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Abstract 

We describe two large predators from the hominoid-bearing Khorat sand pits, Nakhon 

Ratchasima Province, northeastern Thailand: a new genus of pantherine, Pachypanthera n. gen., 

represented by partial mandible and maxilla and an indeterminate sabre-toothed cat, represented 

by a fragment of upper canine. The morphological characters of Pachypanthera n. gen., notably 

the large and powerful canine, the great robustness of the mandibular body, the very deep fossa 

for the m. masseter, the zigzag HSB enamel pattern, indicate bone-cracking capacities. The 

genus is unique among Felidae as it has one of the most powerful and robust mandibles ever 

found. Moreover, it may be the oldest known pantherine, as other Asian pantherines are dated 

back to the early Pliocene. The taxa we report here are the only carnivorans known from the 

late Miocene of Thailand. Although the material is rather scarce, it brings new insights to the 

evolutionary history of Neogene mammals of Southeast Asia, in a geographic place which is 

partly “terra incognita.” 

Keywords Asia · Felidae · New taxon · Bone cracking · Late Miocene · Sabre-toothed cat · 

Pantherine 
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Introduction 

The extant family Felidae comprises about 14 genera (Kitchener et al. 2017) and numerous 

species adapted to huntingand feeding mainly on the flesh of living animals although they may 

sometimes crack the bones. Statistical analysis (Werdelin 1983) separate the extant felids in 

two clusters:large and small cats; the two groups being separated by size but also by their 

different proportions. When considering thefossil record, Felidae are divided into two groups: 

the fossilMachairodontinae or sabre-toothed cats and fossil and extant Felinae, most of them 

having conical upper canines (Werdelin et al. 2010). The fossil record of Felidae dates back 

tothe Oligocene with the small-sized European Proailurus Filhol, 1879. During the Miocene, 

Felinae are represented by small- and medium-sized species. The large-sized felines only 

appear during the Pliocene and belong to pantherine (Panthera [lion, tiger, leopard, jaguar, 

snow leopard] and Neofelis, the clouded leopard), puma-like or cheetah-like forms. Here we 

describe the first remains of carnivorans from the late Miocene hominoid-bearing Khorat sand 

pits, in Thailand: a partial hemi-mandible and maxilla of a large- sized feline and an upper 

canine of a machairondontine. We discuss the ecological role of the new fossils in the past com- 

munities of Thailand. These discoveries further document the diversity of large-sized 

carnivorans in the late Miocene ecosystems of Southeast Asia. 

Material and methods 

The studied material is a left hemi-mandible (CUF-KR-1), a piece of right maxilla (CUF-KR-

2), and a canine fragment (KHT 1) from Khorat sand pits. In the case of CUF-KR-1 and CUF-

KR-2, we performed comparisons with fossil or extant felids. Additionally, we used high-

resolution X-ray tomography to access and describe the internal structure of the lower jaw 

(CUF-KR-1). The microtomographic acquisition was carried out using the EasyTom XL Duo 

(RX-solutions, France) available on the PLATINA platform (IC2MP, Université de Poitiers). 

A sealed microfocus x-ray source (L12161-07, Hamamatsu Photonics, Japan) was used coupled 

to a flat panel detector (PaxScan 2520DX, Varian, USA; 1920 × 1536 matrix pixel; pixel pitch 

of 127 μm; 16 bits of dynamics). The whole specimen was scanned in stacking mode with 2624 

projections distributed over 2 turns with a spatial resolution of 75 μm. Parameters of the 

acquisition are 130 kV (tube voltage), 350 μA (tube current), 12.5 frames per second, averaging 

of 15 frames per projections, a source-to-detector distance, and a source-to-object distance of 

497 mm and 293 mm, respectively. An aluminum filter of 1.2 mm thickness was used to reduce 

beam hardening effects. An anti-ring procedure with random shifts of the detector was used to 

avoid ring artifacts. At the end of the acquisition,a set of 32 additional reference projections 
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were recorded tocorrect for possible beam drift. Reconstruction of the data 

was done with the XAct software package (RX-solutions) with a filtered back projection 

algorithm based on the Feld-kamp method for cone beam geometry and with a Tukey filter. 

Beam hardening artifacts were corrected through line-arization with a polynomial function. 

Moreover, we acquired surface data of the upper jaw (CUF-KR-2) with an 3D Artec Space 

Spider and obtained 1,412,644 triangles for a surface of 234.82 cm 2 . The 3D models of the 

mandible and maxilla are figured in the Supplementary Material 1 and are available at 

morphomuseum.com (Grohé et al. 2023). Observations and image acquisitions of the Hunter-

Schreger bands on the p4 of CUF-KR-1 were made with a Leica microscope M205C with a 

Flexacam C1 camera.  

Linear measurements were taken with Mitutoyo caliper to the nearest 1/100 mm with results 

given to the nearest 1/10 mm. 

Abbreviations: “CUF-KR,” Collections of GeologicalDepartment, Chulalongkorn University, 

Bangkok-KhoratFossils. “KHT,” Collections of Nakhon Ratchasima RajabhatUniversity-

Khorat Fossils. “UPPal CAR-5-001,” Collection of the University of Poitiers, Paleontology –

Carnivore. 

 

Geological and faunal context 

 

The Khorat sand pits are located along the Mun Riverin Nakhon Ratchasima Province, 

northeastern Thailand (Fig. 1). Chaimanee et al. (2006) mentioned two distinct sedimentary 

units in the stratigraphic sections of these sand pits: the upper unit consisting of yellowish sands 

and gravels of about 7–8 m thickness, and the lower unit consisting of grayish sands and gravels 

(more than 50-m thick). The upper unit shows oxidized yellowish sands and gravels, but the 

lowermost part of the unit consists of gravels, which contain rare reworked tektites, abundant 

tree trunks, and some clay lenses rich in organic matter, including leaves and seeds. The tektites 

were dated to about 780,000 years old (Haines et al. 2004) and this upper unit is therefore of 

Pleistocene age. The lower unit is composed of organic-rich sand that corresponds to fluviatile 

channel deposits with intense cross-bedding and has produced fossil remains of a few tree 

trunks, mammals, turtles, and crocodiles. Organic-rich clay lenses about 5–30 cm thick are 

interbedded within these sands and gravels. The mammalian fossils collected from this lower 

unit include remains of the hominoids Khoratpithecus piriyai and Khoratpithecus magnus 

(Chaimanee et al. 2004, 2022); hipparionines sp. indet.; the rhinocerotids Alicornops 

complanatum, Acerorhinus paleosinensis, Acerorhinus porpani, and Brachypotherium 

perimense (Chaimanee et al. 2004; Deng et al. 2013; Handa et al. 2021); several species of 



4 
 

proboscideans (Saegusa et al. 2005; Thasod et al. 2012; Duangkrayom et al. 2017); the suids 

Hippopotamodon cf. sivalensis and Propotamochoerus cf. hysudricus; the anthracotheres 

Merycopotamus medioximus, M. thachangensis, and Microbunodon milaensis (Lihoreau et al. 

2007; Hanta et al. 2008); the giraffid Bramatherium sp. and the bovids Selenoportax vexillarius, 

Selenoportax falconeri, Selenoportax sp., and Pachyportax giganteus (Nishioka et al. 2014, 

2020). Fossil mammals discovered from these sand pits correspond in part to those of the lower 

Dhok Pathan mammalian zone of the Siwaliks (Northern India and Pakistan) indicating a late 

Miocene age, between 9 and 6 Ma (Barry et al. 2002; Chaimanee et al. 2006). This 

fossiliferoussand unit corresponds to fluvial channel deposits of the paleo-Mun River system 

as indicated by the abundant crocodile and turtle remains. The paleoenvironment of the area 

was swampy mixed with closed woodland habitats based on the occurrence of the rhinocerotid 

Brachypotherium, which is considered a swamp dweller. The pollen assemblage, dominated by 

thermophilous trees and grassland, indicates a forest-grassland transition environment 

(Sepulchre et al. 2010). However, hydromorphic plant pollen spectra dominate, suggesting that 

large areas of the floodplain were covered by grasslands (Chaimanee et al. 2006). 

The fossils described in this study were recovered in a Khorat sand pit by a local amateur. They 

originated from the fossiliferous lower sand unit and are therefore dated between 9 and 6 Ma. 

They will be stored after study in the Collections of the Geological Department, Chulalongkorn 

University, Bangkok. 

 

Fig. 1. Khorat sand pits are located along the Mun River in Nakhon Ratchasima Province, northeastern Thailand 
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Systematics 

Order Carnivora Bowdich, 1821 

Sub-order Feliformia Kretzoi, 1945 

Family Felidae Batsch, 1788 

Sub-family Felinae Batsch, 1788 

Pachypanthera n. gen. 

Etymology: from the greek “Pachy” = thick. 

Type species: Pachypanthera piriyai n. sp. 

Diagnosis: Very large felid whose mandible is characterized by a dilated anterior region raised 

around the huge canine; medium-sized i3 situated in front of the canine while very small i1 and 

i2 located behind i3; thick and very robust corpus mandibulae with a straight ventral border, 

and a deep and large masseteric fossa; no p1 and p2, diastema between canine and p3 with a 

ridge running from the canine alveolus to the anterior alveolus of p3; relatively low and elongate 

p4 with two well-developed accessory cuspids located mesial and distal to the main cuspid; 

horizontal wear facets on the cuspids of p4. Large upper canine; large infra-orbital foramen; P2 

out of the line of the tooth row; P3, with a concave mesial profile, is posteriorly enlarged with 

a small distal accessory cusp and a narrow and flat talon; P4 with a small parastyle, a large 

mesio-lingually projecting protocone with a small conic cusp at the lingual extremity; relatively 

large M1. Presence of zigzag Hunter-Schreger bands (HSB) on the premolars. 

Pachypanthera piriyai n. sp. 

Origin of the name: in honor of Piriya Vachajitpan, who played a critical part in recovering 

the fossils. 

Holotype (CUF-KR-1): left hemi-mandible with the alveoli for i1–i3, canine alveolus, 

remains of roots of p3, p4 and partially broken off m1 crown. 

Paratype (CUF-KR-2): large fragment of right maxilla with canine alveolus, P3–P4, M1 

alveolus. 

Diagnosis: As for the genus. 

Locality: Khorat sand pit, Nakhon Ratchasima Province, northeastern Thailand 

Age: late Miocene, 9 to 6 Ma. 
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Description 

 

The jaw of Pachypanthera piriyai n. gen. n. sp. (CUF-KR-1) is striking in the morphology of 

its anterior part (Figs. 2 and 3). This part is dilated and elevated, the alveolar plane of the canine 

being distinctly higher than that of the cheek teeth. There is a round alveolus for the third incisor 

(diameter 6.7 mm) and two small and laterally compressed alveoli for i2 and i1 (Table 1). The 

incisors were very small compared to the huge canine, and the third incisor was not situated 

medially relative to the canine but in front of the canine so that the distance between the two 

lower canines of the mandibles would have been quite small (Fig. 4). The alveolus of the canine 

is very large (length = 28.8 mm; width = 23 mm) and the long axis of the tooth is little curved 

(Fig. 2). There is a large diastema between canine and p3; a thick crest runs on the dorsal edge 

of the diastema from the posterior limit of the canine alveolus to the anterior limit of the p3 

alveolus. A shallow depression situated on the buccal side of the diastema could indicate the 

presence of a huge upper canine being in contact with the mandible when the jaws were closed. 

There are two mental foramina at mid-height below the diastema, a medium-sized anterior one 

and a smaller posterior one (Fig. 2, Supplementary Material 1). Except under the canine where 

there is a small bump, the height of the corpus mandibulae is uniform from p3 to the angular 

process. This bump corresponds to a high steep symphysis and a long canine alveolus, the depth 

of the symphysis being correlated with the size of the canine root (Kurten 1957, p. 379). The 

corpus is also very thick (Table 2) and the lower border is straight below the masseteric fossa 

up to the fossa of the angular process. The fossa seems to have been deep, but there is a 

polymorphism in this area in some species of felids (Salles 1992, fig. 5). The ascending process 

(ramus) is very oblique relative to the corpus (angle between the line of the mesial border and 

the horizontal is about 155°). The masseteric fossa is very deep. The masseter muscle inserts 

on a high and robust flange running along the ascending ramus, and it also has an anterior 

expansion of the masseteric fossa to the level of the middle part of m1. The tooth row is slightly 

convex buccally. The posterior alveolus of p3 is larger than the anterior one, meaning that the 

distal part of the crown was probably wider than the mesial part. This tooth is not very 

developed (length from alveoli 17.2 mm) and is situated slightly obliquely relatively to the tooth 

row. The p4 is longer than the p3 (Table 1). It is elongate and relatively low, even when taking 

into account the horizontal wear facet on the top of the main cuspid. If we take into account this 

wear facet (about 2 mm), the height of p4 divided by its length is 0.7. There are two well-

developed accessory cuspids. Large horizontal wear facets are present on the main and both 

accessory cuspids. Small shear facets are visible on the buccal side of the main and accessory 
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cuspids under the horizontal wear facets. Although the m1 is partially broken off, remains of 

the base of the crown allow measurements to be taken. It was a stout tooth (Table 1); the base 

of the m1 paraconid is in contact with the distolingual end of p4 (tiles disposition) and the 

talonid tapers distally (Fig. 2a). The robustness index of m1 (maximum width divided by the 

length and multiplied by 100) reaches 52. The distance between canine and m1 is relatively 

short (64.5 mm) and is evidence for a shortened anterior part of the jaw and, of course, a 

shortened snout. There is no m2. The microtomographic data allow for observation of the 

internal structures of the jaw (Fig. 3), showing a part of the large alveolus of the canine, the 

relatively short roots of p3, the anterior one being the shorter, with both roots being anteriorly 

directed, the two long anteriorly directed roots and the crown of p4, followed by the very large 

vertical mesial root and the smaller vertical distal one of m1. There is also a part of the carnassial 

crown. A longitudinal section along the tooth row (Fig. 3b) shows the large size of the canine 

alveolus whose direction indicates a root that is less curved and closer to the vertical than in 

some other carnivores. Under the diastema, the anterior alveolus of p3 and the canine alveolus 

are separated by a short distance. 

Under a microscope, we can observe a zigzag pattern of the Hunter-Schreger bands (HSB) of 

enamel on the top and a large part of the p4 main cuspid and principally acute angle HSB on 

the distal accessory cuspid (Fig. 5). The HSB are features that increase enamel resistance to 

mastication stress in mammals. In carnivorans, several HSB patterns have been recognized: the 

HSB may be undulating with a low amplitude, forming waves with acute angles or may be 

zigzag (Stefen and Rensberger 1999, fig.11), the latter being characteristic of bone-cracking 

carnivores such as hyaenids (Stefen 1997a, 1997b). The zigzag HSB may be associated with 

the other types of bands in a tooth or be the sole type of HSB observed, which is the case for 

some hyenas (Stefen and Rensberger 1999). When there are several types of HSB in a tooth, 

the low amplitude ones are situated at the base of the crown and the zigzag HSB at the top of 

the cuspids. Here the zigzag HSB of the p4 of CUF-KR-1, visible on the top of the main cuspid, 

and the acute angles on the accessory ones recall those of fossil and modern bone-cracking 

hyenas (Stefen and Rensberger 1999; Tseng 2011). The zigzag HSB may be present in different 

carnivorous mammals as Hyaenodonta, Arctocyonidae, and Mesonychidae (Stefen 1997a), 

North American Hyaenodon (Stefen 1997b) or European Hyaenodon (Bastl et al. 2012). Each 

time they are associated with very robust enamel and a diet based on tough item and bone-

cracking behavior.  
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Fig. 2 Pachypanthera piriyai n. gen. n. sp., left hemi-mandible CUF-KR-1. a Occlusal view (stereopair); b 

inferior view; c lateral view; d medial view (scale bar = 20 mm) 
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Fig. 3 Pachypanthera piriyai n. gen. n. sp., left hemi-mandible CUF-KR-1 (scale bar = 20 mm). a Virtual rendering 

of the jaw in buccal view showing the roots of the check teeth. Note the absence of trace of p2. b Parasagittal 

section showing the huge alveolus for the canine.Abbreviations: ca, canine alveolus; d, diastema; mc, mandibular 

canal; mf, masseteric fossa. 

 

Fig. 4 Digital reconstruction of the mandible of Pachypanthera piriyai n. gen. n. sp. (a) in comparison with the 

mandible of Panthera leo (UPPal CAR-5-001) (b) in occlusal view. Scale bar = 20 mm 
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Fig. 5 Images of the p4 of CUF-KR-1 showing the zigzag HSB pattern in its enamel. a, General buccal view of 

the p4 main cuspid; b and c, details of the p4 buccal wall. Scale bars = 1 mm 

 

 

Table 1 Measurements (in mm) of the dentition of Pachypanthera piriyai n. gen. n. sp. L = mesiodistal length. w 

= buccolingual width. H = crown height. D = mesiodistal length of the diastema. Italics = measurements on the 

alveoli. 

Lower  

teeth 

(CUF-KR-1) 

i1L i2L i3L cL cw D p3L p3w p4L p4w p4h m1L m1w p4L/m1L 

2 4 8 29 22.5 25 19.5 - 25 14.5 15.2 28.6 14.5 0.87 

Upper  

teeth 

(CUF-KR-2) 

CL Cw D P2L P2w P3L P3w P4L P4w M1L M1w    

48 24 7,1 10 6 23,8 13,4 36,7 19,3 5,8 14    

 

Table 2 Measurements (in mm) of the corpus mandibulae of Pachypanthera piriyai n. gen. n. sp. 

front-p3 

depth 

front-p3 

width 

p3-p4 

depth 

p3-p4 

width 

p4-m1 

depth 

p4-m1 

width  

post-m1 

depth  

post-m1 

width 

46.5 35 42.5 24.5 44.3 28.9 44.9 24.3 

 

 

The right maxilla CUF-KR-2 (Fig. 6) fits the mandible well and, considering the scarcity of 

large carnivores in the locality, with very high probability belongs to the same species. 

Nevertheless, it is a different individual whose teeth are unworn. The maxilla is preserved from 

the alveolus of the canine to its posterior part, the top being broken off at the level of a large 

infra-orbital foramen and it is followed by the beginning of the high (45.8 mm) jugal part of the 

zygomatic arch. It is anteriorly swollen due to the huge canine alveolus. In lateral view, the 
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maxilla-jugal suture first runs upright from the base and then turns forward to the top up to the 

infra-orbital foramen; on the medial face, it is oblique from the base to the top. The crown of 

the single-rooted P2 is broken off (Table 2); it is laterally situated relative to the tooth row. P3 

is quite low, elongate, and oblique relative to the tooth row; its occlusal profile is quite 

trapezoidal but with rounded angles; the crown is encircled by a weak cingulum. There is no 

mesial accessory cusp; there is a mesio-lingual vertical ridge and the mesial face is slightly 

concave; there is a moderately developed distal accessory cusp followed by a short talon. The 

carnassial, P4, is long, with a relatively small parastyle, a large paracone, and an elongate 

metastyle; a very small cusp is located at the mesio-buccal corner of the tooth; the protocone is 

very well developed with a conic lingual tubercle; it is as mesial as the parastyle; a mesio-

lingual ridge runs from the top of the paracone to the protocone; a weak cingulum runs along 

the buccal and lingual faces. We observe zigzag HSB on the top of the paracone of P4. There 

is a single transversally oval and large alveolus for M1. 

 

 

Fig. 6 Right maxilla of Pachypanthera piriyai n. gen. n. sp. (CUFKR-2). a Occlusal view; b medial view; c lateral 

view (scale bar = 20 mm) 
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Comparisons 

The lack of p1 and p2, the straight ventral border of the mandible, and the low-crowned P3 and 

p4 confirm that these specimens belong to the family Felidae. Moreover, the enlarged canines; 

the strong horizontal wear facets on p4; the acute to zigzag HSB on the lower and upper 

premolars; and the deep, short, and thick hemi-mandible altogether suggest that this felid 

probably was a durophagous carnivore. Zigzag HSB are common in fossil and extant bone-

cracking mammals (Werdelin 1989; Wang et al. 1999). 

Although they are known since the Oligocene with the small-sized Proailurus Filhol, 1879, the 

Felidae, excepting the Machairodontinae, are represented during the Miocene through small- 

and medium-sized species. The large-sized felines only appear during the Pliocene and belong 

either to the genus Panthera, to puma-like or to cheetah-like forms. The infra-orbital foramen 

of Pachypanthera n. gen. is as large as in pantherines although it is smaller in other felids such 

as in the cheetah (Sims 2012, fig. 8). Nonetheless, the Thai carnivore differs from other extant 

large felids in the large size of the canine, the oblique p3/P3, and the robustness of the dentary 

(Figs. 4 and 7). The obliquity of the third premolars indicates a shortening of the jaws and 

probably reinforces the pressure during the bite. The protocone is generally smaller in the felids 

than in Pachypanthera n. gen., but the protocone of lions may also be elongated (photo of 

Werdelin, in litteris) and the protocone may also be long with a small lingual cusp in a felid 

(see Neofelis nebulosa in Salles 1992, fig. 11). 

If we consider the fossil record, felids have been described from the upper stage (Pinjor) of the 

Siwalik hills in the Indian subcontinent. Sivafelis potens Pilgrim 1932 is based on a mandible 

and a small piece of maxilla (Pilgrim 1932, pl. 3, figs. 2 and 10). This species differs from 

Pachypanthera n. gen. in the smaller size, the relatively smaller size of the canine, and the 

shorter diastema between the canine and p3. In the same genus, Pilgrim placed specimens of 

Felis (Cynailurus) brachygnathus figured by Lydekker (1884, p. 149–151, Pl. 43, figs. 1 and 

2) and another specimen from China (Zdansky 1924) that Kretzoi (1938) considered belonging 

to the genus Sivapanthera. Nevertheless, whatever the generic name, “S.” brachygnathus is 

larger than S. potens but differs from the Thai felid in the short diastema; the smaller canine 

and the large size of two mental foramina situated below the short diastema and the gap p2–p3, 

respectively.  

The middle Miocene Styriofelis turnauensis (Hoernes, 1882), Miopanthera lorteti (Gaillard, 

1899), the late Miocene Styriofelis vallesiensis Salesa et al., 2012, and Pristifelis attica 

(Wagner, 1857) are small cats that are morphologically distant from the large Pachypanthera 

n. gen.  
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In Africa, Diamantofelis ferox Morales et al. 1998, is a medium-sized felid which differs from 

Pachypanthera n. gen. in having a p4 with a very high main cuspid and a convex ventral border 

of the corpus (Morales et al. 1998, fig. 12).  

Other occurrences of quite large non-machairodont cats include taxa phylogenetically closer to 

the extant genus Panthera. The species from the late Miocene (Vallesian) of Turkey “Felis” 

pamiri Ozansoy, 1965 was revised and attributed to the genus Miopanthera Kretzoi 1938 

(Geraads and Peigné 2017). The authors consider that the specimen figured by Ozansoy (1965) 

is close to extant Felinae and even to pantherines. Its size (P4 length = 20.4 mm, m1 length = 

16.1 mm) would be in the range “from that of a large caracal to that of a small leopard” (p. 

423). In their conclusions (p. 424), these authors “favor its inclusion in the pantherin clade, 

because of its relatively large size, low p3, and large incisors” although Mio. pamiri differs 

“from modern Panthera species in the absence of canine grooves, longer distance between C 

and P3, less reduced M1, and long m1 relative to p4”. Mio. pamiri differs from Pachypanthera 

n. gen. by the smaller size, the relative smaller canines, the relative longer P2, the relative higher 

P3, the relative larger parastyle of P4, the non-oblique p3, the lower half of the symphysis 

longer than the upper one, and the slightly convex ventral border of the corpus (Geraads and 

Peigné 2017, fig. 1d). 

Panthera blytheae Tseng et al. 2014 was found in the early Pliocene of Tibet and is considered 

by the authors as the oldest known representative of the genus Panthera (Tseng et al. 2014). 

The maxilla of P. blytheae differs from that of the Thai carnivoran by the smaller size (P4 length 

= 18.4 mm), the relatively smaller canines, the presence of a small supplementary buccal cusp 

on the posterior cingulum of P3, the presence of converging ridges on the buccal surface of P4, 

the presence of undulating HSB throughout the cheek teeth, and the absence of zigzag HSB. 

Some mandibular remains recorded in the type locality and other localities from the same basin 

are attributed to the same species. They differ from Pachypanthera n. gen. by the smaller size, 

the steeper symphysis, the premolars on a straight line, p3 not being oblique relative to the tooth 

row. Note that, for Hemmer (2023), this species P. blytheae is the type of a new genus named 

Palaeopanthera. 

The genus Panthera became more common in Eurasia during the Plio-Pleistocene. Kretzoi 

(1938) described isolated teeth from a Villafranchian locality as belonging to Leo 

gombaszögensis (sic) which later was changed to Panthera gombaszoegensis (Kretzoi 1938) 

and identified from many Pleistocene localities of Eurasia from western Europe to China 

(Kretzoi 1938; Hemmer 1971, 1972; Sotnikova and Vislobokova 1990; Argant 1991; Hemmer 

et al. 2001; Langlois 2002; O’Regan 2002; Baryshnikov 2011; Jiangzuo and Liu 2020; and see 
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Marciszak and Lipecki 2022, fig. 1). Some authors, following Hemmer (Hemmer 1971; 

Hemmer et al. 2010), considered Pa. gombaszoegensis as close to the jaguar but this opinion 

was discussed recently (Chatar et al. 2022) and this species may be closer to the tiger. Pa. 

gombaszoegensis has the same oblique p3 and a deep masseter fossa like Pachypanthera 

n. gen. but differs from the Thai carnivoran in its smaller size, the lack of ridge on the dorsal 

surface of the diastema, steeper symphysis, two large mental foramina, less robust corpus, 

relatively smaller canines, larger cingulid around the distal accessory cuspid of p4, no laterally 

positioned P3, and relatively larger parastyle of P4. 

Another large felid was present in the middle and late Pleistocene, Panthera spelaea (Goldfuss, 

1810), the cave lion which is recorded from Spain (Alvarez-Lao et al. 2020) to Alaska and 

Canada (Kurten 1985; Stuart and Lister 2011). Its remains are common in many prehistoric 

excavations. We include in our comparison Panthera mosbachensis Dietrich, 1962 which is 

considered by some authors the putative direct ancestor of P. spelaea. Both species are well 

known for their large size although it is highly variable. The length of m1 varies from 25.5 to 

34.2 mm in Eurasian specimens (Baryshnikov and Boeskorov 2001, table 8; Baryshnikov 2011; 

Sotnikova and Vislobokova 1990) and 25.7 to 34 mm for a width of 14 to 18 mm in another 

sample (Langlois 2002, fig. 3) against 25 to 31 mm for the extant lion (Turner 1984, fig. 2). 

These measurements fit those of Pachypanthera n. gen. Nevertheless, in P. spelaea the lower 

incisors, and especially the two central incisors, are far larger (Argant and Brugal 2017, table 

2) and the upper canine is relatively smaller; its length varies from 22.6 to 34.4 mm (Argant 

and Brugal 2017, table 1), while the estimated length of the alveolus is 48 mm for 

Pachypanthera n. gen. This difference in canine dimensions between the two species is even 

greater if considering the relative size of the canine. 

The overall size of P. spelaea varies as a function of time and geographic dispersion, allowing 

the creation of some subspecies (Sotnikova and Nikolaskiy 2006; Marciszak and Stefaniak 

2010; Marciszak et al. 2014, 2021; Argant and Brugal 2017) based on size or some 

morphological details. The crown-root junction of the lower canine is at a higher level than that 

of the cheek teeth but less so than in Pachypanthera n. gen. Panthera spelaea differs from the 

latter in its larger incisors, its relatively smaller upper canine, the position of its i3, its P3 in the 

line with the tooth row and with an accessory mesial cusp, its relative larger parastyle of P4, its 

narrow symphysis (see Baryshnikov and Petrova 2008, fig.1), its large mental foramen close to 

the anterior root of p3, the less robust corpus mandibulae (Fig. 7), and the absence of horizontal 

wear facets on the cuspids. We observed small horizontal wear facets on the top of premolars 

on a photograph of a mandible of leopard (Werdelin, in litteris). Nevertheless, this feature is 
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uncommon in the pantherines. When we find a fossil, statistically we have a great chance to get 

a common specimen of the population, and we may suggest that the presence of a horizontal 

wear facet on the top of p4 of Pachypanthera n. gen. is probably a character of the population. 

It seems that this peculiar wear pattern does not exist in the bulk of the P. spelaea populations. 

 

Discussion 
 

As we saw above, Pachypanthera n. gen. does not fit exactly any species of Felidae. The 

robustness of the corpus mandibulae seems to be a major character that separates 

Pachypanthera n. gen. from the other Felidae. A correspondence analysis is carried on the 

measurements, depth (DyPP and DyPM), and width (DxPP and DxPM) of the corpus 

mandibulae at the level of p3–p4 and p4–m1 gaps of some Felidae, Hyaenidae, Percrocutidae, 

and Canidae (Fig. 7, Table 3). The data come from Biknevicius and Ruff (1992), Baryshnikov 

(in litteris), and original. We did not work on the raw data but on the logarithmic values and we 

choose the correspondence analysis to avoid directly the “size effect” in the results (Lebart et 

al. 1984). In the first axis the variables DxPM and DxPP lie on the positive part and DyPM with 

DyPP on the negative side. In the first group we find the hyenas (Hyaenidae and Percrocutidae), 

the large Felidae, and two Canidae (gray wolf and lycaon). On the negative side are the bulk of 

the Canidae and Felidae. The separation is based on differences in proportion, the positive side 

being linked to greater robustness. Into this group, there is a vertical gradient from forms in 

which the larger width is anterior (DxPP) to forms in which the larger width is posterior 

(DxPM). We note that Pachypanthera n. gen. is isolated in an extreme position with a very 

robust posterior part of the mandible. The zigzag pattern of the HSB of the tooth enamel, well 

developed in the Hyaenidae and in Pachypanthera n. gen., is also present in other carnivorans 

and could be linked to bone-cracking activity as “the flexible patterns of HSB specialization 

allow carnivorans to adapt rapidly to changing dietary environments” (Tseng 2011, p. 1165). 

We may estimate that Pachypanthera n. gen. was probably engaged, at less partially, in 

breaking tough food items. 
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Fig. 7 Correspondence factor analysis of mandibular measurements of Pachypanthera n. gen. and various extant 

and fossil carnivorans (Canidae, Felidae, Hyaenidae, and Percrocutidae). Projection on the plane of the two first 

axes. Variables = log10-transformed deepness (Dy) and thickness (Dx) of the corpus at the gaps p3–p4 (PP) and 

p4–m1 (PM). Canidae: 1 Vulpes lagopus, 2 Canis latrans, 3 Canis lupus, 4 Canis mesomelas, 5 Cerdocyon thous, 

6 Lycalopex culpaeus, 7 Lycaon pictus, 8 Nyctereutes procyonoides, 9 Otocyon megalotis, 10 Urocyon 

cinereoargenteus, 11 Vulpes velox, 12 Vulpes vulpes. Felidae: 13 Acinonyx jubatus, 14 Prionailurus bengalensis, 

15 Felis lybica, 16 Lynx rufus, 17 Leptailurus serval, 18 Leopardus weidii, 19 Herpailurus yagouaroundi, 20 

Puma concolor, 21 Panthera leo, 22 Panthera pardus, 23 large-sized Lynx lynx, 24 Lynx lynx, 25 Caracal caracal, 

26-29 Panthera spelaea. Hyaenidae: 30 Crocuta crocuta, 31 Hyaena hyaena. Percrocutidae: 32 Dinocrocuta 

algeriensis, 33 Dinocrocuta senyureki. Convex hulls are represented for Canidae, Felidae, and Hyaenidae + 

Percrocutidae. Data from Biknevicius and Ruff (1992) completed by Panthera spelaea (pers. comm., G. F. 

Baryshnikov) and by measurements on original specimens of Lynx lynx and Caracal (collections of the Université 

de Poitiers). Measurements for percrocutids made from casts. 

 

Table 3 Coordinates of the correspondence analysis 

Variable 
Coordinates 

Dim 1 

Coordinates 

Dim 2 
Mass Quality 

Relative 

inertia 

Inertia 

Dim 1 

Inertia Dim 

2 

DyPP -0.021529 0.004977 0.280742 0.765131 0.157717 0.142476 0.048639 

DxPP 0.044448 0.014307 0.212638 0.996077 0.409751 0.459975 0.304468 

DyPM -0.029334 0.000209 0.287652 0.875636 0.248854 0.271007 0.000088 

DyPM 0.022974 -0.020549 0.218968 0.997066 0.183678 0.126543 0.646805 

 

 

Sub-family Machairodontinae Gill, 1872 

Genus and species indet. 

 

Description 

 

This left upper canine fragment (KHT-1) was discovered in the Khorat sand pits and stored at 

the Nakhon Ratchasima Rajabhat University collection, Nakhon Ratchasima Province in 

northeastern Thailand. It is a small piece (height = 65 mm, mesio-distal diameter = 27 mm) of 

a flattened upper canine with crenulations (about 20 crenulations by centimetre) on the distal 

edge (Fig. 8). It certainly belongs to a quite large sabre-toothed felid of the tribe Homotherini 
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in the sense of Kurten (1963), but we cannot give a more precise identification because of the 

fragmentary nature of the material. 

 

 

Fig. 8 Left upper canine of a machairodontine felid (KHT-1) in lateral and medial views (a, b). 

cr, crenulations on the distal edge. Scale bar = 1 cm 

 

General discussion 
 

The two large-sized predators of the Khorat basin (Pachypanthera piriyai n. gen., n. sp., a 

pantherine, and an indeterminate sabre-toothed felid) are the only carnivorans known in the late 

Miocene of Thailand. Small- and medium-sized carnivorans common in the late Miocene 

localities of the Old World, such as mustelids and viverrids, were not recovered in the Khorat 

sand pits, probably due to the grain size of the sand of the deposits. We note that, until the late 

Miocene, large felids of the size of the extant Pantherini are only present in Machairodontinae 

which had certainly a different mode of life and an ecological niche different from that of the 

Felinae. Despite individual teeth appear “less useful for size estimations of fossil material” 

(Turner and O’Reagan 2002) than other elements, the body mass of Pachypanthera n. gen. is 

estimated at 142 kg from the size of its m1 following the regression of Legendre and Roth 

(1988, fig.1, ln y = k ln X + ln b) for Felidae. Nevertheless, the body mass estimation of one 

specimen, whatever the method employed, is an approximation that does not give access to the 

variation into the species, which is known to be important among the extant felids. For example, 

the range of body mass for the lion is 122–240 kg, and those of the tiger and the leopard are 

100–250 and 30–70 kg, respectively (Macdonald 2001; see also Faurby et al. 2021). The body 
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mass of the sabre-toothed cat from Khorat cannot be estimated but should be between that of 

Lokotunjailurus and Machairodus. 

The origin of the pantherine also may be discussed. Because of the presence in the middle 

Pliocene of Laetoli (Tanzania) of quite large felids (Barry 1987; Werdelin and 

Dehghani 2011; Hemmer 2022), some authors considered that the origin of Panthera was in 

Africa (“The origin of the genus Panthera is probably in Africa at 3.5 Ma at Laetoli in 

Tanzania,” authors’ French translation from Argant and Argant 2018, p. 279). Nonetheless, the 

true question is where these fossils were coming from. The holotype of an Asiatic species from 

China, Pa. palaeosinensis (Zdansky 1924), bears the characters of Panthera (Zdansky 1924 pl. 

32) and is considered close to the tiger; the locality where it is coming from can be dated to the 

late Pliocene. Another 

Asian record is Pa. zdanskyi Mazak et al. 2011, of which holotype comes from Longdan 

(northwestern China) and is dated to 2.55–2.16 Ma. Another answer was the record of Panthera 

blytheae, the oldest Panthera coming from the early Pliocene of Asia (Tseng et al. 2014) in the 

southwestern Tibetan Plateau. The dating is moved further back by Pachypanthera n. gen., 

which seems to be the earliest recorded large Felinae (Pantherini) in the “Hipparion fauna” of 

the late Miocene of Southeast Asia. 

The premolars P3 and p4 are conical and robust in most of the Hyaenidae and Percrocutidae 

which are considered being bone crackers. Nevertheless, other carnivorans are considered bone 

breakers or bone crushers. Several genera of the Borophaginae, a sub-family of Canidae in the 

Cenozoic of North America, are considered bone crushers. We have tested the index (width 

p4/length p4) × 100 on the data coming from 23 genera furnished in a large study of 

Borophaginae (Wang et al. 1999). The index varies from 40 to 74 in this sub-family, the larger 

indices being those of the larger species. The same index reaches 58 in Pachypanthera n. gen., 

and it is close to the larger indices of the Borophaginae. Moreover, the presence of zigzag HSB 

on p4 and P4 indicates a capacity to durophagy in the Thai carnivoran. In a large terrestrial 

carnivoran this capacity is probably linked to the breaking of bones. We also must remember 

the large and close themselves canines which could be a useful tool to break. The beginning of 

a bone-breaking or a bone-crushing process could be a valid hypothesis concerning the way of 

life of Pachypanthera, although this adaptation to bone cracking seems “weird” in felids. 

Pachypanthera n. gen. was a large carnivoran with an extremely robust mandible and very 

robust canines sustained by a strong swollen anterior mandible and propelled by powerful 

muscles probably used to perforate and to break large bones. We do not have the limb bones of 

Pachypanthera n. gen., and it cannot be known whether it was a good runner and an active 
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hunter or specialized in feeding on carcasses of large-sized animals such as proboscideans, 

rhinos, suids, anthracotheres, giraffids, bovids, the hipparionin equids, or the primate 

Khoratpithecus, found in the Khorat sand pits. 

Although the material from these sand pits is rather scarce, it brings new insights into the 

evolutionary history of Neogene mammals of Southeast Asia, in a geographic place which is 

partly “terra incognita”. 
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