHDMS SN V@ QQ @ M\SpdRdhenBisk DGera esR GLK) MGB/SHNtMesE @ duitnents, a

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

SGD QU@HK@AHKHSX NE MDV BNLO@Q@SHUD L@SDQH@K EQNL CHEED
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EQNL 2@HMS 5@KKHDQ %Q@MBD &DQ@ @CR B L@ @ O@QSH@K
B , @ SVN RIJITKKR @MC @ GDLHL@MCHAKD EQNL /@MS@KK@ (S@K
O@QSH@K RJTKK EQNL ,NMSD QFDMS@QHN (S@KX "GDQHM DS.@K

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. 47 328),

C sup. dex. IQW 2016/43801 (Mei. 49110),

C inf. sin. IQW 2017/44983 (Mei. 50292),

Mandibula sin. with B IQW 2015/42011 (Mei. 47 320),

P2 sin. IQW 2016/43806 (Mei. 49115),

M1 sin. IQW 2017/45018 (Mei. 50327),

Atlas fragment IQW 2004/28 618 (Mei. 27 780),

Vertebra thoracica IV IQW 2015/42 129 (Mei. 47 438),

Vertebra thoracica VIII IQW 2010/30708 (Mei. 29870),
Vertebra thoracica IX IQW 1980/16 626 (Mei. 16 147),
Vertebra thoracica X IQW 1980/16 629 (Mei. 16 150),

Vertebra thoracica X IQW 2015/41 935 (Mei. 47 244),

Vertebra thoracica XI IQW 2015/41936 (Mei. 47 245),

Vertebra thoracica XII IQW 2015/41 940 (Mei. 47 249),
Vertebra thoracica XIII IQW 2015/41939 (Mei. 47 248),
Vertebra lumbalis | IQW 2015/41934 (Mei. 47 243),

Vertebra lumbalis 1l IQW 2016/43844 (Mei. 49153),

Vertebra lumbalis 111 IQW 2017/44920 (Mei. 50229),

Vertebra caudalis (proximal) IQW 1980/16 126 (Mei. 15637),
Vertebra caudalis (transitional) IQW 1982/17923 (Mei. 17 443),
Vertebra caudalis (transitional) IQW 1980/15381 (Mei. 14 893),
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. 50 328),
Ulna dex. IQW 2004/28674 (Mei. 27 836),

Radius sin. diaphyseal fragment IQW 2010/30678 (Mei. 29 840),
Trapezoid (C2) dex. IQW 1980/15442 (Mei. 14954),
Capitatum (C3) dex. IQW 2012/38641 (Mei. 35615),
Metacarpale (Mc) 2 dex. IQW 2015/42082 (Mei. 47 391),
Metacarpale (Mc) 3 dex. IQW 2015/42081 (Mei. 47 390),
Metacarpale (Mc) 4 sin. IQW 2012/38493 (Mei. 35467),
Femur dex. diaphyseal fragment IQW 1980/17 023 (Mei. 16 544),
Tibia sin. diaphyseal fragment IQW 2002/27 323 (Mei. 26 828),
Calcaneus dex. IQW 2016/43793 (Mei. 49102),
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Cuneiforme 1 (T2) dex. IQW 1980/16 258 (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 | IQW 2016/43822 (Mei. 49131).

(MCHUHCT@K DKDLDMSR VHSGHM SGD OQDO@Q@SHNM (06
centration in situ and when lifting by crane see Kahlke 2020, Figha—b, for completed block preparation
RDD EQNMSHROHDBD
Vertebra cervicalis Il (epistropheus),
Vertebra cervicalis lll,

Vertebra cervicalis 1V,

Vertebra cervicalis V,

Vertebra cervicalis VI,

Vertebra cervicalis VII,

Vertebra thoracica I,

Vertebra thoracica |l,

Vertebra thoracica lll,

Vertebra thoracica IV,

6 costae and proximal fragments of anterior ribs,
Scapula dex.,

Ulna sin.,

Radius sin.,

Scapholunare (Cr + Ci) sin.,
3QHPTDSQTL "T RHM
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 | dig. 1 sin. man.,

Phalanx | dig. 2 sin. man.,

Phalanx | dig. 3 sin. man.,

Phalanx | dig. 4 sin. man.,

Phalanx | dig. 5 sin. man.,

Phalanx Il dig. 2 sin. man.,

Phalanx Il dig. 5 sin. man.,

Phalanx Il dig. 2 sin. man.,
Phalanx Il dig. 3 sin. man.,
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% H F Acinonyx pardinensis pleistocaenicus 9C@MRJX 4 M &R Q Q&R REDKIA «f 6 ,DH OQNA@AKX E
df "@KU@QHTL (06 ,DH @,@ NQAHEFASKSX KL@ERKEDQGE@IQ R @ B MURHDWRQ @ K UHDVR *m 2B@KD

Phalanx Il 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 | dig.1 dex. man.,
Phalanx | dig. 2 dex. man.,
Phalanx Ill dig. 1 dex. man.
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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., Tal, 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 RIJITKKR CNDR MNS L@JD LTBG RDMRD 3GD MDV RJTKK HR NMKX @
considerably narrower (6 C D N G| ). The absolute size of the Untermassfeld skulls matches that of the North
"GHMDRD D@QKX $@QKX /KDHRSNBDMD +NMFC@M RJTKKR @MC @KRN C
nese cheetahs. Late Pliocene European and North African fossils also show comparably enormous sizes, as

CN $@QKX /KDHRSNBDMD BGDDS@GR EQNL SGD 2NTSG RH@M /HMINQ Y
BGDDS@GR NKCDQ SG@M SGD +@SD SN OM@K 5SHKK@QEQ@MBGH@M % @

QFDMS@QHN "GDQHM DS.@K 6 C DN G| ). Skull proportions are essentially the same
lished Untermassfeld specimen as they are in the somewhat smaller individuals of the latter European group
LD@QRTQDLDMSR 2@HMS 5@KKHDQ 5HQDS ATS RDD &DQ@@CR

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. 2778) is smaller than that of the

earlier described specimen (Fig. 76 CD N G| ). The length divergence between both individuals spans from
@ANTS M@sVG@ m HM S@GBN @ BNMRHCDQ@AKD HM SGD TOODQ E
MN KNMFHSTCHM@K FQNNUDR AT % igreParkaSidbyRtS mt€ior cdp @rato@Bef D 3G D
which is nearly as high as the posterior and stands in a lingual position (Fig. 7a), but close to the median

IQW 2004/28616 IQW 1980/16 350
(Mei. 27778) (Mei. 15861)
(Hemmer 2001)
Condylobasal length c. 208.0 c.216.0
Basal length 1975 c. 200.0
Median palatal length c.95.0
(Prosthion-Staphylion)
Basifacial axis c. 142.0
(Prosthion-Synsphenion)
Basicranial axis (Synsphenion-Basion) c. 725
Zygomatic width g B c.173.0
Facial width, C-C over alveoli c. 70.0
Palatal width, P-P* over alveoli c.82.0 c. 102.0
Neurocranial width €. 76.0/77.0
Mastoid width c.79.5
C-P alveolar length 65.5/66.0 745/ -
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 Bginonyx pardinensis pleistocaenicus (Zdansky), skull measurements (mm), Untermassfeld.
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Basal length P4 length M ; 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-Pair6 1977) 27.5(1)
Upper Valdarno (Kurtén and Crusafont-Pairé 1977) 27.6 (1)
Monte Argentario (Cherin et al. 2018) 30.0 (1) 22.6 (1)
Early Pleistocene, Late Villafranchian: Asia
8T@MPT 9C@MRJIX 23.8 (1)
Gongwangling (Hu and Qi 1978) 24.5 (1)
Early Pleistocene, Middle Villafranchian: Europe
2@HMS 5@KKHDQ 5HQDS QF @ M65.0 (1) 25.9-28.8 (6) 20.1-21.0 (4)
Puebla de Valverde (Kurtén and Crusafont-Pair6 1977) 25.9 (1)
Senéze (Kurtén and Crusafont-Pair6 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)
B3STNYHCNMF -@MIHMF ,TRDTL @MC (MRSHSTSD blE8.2(1) 20.0-23.5(3)
Archaeology 2007)
Kuruksai (Sharapov 1986) 18.0-19.0 (2)
Early Pleistocene, Pinjor: Asia
2HV@KHJ '"HKKR +XCDJJDQ LD@QRTQDLDMSR "' 21.7-23.4 (3)
Late Pliocene, Early Villafranchian: Europe
Villafranca d’Asti (measurements H.H.) 26.0 (1) 20.4 (1)
Les Etouaires (Schaub 1949) 24.5 (1)
Ardé (Schaub 1949) 20.3 (1)
Villarroya (Villalta 1952) 22.9-23.4 (2)

,NMSNONKH %HBB@QDKKH

"GDQHM DS @K26.7-27.5 (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 RAfinonyx 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 SD Q L @ RRLED - IQW
2004/28616 (Mei. 27778), probably female,
KHMFT@ W LefHOM* +QiW 1980/16350
(Mei. 15861), OQNA@ AKX L@KD K

2B@KD LL

IQW 2004/28616 IQW 1980/16 350 IQW 2015/42019
(Mei. 27778) (Mei. 15861) (Mei. 47 328),
(Hemmer 2001) 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. 105 10.3 12.1 11.7 11.6
crown height 26.1 27.0+ 26.9
total height 61.9
P length 3.7
width 4.2
P 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+
P* 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+
M? length 4.5 4.2
width 8.8 8.1

3@ A K DAcinonyx pardinensis pleistocaenicus (Zdansky), measurements (mm) of the upper dentition, Untermassfeld.
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% HF Acinonyx pardinensis pleistocaenicus (Zdansky), Untermass-

E D K&-cdreft hemimandible IQW 2015/42011 (Mei. 4B20) with P;, P,

IQW 2016/43806 (Mei. 49115) and M; IQW 2017/45018 (Mei. 50327),
OQNA@AKX EDL@KD NBBKTR@K ATBB@K KHMFT@K L

KHMD NE SGD SNNSG HM SGD NBBKTR@K UHDV 3GHR LNQOGNKNFX V@

Untermassfeld skull (Hemmer 2001, 720). In contrast, the3protocone of the Pantalla cheetah is very small
"GDQHM DS-@K 3GD OQNSNBNMD LNQE&®GNBRRX N B SGIDK,NMSDHR) |

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

NE SGD OQNSNBNMD @ RSQNMF DBSNO@Q@RSXKDem K@QFDQ SG@M H

paracone and metacone. An isolated right upper canine IQW 2016/481 (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. 4320) (Fig.8 OSR SGD RDBNMC RJTK

2004/28616 (Mei. 27778) (Fig. 6a—c) by size, matching bite, and tooth wear, indicating that both the
BOKU@QHTL @MC L@MCHAKD ADKNMF SN SGD R@LD RMplatBl HheT@ K 3G

PandtheM: VDQD DWB@U@SDC @R HRNK@SDC SDDSG @MC K@SDQ BNLAHI

CHUDQFDMBD ADSVDDM ANSG 4MSDQL@RREDKC R @ MM SIGIRMO @ MR E Q

intheM: 3GD R@LD RDPTDMBD HR ENTMC EQNL SGD SGHQC OQDLNK@Q S

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

QNTFGKX @QNTMC LL M HRNK@SDC B@MHMD (06 ,DH

and must come from a larger individual (6CDN 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

@QD @KRN UHRHAKD HM SGD OQRS 4MSDQL@RREDKC L@MCHAKD (06

(Mei. 15016) (Hemmer 2001, Figs4a, 5a, pl. 136). In European late Early Pleistocene Acinonyx, a nearly
UDQSHB@K @MSDQHNQ ANQCDQ HR @KRN OQDRDMS HM SGD ,NMSD QF

older mandibular fragment from Fonelas (Spain, Garrido 2008) shows some similarBfeep symphysis and

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

DS @K @MC SGD R@LD LNQOGNFMNRSHB ED@STQDR @QD OQDRD|

1884, pl. 44).

The very limited wear recorded in the dentition of the hemimandible IQW 2015/42011 (Mei. 4320) pro-

vides a perfect overview of the lower premolar and molar morphologyBoth premolars are high and slender

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

1486 H. Hemmer - R.-D. Kahlke - New results on felids from the Early Pleistocene site of Untermassfeld



IQW 2015/42011 IQW 2017/44983 IQW 1980/15504 IQW 1980/15503

(Mei. 47 320) (Mei. 50292) (Mei. 15016) (Mei. 15015)
sin. sin. sin. dex.
Mandible length 177.0 181.5
Processus condylaris-
Infradentale
Mandible height 90.0+ 915
Processus angularis-
Coronion
Depth behind M; 37.2 32.8 33.0
Depth in the diastema 28.6 30.6 315
Thickness below P/ M4 16.6 18.0 17.0
Alveolar length B-M; c.55.0 58.2 59.8
Diastema length c.12.0 c. 10.5 c.95
C inf. length 14.2 14.0+ 13.0+
width 11.1 11.0 11.0
height 24.5+
P; length 155 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+
P, 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+
M; 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 10.9 115 114
protoconid height 14.0 15.9+ 15.6
paraconid height 12.0 13.0 13.9

3@ A K DAcinonyx pardinensis pleistocaenicus (Zdansky), measurements (mm) of mandible and lower dentition, Untermassfeld, hemi-
mandible IQW 2015/42011 (Mei. 47 320) completed with R IQW 2016/43806 (Mei. 49 115), and M, IQW 2017/45018 (Mei. 50327).

in the P4, where the rear cingulum gives the impression of an additional cusp. The lower carnassial is con-
ROHBTNTR AX SGD RG@OD NE HSR A@BJ OQNOKD RL@KK S@KNMHC H
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-

SHUD LNQOGNKNFX LHFGS @KRN DWHRS HM SGD ,NMSD QFDMS@QHN B

% HF CNDR MNS @KKNV ENQ TMDPTHUNB@K CHEEDQDMSH@SHNM

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 Mis mentioned for a Saint-Vallier fossil (Viret
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% H F Acinonyx pardinensis pleistocaenicus (Zdansky), in-situ block preparation IQW 2014/41900 (Mei. 47 209),
AMSDQL@RREDKE FKM@ Q@ CHTRK@IMIMBE® WER Q thE@\i&al @rtebfaR| tonhoratic
UDQSDAQ®@ ( *m 2B@KDR LL

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 2004/28 618 (Mei. 27 780).
Beginning with the epistropheus, a long section of the vertebral column encompassing C llto C VlIland T |
to T IV has been completely preserved in an in-situ block preparation IQW 2014/41 900 (Mei. 209) (fron-
tispiece). This form of conservation (Kahlke 2020, 104%.) was chosen in order to preserve a part of the
TMTRT@KKX GHFG BNMBDMSQ@SHNM NE ANMD OMCR @S SGD A@RD NE ¢
4%2 K VHSG QDVNQJDC 8NTMFDQ "N@QRD &Q@UDKR 8"& CDS@HKDC HNM
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
CDMR HR LL KDRR SG@M SGD " (( (06 ,DH VGHBG |
skull IQW 1980/16 350 (Mei. 15861) (Hemmer 2001, 712f.). The newly discovered second cervical vertebra
is much larger than its counterpart in the Late Pliocene cheetah skeleton of Les Etouaires (France), which
measures 66 mm (Schaub 1939). Only a few reliable measurements could be taken along the vertebral
BNKTLM CTD SN O@QSH@K DLADCCHMF HM SGD OQDO@Q@SHNMIR NQF
3GDRD @QD HM LL ENQ BDQUHB@K UDQSDAQ@D BDMSQTL KDMFSG "
VHCSG " 5 B " 5¢( E@BHDR SDQLHM@KHR BQ@MH@KHR GDHFGS "
GDHFGS " (5 B ENQ SGNQ@BHB UDQSDAQ@D BDMSQTL KDMFSG 3 (
A series of thoracic and lumbar vertebrae (Figs. 10-1Tables 12—-13) comprises the whole front sector
of the integrated region of the vertebral column between the diaphragmatic vertebra and the last lumbar

3e7m+ 5(( 1@MC@T C@ "NRS@ "@QU@KGN CDLNMRSQ@SHMF SGI
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% HF Acinonyx pardinensis pleistocaenicus 9C @ MR J X AMSBEQRENRER@BKB UDQSDAQ@ (5 (06 ,DH
f-j*3IGNQ@BHB UDQSDAQ@ 7 (06 k-0 SGNODH@BHB UMQSDAQ@ 7( (06 p—t Thoraci®©vdrte- em
AQ@ 7(( (06 ,DHu-y 3GN@@BHB UDQSDAQ@ 7((( (06 afkpu @MSDQHIN@IUHDVR

g,v KDES K@SDQ@K UHDVR c¢,hm,rrw ONRSDQHNQ UHDVR d,iin,s;x CNQR@K UHDVR e,jo,t,y UDM
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TIV T VI TIX TX
IQW 2015/42129 1QW 2010/30708 QW 1980/16626 QW 1980/16629

(Mei. 47 438) (Mei. 29870) (Mei. 16147) (Mei. 16 150)

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.145 c.11.1 13.6
Neural canal caudal width
Neural canal caudal height c.19.0

TX TXI T Xl T X1

IQW 2015/41935 IQW 2015/41936 IQW 2015/41940 QW 2015/41939
(Mei. 47 244) (Mei. 47 245) (Mei. 47 249) (Mei. 47 248)

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 DAcinonyx pardinensis pleistocaenicus (Zdansky), measurements (mm) of thoracic vertebrae, Untermassfeld.

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 ~ + ( @ANUD
SGD L@QWHLTL NE OUD @CTKS SHFDQR NE DHSGDQ RDW + (( + ((
SHNM@K QDK@SHUD KDMFSG NE SGD K@RS SGNQ@BHB @Ndn®»GD KTLA
vertebrae from Les Etouaires, as it is characteristic for the extant | « JUBATU S (Schaub 1939). Three nearly
BNLOKDSD B@TC@K UDQSDAQ@D VDQD QDBNUDQDC @ OQNWHL@K OQ!
39.6 mm), and two transitional vertebrae (centrum length 67.3nm 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 Etouaires (53fm and 58.8mm, described as being longer than the longest

caudal vertebra of a lion skeleton, Schaub 1939).
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Fig. 11 Acinonyx pardinensis pleistocaenicus 9C @ MR J X

,DH

(06 ,DH

CNQR@K UHDVR e,j,0o UDMSQ@K UHDVR em 2B@KD

f4jm+ TLA@Q UDQSDAQ@ (( (06

4 M S D 8-k @QurrRd Drrtebra nh IQW

k—o LurBblr vertebra Mim

a,tm @MSDQHIN@ IUKHDE/R K@ SO @ IO NRIBPIYRHNIQnUHD VR
LL

IQW 20&5I/41 934 QW 20L1|6I/43 844 QW 2(;_1?/44 920
(Mei. 47 243) (Mei. 49153) (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

3@ A K DAcinonyx pardinensis pleistocaenicus (Zdansky), measurements (mm) of lumbar vertebrae, Untermassfeld.
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IQW 2014/41900 IQW 2016/43953 IQW 2016/43953

(Mei. 47 209) (Mei. 49262) sin. (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 DAcinonyx pardinensis pleistocaenicus (Zdansky), scapula measurements (mm), Untermassfeld.

The in-situ block preparation IQW 2014/41 900 (Mei. 4209) 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
,DH *@GKJD DS.@K %HF @MC DWBDOS ENQ SGDH
completely resemble the scapula of extant ! «JUBATUS.
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 (RNK@SDC OMCR HMBKTCD @ BNLOKDSD GTLDQTR @ CHRS@K
diaphysis of a radius, a trapezoid, a capitatum, and metacarpals 2, 3, and 4.
The humerus IQW 2016/43819 (Mei. 4928) is enormously slender in view of its extraordinary length
(Fig. 12a—f, 6CDN 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

ANMD @KSGNTFG NE RHLHK@Q KDMFSG UR LL HR RSNBJX VGDM
proximal width 78.7 vs. 56.0mm, diaphyseal transverse diameter 33 vs. 26rBm, maximal distal width 85.7
vs. 60.2mm (0 e Lldre&x ,DQQH@L @MC 2SNBJ 3GD 4AMSDQL@RREDKC GTLDC
its much smaller (length from caput 216.2nm) counterpart in the extant A. jubatus LHMHL@K CH@OGX
VHCSG HM KDMFSG UR LOWHL@K CHRS@K VHCSG HM KDMFSG
Untermassfeld Untermassfeld Dmanisi
IQW 2016/43819 IQW 2017/45019 (Hemmer et al. 2011)
(Mei. 49128) (Mei. 50328)
Maximal length 320.0 2815
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 26.4 245
Maximal distal TD 60.2 61.4+ 60.2
Maximal distal APD 44.7 44.7+ 43.4
Trochlear TD 43.8 46.1+ 455
Trochlear minimal thickness 23.6 24.1 22.8
Trochlear minimal height 19.8 21.8 20.1
Fossa olecrani max width 28.0 29.1 275

3@ A KD Acinonyx pardinensis pleistocaenicus (Zdansky), humerus measurements (mm), Untermassfeld, Dmanisi cheetah humerus
@CCDC ENQ BNLO@QHRNM 3#em SQ@MRUDQRD CH@LDSDQ /#*m @MSDQHNQ ONRSDQHNQ C
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Fig. 12 Acinonyx pardinensis pleistocaenicus 4 M S 29 LRyR REMefus QW 2016/43819
,DH g+«mlHFGS TKM@ (06 B @MSDQHIND DDWBVR M@ KOWRBORHNQ UHDVR
dj HMSDQM@K UHDVR e,k OQNWHL@K UHDVR f,I| CHRS@K UHDVR *m 2B@KD LL

9C@MRIX
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Untermassfeld Dmanisi

IQW 2004/28674 (Hemmer et al. 2011)
(Mei. 27 836)
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 KD Acinonyx pardinensis pleistocaenicus (Zdansky), ulna measurements (mm), Untermassfeld, Dmanisi cheetah ulna added for
BNLO@QHRNM 3#m SQ@MRUDQRD CH@LDSDQ /#*m @MSDQHNQ ONRSDQHNQ CH@LDSDQ

DMATQFG DS.@K RNLDVG@S RGNQSDQ BGDDS@G GTLDQTR EQNL

HR DUDM RSNBJHDQ SG@M SGD 4MSDQL@RREDKC ENRRHK LHMHL@K C

VHCSG HM KDMF 8J3J BAT U Bl the ratio of humerus length / femur length scatters at around 0.86
50M 5@KIJDMATQFG DS*@K %NQ SGD 4MSDQL@RREDKC BGDDS@G

from foreleg to hind leg.

The ulna IQW 2004/28674 (Mei. 2836) is a long and slender bone (Fig. 12g-I, 6 CDN G| ). The ratio for the

lengths of ulna and humerus of an extant ! «JUB AT U S skeleton is 1.22, and that of a Late Pliocene skeleton

from Les Etouaires 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—1%ables 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

@ BNQQDRONMCHMF RODBHLDM HR O@QS NE SGD OQDUHNTRKX LDMSHI

specimen (Fig. 13 LHFGS AD TRDETK ENQ ETQSGDQ VNQJ 3GD D@QKHDQ CDRE

(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 ! «JUBATUS 3GDMHTR %HBB@QDKKH 3GD ,B NI

SEIAN)

CEHEEITLOT

¥
Sl
¥

% HF Acinonyx pardinensis pleistocaenicus 9C @ MR JX AMSDQL@RRETL
a—f Left metacarpal 4 IQW2012/38493 (Mei. 35467), probably male,dorsal,
HMSDQM@K O@KL@Q DWSDQM@K OQNWHL@K CHRS@K
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Untermassfeld Untermassfeld Untermassfeld Untermassfeld

Mc2 dex. Mc3 sin. Mc3 dex. Mc3 sin.
IQW 2015/42082 IQW 1980/15656 IQW 2015/42081 IQW 2014/41900
(Mei. 47 391) (Mei. 15168) (Mei. 47 390) (Mei. 47 209)
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 125 15.0 14.1 c.13.5
Maximal distal TD 18.7 20.0 20.1
Maximal distal APD 17.4 19.3
Untermassfeld Untermassfeld Untermassfeld Untermassfeld
Mc3 dex. Mc4 sin. Mc4 sin. Mc4 dex.
IQW 2014/41900 IQW 2012/38493 IQW 2014/41900 IQW 2014/41900
(Mei. 47 209) (Mei. 35467) (Mei. 47 209) (Mei. 47 209)
Maximal length c.117.0 1194 c.111.0 c.103.0
Maximal proximal TD 155
Maximal proximal APD 18.9
Minimal diaphyseal TD c. 13.0 12.6 c. 115 c.11.0
Maximal distal TD 17.9
Maximal distal APD 18.9
Untermassfeld Untermassfeld Dmanisi Dmanisi
Mc5 sin. Mc5 sin. Mc2 sin. Mc3 sin.
IQW 2014/41 900 IQW 1980/16 555 D2002a D2002b
(Mei. 47 209) (Mei. 16076) (Hemmer et al. (Hemmer et al.
2011) 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 Dmanisi
Mc4 sin. Mc5 sin.
D2002c D2002d
(Hemmer et al. (Hemmer et al.
2011) 2011)
Maximal length 106.9 86.3
Maximal proximal TD 13.7 155
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 DAcinonyx pardinensis pleistocaenicus (Zdansky), metacarpal measurements (mm), Untermassfeld, Dmanisi cheetah metacarpals
@CCDC ENQ BNLO@QHRNM 3#*m SQ@MRUDQRD CH@LDSDQ /#*m @MSDQHNQ ONRSDQHNQ C

The Pleistocene of Untermassfeld — Part 5| 1495



A980).165 55
Litei. 16076)

% HF Acinonyx pardinensis pleistocaenicus 9C @ MR J X 4 M SaBfQeflonetREPHK E « m

EQNL HM RHST AKNBJ OQDO@Q@SHNM (06 gl [BfHmeta- OQNA@AKX EDL@KD +m
B@QO@K (06 ,DH O Q i AGNAKRX@ IK@KHPDWMID QM @ K UHDVR

c itO@KL@Q UHDVR d,j) DWSDQM@K UHDVR e,k OQNWHL@K UHDVR fil CHRS@K UHDVR *m 2BC(

% HF Acinonyx pardinensis pleistocaenicus 9C@ MRJX 4 M SEfQRight RrivtBtAY$aC 3 «|@W 2009/30526 (Mei. 29688),
OQNA@AKX EDLIE@KIDShDS@S@QR @K (06 ,DH m-r RighD Qdibra@ahKIRQW. 2000/BG2h
,DH OQNA@AKsx ETHRA@ISDLDS @ S@ QR @ K (06 ,DH a, g mG3QCIM@AR KX UBBDRe m
blRhnmtDWSDQM®@iKo,WHDK&MS @Q pJHBIWIFESE D QM@K quiH DVORNWHL @ K ’IXHONRS @K UHDVR m 2B@KD



Mt2 dex. Mt2 dex. Mt3 dex. Mt3 dex.
IQW 1980/15797 IQW 2017/44982 IQW 1980/15796 IQW 2009/30526
(Mei. 15308) (Mei. 50291) (Mei. 15307) (Mei. 29688)
Maximal length 133.5 132.1 1435
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. Mt4 dex. Mt4 dex. Mt4 dex.
IQW 2016/43818 IQW 1980/15655 IQW 2009/30527 IQW 2017/45020
(Mei. 49127) (Mei. 15167) (Mei. 29689) (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 215 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 KD Acinonyx pardinensis pleistocaenicus 9C @ MR JX LDS@S@QR@K LD@RTQDLDMSR LL

/#+m @MSDQHNQ ONRSDQHNQ CH@LDSDQ

AKNBJ OQDO@Q@SHNM (06

,DH

4MSDQL@R

RKHFGSKX RGNQSDQ @MC

OMC EQNL 4MSDQL@RBRREM®E [ )Fg.iddicative 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. 4209) 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@UuD ADDM @ RDUDQD G@MCHB@O 3GD HMITQHDR RTRS@HMDC AX S
been due to a single accident, e.g., an encounter with a porcupine, assuming that the metacarpals and
LDS@S@QR@KR HM PTDRSHNM ADKNMF SN SGD R@LD HMCHUHCT@ K
Skeletal elements representing the hind leg are rarer in the newly excavated material from Untermassfeld than

SGNRD NE SGD ENQDKDF
VDQD ENTMC 3GD B@QKB@MDTR (06

6CDNG|

,DH

maximal length 1055, maximal transverse diameter 40, maximal anterior-posterior diameter 42.0.
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OG@K@MW ( (06 ,DH G@R SGD ENKKNVHMF LD@RTQDLD|
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-
SDQHNQ CH@LDSDQ 3GD CHRBNUDQX NE SGD OG@QK@MFDR (( @MC
in the position of claw retraction supports the presumption (Hemmer 2001) that the clawsof | «+PARDINENSIS
were still retractile in adults, contraryto ! «JUBATUS.

2.2.4. Discussion
The newly discovered Acinonyx QDL@HMR EQNL 4MSDQL@RREDKC BNMOQL SGD LNQ
the previously published material from this locality (Hemmer 2001). With the mandible as the only directly
BNLO@Q@AKD RIDKDS@K DKDLDMS SGD OMCR BNQQDRONMC SN SGD
BGDDS@GR O QFRSndlldR Bl€idtbAzRiGcu® RC @ MR J X "NMRDPTDMSKX SGDQLCL
classifying both the Epivillafranchian European and the Late Villafranchian East Asian palaeopopulations
VHSGHM SGD R@LD S@WNM Q@MJDC HM SGD OQRS CDRBQMH@SHNM NE
dinensis, i.e.,A pardinensis pleistocaenicus, and differed from the nominate form Apardinensis pardinen-
sis (Hemmer 2001).
A set of easily recognisable features allow both of the aforementioned taxa to be distinguished. « P AR D | N-
ensis pleistocaenicus is characterised by the conspicuous stairs-like metaconid-talonid complex of the M
the steep symphysis and the anterior mental foramen, which is noticeably larger than the posteridihis
S@WNM V@R RTARDPTDMSKX TOFQ@CDC SN S\aparBhdiaeR SQp@istotaéiM C RGHE
cus OHT DS.@K
The widely accepted revision of the systematics and taxonomy of the extant cat species (e.g., Chimento
DS @K &DQ@@CR ATS RDD *HSBGDMDQ DS @K A@RDC 1
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-
BDMD $WSDMCHMF SGHR BNMBKTRHUD BNMBDOS SN ENRRHK RODBHDR
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 Ma (Qiu
2006). This time span is immediately followed by the appearance of corresponding cheetahs in Europe,
VHSG SGD OQRS JMNVM QDOQDRDMS@SHUD EQNL ,NMSD QFDMS@QHN
over Eurasia seems to indicate a new advance into, until that time, an apparently Acinonyx-free Europe.
The nominate taxon of A pardinensis HR ADRS QDOQDRDMSDC HM 2@HMS 5@KKHDQ 5
IoMS@KK@ "GDQHM DS-@K BNUDQHMF SGD SHLD RO@M EQNL @O
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
ENQL @MC BNTKC G@UD ADDM NMD NE SGDHQ XNTMFDRS QDOQDRDMS @
of half a million years there was a geographical, allopatric coexistence of the western nominate and eastern
Chinese forms of cheetah.

BNLO@Q@AKD ODQHNC NE SHLD ENQ SGD CDUDKNOLDMS NE OGXKNF
extant large cat species as indicated by molecular studies. For example, it was estimated that modean-
theraonca LS#- KHMD@FDR @QNRD m , @ @ F NPafitheYaHharttus [iDedge® K
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were estimated to have diverged about 0.4™a, when 2.00 Ma is used as a calibration point between
KHNMR @MC KDNO@QCR 40GXQJHM@ DS+@K Acinonyx &lol@ion@dpat#e® SHNM N
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-
ODC SN @S KD@RS @QNTMC NMD LHKKHNM XD@QR CDCTBDC EQNL C@ ¢
@OOKHB@SHNM NE SGHR SHLD BNMBDOS ENQ BGDDS@G DUNKTSHNM @
PTDRSHNM VHSGHM NMD @MC SGD R@LD RODBHDR ! *PARDINENSIS.
The complete set of characteristic features that marks the mandible of pardinensis pleistocaenicus so well
HR NAUHNTRKX K@BJHMF HM LNRS NE SGD "GHMDRD BGDDS@G OMCR H
OMCR EQNL SGD 3TNYH B@UD )H@MFRT $@RS "GHM@ NE B , @ -@N
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 inlater ! *PARDINENSIS
OHT DS-@K OKR AcinonyX Brig8sIrbm $he¢ Nongdan 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
HM PTDRSHNM RDDL SN AD TMJMNVM (M $TQNOD @ B ,@ NKC L@MC
a precursor stage of the later Chinese ! * PARDINENSIS PLEISTOCAENICUS +NVDQ 1@\
/IHMINQ YNMD NE SGD 2HV@KHJ 2DQHDR @KRN RGNV RNLD NE SGD "GH
morphognostic features, but do not present all of them. Thus, the evolutionary time model for subspecies
level acceptance seems to be applicable to the Eurasian Early Pleistocene Acinonyx "NMRDPTDMSKX S
SDQL@RREDKC BGDDS @GpaidheRss plkistoeEn@uR Brid €epatate@ Rom A. pardinensis
pardinensis.! *« PARDINENSIS BRACHYGNATHUS (Lydekker, 1884) could be accepted as a third
Pleistocene subspecies from South Asia.
From the onset of the Middle up to the Late Villafranchian, Europe and western Asia seem to have been
ONOTK@SDC AX K@QFD RHYD €P B B D OEEANBREBHi@RRikbE Dvest@rRsubspe-
cies then disappeared before Europe was repopulated from East Asia by the gigantic A. pardinensis pleis-
tocaenicus. It now appears acceptable to postulate the existence in the Pliocene of a separate Acinonyx
ancestor species, the Acinonyx stem group (Spassov 2011), which gaveriseto ! «PARDINEN SIS. Such a co
RHCDQ@SHNM BNTKC QDOK@BD SGD L@BQNRODBHDR BNMBDOS VGHBG
For this Pliocene ancestor, by priority the name ! *ARVERNE N S| Sis available. Three taxonomic subdivisions n
be established, namelyA. arvernensis arvernensis (Croizet et Jobert, 1828) in Europe, ARV ERaitBaN S| S
Geraads, 1997 in North Africa, and ! * ARV E RiXigeNs$sl ®iu, 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 rootsof ! «JUBATUS
@QD HMRTEOBHDMSKX CNBTLDMSDC @MC RN VGDSGP@RIENHNSSTONE E
offshoot of the latter remains unanswered.
To get a good idea of the linear size of the ! *PARDINENSIS PLEISTOCAENICUS giant cheetahs,
dibular length calculated from 10 modern African ! <« JUB AT U Bil)2Bak been taken as a standard
6@XMD DS.@K 3GD OQRS CDRBQHADC 4MSDQL@RREDKC HMCHUHC
larger. A modern, clearly larger than average-sized and thus presumably male (means by Van Valkenburgh
DS.-@K RIJDKDSNM 2BG@TA G@R ADDM TRDR jghtub&&tHd @ SD SG
Untermassfeld cheetahs using the postcranial skeleton. The following ratios result from the Untermassfeld /
I « JUBATUS ANMD KDMFSGR GTWFpyQZarf, ROMDNKRD B3 AN WMna (see section 2.2.3.,
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Fig. 12g-1, 6CDNG| ) 1.28, femur (Hemmer 200%f.J1642, tibia (Hemmer I.c.) 1.41, presumably male

Mt3 (see section 2.2.3.,Fig. 15g-I, 6CDN G| and below) 1.39 and smaller, presumably female Mt3 (see
section 2.2.3.,Fig. 15a—-f, 6CDN G| ) 1.32. As deduced from the ratio of the latter specimen, the available

ulna IQW 2004/28674 (Mei. 27 836) (Fig. 12g-1) 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 pardinensis pleistocaenicus.

3GD OQDQDPTHRHSD ENQ SGD GD@C @MC ANCX KDMFSG DWSQ@ONK®@ S
ing of the spinal column sections corresponding to those in Ajubatus. 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 Etouaires 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 pareinensis pleistocaenicus. Us-

ing the same process of extrapolation from modern ! «JU B AT U S long bones with a modern meamof c. 78
(calculation based on Marker and Dickman I.c.), an estimation of the shoulder height of the Untermassfeld

cheetah results in around 11@m. 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 306nm. A tiger, which has a smaller head, still has a condylobasal
KDMFSG NE @QNTMC LL A@RDC NM DPT@SHNMR B@KBTK@SDC AX 'D
ing lengths of the two described Untermassfeld cheetah skulls only measure around c. 208 and c. 2.

Thus, both fossil individuals show the typical Acinonyx features.

IGXRHNKNFHB@KKX SGD LNRS LD@MHMFETK DWOQDRRHNM NE ANCX R
massfeld cats (Hemmer 2001), the Mlength was used as a mass predictor (Van Valkenburgh 1990) as the

results were comparable to those obtained from extant Ajubatus 'DLLDQ K B "GDQHM DS.@K
later publication, this measurement was still used as the only predictor for estimating the body mass of fossil
BGDDS@GR EQNL U@QHNTR NSGDQ RHSDR "GDQHM DS.@K 6GDM
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

NE SGD GTLDQTR EDLTQ @MC LDS@B@QO@KR VHSG SGD QDRODBSHU
'DLLDQ DS.@K SN CDSDQLHMD SGD ANCX RHYD NE SGD 4MSDQL@R
3GD LDS@B@QO@KR NE SGD O@QSH@K RJDKDSNM (06 ,DH

Mc3 sin. 110kg, Mc4 sin. 107 kg, Mc5 sin. 79kg, Mc3 dex. 101kg, Mc4 dex. 96 kg, Mc5 dex. 9Rg. 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
Acinonyx 'DLLDQ DS.@K 3GD QDL@HMHMF SGQDD U@KTDR QDRTKS |
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. 4209) thus leads to a value of c.

110kg.

Larger metacarpals (see section 2.2,26 CD N G| ) resulted in values of 162kg (Mc2), 137 kg and 120kg (Mc3)
@MC JF ,B JF AQRDC NM @ K@QQFD ,B G@R ADDM CHRBNTMSDC 3
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are completed by 144kg based on the femur (Hemmer 2001, Tal®a) in addition to 158 and 156 kg based

on two humeri (6 C D N GThe.resulting raw mean of 144kg can be rounded down to 14(g. In this way,

values of 110kg for the smaller and 140Kkg for the larger cheetahs of Untermassfeld are obtaineHarlier

DRSHL@SHNMR A@RDC NM SGD LNK@Q KDMFSG OQDCHBSHNM 'DLLDQ

The range of reconstructed body weights from 110kg to 140kg corresponds to the expectation for females

@MC L@KDR NE SGD 4MSDQL@RREDKC O@QK@DNONOTK@SHNM 3GD DP’

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 12Rg. Body mass dimorphism in the large reference series of Namibian

BGDDS@GR ,@QJDQ @MC #HBJL@M K B HR !/@RDC NM @ ANCX L

would give a mean mass of around 114 kg 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
$WSDQM@K LNQOGNLDSQHB C@S@ EQNL SGD -@LHAH@M QDEDQ

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 |.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. £D9) 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 1&2H

S3GHR U@KTD HR RHFMHOB@MSKX KDRR SG@M SGD L@RR NE @ KHNM V

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 (170-250 cm) with body masses of 150-225kg (Haas

DS @K 3G D BN IPa@nthepaHd® Népicit H S® A R D IgleBtNcaédcus as a slender, light-

VDHFGS B@S ITRS KHJD SNC@XIR BGDDS@G

Modern-day ! « JUBATU S is an extraordinarily specialised cat. Cheetahs are famous sprinters, facilitated by

@ KHFGS ATHKC VHSG KNMF KHLAR @MC @ KNMF xDWHAKD UDQSDAQG®

JHKKHMF SDBGMHPTD NE RTEENB@SHNM AX GNKCHMF SGD SGQN@S HR

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

OQDLNK@QR VGHBG RTOOKX @ RSD@CX QNV NE RG@QO FQ@ROHMF ON

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

UDQSDAQ@K BNKTLM @MC KNMF KDFR ENQ GHFG RODDC QTFR-MRIMF "N

dinensis pleistocaenicus V@R ODQEDBSKX @C@OSDC ENQ GTMEHMIBARUY FeSGD

@ GHFG RODDC BG@RD ENKKNVDC AX RTEENB@SHNM JHKKHMFem SGNT

@MC L@MNDTUQ@AHKHSX @R RTOONQSDC AX @CCHSHNM@K OMD ROD

DUNKUDC ADENQD SGD +@SD /KDHRSNBDMD .ilDF@M &QNG° DS.@K

@AHKHSX MNQ HSR JHKKHMF DPTHOLDMS G@C @MXSGHMF HM BNLLNM

@R D@QKHDQ RSTCHDR G@UD SQHDC SN BNMUDX "GDQHM DS @K

BGDDS@G B@MMNS G@UD ADDM SGD R@LD @R SG@S NE HSR RL@KK "I

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@JDM AX SGD NOONQSTMHRSHB GTMSDQ 'DLLDQ @ "@KBTK®@ S
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
RHYD BK@RR H D JF RGNTKC @KRN AD S@JDM HMSN BNMRHCDQ@S
as it may, it is the very abundant cervid Pseudodama vallonnetensis in the Untermassfeld fauna that best
L@SBGDR SGD OQDCHBSDC RHYD Q@MFD RDD RDBSHNM 3GHR ROI
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

'1QDC@ DS-@K 'NQRDR GNVDUDQ VNTKC G@UD @KRN ADDM O
more open hunting ground. Such a habitat preference is indicated, alongside the functional morphology of
SGD EDKHC RODBHDR HSRDKE AX SGD xNNC UTKMDQ@AHKHSX Q@SHN
@MC RTOONQSR SGD HCD@ VGDM BNLO@QDC SN SGD I@FT@Q Q@SHN
valley was not a substantial part of the Untermassfeld giant cheetah’s home range. The previously published
data of the presumed prey spectrum of Apardinensis pleistocaenicus is therefore still valid (Hemmer 2001,
Fig. 11).
/IQDCHBSHNMR QDF@QCHMF SGD C@HKX LD@S BNMRTLOSHNM 'DLLDQ
indicate an amount of 5kg for females and 5.5g for males. A model calculation done for a probable male
cheetah (A. pardinensis pardinensis) of about 100kg body mass from the c. IMa 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 %2 tons of other leftovers, such
@R ANMDR GHCD @MC HMSDRSHMDR 'DLLDQ DS.@K BNLO@Q@A
termassfeld guild of competing carnivores. Like extant ! «JU B AT U S, the Epivillafranchian cheetah would have
ADDM @ ONSDMSH@K GNRS ENQ JKDOSNO@Q@RHSHRL AX RODBHDR SG
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 ssmov.

2.3.1. Introduction

$TQ@RH@M OTL@ OMCR EQNL /KHNBDMD ,NMFNKH@ VDQD OTAKHRGDC

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

research started only 25 years latemtroductory 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

OMCR VDQD RTARDPTDMSKX CDSDBSDC GHCCDM @LNMFRS SDDSG EQNL
had been formerly attributed to Lynx./ TL@ QDL@HMR VDQD @KRN HCDMSHODC GHCCL
assigned to Panthera pardus @S /KHNBDMD RHSDR HM $@RS @MC 2NTSG EQHB@

SHLD SGD BKNRD @QEOMHSHDR @S SGD RODBHDR KDUDK ADSVDDM SG
VDQD BNMOQLDC @R VDKK @R SGD @ RR HFuha @igasit ROB4)S A R@®IDoaN R R HKR

Puma BNMOQL@SHNM V@R OQDRDMSDC A@RDC NM (ADQH@M L@SDQH®@K

Valverde and from the Epivillafranchian of Cueva Victoria and Vallparadis. This material was also compared
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with Panthera pardus and Panthera uncia. It was noted that the 0 « PARD O ID E S dental remains from Cueva
Victoria and Vallparadis more closely resemble extant pumas than those from Saint-Vallier and La Puebla de
5@KUDQCD ,@CTQDKK  @K@ODHQ@ DS.@K 3GD QDRDQU@SHNM S
cats to the genusPuma G@C MDUDQ ADDM RTOONQSDC AX SGD HCDMSHOB®@SHN
S@MS OTL@ "GDQHM DS.@K @ HR MNV CHRODKKDC VHSG SGD OQD
AMSDQL@RREDKC 3GHR OMC HMBKTCDR SGD RXM@ONLNQOGHB @MSDC
FDMDQHB OTL @ @PRRMH@SBEHN MR @ B SPu@akhyes @i BwhOPDIGa fV/ivetagu-
rus)pardoides 20 @RRNU "GHLDMSN DS-@K DR HP@ONCBIG DIMAINLHM @ S
Puma subgenera have been established based on advancements made in felid taxonomy over the last two
CDB@CDR "GHLDMSN DS.@K K B &DMDSHB @RRDRRLDMS NE SGD DWSE
evolutionary clades in total, which presumably radiated in the Late Miocene. Species within such a clade,
BNMRHCDQDC SN G@UD CHUDQFDC CTQHMF SGD /KHNBDMD NQ /KDHRSN
3GTR SGD RL@KK LDQHB@M I@FT@QTMCH V@ RHerpQiltr&sHBAi@ KIKaXlyBK @ RR
relatedto 0 *CONCOL OR, itwas then attributed to the genus yagoaassundr )NGMRNM DS+ @ 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
RGNVM ENQ SGD 2NTSG LDQHB@M B@SR "GHLDMSN DS*@K K B

R @ BNMRDPTDMBD SGD I@FT@QTMCH \Wa-RHétri@rvgaybuaro8raifiCR-T AFD M D C
LDMSN DS.@K 3GD D@QKHDRS 2NTSG LDQHB@ MPCH)pumoE€ENL SGD +
(Castellanos, 1958), displays great similarities with the latter species, but was much larger, like a small
0 «CONCOLOR 3GD I@QFT@QTMCH KHIJD BG@Q@BSDQR NB SGO RCEDLIHC
and Acinonyx jubatus. Therefore, 0 « PUM 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

@MC "DMSQ@K LDQHB@M BGDDS@G KHJD OTL@R "GHLDMSN DS.@K K
SN OTL@R 2@U@FD *TQS°M SGDM VHSG B&Dd@@bdgenksM SGD Q
Miracinonyx C@LR %NKKNVHMF SGHR SGDX VDQD Q@HRDC SN SGD Q
1990) and were later proved, using mitochondrial ancient DNA, to have diverged from the puma, but not

SGD BGDDbS@G '@QMDSS DS @K "NMRDPTDMSKX SGDX VDQD BK
belonging taxonomically to the genus Puma and given the rank of a further subgenus, fMiracinonyx)

"GHLDMSN DS-@K
The extant puma (subgenus Puma) is a large, slender cat characterised by very long hind legs and feet, a

KNMF S@HK @MC @ QDK@SHUDKX RL@KK GD@C Sl&mailddsHigKasmat @ ITLO
B@S VHSG RNLD LTRSDKHC SXOD OGXRHPTD @M DKNMF@SDC GD@C VC
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.
3GD DMNQLNTR @M@SNLHB@K CHUDQRHSX ADSVDDM SGD SGQDD LDQ
OGXRHPTD NE SGD /KHN /KDHRSNBDMD .KC 6NQKC OTL@R VGDQD SGD C
gence from the cheetah line may be presumed, and which may represent the origin of puma evolution better
than any New World speciesThe build of the subgenus Viretailurus was, as yet, unknowrhis gap is now

BKNRDC AX OMCR NE MD@QKX @KK CH@FMNRSHB@KKX HLONQS@MS DK
SGD 4MSDQL@RREDKC @MC ODKC RD@RNMR RDD RDBSHNM

BNTKC @KRN AD @RRHFMDC SN SGHR HMCHUHCT@K ENQ DWB@U@S

The Pleistocene of Untermassfeld — Part 5| 1503



2.3.2. Material

Maxillare sin. fragment with P 1QW 2018/45336 (Mei. 50645) and associated C sup. IQW 2017/4512
(Mei. 50321),

C sup. dex. fragment IQW 2016/43814 (Mei. 49123),

1> dex. IQW 2018/45414 (Mei. 50723),

P*sin. distal fragment IQW 2008/29823 (Mei. 28 985),
Mandibula sin. with B-M1 IQW 2018/45413 (Mei. 50722),
M: dex. fragment IQW 1989/23 140 (Mei. 22 659),

Vertebra thoracica Il IQW 2017/45024 (Mei. 50333),
Vertebra thoracica VI IQW 2017/45 329 (Mei. 50638),
Vertebra thoracica IX IQW 2017/45023 (Mei. 50332),
Vertebra thoracica XII IQW 2017/44984 (Mei. 50293),
Sacrum IQW 2016/43797 (Mei. 49 106),

Scapula dex. IQW 1995/25289 (Mei. 24 818),

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 | dig. 3 dex. man. IQW 2016/43812 (Mei. 49121),
Phalanx Il dig. 1 dex. man. IQW 2016/43810 (Mei. 49119),
Phalanx Il dig. 3 sin. man. IQW 2016/43805 (Mei. 49114),
Pelvis dex. IQW 1995/24 934 (Mei. 24 463),

Femur sin. IQW 2016/43 795 (Mei. 49104),

Femur dex. IQW 2016/43 796 (Mei. 49105),

Patella dex. IQW 2018/45335 (Mei. 50644),

Tibia sin. IQW 2016/43 794 (Mei. 49103),

Fibula sin. proximal fragment, IQW 2016/43887 (Mei. 49196),
Fibula sin. distal fragment, IQW 2016/43888 (Mei. 49197),
Astragalus sin. IQW 1993/24 322 (Mei. 23851),

Naviculare (Tc) sin. IQW 2007/29104 (Mei. 28 266),
Phalanx | IQW 2018/45411 (Mei. 50720),

Phalanx | IQW 2009/30464 (Mei. 29 626).

AllPuma QDL@HMR DWB@U@SDC CTQHMF SGD @MC ODKC RD@RNM
VDQD KNB@SDC HM SGD OUD HLLDCH@SDKX @QCI@BDMS FQHC RPT@QDF
DS@K DKDLDMSR VDQD CHRSQHATSDC NUDQ @ CDOSG HMSDQU@K Q@M
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
@M DQNRHNM BG@MMDK HLLDCH@SDKX ENKKNVHMF SGD GHFGDRS ONF

*@GKJD DS @K CCHSHNM@K OTL@ QDL@HMR SG@S VDQD RONOQ(
B@S@KNFTDC m RDD @ANUD @KRN B@LD EQNL SGHR BG@MMDK
L TORSQD@L HM SGD BNMMDBSDC FQHC RPT@QDR 0 @MC S

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
KDMFSG VHCSG LD@QRTQDIKDWFBEHM LLVHEMG @ / OS HMSN

lary fragment (Fig. 16a-d 3GHR HR SGD OQRS JMNVM BNLOKDSD TOODQ B@MHML

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 Pair6 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 Pconcolor. Longitudinal grooves are well marked. The extant puma demon-

RSQ@SDR @ VHCD U@Q@QH@AHKHSX HM SGHR BG@Q@BSDQ HM RNLD B@

NMKX VD@JKX CDUDKNODC 'DLLDQ 3GD 4AMSDQL@RREDKEG B@MHM|
partin 0 * CONCOLOR. Its length is 3.0 s (standard deviation) lessthana 0 * CONCOL OR mean (Van \
DS-@K S@A (SR QHFGS BNTMSDQO@QS HR HMBNLOKDSBKX OQDKF

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 CD N G | 3GHR KNVDQ @V QDRDLAKDR L@MCHAKDR

mas of the onza morph (see Greenwell 1986) on the one hand and Middle Villafranchian 0 «P ARD O ID E S from

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

SGD B@MHMD QNNS HR DWONRDC HMCHB@SHMF @ RSDDO EQNMS OQNC

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

belowthePs 3GHR BNMOFTQ@SHNM OK@BDR SGD 4MSDQL@R®REDKNXCOTLIO®, N

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

There is a very small, Roncolor-like third mental foramen in the Saint-Vallier (Viret 1954, pll0) and the

"TDU@ 5HBSNQH@ ,@CTQDKK < @ARIDM®D B D &mandibl€s, Kvhereas 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 *CONC O L O R in contrast to Panthera pardt
'DLLDQ @ OF 3GHR BG@Q@BSDQ HR @&RNARNDDMIE!S Masd®Darbr@-Q K

ment from Untermassfeld (Hemmer 2001, 72%f ., 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 I.c.) and also found in 0 «C O N C O L O R. The ventral margin of the masseteric fossa forms

BHQBTK@Q @QB HM HSR QD@Q RDBSNQ VGHBG HR SXOHB@K ENQ OTL@

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

The lower dentition (6 CD 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 *CONCOLOR (Val

5@KJDMATQFG DS«@K 3@AKD- 3GD OQDLNK@ QR P@QIDhd D QX VNQN

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 Phe molar is

less worn, mainly at the tip of the paraconid. The wear facets of the Mare puma-like, parallel to the cutting
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us012 } =

(Mei. 5032

g
T
»“6

% HF Puma pardoides brevipes ssp.
nov., 4MSDQL@ R&H Dé&tCup- m
per canine IQW 2017/4312 (Mei.
50321), isolated and combined with
maxillafragment and left P> IQW 2018/

,DH e—qgiLeft man-
dible with P-M; IQW 2018/45413
,DH amf ATBB@K UHDVR

b,d,g KHMFT@KNBBKXVR @K UHDV em
2B@KD LL

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, 7#9). This
feature is less marked in the Saint-Vallier and Kvabebi pumas, where the heel cingulum, especially of the P

1506 H. Hemmer - R.-D. Kahlke - New results on felids from the Early Pleistocene site of Untermassfeld



IQW 2018/45413 IQW 1983/18 556

(Mei. 50722) (Mei. 18376)

Mandible height 54.5

Processus angularis-Coronion

Depth behind M; 25.0 26.0

Depth in front of P 24.6

Thickness below P/M 4 12.9

Alveolar length B-M, 43.1

Diastema length 10.0

P; length 11.8
maximal width 5.9
anterior width 4.7
protoconid length 6.0
protoconid height

P, length 15.6 155
maximal width 7.6 7.7
anterior width 6.4 6.4
protoconid length 8.0 7.8
protoconid height

M, 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 DPuma pardoides brevipes ssp. ngumeasurements (mm) of the holotype left hemimandible, compared to an earlier described
mandibular fragment (Hemmer 2001), Untermassfeld.

looks as if it has been folded. The Mof 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
@UDQ@FD NMKX KNMFDQ SG@M SGNRD ENTMC HM SGD QDRODBSHUD
BNLO@QHRNM :(06 J < ATS @QD FOQOD@SDQ HM GDHFGS
these vertebrae in the Untermassfeld 0 «P AR D O | D E S are relatively short and stocky. In contrast, the proportions
of the twelfth thoracic of the latter are nearly the same as inP concolor (Fig. 17a—-t, 6CDN G| ). A short

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

0  INEXPECTATUS and the Late Pleistocene 0 « TRUM AN | when comparedto 0 cCONCOLOR
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 Xll of 0 «PARD OID E S, in contrast to thoracic vertebrae lll,
VI and IX, is also suggestive of longer lumbars.

The sacrum of the Untermassfeld puma skeleton (Fig. 177u—-y6 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
UDQSDAQ@ HR LTBG LNQD QNATRS VGDQD@R HSR BQ@MH@K @QSHB
as that found in the small extant puma used for comparison. The third sacral vertebra is only moderately
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P;length  P3zwidth P 4length P ,width M ;length M ; width

Early Pleistocene, Epivillafranchian

4AMSDQL@RREDKC 'DLLDQ @MC MDV OMCR
IQW 2018/45413 11.8 5.9 15.6 7.6 16.6 8.2
(Mei. 50722)
IQW 1983/18556 155 7.7 16.9 7.9
(Mei. 18376)

Cueva Victoria and Vallparadis (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@HMS 5@KKHDQ 5HQDS LD@QRTQDLDMSR "'

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. 13.2 7.3 c. 16.5 8.6 c. 18.6 9.0

(cast NMB St.V.772)

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
Aa0-2027 16.6 7.3
Aa0-2548 16.0 7.4
Aa0-2550 16.2 8.1
Aa0-3457 12.5 6.0 15.9 7.5 17.1 7.5
*U@ADAH 5DJT@ DS @K LD@QRTQDLDMSR "'
K 3035 dex. 16.1 8.1 17.8 7.8
K 3035 sin. 16.7 8.1

3@ A K DEomparative 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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T
IQW 2017/45 024
(Mei. 50333)

T VI

IQW 2017/45329

(Mei. 50638)

TIX

IQW 2017/45023

(Mei. 50332)

T XII
IQW 2017/44 984
(Mei. 50293)

<

<

<

Centrum length : <

Facies terminalis
cranialis width

< : <

Facies terminalis B : < B : < : < : <
cranialis height

Facies terminalis : < - < B : < B : <
caudalis width

Facies terminalis : < B : < : < B <
caudalis height

Maximal height - < - < - < : <

Neural canal ‘B < c.12.0-13.0
cranial width :
Neural canal : < - < : < : <
cranial height

Neural canal - B m < — B m < ¢.12.0-13.0 c.12.0-13.0
caudal width 'B m < ‘B <
Neural canal - :B < - B < : < : <
caudal height

3@ A K DPuma pardoides brevipes ssp. ngumeasurements (mm) of thoracic vertebrae of the Untermassfeld puma skeleton, compared
‘HM AQ@BJDSR< VHSG @ UDQX RL@KK DWS@MS Puma concolor IQW 2012/39542 (k.A. 36516).

QDCTBDC VHSG QDF@QC SN SG@S NE SGD OQRS 3GHR HR HM BNMSQ¢
Rawn-Schatzinger 1992) and indicates the existence of a tail at least as long as that foundin 0 «CONCOLOR
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 I.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
CDONRHSDC NM xNNCDC RTQE@BDR NTSRHCD NE SGD BG@MMDK *@GK.
K@X HM FQHC RPT@QD 0 L @ANUD RHSD KDUDK *@GKJD HM SG|
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 thanthe 0 cCONCOLOR
LD@M U@KTD 5@M 5@KIJDMATQFG DS.@K S@A ATS MDUDQSGDKI
species. The shape of the distal part of the humerus is fully comparable with that of the earlier described
RODBHLDM (06 ,DH ATS SGD MDV ENRRHK HR @ANTS
conspicuous morphological similarity with the Pliocene South American(Blerpailurus) pumoides distal hu-

merus, but not with thatof 0 «CONCOLOR "GHLDMSN DS-.@K %HF .M SGD NS
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 ARDO
RODBHLDMR AX KNNJHMF RNLDVG@S KDRR BNLOQDRRDC @MSDQN ONR
SQ@MRUDQRD CH®LMARDP +DE SOH&AMON GHOL OR,0.68in 0 s PUMOIDER "GHLDMS
The size of the Untermassfeld humeri is close to that of the Middle Villafranchian specimen from La Puebla
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% HF Puma pardoides brevipessp. nov,
4MSDQL @ RFHEIDKCC ventebra Il IQW

,DH f-o Mhoracic ver
SDAQ@ 5( (06 ,DH em
k—o Thoracic vertebra IX IQW 2017/4823
,DH p=tThoracis vertebra XII IQW
,DH U+ Sacrum
(06 ,DH a,fnk, p,

u @MSDQHIN®@ IWHWDKRBRES K@SDQ@K UHD
c,h,m,r,w ONRSDQHdM QnsHRIMR

R@K WHpPp&/Ry UDMSQ@K UHDVR *m 2B
30mm.

S 1-S 3 centrum

IQW 2016/43797
(Mei. 49106)

Maximal length -]
Total centrum length : <
Width across P! transverse process <
15t centrum Facies terminalis cranialis width 'B <
15t centrum Facies terminalis cranialis height <
3 centrum Facies terminalis caudalis width <
3 centrum Facies terminalis caudalis height <
Neural canal cranial width <

. . AKD . . .
Neural canal cranial height 3@ Puma pardoides brevipes ssp. ngv

measurements (mm) of the sacrum of the
Neural canal caudal width : < 4MSDQL@RREDKC OTL@ RJDKDSNM B
brackets] with a very small extant Puma con-

Neural canal caudal height - < color IQW 2012/39542 (k. A. 36516).
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Epivillafranchian

Untermassfeld

Untermassfeld

P. pardoides brevipes ssp. nov. IQW 2016/43792 IQW 1996/25710
(Mei. 49101) (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 La Puebla de Valverde Saint-Vallier Saint-Vallier
P. pardoides pardoides IPS 27272 SV.916.490 MHNL 161.830 (QSV 120)
(Madurell-Malapeira (Argant 2004)** (Argant 2004)**
et al. 2010)
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 24.8 311 34.3

3@ AKDJPuma pardoides .VDM
QNMDNTRKX FHUDM @R

GTLDQTR LD@RTQDLDMSR

HM 'DLLDQ

LL 3# m SQ@MRUDQRD

CH@LDSDQ /¢

‘m $QQNMDNTRKX KHRSDC @ R Acinonyx pardinensis H

IQW 2017/45013 IQW 1995/25335
Ulna (Mei. 50322) (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 IQW 2017/45022
(Mei. 49126) (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 KD Puma pardoides brevipes RRO MNU

anterior-posterior diameter.

TKM@ @MC Q@CHTR LD@RTQDLDMSR

LL
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% HF Puma pardoides brevipesssp. nov, Unter-
L @ RR E DaiC Rigmt humerus IQW 2016/43792

,DH g+h Right ulna IQW 2017/45013
,DH m+n Left radius IQW 2016/43817
,DH asgnm @ M S D QHINIQ plektddnaR

UHD&Ro ONRSDQHNQRNUHDYRQM& K UHDVR
k,qg OQNWHL@KrUHDR'\R@K UHDVR *m 2B@KD

CD 5 @KUDQCD @ANTS m RL@KKDQ ATS SGDX @QD RTARS@MSH@K
(6CDNG| VGHBG RTQO@RR SGD K@SSDQ AX @QNTMC m

The shape of the right ulna (Fig. 18g-1,6 CD N G| ) best corresponds to the ulnaof 0 «CONC OL OR, when cc
O@QDC SN NSGDQ LDQHB@M /KHNBDMD @MC /KDHRSNBDMD OTL@ RO
O@QS 5@M 5@KIJDMATQFG DS-@K %HF CHRS@K O@QS 3GD MD
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 (6CDN G| ). Itis 1.2 s shorterthanthe 0 *«CONCOLOR LD@M U@KTD 5@!!
1990, tab 3), therefore falling within the variability of the latter species. Its proximal articular surface shows

particular similarity to thatof 0 *PUMOIDES "GHLDMSN DSe@K %HF 3GD GTI
(maximal length)/humerus (physiological length = length from caput) x 100] of the right humerus is 86.9,

which is smaller than one of the published means of 0 « CON C O L OR (89.5), but still falls within its extremely
large standard deviation (Gonyea 1976). It is larger, however, than another published 0 * CONCOL OR mean
(84.7, calculated from tables 6 and 7 by Spoor 1985), demonstrating the large variability in Borcolor.

The 0 «PARDOIDE S index is considerably smaller than the humeroradial index of 0 «INEXPECTATUS

AX 5@M 5@KIJDMATQFG DS-@K @MC E@KKR VHaBerdpabddsSaBdSGD NUI
Pantheraonca (S HR RHFMHOB@MSKX RL @ KK PDapthea i@Mn@Ramth€DuR@ BB HU D H N
it tends to be larger than the index of Neofelis nebulosa & NM XD @ 20NNQ

The carpals are represented by a pisiforme, a scapholunare and a trapezoid (Fig. 19a—f"). The pisiform

bone is longer (20.5mm) thanin 0 *CONCOLOR C@S@ AX ,NQ@KDR ,DI"@ DS.@K

0 INEXPECTATUSC @ STAQRUMANDGM 5@KIDMATQFG DS-@K VGDM BNLC
width (23+ mm). The scapholunare itself seems to be most like its counterpart from 0 « INEXPECTATUS (V
ValkenburghDS*@K K B  %HF ).

-;-'-’_f’ ¥ % b
bi

% HF Puma pardoides brevipes RRO MNU 4MSBWI+@ RBEB@OGNKTM@ QD (06 c—d’ Left Disi- °m
ENQLD (06 ,DH efi +bDrES SQ@ODYNHC (06 g-i' Lékrhetacarpal 4nQW 2016/43807

,DH j+¥m+DES LDS@B@QO@K (06 m-o IIHFGS LDS@B@QO@K (06 p-r ,DH
IG@K@MFD ( RHM L@M (06 s-u /G @KI@MFD fm CDW L@M (06 v—x‘ Phal; DH em
@MFD ((( CDW L@M (06 y-z“ JBHD K@ M FDn ((( RHM L@M (06 aceqgj,DH °n
m,p,s,v,y CNQR@ K, UHDVEBW,yY HMSDQM @aKcUdibB,KR, g,t,w,z O@ KL @ QhUK|iBWVR s, V', z' external

UHDVR b,dfil,orux@NWHL@K UHDVR b,d, il CHRS@XK UHDVR  m 2B@KD LL
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Epivillafranchian Untermassfeld Untermassfeld Untermassfeld Untermassfeld

P. pardoides brevipes Mc1l sin. Mc3 sin. Mc3 dex. Mc4 dex.
SSp. nov. IQW 2016/43807 QW IQW QW
(Mei. 49116) 2016/43813 2016/43811 2016/43800)
(Mei. 49122) (Mei. 49120) (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.84 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 La Puebla de Valverde
P. pardoides pardoides Mc4 dex.
IPS 27285a
(Madurell-Malapeira
et al. 2010)
Maximal length 71.4
Maximal proximal TD 12.6
Maximal proximal APD 145
Minimal diaphyseal TD 8.3
Maximal distal TD 14.6
Maximal distal APD 13.4

3@ AKDPuma pardoides .VDM LDS@B@QO@K LD@RTQDLDMSR LL 3# m SQ@MRUDQRD CH@LDSD

The metacarpals (Fig. 19g-00 @ QD RGNQS LTBG RGNQSDQ SG@M HM DWS@MS OT

is3.8slessthanthe 0 *«CONCOLOR LD@M U@KTD 5@M 5@KIJDMATQFG DS.@K

ability of the extant species. In view of their absolute thickness, the metacarpals are stout, not slendeneir

minimal transverse diaphyseal diameters fall withinthe 0 *CONCOLOR U@QH@AHKHSX 5@M 5
,B EQNL SGD 20@MHRG ,HCCKD 5HKK@EQ@MBGH@M RHSD NE +@ /TD

Untermassfeld counterpart (6CDN G| ).

3GD GTLDQN LDS@B@QO@K HMCDW :,B L@WHL@K KDMFSG GTLDQTR

x 100] is 34.2 in the Untermassfeld cat. This is less thanin 0 «CONC O L OR (mean values 36.7 and 38.8, respec

SHUDKX C@S@ AX 20NNQ @ MC 5@ M. iBe@pectddud 89.Q baSedddd@kby K B @ |

5@M 5@KIJDMATQFG DSe+@K NeofBlis nep8losbR3@CHPa@EHRQ 08da (@1M) ahkll Panthera

pardus (32.0) (calculated with data given by Spoor I.c.). The Mc3/Mc1 length index (Mc1/Mc3 % 100) is 38 in

the Untermassfeld Ppardoides, 32in 0 «INEXPECTATUS 5@M 5@KJDMATQFGONEL-@LKO RK |
,NQ@KDR ,DI"'@ DS*@K 3GHR HMCHB@SDR @ BNMRHCDQ@AKX KNNMN

BHDR (M BNMSQ@RS SGD QDK@SHUD KDMFSG NE SGD 4MSDQL@RREDK

KDMFSG HMCDW Coas@ AX  NQ@KDR ,DI"@ DS*@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 (6CDN G| ). The proximal phalanx of digit 1 is shortgrairdéides thanin 0 e« CONCOL OR, when

BNLO@QHMF SGD KDMFSG NE ,B HMCDW UR A@RHB C@S@ ENC¢

2010).
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dig.1 sin. man. dig. 3 dex. man.

Phalanx | IQW 2016/43808 IQW 2016/43812
(Mei. 49117) (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
dig.1 dex. man. dig. 3 sin. man.
Terminal (claw) phalanx (l1I) IQW 2016/43810 IQW 2016/43805
(Mei. 49119) (Mei. 49114)
Maximal length c.23.0
Maximal TD 8.4 7.5

3@ A KDPuma pardoides brevipes RRO MNU ENQDO@V OG@K@MW LD@RTQDLDMSR LL AMSDQL@RR
anterior-posterior diameter.

-N O@QS NE SGD ODKUHR V@R ENTMC VHSG SGD MDV 4MSDQL@RREDKC
ever, the right counterpart of the previously published left pelvic half (Hemmer 2001, 749.) has recently

ADDM CHRBNUDQDC HM SGD BNKKDBSHNM NE MNS XDS CDRBQHADC 4ME¢
ENTMC HM +NVDQ %KTUH@SHKD 2@MCR +%2 NTSRHCD SGD BG@MMDK
RPT@QDR O RHM @MC CDW m L @ANUD RHSD KDUDK *@!
see scapula description above). The newly discovered right half (inner length of the acetabulum 25.3mm,

smallest dorso-ventral diameter of the ilium 27..nm) is somewhat less well preserved than the former

(Fig. 20). As stated earlier (Hemmer l.c.), the pelvis of Pareloides is notaslongasin 0 «CONC O L OR. Thisis true

% HF Puma pardoides brevipes RRO MNU 4MSQ
a Right side of pelvis IQW 1995/24 934 (Mei. 2463), external
U H D\ leeft side of pelvis IQW 1995/25337 (Mei. 24 866),
DWSDQM@K UHDV em 2B@KD LL
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Fig. 21 Puma pardoides brevipes sspov., Untermass-

E D K& keft femur IQW2016/43795 (Mei. 49 °m

g-| Left tibia IQW 2016/43794 (Mei. 49 ° m—q

+DES OATK@ OQNWKWQ@216BREBEIFLDMS
(Mei. emv +DES OATHK@MEHRE @ K
2016/43888 (Mei. 49 eayg,Mmr @MSDQHNQ UHDVR
b,h,n,s HMSDQM @ KoUHDNRSDQHNR UHDVR
p,u DWSDQM@&@KqUBOQNR HL @ K vidistal V R
UHDVR em 2B@KD LL

for the ilium (about three times as long as the acetabulumin 0 *PARDOIDES, about four timesin 0 esCONC
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 « CONC O L O R. In contrast, they are nearly the same as those in Neofeli
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Epivillafranchian

Untermassfeld

Untermassfeld

Untermassfeld

Untermassfeld

P. pardoides brevipes IQW 2016/43795 IQW 2016/43796 IQW 1996/25711 IQW 1996/25618
SSp. nov. (Mei. 49104) (Mei. 49105) (Mei. 25240) (Mei. 25147)
(Hemmer 2001) (Hemmer 2001)
Maximal length 210.9 211.6
(from caput)
Length from trochanter 207.4 209.0
Maximal proximal TD 43.9 43.5
Caput APD 225 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 La Puebla de Saint-Vallier Saint-Vallier Les Etouaires,
P. pardoides pardoides Valverde SV.98.759 SV.161.851 Prr 192
IPS 27343
(Madurell-Mala- (Argant 2004) (Viret 1954, (Kurtén and Cru-
peira et al. 2010) Argant 2004) safont Pair6 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 39.7 495
Maximal distal APD 47.1 38.2
3@ AKDPuma pardoides .VDM EDLTQ LD@RTQDLDMSR LL 3#em SQ@MRUDQRD CH@LDSDQ /#+m
nebulosa (compare Fig. 20 VHS G 3TIDJ %HF ENQ DWS@MS OTL@ "@QKNM
clouded leopard).
Both femora of the Untermassfeld 0 « P AR D O | D E S skeleton are well preserved Thijr piaxifhal mor
phology is more like that of O@Herpailurus)pumoidesthan 0 *«CONCOLOR "GHLDMSN DS.@K C

tal aspect looks more similar to that of the extant pumaThe mentioned Untermassfeld femora(6CDN G| )are
RHFMHOB@MSKX RGNQSD OB @O S &, diEeddhde Qi@n Ndipared to a mean value
NE SGD K@SSDQ RODBHDR C@S@ AX 5@M 5@KIJDMATQFG DS @K 3
femora (Hemmer 2001, 729f.) are only a little larger Earlier described and much older femora from the Mid-
CKD 5SHKK@QEQ@MBGH@M NE 20@HM +@ /TDAK@ CD 5@KUDQCD
Argant 2004) prove the existence of two different size classes within 0 < P A R D $pédnes.from La Puebla
CD 5@KUDQCD HR @ANTS KNMFDQ SG@M SGD EDLNQ@ NE 4MSDQL@RR
the same length as the bones described herén relation to the humerus, the femur of 0 *PARDOIDE S is very
short. The corresponding index (humerudemur x 100) is 113.2. This meets the value found forPanthera
uncia (1131), is near to Neofelis nebulosa (118), and somewhat smaller than in Panthera pardus and Pan-
thera onca QDRODBSHUDKX BNLO@Q@SHUD U@KTDR B@KBTK@SD
0  CONCOLOR HR BG@Q@BSDQHRDC AX @ KNMF EDLTQ A@RDC NM 20
SGD R@LD HR SQTD ENQ O «INEXPECTATUS TRHMF C@S@ EQNL ¢
The patella of the Untermassfeld puma looks more like that of 0 s CONCOLOR thanthatof 0 s INEXPEC
0 TRUMANI BNLO@QDC VHSG 5@M 5@KIJDMATQFG DS-@K % HF

,@CTQD
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Tibia

Untermassfeld

Untermassfeld

Epivillafranchian IQW 2016/43794 IQW 1996/25713
Puma pardoides brevipes (Mei. 49103) (Mei. 49103)
SSp. nov. (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 30.0 345
Maximal distal APD 20.9 215
Tibia La Puebla de Valverde Saint-Vallier Saint-Vallier
Middle Villafranchian IPS 27345 | SV.97.238 SV.99.550
Puma pardoides pardoides (Madurell-Malapeira (Argant 2004) (Argant 2004)
et al. 2010)

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

Untermassfeld Untermassfeld Saint-Vallier
Fibula IQW 2016/43887 IQW 2016/43 888 SV.97.625

(Mei. 49196) (Mei. 49197) (Argant 2004)

Proximal APD 16.9+
Proximal TD 8.5
Distal TD 17.2 16.5
Distal APD 9.8 8.6

3@ AKDPuma pardoides .VDM SHAH@ @MC OATK@ LD@RTQDLDMSR LL 3#m SQ@MRUDQRD CHG@
The left tibia of the Untermassfeld skeleton (Fig. 21g-1) is well preserved and is considerably shorter than
the extant puma’s tibia (6 CDN G| ), differing by 2.2 sfroma 0 « CON C O L OR mean value (data by Van Val
ATQFG DS-@K S@A 3GD OQDUHNTRKX OTAKHRGDC SHAH@ EQNL
EE HR K@QFDQ ,HCCKD 5HKK@QEQ@MBGH@M SHAH@ EQNL :
K@SSDQ VGDQD@R @ SHAH@ NE +@ /TDAK@ CD 5@KUDQCD HR @ANTS
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 «CONCOLOR &NMXD @ ,
20NNQ BNLO@Q@AKD QDK@SHNMRGHO ADSV BIINE XSHRAGHT@ Td 14
A@RDC NM 5@M 5@ KJD Méofe(xmebubss aRMNM XD @ K B , 20NNQ K B
in Pantherapardus &NMXD@ K B , ParkhBre omcahas a relatively shorter tibia,
whereas the tibia of Pantherauncia HR KNMFDQ &NMXD@ K B 20NNQ K B
3GD OATK@ FiggZImNG | )is particularly striking due to an anteriorly directed expansion of its proxi-
L@K bMC 3GD SHO NE SGHR DMK@QFDC x@MFD RDDLR SN AD C@QL@FD(
SGD NTSKHMD NE @ MD@QKX QDBS@MFTK@Q GHFG @MC M@QQNV RSQT
structurally can be extremely variable, is found in the extant (Puma) concolor as well as in the small RHer-

1518 H. Hemmer - R.-D. Kahlke - New results on felids from the Early Pleistocene site of Untermassfeld



pailurus) yagouaroundi and in the Pleistocene (Miracinonyx) inexpectatus and BMiracinonyx) trumani,
QDOQDRDMSHMF @M @TS@ONLNQOGHB BG@Q@BSDQ NE SGD OTL@ KHN
3GD OATK@ GD@C NE SGD 4MSDQL@RREDKC B@S LNRS QDRDLAKDR SGa@
O c«INEXPECTATUS 5@M 5@KIJDMATQFG DS.@K %HF 3GD RXM@ ON
NE SGD OATK@ BNMOQLR SGD FDMDQHB OTL@ @QEOKH@SHNM NE SGD 4!
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 1/2n and a dorsoplantar diameter of
20.5mm, the size ofasmall 0 «CONCOLOR 3GD @QRSQ@F@KTR OSR SN SGD M@UHI
F@OKTR EQNL +@ /TDAK@ CD 5@KUDQCD ,@CTQDKK @K@ODHQ@ DS.@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 otheiThe heel cingulum of the premolars, especially thesP

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 formerTaken together, this gives the

impression that the front and the rear part of the R 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 formeDifferences in the dentition of the early

@MC SGD K@SD $TQNOD@M OTL@R G@UD @KRN ADDM LDMSHNMDC EN(
"NMRDPTDMSKX SGDRD SVN ONOTK@SHNMR RGNTKC AD S@WNMNL

stratigraphic position of the type molar of »Felis« pardoides Owen, 1846 from the English Red Crag local-

HSX NE -DVANTQMD $@RS MFKH@ HR MNS BNLOKDSDKX BKD@Q ATS

Thus, the Middle Villafranchian European puma subspecies is the nominate one, 0 P A papiQidds ET8e

Epivillafranchian form is described hereas 0 *PARDOIDES BREVIPESssp. nov.

Puma pardoides brevipes ssp. nov.

'NKNSXOD

Well preserved partial skeleton consisting of a set of the following components (sensu ("9 - QS
Maxillare sin.fragment with P2 IQW 2018/45336 (Mei. 50645) and associated C suplQW 2017/45012
(Mei. 50321), C sup.dex. fragment IQW 2016/43814 (Mei. 49123), B dex. IQW 2018/45414 (Mei. 50723),
P* sin. fragment IQW 2008/29823 (Mei. 28985), mandibula sin.with Ps-M1 IQW 2018/45413 (Mei. 50722),
vertebra thoracica Ill IQW 2017/45024 (Mei. 5833), vertebra thoracica VI IQW 2017/45329 (Mei. 50638),
vertebra thoracica IX IQW 2017/45023 (Mei. 5832), vertebra thoracica XII IQW 2017/44984 (Mei. 50293),
sacrum IQW 2016/ 43797 (Mei. 49.06), 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 sinlQW 2017/44 941 (Mei. 50250), pisiforme sinlQW 2016/43803 (Mei. 49112),
trapezoid sin. IQW 2016/43820 (Mei. 49129), metacarpale 1 sinIQW 2016/43807 (Mei. 49116), metacar
pale 3 sin.IQW 2016/43813 (Mei. 49122), metacarpale 3 dexIQW 2016/43811 (Mei. 49120), metacarpale
4 dex. IQW 2016/43800 (Mei. 49109), phalanx | dig.1 sin. man. IQW 2016/43808 (Mei. 49117), phalanx |
dig. 3 dex.man. IQW 2016/43812 (Mei. 49121), phalanx 11l digd dex. man. IQW 2016/43810 (Mei. 49119),
phalanx Il dig.3 sin.man. IQW 2016/43805 (Mei. 49114), femur sin.IQW 2016/43 795 (Mei. 49104), femur
dex.IQW 2016/43796 (Mei. 49105), patella dex.IQW 2018/45 335 (Mei. 50644), tibia sin.IQW 2016/43794
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,DH OATK@ RHM OQNWHL@K EQ@FLDMS (06 ,DH OAT
2016/43888 (Mei. 49197), astragalus sinlQW 1993/24322 (Mei. 23851), naviculare sinlQW 2007/29104

,DH OG@K@MW ( (06 ,DH OG@K@MW ( (06 ,DI
the type collection of the Senckenberg Research Station of Quaternary Palaeontology Weimar (Figs. 16219,

$SXLNKNFX brevipes +@SHM AQDUHRe.m RGNQS ODR+.m ENNS

3XOD KNB@KHSX 4MSDQL@RREDKC 3GTQHMFH@ &DQL@MX

3XOD K@XDQ 400DQ %KTUH@SHKD 2@MCR KNVDQ O@QS :4%2 K < R@
ENRRHK AD@QHMF BG@MMDK HMOKK

"GQNMN @MC AHNRSQ@SHFQ@OGHB @FD @ANTS m ,@ $OHUHKK
#H@FMNRHR @R HM SGD CH@FMNRSHB CDRBQHOSHNM @ANUD RDD RD

The individual unity of the listed components of the holotype is proved by the microstratigraphic documen-
S@SHNM NE SGD BNQQDRONMCHMF FQHC RPT@QDR NE SGD DWB@U@S
corresponding skeletal elements.

#TD SN HSR E@Q QD@BGHMF RIDKDS@K BNLOKDSDMDRR SGD 4MSDQL@F
Old World 0 «P AR D O | D E Bdeswinso enigmatic cases can be more easily understood using this mate-

QH@K 3GD OQRS HR @ L@MCHATK@Q EQ@FLDMS EQNL SGD (MCH@M 2H
Museum of Natural History, found in the 19" century (BMNH 16537a) This fossil had been previously associ-

@SDC VHSG CHUDQRD S @avtaera @ardsH DHX QNERJ RHQ. H K @ Q@355 @ holohgRo

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 (Schutt 1970a)ater, the mandibular fragment

HM PTDRSHNM V@R SGNTFGS SN QDOQDRDMS @M @QBG@HB RS@FD NE |
RDDLHMFKX LNQD IR FD@IDRHID K®MRKKNVHMF SGD K@SSDQ HCDMSHOBC
as a more probable solution (Turner 1990)Finally, the fossil was tentatively attributed to Panthera uncia in

UHDV NE HSR RGNQSDMDC CH@RSDL@ #DMMDKK DS @K 0 *PARBRLDEESQH
brevipes Fig.22 CDLNMRSQ@SDR MNV SGD QD@K M@STQD NE SGHR OHDBD 1
does not originate in the genus Panthera MDHSGDQ EQNL @ KDNO@QC MNQ EQNL @ 1@F
It is a puma, larger than the Untermassfeld individuals, but with fully comparable morphological features.

The long R, 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 Bv@n EIh& gattern of the tooth wear is the sameThe

exact stratigraphic localisation of the Indian fossil within the Early Pleistocene is unknowifine premolar mor

phology puts it nearerto 0 « P AR b@vipes hanto 0 P AR p@dddesSTherefore 0 *PARDOIDES CSOM
(Kretzoi, 1929) extends the dental characters of the late European form to South Asia.

3GD RDBNMC NODM PTDRSHNM ODQS@HMR SN SGD SQTD M@STQD NE S
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 199'Banthera schaubi is a synonym of 0 «PARDOIDE S. The above-
LDMSHNMDC EQHB@M RODBHDR V@R @SSQHATSDC SN .KC 6NQKC OTL
comparative look at the lower tooth rows of the Untermassfeld Ppardoides brevipes : (06

(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
ENTMC HM SGDRD SVN KNB@KHSHDR :(06 ,DH UR @. <
ence is intriguing, as there is a chronological distance of about 1/8a between the two sites. The functional
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Fig. 22 Puma pardoides csomai *QDSY NH 2HV@KHJ '"HKKR (MCH@ +m
a*+DES L@MCHAKD EQ@FLDMS-My,-buccal @ VHSG /

U H D \Puma pardoidesbrevipes RRO MNU AMSDQL@RREDKC ¢ m

be +DES L@MCHAKD (06 , DsHM 4, VHSG /

ATBB@K UHDV em 2B@KD LL

morphology of 0 « PARD O ID E S should have been so successful that it overcame all ecological changes in the
VNQKC NE SGNRD DONBGR VHSG UDQX KHSSKD LNQOGNKNFHB@K BG@M
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 Pantherapardus CH@FMNRHR NE SGD ENQLDQ &
lower canine is not nearly as vertically inserted as itisin 0 *PARDOIDES BREVIPES and; more obvious
doides pardoides. However, that character also applies for the Late Pliocene 0 « PARD O ID E S ssp. of Kvabet
&DNQFH@ 5DJT@ DS.@K 3GTR HS CNDR MNS @EEDBS SGD OTL®@

% HF Puma pardoides brevipes RRO MNU AMSDQL@RREDKC ¢ m
a* 1HF G, (06 ,DH ATBB@K UHDV ¢ [

Puma pardoidesR R O GK @K . TFGK@ULHMNBNBBN <m

ATBB@K UHDV m 2B@KD LL

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 predictor3heir raw values are 367, 39.2, 36.3, 40.6 and 40.8kg, giving a mean of 38.7kg.

Rounding up, this gives a body mass of about 4Ky. The previously published second individual was estimated

@R ADHMF @ KHSSKD GD@UHDQ @ANTS JF DWBKTRHUDKX A@RDC NM
NM LNK@Q @MC EDLTQ OQDCHBSHNM DPT@SHNMR ATS RDD 'DLLDQ @
care for body mass predictions)Estimated raw massesfor 0 «P AR D O | D E S from La Puebla de Valverde (based on
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Tables 23, 25, 27) are 361, 50.0 and 109.0kg, and from Saint-Vallier, 310, 62.2 and 81.6kg. These data
L@X AD TMCDQRSNNC @R SGD DWOQDRRHNM NE @M DMNQLNTR RDWT@ |
between 30 and 50kg, the male ones between 60 and 11&g. This wide variability is completely covered by
the body mass range of 0 * CONC O L OR (Nowell and Jadksondidd6als of the upper size class have
ADDM HCDMSHODC @S 4MSDQL@RREDKC ATS K@QFD RHYDC KNVDQ CDI
also demonstrate the existence of a similar sexual dimorphism in the late Early Pleistocene Eurasian pumas.
"NMRDPTDMSKX SGD SVN HCDMSHODC OTL@ HMCHUHCT@KR EQNL 4MSD(
The discovery of a large number of skeletal elements of the Untermassfeld puma enables the build of @ «P AR
doides SN AD QDBNMRSQTBSDC VHSG @ GHFG CDFQDD NE BNMOCDMBD (S
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 respectto 0 *«CONCOLOR. The
KDMFSG PTNSHDMS NE SGD Q@CHTR @MC GTLDQTR HR BNLO@Q@AKD V
NE SGD I@FT@Q @MC SGD KDNO@QC @MC SN RNLD DWSDMS DUDM VF
metacarpals are substantially shorter in the European puma thanin 0 « CO N C O L O R. Nevertheless, the forefoo!
is not as short as inPanthera pardusPanthera onca and Neofelis nebulosa 3GD KDMFSG PTNSHDMS
merus and the femur points to an extremely short femur, comparable t®anthera uncia and Neofelis nebu-
losa and similar to Panthera pardus anBanthera onca, which has a slightly longer femuiThe short femur
HR RTOOKDLDMSDC AX @ RGNQS ODKUHR @R HM SGD BKNTCDC KDNO @
BNQQDRONMCR SN SG@S NARDQUDC HM SGD DWS@MS OTL@ SGD KDNC
tibia is comparatively somewhat shorter and is somewhat longer in the snow leopard (for comparative data
RDD &NMXD @ 20NNQ 3GTR SGD ETMBSHNM@K DWSDQM@K LNC
HM BNLLNM VHSG SGD DWS@MS OTL@ @MC SGD RMNV KDNO@QC ANSG |
the clouded leopard, the best climber among the extant large cats (Hemmer 1968), and the sharp claws in
0  PARDOIDES BNTKC VDKK RTOONQS @M @AHKHSX ENQ BKHLAHMF 4RH
(Randau da Costa Carvalho 2017), the base of the available thoracic vertebrae from Untermassfeld indicate
@ RSQNMFDQ @QEOKH@SHNM SN SGD SDQQDRSQH@K SG@M SGD @ QANC
European puma may be considered as a morphologically generalised cat without a far-reaching specialisa-
tion, but well adapted to life in wooded habitats.
6HSG @M @OOQNWHL@SD ANCX L@RR NE m JF SGD C@HKX ENNC QDF
AD B@KBTK@SDC @R @QNTMC JF $@QKHDQ OTAKHRGDC OQDCHBSHN
L@ORR SG@S BNMRSHSTSDR SGD OQDX ENBTR NE @ FHUDM B@S RODBHD

RB@SR @QD NOONQSTMHRSHB GTMSDQR VGHBG TRT@KKX JHKK LTBG
prey can range from one size class above the calculated prey focus mass to three classes below (Hemmer

@ .BB@RHNM@KKX GNVDUDQ DUDM OQDX @MHL@KR NTSRHCD

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 prénother
calculation based on the comparatively weak upper canine results in a somewhat lower raw value, but still
indicates the 20kg prey focus mass categoryCompared to other large cat species, the small canine size
VNTKC G@UD TMCNTASDCKX HMxTDMBDC GNV SGD $TQNOD@M OTL@ AQ
tion may have been provided in Ppardoides 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-
BK@V HM MS'!M DS @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
QDL@HMR VDQD MNS ENTMC CTQHMF SGD DWB@U@SHNM "NMRDPTDMS
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prey size variation should be increased by up to two additional classes of prey mass. The abundant deer
speciesPseudodama vallonnetensis and the rarer Capreolus cusanoides (MNI given by Kahlke in this volume,
B3@AKDs RGNTKC ANSG AD BNMRHCDQBEAR®RBO®@DE Q HBLROE ¥ NINECS Re¢ T&gtivb 3B
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 fareoides, had a deformed

QHFGS O@V SG@S LTRS G@UD SN RNLD DWSDMS HLO@HQDC GTMSHMF
DUDQ GHMCDQ DWS@MS OTL@R EQNL QD@BGHMF NKC @FD 8NTMF @ M
even shown that a female puma missing the left hind foot is able to survive in good condition (Huck and
%DQM@MCDY #TPTD 2TBG @ RHST@SHNM VNTKC @KRN G@UD ADDI
@EEDBSDC GTMSHMF ADG@UHNTQ NE SGD OTL@ HM PTDRSHNM BNTKC ¢S
ing tooth wear. Although a killing weapon, the upper canine shows only slight wear at the tip, whereas the

KNVDQ SNNSG QNV HR BNMRHCDQ@AKX VNQM +DRR JHKKHMF ATS RT
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 sspov.

2.4.1. Introduction

6GDM SGD 4MSDQL@RREDKC KXMW V@R OQRS CDRBQHADC 'DLLDQ H
genus in the European Epivillafranchiarit was named Lynx issiodorensis (Croizet et Jobert, 1828) ssp. aff.

spelaeus 'NTKD 3GD BK@sRdbmiE\SId Naged®rRits evolutionary archaic structure

with stout mandible and somewhat stocky humerusThe 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 O M H SepdlaBusSoltHe Middle and the Late Pleistocene of Southern Europ®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
RIDKDS@K QNATRSMDRR -DUDQSGDKDRR SGHR Q@FN KXMW<SBHR ADDM
laeus (Testu 2006)Later, the Untermassfeld lynx was taxonomically included in an unnamed chrono-subspecies

of , *1SSIODORENSIGGHO RE RigulB 2§10), which in turn was argued as representing part of a
RDPTDMSH@K DUNKTSHNM@ QX ,O0®@5BDNW & 3@ EIHAER B,Wwhid\ §aveldiseKoth&dxtant 1be
lynx , *sPARD|INIBSIODORENSIS RRO , NESIOGDQAQRERBMHI@ B D OREN SIS of the Ea
S5HKK@EQ @NB&EID@OIRENSIS VALDARNENSIS NE SGPRPI DI QEB R RHENBDSEEPK K @ E
K@SDRS 5SHKK@EQ@MBGH@M @MC $OHUHKK@EQ@MBGH@M "HOTKKN
,D@QMVGHKD MDV OMCR EQNL SVN RHSDR HM SGD D@QRSDQM (ADQH@M
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 opardmus in south-

western Europe during the same period of time as the Untermassfeld population was living with features

of the archaic , * ISSIODORENSIS HM SGD BDMSQD NE SGD BNMSHMDMS INRB
of , *PARDINUS can even be traced back to the Late Villafranchian based on a skull from the north-eastern

20@MHRG UDMB ,@QUDK B@UD !NRB@HMH DS.@K S SGD R@LD S
as , *1SSI|0 Dadammendd @Verdelin 1981), represents a taxonomic unit of its own with differing skull
LNQOGNKNFX "GDQHM DS.@K A SN VGHBG SGD 4MSDQL@RREDKC |

Finally, the use of the open nomenclature Lynx sp. instead of , « ISSIODORENSIS is suggested for Euror
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KXMWDR C@SDC SN SGD HMSDQU @K m , @ PR B | QD ThNaBodkceridid B
SGD 4AMSDQL@RREDKC QDL@HMR @KSGNTFG Se&lB30PDRRRARNIKHSHUEDy@eV
OMCR HR BNMRHCDQDC ,DBNYYH DS-@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

Psand P dex. IQW 2012/38474 (Mei. 35448),
Vertebra cervicalis V IQW 1996/25 868 (Mei. 25 397),
Vertebra cervicalis VI IQW 1996/25867 (Mei. 25 396),
Vertebra cervicalis VII IQW 1996/25866 (Mei. 25 395),
Vertebra thoracica | IQW 1996/25865 (Mei. 25394),
Vertebra thoracica Il 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).

3GD KXMW QDL@HMR L@QHMKX NQHFHM@SD EQNL SG»atdP, a2tWeM FKD OMC
@R SGD GTLDQTR EQ@FLDMS VDQD QDBNUDQDC EQNL SGD BG@MMDK ¢

2.4.3. Description and comparison

The two new lynx lower premolars represent a single, young
adult individual. They show no signs of weatr, but are a little
damaged (Fig. 24). These teeth belong to the same category
of size as the previously described dentitions (6 CD N G| ). Their
unworn condition is demonstrated by the original structure
of the cutting edges. In the R 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 Pis
dominated by a very high protoconid, the tip of which has
broken away The cutting edges are structured as described
for the Ps. The proximal (paraconid) and the distal acces-
sory cusps of the Pare small, the latter stretches upwards
along the distal edge of the protoconid. The distal cingulum
is small but clearly developed.

% HF Lynx valdarnensis spelaecoides RRO MNU 4M&BRIG® RREDKC -1
P, (06 ,DH d-frrRight P, IQW 2012/38474

,DH asth NBBKTR @Ke UHDWRT @K f LAMTBBR K UHDVR *m
2B@KD LL
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IQW 2012/38474 IQW 1994/24691 IQW 1994/24691 IQW 1980/16573

(Mei. 35448) (Mei. 24220) (Mei. 24220) (Mei. 16094)
dex. sin. dex. dex.

Mandible length 92.5 92.5

Processus condylaris-

Infradentale

Mandible height 44.2

Processus angularis-

Coronion

Depth behind M; 20.0 20.2 19.6

Depth in the diastema 17.4

Alveolar length B-M, 32.5 32.2 34.3

Diastema length 8.8 c. 8.0 >6.0/<85

C height 14.4+ 14.7 13.7+
length 7.6 7.7 8.0
width 6.3 6.3 6.3

P; 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

P, length 11.6 11.5 11.4 11.3
maximal width 5.3 5.2 5.4 55
anterior width 45 4.6 4.6 4.6
protoconid length 5.6 5.2 5.3 4.9
protoconid height 8.0 7.0+

M, length 13.0 13.1 14.1+
maximal width 6.0 5.9 55
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 KD Lynxvaldarnensis spelaeoides ssp. npwneasurements (mm) of premolars IQW 2012/38474 (Mei. 3%48), of the holotype
mandible IQW 1994/24691 (Mei. 24 220), and of the hemimandible IQW 1980/16573 (Mei. 16 094), Untermassfeld.

6HSG SGD OMCHMF NE SGDRD MDV SDDSG SGD ,-( NE 4MSDQL@RREDKC
Besides the Untermassfeld material, Epivillafranchian lynx remains have been recovered from the north-

D@RS (ADQH@M KNB@KHSHDR NE 5@KKO@Q@C' R @MC "TDU@ 5HBSNQ
SGDRD 20@MHRG KXMWDR HR RHFMHOB@MSKX KDRR IP@RRtdUD SGCGA@M |
narrower, but both series overlap in this feature (6 CD N G| ). The length ratianof M. shows different
proportionsin , «1SSIODORENSIS (Les Etouaires, Saint-Vallier and Upper Valdarno) compared to the extant
cies, *PARDINUSand , LY N X (Ficcarelli and Torre 1977, Fig. 2). The original measurements of the , P
@MC 400DQ 5@KC@QMN L@SDQH@K %HBB@QDKKH @MC 3NQQD K B :
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 , * PAR 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
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% HF Bivariate plot of the lengths

(mm) of P, and M; « ni Untermass-
EDKA«nMDU@ 5HBSNQH@ @MC 5@
C'R »mMiOODQ 5@K@@@ NN  m

, *PARDINUS m KKNp&-SQHB KHMD
dinus  3/length) = 0.4266 x (M;

length)1-135,

Early Pleistocene Spanish teeth and those of the late Early Pleistocene from Italy scatter above the axis of

SGD 'NKNBDMD (ADQH@M KXMWDR IR iNsi&Gréss [saGenXFiccareti Bhd Nor@ G @ QB G
%HF (M RHYD SGD 4MSDQL@RREDKC CDMSHSHNMR OS SGD KNVDQ
@MC (S@KH@M RDQHDR 3GD KDMFSG @MC VHCSG OQNOKD,NESSGD 4M
siodorensis type (Kurtén and Werdelin 1984), as does the early Middle Pleistocene Arago C.M.l (Complexe

Moyen I) mandible (Testu 2006).

The cervical and thoracic vertebrae of the Untermassfeld lynx (Fig. 26) resemble their extant counterparts

inL *PARDINUS. There are exostoses on the right side of the centrum in the thoracic vertebrae V to VIl and
@MSDQHNQ HMEDQHNQ HM 3 5((( 3GDRD UDQSDAQ@D @QD @ANTS K (
@ K@QFD L@KD NE SGD DWS@MS (ADQH@M KXMW &"KUDY /IQ@C@ DS-@

Depth behind M Ps protoconid height P; width

in % of P 3-M length in % P 3 length in % length

mean | min—-max | n mean | min—-max | n mean | min—-max | n
Lynx valdarnensis [ m [ [ m [ [ m [
spelaeoides ssp. nov.,
Epivillafranchian,
Untermassfeld
Lynx pardinus, [ m [ [ m [

unnamed ssp.,
Epivillafranchian,
Vallparadis and
Cueva Victoria
(Boscaini et al. 2016)

Lynx valdarnensis [m [ [ m [ [ m [
valdarnensis,
Late Villafranchian
%@AQHMH
Cherin et al. 2013b)

3@ A K Dlndices of mandible and dentition of the Untermassfeld lynx compared with other late Early Pleistocene European lynxes.
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% HF Lynx valdarnensis spelaeoides RRO MNU 4 M &b Cer@chl RdEtBoikaCV {@wW 1996/25868 (Mei. 25397),
cervical vertebra VI IQW 1996/25867 (Mei. 2896), cervical vertebra VII IQW 1996/25866 (Mei. 2895), thoracic vertebra |
IQW 1996/25865 (Mei. 25394), thoracic vertebra Il IQW 1996/25905 (Mei. 2834), thoracic vertebra IV IQW 1996/2508
(Mei. 25437), thoracic vertebra V IQW 1996/25907 (Mei. 2436), thoracic vertebra VI IQW 1996/25903 (Mei. 2832), tho-
racic vertebra VII IQW 1996/25909 (Mei. 2838), thoracic vertebra VIII IQW 1996/25902 (Mei. 2831), thoracic vertebra X
(06 ,DH K@SDQ@K CNQR@K UHDVR em 2B@KD LL

3GD PTNSHDMS NE SGD BDMSQTL KDMFSGR NE SGD BDQUHB@K UDC
vertebrae |-l is 1.62 for the Untermassfeld cat (Tables 31-32), 1.60 for an Iberian lynx, and 1.55-1.63 for
three individualsof , sLYNX *TQS°M S@AKD- S3GDRD U@KTI BFoBMEMISQ@RS R
from the type site Les Etouaires, which is characterised by much longer neck vertebrae, giving a ratio of 1.77
(data by Kurtén I.c.).
The size of the right scapula fragment IQW 1996/25885 (Mei. 2514) is also larger, by the same order of

L@QFMHSTCD @ANTS SG@M HM SGOP ARANUN D S madkSTH& iMelsDrekh@nt® 6fDhe
AMSDQL@RREDKC RB@OTK@ @QPPARDHW2Q@BDDSKR ENDRSGMNM @ESD

KDMFSG NE SGD FKDMNHC B@UHSX : < VHCSG NE SGD FKDMN
FKDMNHC OQNBDRR : < LHMHL@K KDMFSG @S SGD BNKKTL : <

CcV CcVi C Vil
IQW 1996/25868 IQW 1996/25867 IQW 1996/25 866
(Mei. 25397) (Mei. 25396) (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 Dliynx valdarnensis spelacoides RRO MNU LD@RTQDLDMSR LL NE BDQUHB@K UDQSDAQ@D NE 4]
a large male (for size comparison see Beltran and Delibes 1993) of the extant L epardinus & "KUDY /Q@C @ DS @K em DW
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TI TII TIV TV

IQW 1996/25 865 IQW 1996/25 905 IQW 1996/25908 IQW 1996/25907
(Mei. 25394) (Mei. 25434) (Mei. 25437) (Mei. 25436)
Centrum length : < : < : < <
Width at trans- : < m : < : < : <
Verse processes
Facies terminalis : < m : < B : < B <
cranialis width
Facies terminalis : < : < : < <
cranialis height
Facies terminalis : < : < : < <
caudalis width
Facies terminalis : < : < : < : <
caudalis height
Neural canal m< m< 'm<
interior width
Neural canal 'm< 'm< 'm< ‘m<
interior height
TVI T VI T VI TIX
IQW 1996/25903 IQW 1996/25909 IQW 1996/25902 IQW 1996/25904
(Mei. 25432) (Mei. 25438) (Mei. 25431) (Mei. 25433)
Centrum length : < : < : < <
Width at trans- m : < : < m : < : <
Verse processes
Facies terminalis : < : < : < m <
cranialis width
Facies terminalis : < : < : < <
cranialis height
Facies terminalis : < ‘m< : < <
caudalis width
Facies terminalis : < : < : < : <
caudalis height
Neural canal m< ‘m< ‘m< 'm<
interior width
Neural canal ‘m< ‘m< ‘m< ‘m<

interior height

3@ A K Dliynx valdarnensis spelaecoideRRO MNU LD@QRTQDLDMSR LL NE SGNQ@BHB UDQSDAQ@D NE 4MS¢S
a large male (for size comparison see Beltran and Delibes 1993) of the extanphrdinus & "KUDY /Q@C@ DS-@K DWNRSNR
side of the centrum in thoracic vertebrae V=VII, antero-inferior in thoracic vertebra VIII.

The previously described (Hemmer 2001, 736) humerus IQW 1996/25714 (Mei. 2243) (Fig. 27a), and
the scapula and vertebrae discussed above, most probably belong to the same individual (size of the hu-

LDQTR B K@QQFDQPABOMWBSEGBTLDQTR TRDC ENQ BNLO@QHRNM &Kl
RIDKDS@K DKDLDMSR VDQD ENTMC CTQHMF SGD ODKC RD@RNM BC(
FOHC RPT@QDR O @MC L ADKNV SN L @ANUD RHSD KDUDK

NTSe((( ATS VDQD MNS ETKKX @QU@HK@AKD ENQ SGD HMHSH@K EDKHC
VGHBG VDQD CDONRHSDC CTQHMF RTQE@BD xNNCHMF *@GKJD DS.@K
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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 14.2nm, the second frag-
mentary humerus IQW 1984/20 319 (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. 1I).

The relative humerus length of the Untermassfeld
lynx is shorter than that found in , <L Y N X, is nearer

% H F | Lynx valdarnensis spelaeoides

insizeto , *PARDINUS (humerus of the largg skeleg, v ams B QIGH@HRR ¢
SNM OQDRDMSDC AX & "KUDY- /@e@ Q@199/S 71@WMei. 25243),
responds to the minimum of , * SPELAEU Sp%@sﬂém gﬁmﬁ?:%hﬁm{?;ﬁf@dg
much larger than that of L issiodorensis from Les ,DH @MSDQHNQ

Etouaires (Hemmer 2001, 737, Tab. 17). s0mm.

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 Italy8oth possess the archaic , *ISSIODORENS|
pattern in their dental proportions, a trait they also share with the Iberian Epivillafranchian lynxes. Neverthe-

less, they are otherwise clearly different (6 CD N G | OBSHSHNTR S@WNMNLHRS NE SG|
G@UD QDBNFMHRDC @ RHMFKD $TQNOD@M KXMW RODBHDR VHSG SVN F
DFNQX NE RDO@Q@SD RHRSDQ RTARODBHDR (ADQH@M @MC "DMSQ@K
trend linking the late Early Pleistocene Iberian population to the modern L. pardingan be recognised. As

@ BNMRDPTDMBD @KK (ADQH@M KXMWDR EQNL SGD +@SD 5HKK@EQ @ M
at the species level and attributed to Lpardinus 'NRB@HMH DS.@K 3GD @RRDRRLDMS
chondrial DNA assigns the phylogenetic node between the extant species , *PARDINUSand , «LY N Xto the
$@QKX /IKDHRSNBDMD VHSGHM @ BNMOCDMBD KDUDK @S m , @
VHSG BTQQDMS O@K@DNMSNKNFHB@K SGHMJHMF SG@S (ADQH@M KXI
period.

The taxonomic decision to include the early Spanish lynxes in the species , * P ARDIN 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 AR DI 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
assignedto , *1SS10DOREN S IliSsidderzxsis lzaldarnensis Werdelin, 1981 is therefore upgraded to

, *VALDARNENSIS. Two chrono-subspecies may be distinguished within this species. The walminate form
darnensis valdarnensis include the Late Villafranchian lynxes of lt@#lylynx hemimandible from the Span-

ish Fonelas P-1 site (MNQ 18) corresponds to these Italian lynxes and is also attributableto , *VALDARNE N
valdarnensis (Garrido 2008). It indicates the Early Pleistocene phylogenetic rooting of , « P AR D I N U S within an
Iberian population of the latter form. To classify the Fonelas lynx asvaldarnensis rather than the basal form

of L pardinus gives laterL waldarnensis 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.
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Lynx valdarnensis spelaeoides ssp. nov.

'NKNSXOD
Well preserved partial skeleton consisting of a set of the following components (sensu ICZN 1999, Art.

Mandibula with complete dentition IQW 1994/24 691 (Mei. 24220), vertebra cervicalis V IQW 1996/2568
(Mei. 25397), vertebra cervicalis VI IQW 1996/25867 (Mei. 2896), vertebra cervicalis VII IQW 1996/2866
(Mei. 25395), vertebra thoracica | IQW 1996/25865 (Mei. 2894), vertebra thoracica Il IQW 1996/2905
(Mei. 25434), vertebra thoracica IV IQW 1996/25908 (Mei. 2837), vertebra thoracica V IQW 1996/2907
(Mei. 25436), vertebra thoracica VI IQW 1996/25 903 (Mei. 2832), vertebra thoracica VII IQW 1996/2909
(Mei. 25438), vertebra thoracica VIII IQW 1996/25 902 (Mei. 2831), vertebra thoracica IX IQW 1996/2904
(Mei. 25433), scapula dex. IQW 1996/25885 (Mei. 2814), humerus dex. fragment IQW 1984/2(B19
,DH RSNQDC HM SGD SXOD BNKKDBSHNM NE SGD 2DMBJDMADQF
NFX 6DHL@Q 'DLLDQ OK m  Figs. 26, 27b).

$SXLN KperXoides +@SHM RODK@DTLem B@U,DSPEEBRRBRSS NR S DB B @IENUHIC B K¢
the cave lynx

3XOD KNB@KHSX 4MSDQL@RREDKC 3GTQHMFH@ &DQL@MX

3XOD K@XDQ +NVDQ %KTUH@SHKD 2@MCR +%2

"GQNMN @MC AHNRSQ@SHFQ@OGHB @FD @ANTS m , @ $OHUHKK/(
#H@FMNRHR LDCHTL RHYDC KXMW VHSK, RSISBSOIDMMRE N A KDlike3dddiiGan@widd:
OQNOKD NE SGD KNVDQ CDMSHSHNM OQNONQSHNMR NE BDQUHB@K @ N
in, s PARDINUS

(M UHDV NE SGD BKNRD LNQOGNKNFHB,@ K AQ B A RisiIEX88tTns BOlydM SDQL @
of Complex Moyen | (C.M.1) (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 attributedto , * VALDARNENSIS (Werdel
1981), may possibly also represent late forms of , *VALDARNENSIS SPELAEOIDES. Whether this n
fully resembles , *ISSIODORENSIS ssp. 2 (Cipullo 2010) may be a matter for additional studies. A consider:
morphological gap has been found between the Arago C.M.l lynx and later , *SP EL 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 , «SP EL 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 parelinus and , <« LY N X
ED@STQDR 3DRST K B #HRBK@HLHMF SGHR E@BS INRB@HMH DS-.@t
characters of , «SP ELAEUS. 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 , ¢ LY N X haplotypes (Rodriguez-Varela
DS.@K B3GHR E@BS L@X ODQEDBSKX O @@ kpédiek. DO®gaKLakesHM D W ¢
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 @ MBDRSQX 5NM'NKC
2016). Thus, , *SP ELAE U S may represent hybrid populations composed of various proportions of , «PARD
and , *VALDARNEN SIS during the Middle Pleistoceneandof , *PARDINUSand , LY N Xduring the
Hybridisation is not uncommon in extant lynxes, * CANADENSISand , *RUFUS hybridise in Maine, Minng
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@MC -DV IQTMRVHBJ VGDQD SGD M@STQ@K CHRSQHATSHNM @QD@R N
'‘NLX@BJ DS.@K (M OQHMBHOKD SGDQD HR MN QD@RNM MNS SN L
species in the border regions of their distribution areas.

3GD ANCX L@RR NE SGD 4MSDQL@RREDKC KXMWDR HR ADRS DRSHL@SD
LHMHL@K CH@OGXRD@K VHCSG 'DLLDQ 3GD SVN @U@HK@AKD
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 2kg. Even the lesser of the two body masses is
BNMRHCDQ@AKX GHFGDQ SG@M SG@S ENTMC HM DWS@MS @CTKS (AD
males (Beltran and Delibes 1993). The mandible length of the holotype of <V A L D A Bpoll&eNideksSanges

within the upper partof the , «P AR D I N U S variability (92.5 vs. 819);96.60oes its M length (13.0/13.1

vs. 12.2-13.4mm, Beltran and Delibes I.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 evaldarnensis 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

ENBTR L@QRR LDSGNC RDD 'DLLDQ @ JF AMSDQL@RREDKC KX
cies around 5kg body mass and regularly preyed upon animals between 0.5 and K. For a 25kg lynx the

numbers are 10kg and 1-20kg, respectivelyEven prey outside this wide mass variability may have fallen
UHBSHL SN SGDRD NOONQSTMHRSHB GTMSDQR @S KD@RS NBB@RHNM
HMS@JD 'DLLDQ @ FHUDR DRSHL@SHNMR NE m JF /QNIDBSFH
(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®tficladoceros giulii, and possibly piglets @&us scrofa

priscus,in the focus range Capreolus cusanoides and the lagomorphs Hypolagus brachygnathus and Lepus

RO @MC HM SGD KNVDRS RDBSNQ ODQG@OR MNS RN TM$&pe@dtQS@MS
philus M D@QKHDQ OTAKHRGDC OFTQD CDS@HKHMF SGD OQDRTLDC OQD;
2001, Fig. 15) agrees well with the results of the predictor-based estimation of favoured prey size.

2.5. Megantereon adroveri Pons Moya, 1987

2.5.1. Introduction

(M SGD OQRS C D RBdamtedediHrdains fors GnBermassfeld (Hemmer 2001) they were attrib-

uted to the taxon - < C UL T RdiD\EMPons Moya, 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 | (Broom, 1937)
,@QS'MDY -@QU@QQN @MC /@KLPUHRS 3GHR HCD@ V@R A@RDC N

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 QDIDBSDC SGHR LDSG

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 - « CUL TR I D E N S of the late Early Pleistocene represented the last stage of ¢

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-

DQR ,@QS'MDY -QU@QQN / @ KL P UH RE&gantereo@WdsasSighed 4 MSIPE L @ RREL
cies- *WHITEl /@KLPUHRS DS.@K 2NLD @T&/GNTER hypdiQuikikstt @ CN
using the original naming of the Untermassfeld taxonas - *CULTRIDENS ADROVERI 2@ QCDKK/(
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 - *CULTRIDE N Swith derived features(- *CULTRIDENS ADI
and Garrido 2008).Finally, it was concluded that the advanced European Megantereon could be related to

M eultridens rather thantoM W H I T E | and it was placed taxonomically in a separate speaigé)\Mri, the

original subspecies rank of this taxon having been upgraded (Lewis and Werdelin 2010).

3GTR SGDQD @QD SGQDD @KSDQM@SHUD BK@RRHOB @/SétiiitieRs @ U @ H K ¢
adroveriM WHITE | aratkbveri SGHR RHST@SHNM QDPTHQDR @ MDV DU@KT@SHI
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 Il (epistropheus) IQW 2016/44 192 (Mei. 49501),

5DQSDAQ@ KTLA@KHR (( ITU (06 ,DH
5DQSDAQ@ KTLA@KHR 5( ITU (06 ,DH
5DQSDAQ@ KTLA@KHR 5(( ITU (06 ,DH
Vertebra lumbalis VI? IQW 2008/29 665 (Mei. 28827),

2@BQTL ITU (06 ,DH

Scapula sin. IQW 1996/25674 (Mei. 25203),
Astragalus dex. IQW 2003/28316 (Mei. 27 478).

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@BQTL NE @ ITUDMHKD HMCHU WNegaidgekos (@ O D NAS) D)MCanfa8eqQ td A€ 8y SN
complete Seneze skeleton (Se311) used as a reference (Christiansen and Adolfssen 2007), the Untermass-
EDKC @CTKS UDQSDAQ@ HR @QNTMC RL@QKKDQ 3GD ENKKNVHMF LC
R@BQTL LL L@WHL@K VHCSG BQ@MH@K @QSHBTK@Q VHCSG
A left scapula, IQW 1996/25674 (Mei. 2203), is not complete but is, nevertheless, so well preserved that
comparative measurements give a good impression of its extraordinary size (6 CDN G | (SR KDMFSG
larger than that of the Senéze skeleton and surpasses female lions (Christiansen and Adolfssen 2007). It is
K@QQFDQ SG@M SG@S NE @ RL@KK CHQJ SNNSG B@S EQNL #L@MHRH
An astragalus (Fig. 28) from Untermassfeld, IQW 2003/28316 (Mei. 2478), is of a similar size to one from
#L@MHRH 5DJT@ LL #L@MHRH RODBHLDM HM AQ@BJDSR L@WH
< (SHR LTBG RL@KKDQ SG@M SGD @RSQ@F@KTR NE SGD 2DM"Y
Fig. 25).
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% HF Megantereon adroveri /NMR ,NX§ 4MS D @dRighReStEagallis@wW 2003/28 316 (Mei. 2478), dor-
R@K DWSDQM@K OK@MS@Q HMSDQM@K UHDVR .m 2B@KD LL

LIl (juv.) L VI (juv.) L VII (juv.) L VI?
IQW 1980/15546 IQW 1980/16572 IQW 1980/16571 IQW 2008/29 665
(Mei. 14958) (Mei. 16093) (Mei. 16092) (Mei. 28827)

Maximal height 89.2
Centrum length 44.0+ 43.3 48.5
Facies terminalis c.35.0 c. 40.0 c. 40.0
cranialis width
Facies terminalis 29.0 33.0
cranialis height
Facies terminalis c.37.0 44.0 c.43.0 43.3
caudalis width
Facies terminalis 29.0 27.0 31.5
caudalis height
Neural canal c. 20.0
cranial width
Neural canal c. 16.0 c.14.9
cranial height
Neural canal
caudal width
Neural canal c. 135 c.15.6

caudal height

3@ A K DMegantereon adroveri Pons Moya, measurements (mm) of lumbar vertebrae, Untermassfeld.

M. adroveri M. cultridens cultridens M. falconeri ssp.
Untermassfeld Seneze, Se311 Dmanisi
IQW 1996/25674 (Christiansen and (Vekua 1996)
(Mei. 25203) Adolfssen 2007)
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 DMegantereon, scapula measurements (mm).
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2.5.4. Discussion

6CDNG| demonstrates that western European dirk-tooth cats ranging from the latest Plio- to earliest Early
/IKDHRSNBDMD @FD $@QKX @MC D@QKX ,HCCKD 5HKK@EQ@MBGH@M
FO@QOGHB@KKX ADSVDDM 5 HKK@QQNX@ @MC +DR "SNT@HQDR NM SGD |
group with relatively large upper and lower third premolars (Plength around half the P* length, P; length

B m 4 length), a large lower fourth premolar, and a relatively short lower carnassials(P , 1)
respectively. Taxonomically, this group represents the chrono-subspecies - s CULTRIDENS MEGANTEF
u@QcC 'DLLDQ 2S@QSHMF VHSG SGD OMCR EQNL 2DM YD KN\

, 1). Multiple metric and morphognostic differences have been noted between the dirk-tooth cats
from Saint-Vallier and those from Senéze. 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
@MC ,@QS MDY -@QU@QQN *@GKJD DS*@K -NL@CD DS*@K
existed between them to generate corresponding differences brought about by evolutionary change. First
illustrated with the Spanish Fonelas dirk-tooth cats at around 1.Bla,the » ADB@LD RGNQSDQ /
with a strong reduction of its paraconid and the emergence of a very short diastema between the Bnd P
(Arribas and Garrido 2008). This trend has been further supported by the dirk-tooth cats from Olivola and,
RTARDPTDMSKX SGD RHSDR NE 400DQ 5@KC@QMN VGDQED @ UDQX AQI
to progressive inter-tooth proportions. The HR RGNQSDMDC AX TO SN KDRRaSdie M N E
P HR CNVM SN 4. AsEheSlextype 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 Mcultridens roderici Arribas and Garrido, 2008 may perhaps
AD ITRSHODC ENQ SQ@ MRHSH NW @liidEny @egantArBod il biévlaGVTulridesK H D Q
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 CD 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
(6CDNG| 2@QCDKK@ DS-@K (M SGHR RS@FD ANSG SGD TOODQ
more reduced, there is a larger diastema betweensRnd R, and the upper canines are enlarged to an ex-
SQDLD RHYD MNS ENTMC HM RSQ@SHFQ@OGHB@KKX D@ QHeén@il) $TQNOD

P8 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 B, has already been observed as part of a wide variability in Chinese dirk-
toothed cats from Longdan and Nihewan (6 CD N G| ), dated between 2.58 aMhl(®ui 2006). This fact
RTOONQSR SGD HCD@ NE @ FDMD xNV EQNL $@RS RH@ HMSN K@SD g
B@SR SGD RHYD NE SGD TOODQ B@MHMDR DWBDDCR SG@S NE SGD
evolutionary stages (i.e.M eultridens megantereon,M eultridens 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
BNMOQLHMF SGD OQDUHNTR QDMDWSHNEM N $@ D HAWKRO SISGNDRH R EHA @ R
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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Cin% P* Cin% P3 P2 in % P* Psin% Py P,in% M
Europe
Villaroya 60.6 59.9 93.8
Les Etouaires 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
Seneze 74.4 144.9-145.0 51.4 61.0 88.1
Fonelas 49.8-55.9 82.3-87.0
Bugiulesti 70.0 1235 56.7
Olivola 39.8
Upper Valdarno 74.3 183.7 40.4-58.3 45.9-46.6 81.8-95.0
Urkat 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
8TRGD 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 38.6-47.9 375 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 2125 39.7 37.1 85.9
Elandsfontein 72.8
Schurveburg 45.5 82.4

3@ A K D Metric differentiation of Old World Pliocene and Pleistocene Megantereon. Calculations of inter-tooth proportions based on
CosS@ @MC CDRBQHOSHNMR FHUDM AX 5HKK@KS @ 5HQDS $vDQ 3TQMDQ
+HT @MC /@KLPUHRS DS-@K
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Villafranchian. Chinese dirk-toothed cats from Longdan and Nihewan have closely connected or fused P

QNNSR OHT DS.@K 3GHR @KRN @OOKHDR HM O@QS SN SGD B@SI
+XCDJJDQ /DSSDQ @ M s bNihelDininisi MegaBt&rébn is also single-rooted (Vekua
1996). Furthermore, this character also appears in the Monte Argentario Megantereon which belongs to
SGD @CU@MBDC $TQNOD@M SXOD 2@QCDKK@ DS.@K 3GD PTNSFH

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 MV H | T E |, separate froculiiidens,

it has been claimed »that the two Megantereon species have distinct tooth proportions, with MW HITE |
showing an upper canine which is more than 15 times longer mesiodistally than the fourth lower prenolar«

I @KLPUHRS DS.@K (M E@BBSHFSGD NMKX SVN EQHB@M RODBHLDMR V!
ONRRHAKD M@LDKX SGNRD EQNL *QNLCQ@ @H @MC S@QR®N@HEDGTQ.
PTNSHDMSR NE @MC ITRS KDRR SG@M ATS MNS LNQD U@K
@ RITKK EQNL +NMFC@M "GHM@ RDBNMC HMCHUHCT@K EQNL SG
SHDMS NUDQ HR NMKX RDDM HM SGD @CU@MBDC $TQNOD@M CHQJ S
A complete Megantereon skull from Dmanisihasa CPPTNSHDMS NE LD@RTQDLDMSR A)
i.e., well below the 1.5 mark. The ratios of the upper canines to the £and the P of this and of another
Dmanisi skull (6 CD 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 - *WHITEI "NMRDPTDMSKX @R E@Q @R SGD BC@Q@BSDQHRSH
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 |. 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

NE EQHB@ ,@QS MDY -QU@QQN @MC /@KLPUHRS /@KLPUHRS
DS.@K +DVHR @MC 6DQCDKHM R SGDQD @QD MiN@aie-ED@ STQI
reon from the AfricanM WHITElI 6DQCDKHM @MC +DVHR %HF +DVHR @MC

hypothesis of a dispersal of the African form via the Near East turntable to southwest Asia and on to Europe
RGNTKC AD QDIDBSDC

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 - «CULTRIDENS
cultidens ONOTK@SHNM ENKKNVDC AX @ RTARDPTDMS CHQJ SNNSGDC B@S
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
ONOTK@SHNM @MC HMOKSQ@SHNM NE RH@M NQ EQHB@M B@SR VHS
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,

SGD BTQQDMS RS@SD NE JMNVKDCFD CNDR MNS XDS @KKNV ENQ @MX
of European dirk-toothed cats during the Late Villafranchian, a new level of European Megantereccpm-

bining excessive upper canine size with very small upper and lower third premolars, did appear during this

period.

The three Early Pleistocen®legantereon clades of the Old World, namely the European, the African and

the Asian, may be distinguished taxonomically at the species level (Rultridens, M &V H | TVE falconeri)
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,@QS MDY -QU@QQN @MC /@KLPUHRS 2@QCDKK®@ +DVHR @MC
the average longevity of extant cat species through time, as understood from genetic assessment (Johnson
DS.-@K Q@SHNM@K S@QWNMNLHB BK @NRBdAtEr&o@is #syMdpdsEvitBGD @ C U
the Asian - *FALCONER|orthe African - *WHITE|l DWBKTCHMRufiGdsRiveRGDB8HOB Q@
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

RGNTKC AD KDFHSHL@SD QDF@QCKDRR NE HSR OGXKNFDMDSHB @
SNNSGDC B@S G@R ADDM TOFQ@CDC EQNL HSWR diQiterd-atita@eki (Betn@ RRH OB (
mer 2001) to the species M eadroveri.

R VHSG HSR S@WNMNLHB BK@ RRééan@o8 HOI@ R SAEKOR N NACDXD M@SRARD NFET A | D
BNMSQNUDQRX ,@QS MDY -@QU@QQN 'DLLDQ "GQHRSH@MRK
55kg was estimated using a carnassial M OQDCHBSHNM DPT@SHNM VGDQD@R @S KD
comparing the surface area of the diaphyseal cross-section of the humerus, and a mass approaching R§0
was achieved by comparing the width of the distal epiphysis of the humerus with those of leopard and lion

,@QS'MDY -QU@QQN @MC /@KLPUHRS
Forthe - «CULTRIDENS CULTRIDEN S skeleton (Se311) from Senéze a body mass between 130 and
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).

/I QDCHBSHNM DPT@SHNMR A@RDC NM SGD RL@KKDRS CH@OGXRD@K Ct
LD@RTQDLDMSR NE SGD 2DM YD HMCHUHCT@K AX 2@QCDKK@ DS*@K
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 Senéze individual, i.e.,

a value similar to that of the earlier 100-110kg estimation by Christiansen and Adolfssen (l.c.). However,

SGD O@QSHBTK@ QKX ON&hreEed Kk ERGODFPA@ QSDQGRMESH@MRDM @MC CN
to produce a body mass over-estimation, not only when based on humerus measurements but also when
BNMRHCDQHMF SGD DWSQ@NQCHM@QHKX L@RRHUD ,B 3GD K@SSDQ (
Nord M adroveri, which gives an estimation of 134kg based on the Mc2 vs. 86—-99kg when considering

SGD ,B @MC LD@RTQDLDMSR AX 2@ QCDKK@ DS.@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, 74%.). Taking into account the possible over-estimation for

this skeletal element as mentioned above, the actual mass of the individual would be closer to 130-1f)

Since the Senéze 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 (6CDN G| ). Females would have ranged from about 60kg upwards

"GQHRSH@MRDM @MC CNKERRDM KB ENQ @ RJTKK EQNL /DQQHDQ
HMCHB@SDR @ OQNMNTMBDC RDWT@K CHLNQOGHRL VGNRD QDKH@ AKI
from one single site. Indeed, the enormous scapula IQW 1996/25674 (Mei. 283) (see section 2.5.3.), in
combination with the small astragalus IQW 2003/28316 (Mei. 2478) (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
GTMSDC @MHL@KR @BQNRR SGD m JF BK@RRDR 'DLLDQ @ 6
@MC HSR UDQX ONVDQETK ENQDPT@QSDQR @ L@KD CHQJ SNNSGDC B¢
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 50-1,000 kg with the focus on 500kg.

, NCDKKHMF A@RDC NM HRNSNOHB RHFM@STQDR RTFFDR®RaB8&w-@S LNQD

eri at Venta Micena was the result of preying on Praemegaceros oferticornis, Stephanorhinus sp. and

Equus altidens /@ KLPUHRS DS.@K KK NE SGDRD RODBHDR OS BDMSQ

dicted prey body mass range.

However, in view of depleted 3" U@KTDR BNLOHK@SHNM AX /@KLPUHRS DS @K K

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 '1QDC@ DS @K *NSNVRJH DS.@K

this volume) would have been the main targets of male dirk-toothed cats. If female Megantereon were

HMCDDC RTARS@MSH@KKX RL@KKDQ SG@M L@QKDR EDL@KD @MC DUDN

reach in the corresponding palaeoenvironment.

The mean daily meat consumption of a 130kg dirk-toothed cat has been estimated at around 5kg using

SGD QDRODBSHUD OQDCHBSHNM DPT@SHNM 'DLLDQ @ $UDM H

HLLDCH@SDKX ENKKNVHMF @ JHKK @ BNMRHCDQ@AKD CHRBI@GDO@ MB:

the live mass of an extant fallow deer (Damadama HR QDOQDRDMSDC AX LD@S GD@QS @

2011, based on Reinken 1987)Assuming a roughly similar composition in a 258g Eucladoceros deer, this

would have meant around 100 kg 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,

@ OQDC@SNQ G@R SN QDSTQM ENQ RDUDQ@K C@XR SN @ B@QB@RR

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 habitéit.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 196taying for

a long time near a carcass greatly enhances the chance of repeated challenges by potential kleptoparasitic

scavengersThe 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 OQDEDQQDC BKNRDC VNNCDC G@QAHS@SR D
/I/@KLPUHRS DS @K +DVHR @MC 6DQCDKHM @MC SGD KHL

BNMSQHATSD @MX DRRDMSH@K MDV HMRHFGS GDQD 3GD xNNC UTKMEC

applied to the dirk-toothed cat, as the minimum number of individuals is too lowThe total Megantereon

material from Untermassfeld represents an MNI of 2. While the Lower Fluviatile Sands (LFS) contained

DKDLDMSR NE SGD K@QFDQ L@KD HMCHUHCT@K :D F SGD RB@OTK@

@RSQ@F@KTR NE SGD EDL@KD :(06 ,DH RDD @ANUD< NQ

400DQ WKTUH@SHKD 2@MCR :4%2 K < -DUDQSGDKDRR SGD %51 NE SG

LNQD BKNRDKX SN SG@S NE SGD I@FT@Q @MC MNS SN SGD Q@SHNR N

SDQ @QEOMHSX @MC BNQQDRONMCHMF DWODQHDMBD VHSG SGD ONSDM

Untermassfeld Megantereon.
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