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New carnivoran remains from the Early Pleistocene Shanshenmiaozui site 
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A R T I C L E  I N F O   
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A B S T R A C T   

In the Shanshenmiaozui (SSMZ) fauna from Nihewan Basin, Canis chihliensis, Nyctereutes sp., Homotherium sp., 
Acinonyx sp., Lynx shansius and Pachycrocuta licenti have been identified. C. chihliensis is the dominant and best 
represented species whose fossil materials include crania, mandibles and postcranials, including nearly complete 
manus and pes. The giant cheetah Acinonyx sp. is only represented by postcranial skeletons (scapula, radius, 
proximal ulna and an almost complete manus), which represent the richest collection for its kind ever known in 
China. Nyctereutes sp. is only represented by a partial cranium and distal part of a humerus. Homotherium sp. is 
only represented by a partial lower m1. Lynx shansius is represented by a nearly complete mandible with p3 and 
m1 preserved in situ. The fossil materials of Pachycrocuta licenti include a juvenile mandible with dp2–4 and m1 
attached, an isolated dp4 and a partial ascending ramus. The SSMZ carnivoran guild resembles those of the 
classic Nihewan fauna (CNF) and the Dmanisi fauna, which means they probably have a similar geologic age or 
slightly younger of the SSMZ fauna; and they also share the same open grassland/shrubland habitat. The post-
cranial bones of C. chihliensis and Acinonyx sp. from SSMZ represent the first records for their kinds in China.   

1. Introduction 

Nihewan (=Nihowan) Basin is situated in Yangyuan County of Hebei 
Province in northern China (Fig. 1), which is famous for its Late Ceno-
zoic fluvio-lacustrine deposits and the Early Pleistocene mammalian 
assemblage known as the Nihewan fauna (or Xiashagou fauna). The 
Nihewan fauna was discovered and excavated in the 1920s by Emile 
Licent, and was first published by Teilhard de Chardin and Piveteau 
(1930). The early excavations were conducted mainly in the areas 
around the Xiashagou (XSG) and Nihewan (NIH) villages on the north 
bank of the Sangganhe River (Sangkanho). 

In the past decade, extensive explorations and excavations have 
resulted in the recoveries of new localities and much more mammalian 
fossils. Almost all of the recently discovered localities are located at the 
southern bank of the Sangganhe River, among them the 

Shanshenmiaozui (SSMZ) site is one of the most productive sites in 
mammalian fossils. Up to now, around 24 species, including undeter-
minable species, have been recognized and/or published: Allactaga 
sibirica, Ochotonoides complicidens, Ochotona youngi, Canis chihliensis, 
Nyctereutes sp., Homotherium sp., Acinonyx sp., Lynx sp., Pachycrocuta 
licenti, Mammuthus trogontherii, Hipparion sp., Equus sanmeniensis, Coe-
lodonta nihowanensis, Elasmotherium peii, Sus lydekkeri, Paracamelus gigas, 
Nipponicervus elegans, Eucladoceros boulei, Elaphurus bifurcatus, Spirocerus 
wongi, Gazella sinensis, Ovis shantungensis, Megalovis piveteaui, Bison 
palaeosinensis (Tong et al., 2021), whose carnivorans are further updated 
in this paper. The SSMZ fauna is dominated by the following species: 
Canis chihliensis, Mammuthus trogontherii, Equus sanmeniensis, Coelodonta 
nihowanensis, Sus lydekkeri, Eucladoceros boulei, Spirocerus wongi, Gazella 
sinensis and Bison palaeosinensis, most of which have been published 
(Tong, 2012; Tong and Wang, 2014; Tong et al., 2011a, 2012, 2014, 
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2017, 2018, 2020, 2021; Tong and Chen, 2016; Chen and Tong, 2017; 
Tong and Zhang, 2019). Although the carnivore guild in the SSMZ fauna 
is not very diverse or well represented, except C. chihliensis, we still 
recognized the following taxa: Nyctereutes sp., Homotherium sp., Acino-
nyx sp. and Lynx shansius in addition to C. chihliensis; the latter has been 
published by Tong et al. (2012, 2020), the other taxa and new specimens 
of C. chihliensis are described in the present paper. 

The SSMZ site lies at the opposing slope of Xiaochangliang (XCL), the 
most iconic Paleolithic Site currently in Nihewan Basin. Our strati-
graphic correlation shows that the fossil-bearing sand-silt bed at SSMZ 
site is a little higher than the cultural layer at XCL site (Tong et al., 
2011a; Liu et al., 2016), whose paleomagnetic age is about 1.36 Ma BP 
(Zhu et al., 2001). But the SSMZ fauna is very similar to the classic 
Nihewan fauna in faunal composition, which means the SSMZ fauna 
should have a similar age as the latter (Tong et al., 2021) or somewhat 
younger, whose up-dated paleomagnetic age is 2.2–1.7 Ma (Liu et al., 
2012) or ~2.4–1.8 Ma (Farjand et al., 2023). 

2. New fossil materials 

The details of all of the studied specimens from SSMZ are listed in 
Table 1, which are reposited in the IVPP collection. 

3. Methods, terminology and abbreviations 

The suprageneric classification is mainly after McKenna and Bell 
(1997); The classification and anatomic terms of the Canidae are ac-
cording to Evans and Christensen (1979), Wang et al. (2004), Tedford 
et al. (2009), and Brugal and Boudadi-Maligne (2011). The classification 
and dental terms as well as character analysis for Hyaenidae is after 
Werdelin and Solounias (1991). 

The method of osteometry and osteological terms for felid are after 
Merriam and Stock (1932), Werdelin and Solounias (1991), Salesa et al. 
(2010) and Morales and Giannini (2013). The specimens were measured 
according to the methods used by von den Driesch (1976). The linear 
measurements were taken with slide calipers in millimeters. The CT scan 
of the mandible of Pachycrocuta was conducted using the high-resolution 
X-ray computed tomography (GE phoenix v|tome|x m380&180). 

Capital letters are used for upper teeth and lowercase letters for 
lower teeth respectively. The biochronological framework follows Tong 
et al. (1995) and Qiu (2006). 

Institutional and locality abbreviations: CAS, Chinese Academy 
of Sciences; CNF, classic Nihewan fauna; DG, Dege; DMN, Dmanisi; 
GWL, Gongwangling; HX, Hexian; IVPP, Institute of Vertebrate Pale-
ontology and Paleoanthropology, CAS; JNS, Jinniushan; JS, Jianshi; LD, 
Longdan; LGC, Liucheng Gigantopithecus Cave; Loc, Locality; OV, Prefix 
to the Catalogue numbers of extant specimens in IVPP; NHW, Nihewan; 
SG, Shigou; SSMZ, Shanshenmiaozui; SV, Saint-Vallier; TZD, 

Fig. 1. Location of Shanshenmiaozui (SSMZ) site and 
related fossil sites in China 
1 – Xiashagou of Nihewan; 2 – Zhoukoudian-Loc.1; 3 
– Yushe; 4 – Xihoudu; 5 – Longdan; 6 – Bajiazui; 7 – 
Jinniushan; 8 – Jinyuandong; 9 – Yuanqu; 10 – ZKD- 
Loc.13; 11 – ZKD-Upper Cave; 12 – Yuanmou; 13 – 
Gongwangling; 14 – Liucheng Gigantopithecus Cave; 
15 – Dege; 16 – Hexian; 17 – Jianshi; 18 – Tuozidong; 
19 – Yangshuizhan of Nihewan; 20 – Shigou of 
Nihewan; 21 – Shanshenmiaozui. All of the sites 
(except 4, 6 and 8) yield cheetah fossils.   
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Tuozidong; UC, ZKD-Upper Cave; UMF, Untermassfeld; V, Prefix in the 
catalog numbers for vertebrate fossils in IVPP; XSG, Xiashagou; YM, 
Yuanmou; YQ, Yuanqu; ZKD, Zhoukoudian (=Choukoutien). 

Morphological abbreviations: APD: anteroposterior diameter; Cu: 
cuneiform; L: length; Mc: metacarpal; Mg: magnum; Mt: metatarsal; 
Pis: pisiform; Pp: prepollex; Scl: scapholunar; Td: trapezoid; TD: 
transverse diameter; Tz: trapezium; Un: unciform; W: width. 

4. Systematic paleontology 

Class Mammalia Linnaeus, 1758 
Order Carnivora Bowdich, 1821 

Suborder Caniformia Kretzoi, 1943 
Family Canidae Batsch, 1788 

Subfamily Caninae Batsch, 1788 
Genus Canis Linnaeus, 1758 

Canis chihliensis Zdansky, 1924. 
(Fig. 2). 
Diagnosis (emended from Zdansky, 1924; Tong et al., 2012, 2020; 

Jiangzuo et al., 2018): Large body size; sagittal crest high and long; 
elongated rostrum; I3 robust; P4 elongated and with well-developed 
protocone, with its medial ridge mostly connected to anterior ridge of 
paracone; M1 strongly mesiodistally compressed with broad cingular 
hypocone, medial ridge of paracone and metacone mostly present; M2 
and m2 large relative to M1 and m1 respectively; reduced metaconid on 
m1; lower LP/LP4M ratio; p4 as high as m1 paraconid; robust p4–m1 
complex for cracking bone; pentadactyl manus and tetradactyl pes. 

Materials: Incomplete skull with left I2-M2 and right P1-3 (V 
31910), mandible with i1-m3 (V 31911), atlas (V 31912), left humerus 
(proximal part missed) (V 31913.1); left radius (V 31913.2), left ulna (V 
31913.3), left manus (V 31914). 

Descriptions. 
Skull and mandible: All the dental characters and measurements of 

the here described specimens are exactly the same as those by Tong et al. 
(2012); but both the upper (Fig. 2: 1A) and lower (Fig. 2: 3C) dentitions 
of the new materials are much better preserved and represent the most 

Table 1 
Studied specimens of carnivorans from SSMZ, with context information.  

Materials Field No. Catalog No. 
of IVPP 

Context 
information 

Canis chihliensis 
Incomplete skull with left I2-M2, 

right P1-3 
N-17-092 V 31910 I15-15 

Mandible with i1-m3 Surface 
collecteda 

V 31911 ? 

Atlas N-11-184 V 31912 H23-9 
Left humerus (proximal part 

missing) 
N-16-123 V 31913.1 L19-16 

Left radius N-11-240- 
9a 

V 31913.2 E20-8 

Left ulna N-11-240- 
9b 

V 31913.3 E20-8 

Left manus N-11-240- 
10 

V 31914. 
(1–18) 

E20-8 

Nyctereutes sp. 
Fragment of cranium N-15-148 V 31915 H28-5 
Distal part of left humerus N-16-107 V 31916 K19-13 
Lynx shansius 
Left mandible with damaged p3 

and m1 
N-18-127 V 31917 J10-14 

Acinonyx sp. 
Right scapula N-17-141 V 31918.1 L17-17 
Left radius N-17-132 V 31918.2 K17-17 
Left ulna (lacking distal part) N-17-117 V 31918.3 K17-15 
Phalanx I of digit IV of manus N-17-108 V 31918.4 K17-15 
Left scapholunar N-17-139- 

01 
V 31918.5 L17-17 

Left cuneiform N-17-139- 
02 

V 31918.6 L17-17 

Left pisiform N-17-139- 
03 

V 31918.7 L17-17 

Left trapezium N-17-139- 
04 

V 31918.8 L17-17 

Left trapezoid N-17-139- 
05 

V 31918.9 L17-17 

Left magnum N-17-139- 
06 

V 31918.10 L17-17 

Left unciform N-17-139- 
07 

V 31918.11 L17-17 

Left prepollex N-17-139- 
08 

V 31918.12 L17-17 

Left Mc I N-17-139- 
09 

V 31918.13 L17-17 

Left Metacarpal II N-17-139- 
10 

V 31918.14 L17-17 

Left Metacarpal III N-17-139- 
11 

V 31918.15 L17-17 

Left Metacarpal IV N-17-139- 
12 

V 31918.16 L17-17 

Left Metacarpal V N-17-139- 
13 

V 31918.17 L17-17 

Left Phalanx I of digit I of manus N-17-139- 
14 

V 31918.18 L17-17 

Left Phalanx I of digit II of manus N-17-139- 
15 

V 31918.19 L17-17 

Left Phalanx I of digit III of 
manus 

N-17-139- 
16 

V 31918.20 L17-17 

Left Phalanx I of digit IV of 
manus 

N-17-139- 
17 

V 31918.21 L17-17 

Left Phalanx I of digit V of manus N-17-139- 
18 

V 31918.22 L17-17 

Left Phalanx II of digit II of 
manus 

N-17-127 V 31918.23 K17-17 

Left Phalanx II of digit III of 
manus 

N-17-139- 
19 

V 31918.24 L17-17 

Left Phalanx II of digit V of 
manus 

N-17-105 V 31918.25 K17-15 

Left ungual phalanx of digit I of 
manus 

N-17-139- 
20 

V 31918.26 L17-17 

Left ungual phalanx of digit II of 
manus 

N-17-151 V 31918.27 L17-17 

Left ungual phalanx of digit V of 
manus 

N-17-124 V 31918.28 K18-15  

Table 1 (continued ) 

Materials Field No. Catalog No. 
of IVPP 

Context 
information 

Left sesamoid N-17-139- 
21 

V 31918.29 L17-17 

Left sesamoid N-17-139- 
22 

V 31918.30 L17-17 

Left sesamoid N-17-139- 
23 

V 31918.31 L17-17 

Left sesamoid N-17-139- 
24 

V 31918.32 L17-17 

Left sesamoid N-17-139- 
25 

V 31918.33 L17-17 

Left sesamoid N-17-139- 
26 

V 31918.34 L17-17 

Left sesamoid N-17-139- 
27 

V 31918.35 L17-17 

Left sesamoid N-17-139- 
28 

V 31918.36 L17-17 

Right Mt. V N-17-128 V 31918.37 K17-17 
?Phalanx I of digit V of pes N-17-106 V 31918.38 K17-15 
?Phalanx I of digit IV of pes N-17-137 V 31918.39 K17-17 
Homotherium sp. 
Partial left m1 N-17-039 V 31919 K18-12 
Pachycrocuta licenti 
Partial right mandible with dp2- 

4 and m1 
N-06-090 V 31920 D5-7 

Isolated right dp4 N-18-167 V 31921 K13-16 
Partial mandible with broken 

ramus and condyle as well as 
angular process 

N-08-064 V 31922 H16-4  

a Collected by Wei Qi. 
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complete dentitions for this species. 
I2 has both medial and lateral cusplets; I3 is caniniform and much 

bigger than I2, and lacks the cusplets, but with a prominent slanting 
lingual cingulum; P1 is single-rooted, P2 and P3 are double-rooted. The 
I3–C diastema and C–P1 diastema are equally spaced; the diastemas 
between adjacent premolars are prominent. For the P3 and p4, each has 
two posterior cusplets; P4 has a small but distinct protocone; M1 has a 
well-developed parastyle but less developed anterior cingulum; ento-
conid on m2 is completely absent. 

Dimensions: Upper dental length (I2-M2) is 117.0; upper premolar 
series length is 61.1; upper molar series length is 23.8; L × W of P4 is 
22.9 × 12.2; L × W of M1 is 14.4 × 18.8; L × W of M2 is 9.6 × 13.2; M1- 
M2 length is 23.1. Mandibular toothrow length (i1-m3) is ~116.4; lower 
premolar series length is 48.7; lower molar series length is 40.1; L × W of 
m1 is 24.4 × 9.6. The index (LP4 × 100/LM1+M 2) is 99. 

Atlas: The left wing of the transverse process is broken off, while the 
right one is almost complete. The neural arch (or dorsal arch) and the 
body of atlas are well preserved. In dorsal view (Fig. 2: 3A), a crest or a 
rim along the frontal edge of the neural arch can be seen, which is 
slightly concave anteriorly; there is an atlantal foramen (or lateral 
vertebral foramen or alar foramen) at each side behind the front crest; in 
the posterior part, there is a transverse foramen at each side; the dorsal 
tubercle is not so prominent; the posterior outline is markedly concave 
posteriorly. In ventral view, both the anterior and posterior articular 
facets are strongly concave; the transverse foramen is located at the root 
part of the transverse process; the ventral tubercle is undeveloped. In 
cranial view, the neural canal is big and has a larger height than width; 
there is a kidney-shaped articular facet for the occipital condyle at each 
side of the neural canal, and the articular surfaces are spoon-like. In 

caudal view, there is also a kidney-shaped articular facet for axis at each 
side of the neural canal, but slightly smaller and less concave relative to 
the cranial ones; the posterior opening of the transverse foramen can be 
seen. 

Dimensions: The least dorsal length along the midline is 14.3 and 
the maximum length is 40.6; the width is 40.8 × 2 = 81.6; the height is 
27.3; the widths of the anterior and posterior articular facets are 41.8 
and 32.7 respectively; the least ventral length along the midline is 10.9. 

Humerus: Although the proximal half of the bone is actually 
missing, the specimen (Fig. 2: 4A-4B) is more complete and better pre-
served than the specimen described by Tong et al. (2012). The deltoid 
tuberosity is quite prominent; the lower portion of the shaft is nearly 
straight; the distal end is fairly expanded transverely relative to the 
shaft; the lateral epicondylar crest is sharp; because of the breakage of 
the upper rim of the supratrochlear foramen, the details of the radial 
fossa became unclear; while the olecranon fossa seems quite deep. 

Dimensions: The distal TD is 32.0; the distal APD is 26.4. 
Radius: The specimen (Fig. 2: 5A-5B) is nearly complete. The 

proximal facet has a semilunar outline, and with the front edge poste-
riorly concave. The distal dorsal tubercle and the grooves for tendons of 
extensor digitorum and extensor carpi radialis beside it are very 
pronounced. 

Dimensions: the total length is 160.1; the proximal and distal widths 
are 18.1 and 24.9 respectively. 

Ulna: The specimen is nearly complete except the distal part (Fig. 2: 
5A-5B). The olecranon tuber expands terminally and forked at the supra- 
anterior part; the olecranon tuber is robust, while the shaft is quite slim. 
The anconeal process and the medial coronoid process are very devel-
oped, but the lateral coronoid process is small. The trochlear notch (or 

Fig. 2. Canis chihliensis from SSMZ 
1A-1B – incomplete skull with left I2-M2 and right P1-3 (V 31910); 2A-2C – right mandible with i1-m3 (V 31911); 3A-3D – partial atlas (V 31912); 4A-4B – left distal 
humerus (V 31913.1); 5A-5B – left radius (V 31913.2) and ulna (V 31913.3); 6 – left manus (V 31914). 
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semilunar notch) is deep. 
Dimensions: Total length >166; olecranon length is 29.1; smallest 

depth of olecranon is 6.7; greatest breadth of the proximal articular 
surface is larger than 14.1. 

Manus: The preserved elements include scapholunar, cuneiform, 
pisiform, trapezoid, magnum, unciform, Mc I–V, proximal phalanges 
I–V, distal phalanx of digit I, and middle phalanx of digit II (Fig. 2: 6). 

The scapholunar is the largest among the carpals and with a large 
radial facet on the top and three bottom facets for the distal carpals; the 
posterior portion of the cuneiform extends downward to the same level 
of the lower boundary of the unciform; the cuneiform facet of the pisi-
form only partially preserved, but the distal part is complete and 
strongly expanded; the unciform has an irregular anterior face but a 
triangular distal face; the magnum and trapezoid are much smaller than 
other carpals and irregular in form. The Mc V is the second shortest 
metacarpal after the Mc I, but much robuster and dorsoventrally flat-
tened than the others. In the metacarpals, their proximal articular sur-
faces for the distal carpals have longer anteroposterior dimensions than 
transverse ones; while the head or distal end is different, Mc II and IV has 
almost symmetric head, while the others has asymmetric head, but the 
palmar keels or sagittal crest of the distal articulation are equally 
developed at the disto-volar aspect, both high and sharp, except in Mc I. 
The only claw bone, a distal phalanx of digit I, has undeveloped or 
unpreserved ungal crest, and the ungal process is not so long but stout. 

The length of metcarpals I–V are 22.6, 59.1, 68.4, 68.0 and 57.5 
respectively; the length of the proximal phalanges of digital I–V are 13.4, 
23.6, 27.6, >21.9 and 22.7 respectively; the length of the distal phalanx 
of digit I is 16.1; the length of the middle phalanx of digit II is 14.1. The 
manus bone is smaller than the specimens described earlier by Tong 
et al. (2012). 

Comparisons and discussions: The new specimens can be attrib-
uted to the species Canis chihliensis according to their size and 
morphological characters. The maxillary and the mandibular toothrows 
as well as the manus bones of this paper represent the most complete 
ones for C. chihliensis ever uncovered. Although Canis chihliensis is 
slightly smaller than the extant local grey wolf (Canis lupus chanco), it is 
among the largest canine animals of its time in China. Compared with 
the three species of Canis from Longdan (Qiu et al., 2004), the 
C. chihliensis from SSMZ has more pronounced protocone on P4, rela-
tively large M2 and m2, but reduced metaconid on m1 and other lingual 
cuspids on the lower molars. 

Concerning the P4/M1+M2 length ratio, it is not a reliable index to 
define C. chihliensis, because the value is not always less than one (i.e. P4 
is shorter than the M1+M2 length) as originally proposed by Pei (1934: 
P.13); on the contrary, it is quite often for C. variabilis and C. lupus to 
have this ratio less than one as noticed by the present authors. 

In the XSG fauna, three types of Canis were originally recognized: 
typical Canis chihliensis, Canis chihliensis form palmidens and Canis chih-
liensis form minor (Teilhard de Chardin and Piveteau,1930); the last one 
was transferred to Eucyon but retaining the species name (Tedford and 
Qiu, 1991), while the second one was promoted to species status by 
Tedford et al. (2009). The most recent study shows that “it is very 
difficult to distinguish C. chihliensis from C. palmidens with clear cut”; 
“therefore, the two forms are viewed as single population (Canis chih-
liensis)” (Jiangzuo et al., 2018). Compared with the XSG specimens of 
C. chihliensis from the classical Nihewan fauna, the dental size of the new 
materials is slightly larger but with significant overlap. Among the 
morphological traits, one notable difference is the more reduced lingual 
cuspids on m1. According to the morphotype defined by Jiangzuo et al. 
(2018), 5 types are distinguished, and type 1 represents the entoconid as 
large as the hypoconid, and type 5 represents entoconid totally reduced 
to cingulid-like, with 2–4 successively intermediate. The morphotype 
ranges from 3 to 5 in the SSMZ population, with type 4 dominant (n =
10), whereas in the Xiashagou population, the morphotype ranges from 
1 to 4, with 2, and 3 dominant (n = 27). These imply a more reduced 
entoconid in the SSMZ population, and probably suggest a slightly 

younger age of the SSMZ fauna than the XSG assemblage. 
During the Early Pleistocene in China, the tribe Canini underwent an 

evolutionary explosion, with the highest diversity in its history. Con-
cerning the genus Canis, more than 6 species of Early Pleistocene age 
have been identified, namely Canis antonii and C. chihliensis (Zdansky, 
1924), C. teilhardi, C. longdanensis and C. brevicephalus (Qiu et al., 2004), 
and C. palmidens (Teilhard de Chardin and Piveteau, 1930) (Tedford 
et al., 2009), most of them have smaller body mass than the extant 
C. lupus but much bigger than Cuon (Bartolini-Lucenti and Spassov, 
2022). A critical review of these species, however, is required to 
examine the validity of such a high diversity. The three recently estab-
lished species from the Longdan fauna share some similar characters, i. 
e., the main cusps on the upper M1 are tubercle-like, the protocone on 
P4 is reduced, and the M2 and m2 are small relative to M1 and m1 
respectively; but the teeth of C. brevicephalus are prominently larger. 

During the Early Pleistocene in Europe, the situation is quite similar 
to that of China, i.e. a couple of Canis species abruptly appeared at ca. 2 
Ma (Bartolini-Lucenti et al., 2017), which is regarded as the “wolf event” 
and used as the marker of the beginning of the Quaternary Period in 
Western Europe (Azzaroli, 1983; Sardella and Palombo, 2007). The 
“wolf event” means the radiation of canids referable to Canis ex gr. C. 
etruscus. Cherin et al. (2014a) re-defined the species C. etruscus and gave 
an extensive revision of the diagnostic characters of the species, which 
regarded the species C. chihliensis of Nihewan as one synonym of the 
species C. etruscus. But our study shows that C. chihliensis is different 
from C. etruscus in its larger and less transversely compressed cheek 
teeth (Tong et al., 2012). Canis etruscus appeared in Europe at about 2 
Ma (Cherin et al., 2013) and was limited only to Early Pleistocene 
(Brugal and Boudadi-Maligne, 2011). Furthermore, the P4 dimensions of 
the Early Pleistocene Canis species in Europe are markedly smaller than 
those of the extant grey wolf C. lupus (Brugal and Boudadi-Maligne, 
2011). Concerning the phyletic relationships between C. mosbachensis 
and C. lupus, these two taxa are expressed by a mosaic of characters not 
yet firmly defined (Mecozzi et al., 2017). 

The Chinese Middle Pleistocene Canis are mainly (or exclusively by 
Jiangzuo et al., 2018) referred to the species C. variabilis or 
C. mosbachensis variabilis by Jiangzuo et al. (2018). Although C. variabilis 
has a very wide variation in body size, it’s generally smaller than C. lupus 
(Teilhard de Chardin and Pei, 1941; Tong et al., 2012). Although it is 
true that the corresponding dimensions of C. chihliensis from SSMZ (Tong 
et al., 2012) fall within the range of C. variabilis (Pei, 1934; Teilhard de 
Chardin and Pei, 1941), but they are generally larger than those of the 
latter (Tong et al., 2012). Moreover, C. chihliensis is similar to 
C. variabilis both in size and form, and both of them are distinctly smaller 
than C. lupus (Tong et al., 2012; Jiangzuo et al., 2018). Therefore, it must 
be careful to distinguish the Middle Pleistocene Canis species from those 
of the Early Pleistocene based on size only. The Chinese Late Pleistocene 
Canis only had one species, C. lupus (Qiu, 2006). 

It was regarded that C. chihliensis is not a well-defined species 
(Teilhard de Chardin and Pei, 1941) due to its great variabilities 
(Jiangzuo et al., 2018), it seems that the Early Pleistocene C. chihliensis 
from Nihewan are distinct enough to be an independent species, mainly 
because of its robust protocone on P4, prominent parastyle on M1, 
relatively larger M2 and reduced lingual cuspids on m1 (Tong et al., 
2012). Furthermore, C. chihliensis has less elongated rostrum and lower 
LP/LP4M ratio (Jiangzuo et al., 2018) and other specialized characters 
such as increased cutting edges for meat consumption and robust p4–m1 
complex for cracking bones (Tong et al., 2020). 

Although the hypercarnivorous dentition of C. chihliensis shows high 
similarity with those of the Lycaon-like dogs, including all the Old World 
forms under the specific group Canis (Xenocyon) ex gr. falconeri (Rook, 
1994; Martínez-Navarro and Rook, 2003) or Canis (Xenocyon) group 
(Bartolini-Lucenti and Spassov, 2022), while the pentadactyl manus 
(Fig. 2: 6) of the former makes it difficult to group them together. Canis 
(Xenocyon) ex gr. falconeri already developed a tetradactyl forelimb as 
early as the Early Pleistocene in the Pirro Nord fauna (Martínez-Navarro 
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and Rook, 2003), which is a trait unique to Lycaon among living canids 
(Martínez-Navarro and Rook, 2003; Hartstone-Rose et al., 2010). It is 
worth mentioning that the designation of Canis (Xenocyon) was a useful 
way to acknowledge the peculiarity of those Plio-Pleistocene taxa with 
extreme hypercarnivorous characteristics in the genus Canis, and the 
group was re-defined to include the following taxa: C. (Xenocyon) afri-
canus, C. (Xenocyon) antonii, C. (Xenocyon) brevicephalus, C. (Xenocyon) 
dubius, C. (Xenocyon) cf. dubius, C. (Xenocyon) falconeri, C. (Xenocyon) 
lycaonoides, and C. (Xenocyon) texanus (Bartolini-Lucenti and Spassov, 
2022). In addition, the recently established species Canis orcensis also is 
a hypercarnivorous type (Martínez-Navarro et al., 2021). This rather 
derived hypercarnivorous species mentioned above had an East Asian 
origin (Bartolini-;Lucenti et al., 2021). While in China, the hyper-
carnivorous canines of Pliocene-Early Pleistocene are usually grouped 
under the genus Sinicuon (Qiu et al., 2004; Wang et al., 2014; Jiangzuo, 
2021; Jiangzuo et al., 2022b); and Jiangzuo et al. (2022b) even pro-
posed two lineages for the hypercarnivorous canine taxa: Sinicuon-Cuon 
lineage and Xenocyon-Lycaon lineage, which means Cuon was derived 
from Sinicuon and Lycaon was evolved from Xenocyon respectively. 
Although Cuon resembles Lycaon in the reduction of lingual cusps 
and/or cuspids on P4 and the molars, it is different from the latter in its 
pentadactyl manus and loss of the lower m3. Furthermore, the latter has 
its metaconid on m1 less reduced. Therefore, they should have different 
origins. The early Cuon-like canids are different from the extant forms in 

their larger size and the presence of m3. In China, the earliest record of 
the living species Cuon alpinus is from the earliest Middle Pleistocene site 
ZKD Loc.13 (Teilhard de Chardin and Pei, 1941), and the living species 
Cuon javanicus from the Middle Pleistocene Yanjinggou fauna is larger 
and more robust than the extant form of today (Colbert and Hooijer, 
1953). 

Moreover, C. chihliensis is grouped with the Canis species (Tedford 
et al., 2009) rather than with the Xenocyon- Sinicuon-Lycaon-Cuon 
complex, and its dentition and postcranial bones support such a solution. 
Concerning the reduction of the lingual cuspids on the lower molars, it is 
just a common character shared by most of the Early Pleistocene 
large-sized canids, such as Canis teilhardi (Qiu et al., 2004). 

In the SSMZ fauna, C. chihliensis is the most common carnivoran 
taxon. In particular, our SSMZ materials demonstrate the primitive 
presence of a first metacarpal and associated phalanges, which is 
different from the Xenocyon-Lycaon lineage whose first digit is absent 
(Rook, 1994: 76; Martínez-Navarro and Rook, 2003) but has a vestigial 
metacarpal I (Smith et al., 2020). While it is not surprising that 
C. chihliensis retains plesiomorphic in its lack of highly cursorial adap-
tations, the SSMZ materials nonetheless provide an important bench-
mark for understanding of the early evolution of Canis in Eurasia. It is 
equally interesting to note that Chinese C. chihliensis, especially in 
samples from later sites (Jiangzuo, 2021), began to show initial stages of 
dental hypercarnivory (Tong et al., 2012), a feature commonly 

Fig. 3. Nyctereutes (1A-1C, 2A-2D), Lynx shansius (3A-3C) and Homotherium sp. (4A-4C) from SSMZ 
1A-1C – fragment of cranium (V 31915); 2A-2D – distal part of left humerus (V 31916); 3A-3C – left mandible with damaged p3 and m1 (V 31917); 4A-4C – partial 
left m1 (V 31919). 
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associated with highly social behavior and large body size (Van Val-
kenburgh et al., 2004). 

Genus Nyctereutes Temminck, 1838 

Nyctereutes sp. 
(Fig. 3: 1A-1C, 2A-2D). 
Materials: Fragment of cranium (V 31915); distal part of left hu-

merus (V 31916). 
Description. 
Cranium (V 31915): The partial parietal and the supraoccipital 

bones are preserved. The sagittal crest is narrow and high, and its dorsal 
outline in lateral view is quite straight (Fig. 3:1B). The parietal surface is 
quite rugose, which is a typical character for Nyctereutes skull. The 
nuchal crest is rim-like (Fig. 3:1C). The external occipital protuberance 
is undeveloped. The external occipital crest is less developed. The sur-
face of the supraoccipital is also rugose and concave (Fig. 3:1C). There is 
a groove above the external occipital crest, and there is a tiny nutrient 
foramen at the left side of the external occipital crest (Fig. 3:1C). The 
transverse canal which contains the venous transverse sinus in the 
supraoccipital is quite big (Fig. 3:1B). 

Humerus: A partial left humerus (Fig. 3: 2A-2D) preserve the lower 
portion of the mid-shaft and the distal extremity, whose capitulum, 
trochlea, lateral and medial epicondyles can be observed. The shaft is 
nearly straight and flairs slightly near the medial and lateral epi-
condyles, and the edge flared out above the lateral epicondyles forms a 
thin and sharp crest (lateral supracondylar crest) (Fig. 3: 2D). In front 
view, the articular facet consists of the trochlea at the medial part and 
the capitulum at the lateral side; the medial edge of the trochlea is 
vertical, while the lateral edge of the capitulum is slanting medioven-
trally. The supratrochlear foramen (or ulnar fossa foramen) is wider 
than high (Fig. 3: 2A). 

Dimensions: The distal TD is 16.1; the distal APD is 12.1; the mid- 
shaft TD is 6.7; the mid-shaft APD is 7.7. 

Comparisons and discussions: Based on the rugose cranial bone 
surface (Teilhard de Chardin and Pei, 1941) and the smaller size of the 
humerus, the aforedescribed fossils can be referred to Nyctereutes. The 
humerus of the SSMZ Nyctereutes is markedly smaller than those of Canis 
and Vulpes, and even smaller than that of the extant species 
N. procyonoides (OV2111). Therefore, currently the SSMZ Nyctereutes 
fossils only can be treated as an undeterminable species of quite small 
size. 

Raccoon dog is among the most common mammals in the Nihewan 
fauna, and recently a very rich collection of Nyctereutes was reported 
from the Yangshuizhan site in Nihewan Basin senso lato (Liu, 2019). But 
it is unfortunate that no postcranial bones were included in that study. 
The fossils of Nyctereutes were attributed to the species N. sinensis in 
previous publications (Teilhard de Chardin and Piveteau, 1930; Tedford 
and Qiu, 1991) whereas Liu’s (2019) unpublished dissertation study 
recommends using a name N. schlosseri by Barbour, Licent, and Teilhard 
de Chardin (1926) for the Nihewan fossils and discarding the name 
N. sinensis as nomen vanum. However, until Liu’s view is formally pub-
lished, it cannot be considered a nomenclatural act regarding a name 
that was extremely poorly founded. The temporal range of Nyctereutes 
tingi in Nihewan Basin covers Late Pliocene and Early Pleistocene (Liu, 
2019; Liu et al., 2022). It is worth mentioning that some specimens of 
Late Pliocene age from Yegou site near Yangshuizhan were identified as 
N. sinensis (Liu et al., 2022). 

Although Nyctereutes was replaced by Canis at ca. 1.8 Ma in Europe 
(Koufos, 2014; Koufos and Kostopoulos, 2016), some European Pliocene 
and Early Pleistocene sites did yield the humerus of Nyctereutes (Argant, 
2004; Bartolini-Lucenti et al., 2018), but all of the European humeri are 
exclusively larger than the SSMZ specimen. 

Suborder Feliformia Kretzoi, 1945 
Family Felidae Batsch, 1788 

Subfamily Felinae Batsch, 1788 
Genus Lynx Linnaeus, 1758 

Lynx shansius Teilhard de Chardin et Leroy, 1945 
(Fig. 3: 3A-3C; Table 2). 
Materials: Left mandible with damaged p3 and m1 (V 31917) 

(Fig. 3: 3A-3C). 
Descriptions: The mandible is seriously fragmented; the anterior 

teeth and p4 are missed; p3 and m1 are fragmented; the mandibular 
body is nearly complete. In lateral view (Fig. 3: 3A), there are two 
equally developed mental foramina, the anterior one is under the dia-
stema, while the posterior one is under p3. The p3 has a high principal 
cuspid and a quite prominent posterior cusplet, while the anterior 
cusplet is tiny; while the anterior cusplet is vestigial. The m1 has both 
paraconid and protoconid developed, but the metaconid is vestigial; but 
the apex of the protoconid is broken off. The carnassial notch is V-sha-
ped in buccal view and stops halfway down the crown. Moreover, the 
new specimen from SSMZ seems distinct in its straighter inferior border 
of the mandibular body. 

Comparisons and discussions: The Chinese lynx, both fossil and 
extant forms, have approximately the same size (see Table 2). The lynx 
fossils from Nihewan Basin were once referred to the following species: 
Felis (Lynx) sp. (Teilhard de Chardin and Piveteau, 1930), Lynx shansius 
(Teilhard de Chardin and Leroy, 1945) and Lynx variabilis (Tang, 1980). 
More recently, Qiu et al. (2004) included the ever reported lynx fossils of 
Nihewan Basin into the same species, i.e., L. shansius, which is charac-
terized in its robust skull and prominent metaconid on m1 (Teilhard de 
Chardin and Leroy, 1945); whereas, it was often treated as a subspecies 
L. issiodorensis shansius (Werdelin, 1981). Concerning the Chinese Lynx 
species of Middle Pleistocene onward, it is still controversial; the felids 
of the lynx size from the Middle Pleistocene Peking Man site (ZKD Loc. 
1) at Zhoukoudian were classified into two groups: the species Felis 
teilhardi and the Felis sp. 2 (Pei, 1934); the former is a distinct species 
because of its presence of a P2 and oval-shaped p4, as well as relatively 
smaller size than the extant lynx; while the latter is closer to Lynx in its 
deep mandibular body and elongated p4. 

In sum, the SSMZ lynx fossil can be referred to the species Lynx 
shansius according to its form and size, which is larger than the newly 
erected species Lynx hei (Jiangzuo et al., 2022a,b,c). The rudimentary 
metaconid on m1 is similar to the XSG specimen but much weaker than 
those of Lynx shansius from Longdan. 

Subfamily Acinonychinae Pocock, 1917 
Genus Acinonyx Brookes, 1828 

Acinonyx sp. 
(Fig. 4; Tables 3 and 4). 
Materials: Right scapula (V 31918.1), left radius (V 31918.2), left 

ulna (distal part broken off) (V 31918.3), left manus (V 31918.4–36), 
right Mt. V (V 31918.37), left phalanx I (V 31918.39), left phalanx I (V 
31918.38), left phalanx I (V 31918.4). 

Descriptions: 
Scapula: The lower part of the scapular spine, including the acro-

mion, were broken off, other parts are well preserved. The shoulder 
blade has a felid-form, but slightly narrower than usual in fore and aft 
direction, especially in the ventral portion; the supra-caudal corner or 
teres process is nearly rectangular (Fig. 4: 1A). The epiphyseal lip is 
roundish; the thoracic angle or caudal angle is projected; the cervical 
angle is like a gentle slope. The thin cervical edge presents a scapular 
notch near the distal end, which is more concave than in the extant 
A. jubatus. The caudal border is nearly straight, while the cranial and 
dorsal borders are convexly curved. The crest of spine divides the 
shoulder blade into two equal parts approximately, i.e., the supra-
spinous and infraspinous fossae; and the spine is slightly carried back-
ward over the infraspinous fossa. The feature of the acromion process is 
unclear. The scapular neck is narrow, and on its medial aspect, there 
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exists the first order vascular pit (or nutrient foramen), which is similar 
to that in the extant A. jubatus. A small pointed coracoid process occurs 
on the robust supraglenoid tubercle, and it is hook-like and projects 
medially. In ventral view, the outline of the glenoid cavity is generally 
roundish but with an expanded sharp angle under the supraglenoid tu-
bercle, which makes the anteroposterior diameter larger than the 
transverse one; the glenoid notch is not prominent (Fig. 4: 1B). The W/L 
index of the scapula is 53% (Table 3), which makes the overall 
appearance of the scapula more similar to that of canine than to feline 
(Roşu et al., 2016). 

Radius: A complete left radius (V 31918.1) is preserved (Fig. 4: 3A- 
3D). The radius is quite slender but with expanded extremities, the shaft 
is fairly compressed anteroposteriorly, and with the middle portion 
convex cranially and medially, which looks rib-like. The proximal 
articular facet or glenoid fossa is kidney-shaped and quite depressed, 
and the medial portion is sloped downward and confluent with the 
surface of the medial coronoid process of the ulna. The articular 
circumference, a smooth band, occurs at the caudal aspect of the radial 
head, which contacts with the radial notch of the ulna. The radial 
(=bicipital) tuberosity is pronounced and has an vertically elongated 
oval surface, which is located at the posteromedial surface near the 
radial head. The nutrient foramen is located not far below the radial 
tuberosity. The distal end flares moderately; the radial styloid process is 
strongly developed and looks pointed in anterior view, the dorsal tu-
bercle is also quite promounced but narrow; on the medial aspect, there 
exists a bladed crest (suprastyloid process) just above the styloid pro-
cess; on the lateral aspect, there is no ulnar notch, but a distinct and 
smooth oval-shaped ulnar facet; along the lateral border of the whole 
body, there exists a nearly continued rugose belt; the distal articular 
facet only articulates with scapholunar, and it is a depressed oval surface 
whose long axis extends lateromedially, and the medial part has smaller 
diameter. The total length is 263, the proximal TD is 27.2, the proximal 
APD is 18.8, the distal TD is 42.2, the distal APD is 26.9, the L × W of the 
proximal glenoid fossa is 23 × 17. The radius is slightly longer than the 
extant Acinonyx jubatus whose length is 256 (Roşu et al., 2016); the 
dimensions are slightly less than those of Acinonyx pardinensis from 
Dmanisi, which is 271.4 long (Hemmer et al., 2011). 

The highly projected but narrow dorsal tubercle and the ante-
roposteriorly compressed distal extremity are very similar to the char-
acters of cheetah (Acinonyx jubatus) (Yalden, 1970). 

Ulna: Only the proximal half of a left ulna remains, but it is well 
preserved (Fig. 4: 2). The olecranon process (or tuber) is robust and 
lateromedially compressed, and there is a groove between medial and 
lateral tubercles at the upper anterior part. The anconeal process is 
moderately developed. The medial coronoid process is much more 
robust than the lateral one. Both the sigmoid (or trochlear) notch and the 
radial notch are semilunar-shaped. The shaft is also compressed, but 
lateromedially. Olecranon process length (or height) is 52.0; smallest 
APD of olecranon is 34.0; depth across the anconeal process is 40.0; 
breadth across the coronoid process is 33.2. 

This laterally positioned radial notch has been shown to be a 
consistent character within modern felids (Gonyea, 1978), contrasting 
with the more cranially located notch in canids and hyaenids (Rothwell, 
2001). Furthermore, the tubercles on the olecranon process show great 
differences in size and shape within the Carnivora, and even among the 
Felinae, in the extant cheetah, as well as in canids, and the lateral tu-
bercle has less proximo-distal development than the medial one (Salesa 
et al., 2010); the tubercles on the olecranon process of SSMZ specimen 
are very similar to that of the Acinonyx jubatus (Salesa et al., 2010, 
Fig. 8). 

Although the partial ulna was not unearthed from the same horizon 
as the aforementioned radius (V 31918.2), they are very probably from 
the same individual. 

Manus: An almost completely preserved left manus was unearthed, 
which includes all of the carpals and metacarpals as well as most of the 
finger bones (Fig. 4: 4). Ta
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Scapholunar (V 31918.5) (Fig. 4: 5A-5B): The scapholunar has a 
smooth convex and rectangle proximal surface, which closely matches 
the concave distal surface of the radius; on the other hand, the proximal 
surface also has a marked groove along the base of the posteromedial 
tubercle. The tip of the tubercle points to the inferior and medial di-
rection. The distal surface of the scapholunar consists of four facets 
which articulate with the trapezium, trapezoid and magnum and unci-
form respectively; the trapezium and trapezoid facets are confluent and 
broadly concave, but the magnum facet is a separate narrow longitu-
dinal groove; the boundaries of the magnum and unciform facets are 
nearly parallel to each other, which is a distinctive character of Acinonyx 
(Yalden, 1970); between the trapezoid and magnum facets, there is a 
beak-like projection at the anterior or dorsal aspect. Proximal surface TD 
is 29.7; proximal surface length is 17.8; posterior tubercle length is 18.3. 

Cuneiform: It is a slice-like bone with the medio-lateral diameter 
greatly compressed. The median facet contacts unciform, lateral facet 
contacts ulna and pisiform respectively, distal facet contacts Mc V. The 
mediolateral width is 6.5; proximo-distal height is 13.8. 

Pisiform (Fig. 4: 6A-6D): In this stick-like bone, the head is 
mushroom-like. The superior facet is confluent with the ulnar facet of 
cuneiform, and both of them contact the styloid process of ulna; the 
distal facet is quite flat and semicircular-shaped, which contacts cunei-
form. The tubercle width is 13.3; total length is 28.6. 

Trapezium: It is an irregular-shaped bone. The superior or largest 
facet contacts scapholunar; the medial facet is semilunar-like and ar-
ticulates with Mc I; the two lateral facets contact trapezoid (upper) and 
Mc II (lower) respectively. The anteroposterior length is 15.2; proximo- 
distal height is 13.2. 

Trapezoid: In dorsal view, the proximal and distal margins are 
nearly parallel; in proximal view, the scapholunar facet is belt-like and 
convex; in medial view, the facet for trapezium is quite flat; in lateral 
view, the magnum facet is not prominent. The mediolateral width is 
17.6; proximodistal height is 11.0. 

Magnum: It is an irregular-shaped bone. In proximal view, a pro-
nouncedly arched and anteroposteriorly oriented narrow facet can be 
seen, which contacts scapholunar; in distal view, the facets for Mc II-IV 
can be seen; in medial view, the facets for Mc II, Mc III, trapezoid and 
scapholunar can be seen, among which the facet for Mc III is the largest; 
in lateral view, only the scapholunar and unciform facets can be seen. 
The anteroposterior length is 24.3; proximodistal height is 15.3. 

Unciform: In proximal view, the pronouncedly arched and ante-
roposteriorly oriented narrow scapholunar facet can be seen; in distal 
view, the large concave facets for Mc IV and Mc V are confluent; in 
medial view, the magnum facet can be seen, which is divided into the 
upper and lower parts; in lateral view, only the cuneiform facet can be 
seen. The anteroposterior length is 20.6; proximodistal height is 18.2; 
medio-lateral width is 13.5. 

Fig. 4. Acinonyx sp. from SSMZ 
1A-1B – right scapula (V 31918.1); 2 – left radius (V 
31918.2) and left ulna (lacking distal part) (V 
31918.3); 3A-3C – left radius (V 31918.2); 4 – left 
manus (V 31918.4–36); 5A-5B – details of the sca-
pholunar (V 31918.5); 6A-6D – details of the pisiform 
(V 31918.7); 7A-7B – details of digit I (V 31918.13, 
14, 20); 8A-8B – details of the distal phalanx of digit I 
or dewclaw (V 31918.26); 9A-9B – right Mt V 
1A, 8B – lateral views; 1B, 3D and 5B – distal views; 2 
– antero-lateral view; 3A – antero-medial view; 3B – 
posterior view; 3C and 5A – proximal views; 4, 6C 
and 9A – anterior views; 7A – dorsal view; 6A – radial 
(or superior) view; 6B and 9B – posterior views; 6D – 
ventral (or inferior) view; 7B and 8A – medial views.   

Table 3 
Measurements of scapula of Acinonyx sp. from SSMZ (in: mm).  

Dimensions SSMZ A. jubatus A. pardinensis 
pleistocaenicus 

This 
paper 

Roşu et al. 
(2016) 

Hemmer and 
Kahlke (2022) 

Greatest length (from the superior 
border to the lower margin of the 
glenoid fossa) 

220 203 226–232 

Scapular spine length 185 183  
Greatest width, vertical to the spine 117 112  
Minimum width at the neck 34.7  44.1–44.9 
Greatest length of the head 45.5  50–53.3 
Smallest diameter of the head 29.7   
Anteroposterior diameter of the 

glenoid fossa 
32  38.2–41.0 

Transverse diameter of the glenoid 
fossa 

28 27 30–32 

Length of the coracoid process >8 11   
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The Mc I (Fig. 4: 7A-7B; Table 4) is the most peculiar one among the 
metacarpals, whose general form resembles that of a leopard (Salesa 
et al., 2010, Fig. 14), but much slenderer and with the proximal and 
distal articular facets very steep, also much more concave; the proximal 
facet can only be seen in dorsal view, while the distal facet can only be 
observed in plantar view. The blade-like palmar keel of the distal 
articulation is well developed. 

Other metacarpals (Mc II-V) are similar in having much longer shaft 
(Fig. 4: 4) and spherical metacarpal head (distal articulate facet) as well 
as robust and long median keel; but none of them shares the same 
proximal facet with others. 

Mc II is longer than Mc I and Mc V, but shorter than Mc III and Mc IV; 
the proximal facet of Mc II is relatively higher positioned than others. In 
medial view, the facet for trapezium is clear enough, but there is no 
prominent facet for Mc I. In proximal view, the facet for trapezoid is 
triangular. Mc II partially overlaps Mc III at the proximal end. The two 
lateral facets contact magnum and Mc III respectively (Fig. 4; Table 4). 

Mc III is the longest metacarpal. The two proximal facets contact the 
magnum and Mc II respectively. The two lateral facets contact the un-
ciform and Mc IV respectively. Mc III partially overlaps Mc IV at the 
proximal end (Fig. 4; Table 4). 

Mc IV is longer than others except the Mc III. The two proximal facets 
contact the unciform and Mc III respectively. The lateral facet contacts 
the Mc V (Fig. 4; Table 4). 

Mc V is shorter than others except Mc I. The narrow proximal facet is 
for unciform, and the medial facet is for Mc IV. The shaft is slightly 
concave to the medial direction (Fig. 4; Table 4). 

The proximal phalanx of the thumb is the most robust and also the 
shortest proximal phalanx; both the proximal and distal facets are 
asymmetrical. The other four proximal phalanges have approximately 
symmetrical proximal and distal facets; the proximal facets are deeply 
concave, and there is a prominent and deep posterior notch, which 
matches the median keel of the metacarpal; the distal articular facet is 
divided by a sagittal groove; all of the proximal phalanges, except that of 

digit I, are relatively longer than those of the middle phalanges, and 
their shafts are dorsally bowed. 

The digits II-V have the middle phalanges which are much smaller 
than the proximal ones; the proximal articular facet is divided into two 
smaller concave subfacets by a sagittal ridge, but the proximoposterior 
notch is replaced by a deep pit; they are expanded at the lateral portion 
of the distal end (with lateral asymmetry), which means the mid-shafts 
usually have their lateral edges much more concaved than the medial 
side (Fig. 4; Table 4), but not bowed dorsally. 

Concerning the phalanges, it is almost impossible to distinguish the 
manus phalanges from those of the pes (Merriam and Stock, 1932). The 
SSMZ cheetah phalanges maybe a mixture of both manus and pes, and 
the phalanges of the pes should have more roundish cross-section of the 
body (or shaft) and roundish proximal facet. 

The distal (or third or ungual) phalanges are very peculiar in felids, 
because their bony part is usually higher (or deeper) than long and 
strongly compressed mediolaterally. The unguicular hood is moderately 
developed, lesser than in pantherines but stronger than that of modern 
Acinonyx; the claw core or unguicular process is not so pointed (Fig. 4: 
8B) as in pantherines (Cueto et al., 2016) and Felis (Homberger et al., 
2009); the articular facet is less concaved; the plantar process or flexor 
tubercle is stout. The principal vascular (or subungual) foramen is quite 
big, which occurs at the lateral side of the plantar process. The 
measuring method of the ungual phalanx of this paper is different from 
that used by Salesa et al. (2010), and we define the height as the vertical 
distance between the superior border of the unguicular hood and the 
inferior border of the plantar process (Table 4). 

The metatarsal V (V 31918.37) is quite slender; its greatest length is 
111.2. The shaft is curved and compressed dorsoventrally. There are two 
proximal articular facets which contact cuboid and Mt IV respectively; 
both of them are located at the medioanterior aspect. The distal articular 
facet is asymmetric, and the lateral portion is fairly reduced. The median 
keel is pronounced (Fig. 4: 9A-9B). The Mt V length of SSMZ specimen is 
longer than those of Smilodon californicus (70.8–94.8) (Merriam and 

Table 4 
Measurements (in: mm) of metacarpal and phalangeal bones of Acinonyx sp. from SSMZ.  

Metacarpals Digit I Digit II Digit III Digit IV Digit V 

Mc. I Mc. II Mc. III Mc. IV Mc. V 

SSMZ SSMZ DMN UMF SSMZ DMN UMF SSMZ DMN UMF SSMZ DMN UMF 

Greatest length 30.7 89.2 95.3 104.3 104.5 109.2 113.5–123.1 99.4 106.9 103.0–119.4 79.7 86.3 92.0–95.0 
Maximal proximal TD 13.5 15.3 19.8 19.2 18.3 22.0 20.8–21.0 12.0 13.7 15.5 9.6 15.5 18.0 
Maximal proximal ADP 11.2 20.7 23.5 25.0 17.2 20.5 21.0–21.1 16.6 20.4 18.9 13.8 18.2 18.0 
Minimal shaft TD 10.7 8.5 10.7 12.5 10.0 12.8 13.0–15.0 8.2 11.3 11.0–12.6 9.0 9.8 10.0–11.5 
Minimal shaft APD 8.2 11.1   8.3   9.2   7.1   
Maximal distal TD 10.3 14.3 16.7 18.7 16.9 17.8 20.0–20.1 15.3 16.8 17.9 14.3 16.5 17.5 

Proximal phalanx 
Length of proximal phalanx 22.8 37.5   44.8   41.0   34.1   
Maximal proximal TD of proximal 

phalanx 
14.4 13.9   15.2   14.6   13.8   

Maximal proximal APD of proximal 
phalanx 

11.3 12.0   12.1   11.9   11.3   

Maximal distal TD of proximal 
phalanx 

13.4 12.0   12.1   12.3   11.3   

Middle phalanx 
Length of middle phalanx  25.6   31.0      21.2   
Maximal proximal TD of middle 

phalanx  
12.0   13.2      11.4   

Maximal proximal APD of middle 
phalanx  

11.5   11.3      10.5   

Maximal distal TD of middle 
phalanx  

11.3   11.3      9.6   

Distal phalanx 
Height of distal phalanx >35.1 >29.0         >18.0   
Maximal TD of distal phalanx >12 >9.0         >7.0   
Maximal APD of distal phalanx 26.6 21.0         18.0   

Data sources: DMN (Hemmer et al., 2011); UMF (Hemmer and Kahlke, 2022). 
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Stock, 1932), but shorter than those of A. pardinensis (116.7 by Van 
Valkenburgh et al., 1990 and 129 by Hemmer, 2001); moreover, it’s 
extraordinarily close to that of the extant tiger P. tigris (108.5–110.8) 
(Baryshnikov, 2016). 

Comparisons and discussions: The current taxonomic scenario 
divides the family Felidae into 2 subfamilies (Pantherinae and Felinae) 
and 8 lineages, and the cheetahs are assigned to the puma lineage 
(including Puma concolor, Herpailurus yagouaroundi, and Acinonyx juba-
tus) under Felinae (Kitchener et al., 2017). Whereas other researchers 
referred cheetahs to the subfamily Acinonychinae Pocock, 1917 
(McKenna and Bell, 1997). The present authors also support the 
assignment of cheetahs to Acinonychinae, because the body size and 
body mass of the animals of the puma lineage are outstandingly larger 
than those of other taxa of the subfamily felinae (Mattern and 
McLennan, 2000). 

Among the large felids, the SSMZ specimens resemble the extant 
cheetah very much in morphology, especially in scapula, radius, sca-
pholunar and phalanges, but slightly larger in size. Furthermore, the 
SSMZ dewclaws and other ungual phalanges are much more developed, 
and the distal end of the middle phalanges exhibit stronger lateral 
asymmetry. 

The SSMZ scapula looks like that of Acinonyx jubatus in its narrower 
and rectangular shape, which is different from that of leopard whose 
scapula is broader and more fan-shaped in order to enhance climbing 
(Sreeranjini and Ashok, 2008; Kitchener et al., 2010: Fig. 3.4). On the 
other hand, the SSMZ scapula is prominently larger than those of leop-
ards whose scapula length ranges are 123.2–150.8 for females and 
144.6–170.3 for males respectively (Christiansen and Adolfssen, 2007). 
Although the SSMZ scapula shares almost the same size as that of Meg-
antereon cultridens from Senéze whose dorso-ventral length is 
217.8–221.6 (Christiansen and Adolfssen, 2007), but the latter’s neck is 
shorter. The SSMZ specimen is smaller than those of A. pardinensis 
pleistocaenicus from Untermassfeld (Hemmer and Kahlke, 2022). 

Among the forelimbs of cheetahs, the radius account for the largest 
proportion (38.8 ± 1.2%), which is almost the highest among the felids; 
cheetahs have relatively long limbs for their mass but not for their body 
length (Day and Jayne, 2007). Cheetahs’ forelimbs are modified to be 
distally elongated with a long radius and ulna, relative to humerus 
(Meachen et al., 2018). The SSMZ radius is much longer than those of 
the Megantereon cultridens from Senéze whose overall length is 
216.2–220.7 (Christiansen and Adolfssen, 2007) and those of Panthera 
pardus from Equi site (182–211.6) in Italy (Ghezzo and Rook, 2015); and 
the form is also different from that of the extant leopard in its relatively 
pronounced radial tuberosity (Sreeranjini et al., 2014) and strongly 
compressed shaft (Ghezzo and Rook, 2015) as well as a more upper and 
volarward position of the radial tuberosity (Hopwood, 1947). The SSMZ 
radius is prominently smaller than that of a female Panthera leo spelaea 
whose radius length is 288 (Diedrich, 2011). The dimensions of the 
SSMZ scapula and radius are also smaller than those of extant Panthera 
leo (Sohel et al., 2021). The SSMZ radius is very similar to the coun-
terpart of Acinonyx pardinensis from Dmanisi, whose length is 266 
(Hemmer et al., 2011); while it is much longer than that of an extant 
Acinonyx jubatus, whose radial length is 222.3 (van Valkenburgh et al., 
1990). 

The scapholunar resembles that of extant Acinonyx jubatus in 
morphology. Previous studies have shown the difference between 
cheetah and pantherine taxa in the distal surface of scapholunar, which 
has the groove and ridge sub-parallel and less distinct (Hopwood, 1947). 

The Mc III of SSMZ specimen is longer than that of the extant Aci-
nonyx jubatus whose length is 88.4 (van Valkenburgh et al., 1990), but 
slightly shorter than those of Acinonyx pardinensis from Dmanisi (Hem-
mer et al., 2011). All the metacarpal bones are shorter and slender than 
those of Pachycrocuta brevirostris from Untermassfeld (Iannucci et al., 
2022). 

The Mt. V is slightly shorter than that of Acinonyx pardinensis whose 
Mt. V length is 116.7 (van Valkenburgh et al., 1990), and very close to 

that of Panthera gombaszogensis, whose Mt V length is 101.4 (Argant and 
Argant, 2011). Comparing with the Panthera tigris (Mt. V length is 110.7) 
from Salawusu, the SSMZ specimen is slightly longer but much slender. 

Moreover, the metapodials of SSMZ specimens of Acinonyx sp. are 
much longer than the counterparts of Panthera pardus (Ghezzo and Rook, 
2015) and those of Megantereon cultridens from Senéze (Christiansen and 
Adolfssen, 2007). 

The modern cheetah Acinonyx jubatus is an atypical felid, well known 
for having blunt, only slightly curved, and partially retractile (semi- 
retractable) claws (Pocock, 1917; Gonyea and Ashworth, 1975; Londei, 
2000; Russell and Bryant, 2001); while it has a very large, recurved and 
sharp claw of the first digit of the forepaw, the so-called dewclaws, 
which are used to snag and pull preys off balance, and which are 
different from other pantherine (tigers, lions and leopards), who rely on 
a strong impact instead to strike the prey to the ground (Londei, 2000; 
Kitchener et al., 2010). Among the large-sized felids, cheetah has much 
stronger dewclaw relative to its second-digit claw, i.e. with a higher 
claw ratio (Londei, 2000). However, the dewclaw of modern cheetah 
seems have much more reduced hood (Antón et al., 2005: Fig. 6) relative 
to the SSMZ specimens, which have well developed ungual phalanges, 
not only for the first digit, which is a crucial character to distinguish it 
from the extant cheetah. It is worth mentioning that the Mc I is 
extremely short relative to its Mc II (Table 4) in the SSMZ specimen. 

In sum, the postcranial bones of Acinonyx sp. from SSMZ are slightly 
smaller than those of Acinonyx pardinensis from Dmanisi (Hemmer et al., 
2011) and are prominently smaller than those of A. pardinensis pleisto-
caenicus from the Untermassfeld site (Hemmer and Kahlke, 2022) and 
Saint-Vallier (Argant, 2004); but are much slender than those of Pan-
thera tigris, Panthera leo, and even Pachycrocuta. Although hyaenids also 
have slender limb bones as cheetahs do (Martín-Serra et al., 2014), the 
former has a vestigial dewclaw (Senter and Moch, 2015), rather than 
lacks the Mc I as known before; furthermore, the ungual phalanx of 
cheetah is completely different from that of a hyena. Therefore, the 
SSMZ manus bones have little in common with hyena. 

All of the Acinonyx fossils from SSMZ very probably belong to the 
same individual, although they scattered in different grids and horizons 
in the geological context (see Table 1). 

Although Pei (1987) suggested that all of the Chinese Pleistocene 
cheetah fossils should be grouped under the same species, Cynailurus 
pleistocaenicus) or Acinonyx pardinensis, as suggested by European re-
searchers (Cherin et al., 2014b), it is helpful to give an overview of the 
crucial taxa and localities ever reported in China. The important taxa 
and localities of the Early Pleistocene cheetahs are as follows: Cynailurus 
(=Acinonyx) pleistocaenicus from Yuanqu (Yüan-Chü) in Shanxi (Zdan-
sky, 1925); Cynailurus pleistocaenicus from Xiashagou in Hebei (Teilhard 
de Chardin and Piveteau, 1930); Sivapanthera pleistocaenicus from 
Gongwangling in Shaanxi (Hu and Qi, 1978); Cynailurus (Acinonyx) 
pleistocaenicus from Gigantopithecus Cave in Guangxi (Pei, 1987); Siva-
panthera linxiaensis from Longdan in Gansu (Qiu et al., 2004); Acinonyx 
pleistocaenicus from Jianshi in Hubei (Zhang and Feng, 2004); Acinonyx 
arvernensis from Tuozidong in Jiangsu (Liu et al., 2007); Acinonyx sp. 
from Shigou in Nihewan (Chen et al., 2017). The cranial and dental 
characters of the specimens from Tuozidong have very high similarity to 
those of the extant species Acinonyx jubatus except its larger size. The 
specimen from Xiashagou also resembles that of the extant Acinonyx 
jubatus in form but slightly larger in size. The mandible specimen from 
Gongwangling has an overdeveloped talonid on m1 and the conical 
principal cuspids as well as robust cusplets on lower premolars; in 
addition, its W/L ratio of the teeth is also prominently larger than those 
of other Early Pleistocene cheetahs; the specimens from Longdan and 
Yangshuizhan in Nihewan are prominently different from the extant 
Acinonyx jubatus in their less domed but much more elongated crania; 
moreover, they substantially resemble the European Acinonyx pardi-
nensis. The Middle Pleistocene cheetahs only scarcely appeared at ZKD 
Loc. 1 and 13 as Cynailurus sp. (Pei, 1934; Teilhard de Chardin and Pei, 
1941) and Jinniushan site as Acinonyx cf. jubatus (Zheng and Han, 
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1993). The Late Pleistocene cheetah (Cynailurus cf. jubatus) was fairly 
well represented at the Upper Cave in Zhoukoudian, and the fossils 
include an entire skeleton with skull and mandible (Pei, 1934, 1940). 
Unfortunately, the fossil materials are presumably lost before they can 
be studied; the only P4 examined shows that the Late Pleistocene 
cheetah of Upper Cave was still larger than the extant Indian cheetah 
(Pei, 1940). As early as 1941, Teilhard de Chardin and Pei had noticed 
the gradual diminution of the cheetahs’ size since Early Pleistocene 
onward. The fossil cheetahs of North China were once divided into two 
groups: the larger one from Yuanqu and the smaller one from Nihewan, 
and only the small one survived into Mid-Late Pleistocene (Pei, 1987). 

In China, although fossil cheetahs were poorly represented (Tong 
et al., 2011b), they did exist throughout the entire period of Pleistocene, 
and even can be traced back to late Neogene (Qiu et al., 2013). Based on 
the forms and dimensions of the upper and lower carnassial teeth, it 
seems that the scatter plot of P4 is quite regular and linear, except in few 
abnormal samples (Fig. 5: A). The data points for m1, on the other hand, 
are not well clustered (Fig. 5: B), which suggests that either the m1s are 
more variable in size or the identifications of the specimens are ques-
tionable. It is very probable that they were a mixture of cheetahs with 
the Panthera species. The maxillary and mandibular fragments of Siva-
panthera pleistocaenicus from Hexian are prominently larger than others; 
furthermore, the P3 has a rather small and lingually located anterior 
accessory cusp, and P4 has a robust and anteriorly located protocone, 
which makes the width obviously larger than a cheetah’s tooth, and the 
p3 has weak accessory cusps. The above mentioned traits are never or 
very rare in cheetahs; the Hexian record is very probably not a Siva-
panthera pleistocaenicus. One of the upper P4 from Liucheng Gigan-
topithecus Cave is also extraordinarily larger than others, and was 
provisionally referred to cheetah. Furthermore, the Middle and Late 
Pleistocene specimens stand between those of the Early Pleistocene and 
the extant form, which means the cheetah lineage did undergo a decline 
in body size through its evolution. Even though all of the Chinese fossil 
cheetahs are larger than the extant species, they are more closely related 
to them than to the European ones in both form and size. 

In Nihewan Basin, two kinds of cheetah-like carnivores have been 
recognized: the modern cheetah sized which is identified as Acinonyx 
sp., and the giant cheetah sized which should belong to Acinonyx pleis-
tocaenicus. The specimens of the former include the mandible from XSG 
(Teilhard de Chardin and Piveteau, 1930), and the partial skull from 
Shigou (Chen et al., 2017) as well as the postcranial skeletons described 
in this study; the latter includes a nearly complete skull recently 
unearthed from Yangshuizhan (unpublished). Both the small one and 
the larger one have short canines and reduced protocone on P4. It is very 
possible that there were two kinds of cheetah once living in Nihewan 

Basin during the Early Pleistocene epoch, one is the primitive, Siva-
panthera-like form, which has elongated and less domed cranium, and 
the other is the Acinonyx-like which is slightly smaller and with domed 
cranium. The smaller form of Cheetah from XSG is obviously smaller, 
and the dimensions of its lower teeth (IVPP RV30006) are as follows: p3 
L × W = 14.3 × 6.6, p4 L × W = 19.0 × 7.5, m1 L × W = 20.0 × 7.6 (the 
datum of m1 length is from Teilhard de Chardin and Piveteau, 1930). 

In general, the cheetah-like fossils from Nihewan are closer to the 
extant cheetah in its size and form of the P4 which has reduced proto-
cone and prominent preparastyle or ectoparastyle. Christiansen and 
Mazák (2009) indicated that one of the most peculiar features of the 
cheetah’s upper carnassial is the presence of a well-developed ectopar-
astyle (this paper was retracted in 2012). Meanwhile, Cherin et al. 
(2014b) proposed that although the extant A. jubatus is characterized by 
a prominent ectoparastyle, it cannot be considered a diagnostic char-
acter; in fact, it is also present in such large felids as Panthera onca and 
P. tigris, and shows a remarkable individual variability. Therefore, the 
recognition of Panthera-like characters in A. pardinensis leads to the 
reconsideration of its ecological role, which should be different from 
those of the living cheetah. Furthermore, the high intraspecific varia-
tions in body size in A. pardinensis may be resulted from sexual 
dimorphism. 

The Early Pleistocene giant cheetah species, Acinonyx pleistocaenicus 
and Sivapanthera linxiaensis, have the same skull characters and similar 
size with those of European giant cheetah Acinonyx pardinensis, except 
the late Early Pleistocene Untermassfeld specimens; while the smaller 
fossil cheetahs, Acinonyx sp. (including the Acinonyx arvernensis from 
Tuozidong) from China stands between the giant cheetah and the extant 
form both in characters and in size. Recently, Cherin et al. (2014b) 
revised the taxonomy of the old-world fossil cheetahs, in which, they 
grouped almost all of the Early Pleistocene fossil cheetahs from China 
into the species Acinonyx pardinensis, but not including the Acinonyx sp. 
from XSG of Nihewan. Spassov (2011) also grouped all the fossil chee-
tahs of Europe under one species but at different subspecies or chrono-
forms: A. pardinensis pardinensis, A. p. pleistocaenicus and A. p. intermedius 
in a succession from the Early Villafranchian (Etouaires, approx. 2.6 Ma) 
till the Middle Pleistocene. A recent study on the fossils of A. pardinensis 
from Monte Argentario of Italy reveals a mosaic of cheetah-like and 
Panthera-like features (Cherin et al., 2018). Morphological comparisons 
and morphometric analysis of the fossil and recent material show that 
the Acinonyx pardinensis from Saint-Vallier, although dentally similar to 
the modern cheetah, is not cheetah-like in its skull shape, and the 
characteristic skull shape of the modern cheetah is probably a recent 
acquisition (Geraads, 2014). 

The richest fossil collection of A. pardinensis pleistocaenicus is from 

Fig. 5. L × D of upper P4 (A) and lower m1 (B) of diverse fossil cheetahs of Pleistocene age from China.  
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Untermassfeld of Germany, which includes skulls, mandibles and a large 
quantity of postcranial bones (Hemmer and Kahlke, 2022) and are 
prominently larger than the SSMZ specimens (Table 4). 

It was once proposed that cheetahs originated in the North American 
puma lineage and migrated to central Asia and Africa (Johnson et al., 
2006), and quite a number of studies also group Puma with Acinonyx 
(Johnson et al., 2006; Bellani, 2020). Comparisons between the puma 
(Puma concolor) and the cheetah (Acinonyx jubatus) show that the latter 
has shorter, deeper and more domed skull, broader frontal, palatine and 
choana fossa, higher crown but gracile teeth, more reduced protocone of 
P4, shorter mandibular symphysis. Van Valkenburgh et al. (1990) also 
shows that the latter has a more gracile body build. It seems that the 
extinct puma-like cats (Miracinonyx inexpectatus and M. trumani) of 
North America are also less related with those of the old world cheetahs. 
Van Valkenburgh et al. (1990) recognized distinctions between old 
world Acinonyx and the American Miracinonyx. Subsequent phyloge-
netic analyses reveal that M. trumani is the sister taxon to the puma, 
rather than the African cheetah (Barnett et al., 2005). In spite of the 

similarities between M. trumani and Acinonyx, it was regarded as an 
example of parallelism rather than common origin; because many of the 
muscle scars and details of the skull and skeletal anatomy suggest that 
Miracinonyx may be more closely related to the puma than to cheetah 
(Martin et al., 1977). The fossil record suggests that cheetahs originated 
in Africa as Acinonyx sp. at about 3.85–3.60 Ma (Werdelin and Deh-
ghani, 2011; Cherin et al., 2014b) or ~4.0–3.0 Ma (Van Valkenburgh 
et al., 2018). Subsequently its relative, Sivapanthera sp. appeared in the 
Mazegou land mammal stage (3.7–2.9 Ma) of Yushe Basin in North 
China (Qiu et al., 2013), while the earliest fossil record of the most 
cheetah-like skull was recovered in China, i.e., Acinonyx arvernensis from 
Tuozidong (Liu et al., 2007). The ‘giant’ cheetah A. pardinensis appeared 
in western Europe a little over 3 Ma (Werdelin et al., 2010). In central 
Asia, the occurrence of Acinonyx ex. gr. pardinensis can be trace back to 
the MN16 (Sotnikova et al., 1997); while in South Asia, no definite fossil 
record was reported. Although the living species, A. jubatus, appeared 
first in southern Africa at ~1.9–1.8 Ma (Van Valkenburgh et al., 2018), 
China is one of the most important evolutionary centers for early 

Fig. 6. Pachycrocuta licenti from SSMZ 
1A-1D – partial right mandible with dp2-4 and m1 (V 31920); 2A-2C – isolated right dp4 (V 31921); 3A-3C – partial mandible with broken ramus and condyle as well 
as angular process (V 31922). The mandible outline as background in Fig. 6: 3A is after Werdelin and Solounias (1991: Fig. 4), horizontally flipped. 
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cheetahs. 

Subfamily Machairodontinae (Gill,1872) Hay, 1930 
Genus Homotherium Fabrini, 1890 

Homotherium sp. 
(Fig. 3: 4A-4C). 
?Megantereon nihowanensis, Tong et al., 2021, p. 481. 
Material: paraconid blade of a left m1 (V 31919). 
Descriptions: 
The partial m1 (Fig. 3: 4A-4C): The paraconid or anterior blade is 

quite robust. At the anterobuccal aspect, there exists a vertical groove, 
which indicates the vestigial front-lobe (Pei, 1934) and should be a 
character of the Homotherium m1 (see Pei, 1934: Pl. XXII-5b). The 
lingual aspect is buccally concaved and some tiny enamel tubercles 
occur in the valley (Fig. 3: 4C). The root is moderately developed and its 
length is approximately 19, which is much shorter than that of Panthera 
tigris (Tong et al., 2019); furthermore, the root is fairly compressed 
linguobuccally and rapidly tapered toward the apex. The protoconid or 
the posterior blade was broken off. The wear facet of the m1 has a typical 
machairodontine form, which is usually much more deeply extended 
downward at the buccal aspect, and even reaches the dental cervix; 
furthermore, the wear facet often have vertical grooves or striae (Fig. 3: 
4A). The least width (bucco-lingual diameter) is 12.7. 

Comparisons and discussions: The wear facet and root morphology 
are quite different from those of Pantherines. Both Homotherium and 
Megantereon have been recognized in the CNF (or Xiashagou fauna) (Qiu 
et al., 2004). In shape, the partial m1 from SSMZ is similar to those of 
Homotherium from Zhoukoudian (Pei, 1934) and Renzidong (Liu and 
Qiu, 2009) as well as Jianshi (Zhang and Feng, 2004). The bucco-lingual 
dimension is 12.7, which is very similar to those of Homotherium sp. from 
ZKD Loc.1 (Pei, 1934) and from Jianshi (Zhang and Feng, 2004) as well 
as Homotherium latidens from Alaska and Iberian Peninsula (Antón et al., 
2014). The partial m1 is larger than all of the m1s of Megantereon species 
ever reported, including those from Longdan (Qiu et al., 2004); more-
over, it is much smaller than that of Panthera tigris (Pei, 1934; Tong et al., 
2019). It is worth mentioning that the root of the m1 from Renzidong is 
extraordinarily slender and more pointed than usual. 

Moreover, the dimensions of the partial m1 fall within the ranges of 
Homotherium spp., and the wear facet is also similar to that of Homo-
therium (Sardella and Iurino, 2012). 

The most recent study on a nearly complete skull of Homotherium 
crenatidens teilhardipiveteaui from Nihewan shows that body size cannot 
be used as a determinate trait for species/subspecies delimitation; on the 
other hand, the crown height of the upper canine shows a decrease at the 
early/middle Early Pleistocene boundary ~1.8 Ma (Jiangzuo et al., 
2022a,b,c). 

Family Hyaenidae Grey, 1821 
Subfamily Hyaeninae (Grey,1821) Mivart, 1882 

Genus Pachycrocuta Kretzoi, 1938 

Pachycrocuta licenti (Pei, 1934). 
(Fig. 6; Tables 5 and 6). 
Hyaena sinensis, Teilhard de Chardin and Piveteau, 1930, pp. 

101-104. 
Hyaena licenti, Pei, 1934, pp. 120-121. 
?Panthera sp., Tong et al., 2021, p. 481. 
Materials: Partial right mandible with dp2–4 and m1 (V 31920), 

isolated right dp4 (V 31921), partial mandible with broken ramus and 
condyle as well as angular process (V 31922). 

Descriptions. 
A partial mandibular body with the dp2–4 and m1 as well as the 

erupting canine preserved in situ (Fig. 6: 1A-1C) and p2–4 are still in 
alveolus (Fig. 6: 1D). Each of the lower cheek teeth, both deciduous and 
permanent, has two roots (Table 5). Ta
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The dp2 has only one principal cuspid (protoconid), and a moder-
ately developed posterior cusplet, but there is no anterior cusplet. 

The dp3 has the protoconid as the principal cuspid. The anterior 
accessary cuspid is also well developed, while the posterior accessary 
cuspid is relatively small; a talonid is extraordinarily well-developed. 

The dp4 is buccolingually compressed, and the lingual aspect is 
concave buccally. The paraconid and protoconid are equally developed, 
but the latter is slightly higher. The carnassial notch extends downward 
not very deep; between the protoconid and the hypoconid there is a deep 
notch. The talonid is quite long, with the entoconid well-developed and 
hypoconulid moderately developed, but the hypoconid is vestigial, 
while the metaconid is completely absent. 

The dp4 is characterized by its buccolingually compressed crown and 
very developed talonid with crest-like hypoconid and conical entoconid, 
which are quite similar to those of Crocuta crocuta spelaea (Pappa et al., 
2005) and Crocuta ultima ussurica (Baryshnikov, 2014), but different 
from that of Pachycrocuta sinensis. The latter only has a central trenchant 
cuspid on the talonid which was identified as hypoconid (Pei, 1934). 

The p2 (partially formed and unerupted) is prominently smaller than 
p3 and p4; with only one principal cuspid (protoconid) developed, and a 
moderately developed posterior cusplet, but there is no anterior cusplet. 

The p3 (partially formed and unerupted) is enlarged relative to p2, 
but with nearly the same structure. 

The p4 (partially formed and unerupted) is slightly larger than p3, 
but with both the anterior and posterior cusplets developed. 

The m1 shows a typical form of Pachycrocuta in its unicuspid talonid 
according to Werdelin and Peigné (2010), with the carnassial blade 
(trigonid) elements (paraconid and protoconid) well developed, but the 
paraconid is prominently stronger (longer and wider) than the proto-
conid, while the latter being slightly higher. The metaconid is vestigial, 
being at a more buccal position and close to the hypoconid. The talonid 
is well developed, and with a distinct conical hypoconid which is located 
more lingually than usual (Fig. 6: 1C), entoconid is vestigial, and 
hypoconulid is absent. The posterior cingulum is faint. 

An isolated dp4 is fairly well-preserved, with paraconid and proto-
conid equally developed, but the metaconid is absent, the talonid is 
composed of an entoconid and a less developed hypoconid as well as a 
tiny hypoconulid. The buccal wear facet extends quite far downward 
(Fig. 6: 2A-2C). 

A partial mandibular ramus pereserves with the angular process, the 
condylar process and the summit of the coronoid process (Fig. 6: 3A-3C). 
The posterior border of the coronoid process, the condyle and the 
angular process are almost at a same straight line. The coronoid process 
is high with a superior rim at the buccal aspect, which is for insertion of 
the temporal muscle. The majority part of the masseteric fossa is broken 
off. The condyle is perfectly preserved, whose articular facet is fusiform 
with the lingual portion whirling downward; the superior border is not 
straight. 

The angular process is moderately developed, and is posteroventrally 
and slightly medially directed, with a medial and an inferior crest; the 
superior surface is spoon-like; between the lingual crest and the condyle, 
there exists a trench that leads to the mandibular foramen; at the buccal 
aspect, a crest exists along the lower edge which derives from the 
angular process and extends 63.6 mm forward that represents the lower 
boundary of the masseteric fossa. The ramus height at coronoid process 
(from inferior border of angular process to summit of coronoid process) 
is 112.8 mm; the ramus height at condyle or distance from dorsal border 
of condyle to ventral border of angular process is 45.3 mm; the medio-
lateral diameter of the condyle is 55.3 mm. 

Comparisons and discussions: In China, the deciduous teeth of 
Pachycrocuta are well represented in the fauna of ZKD Loc.1 (Pei, 1934). 
The dp4 of Pachycrocuta sinensis from there has large size, and its met-
aconid is absent and has only one talonid cuspid (hypoconid) (Pei, 
1934), which are quite different from the SSMZ specimens. Moreover, 
the SSMZ dp4 shares the same characters with those of P. licenti from 
Jianshi Longgudong (Zhang and Feng, 2004). The dp4 of Hyaena sp. 

from XSG of Nihewan also has no metaconid (Teilhard de Chardin and 
Piveteau, 1930). Although the SSMZ dp4s have similar dimensions with 
those of Smilodon, the latter has larger metaconid and talonid cuspids, 
including two distinct lobes of the metastylid (Merriam and Stock, 
1932). In Homotherium serum, the notch between the paraconid and 
metaconid is an open V in the dp4 and a closed V in the m1; in addition, 
the dp4 has a small metastylid behind the metaconid (Raw-
n-Schatzinger, 1983); the L × W of dp4 is 9.9 × 4.5 mm (Raw-
n-Schatzinger and Collins, 1981), which is prominently smaller than 
that of P. licenti. 

Concerning the lower carnassial tooth, the teeth of P. sinensis nor-
mally has no metaconid, and the talonid is short and has only a distinct 
hypoconid (Pei, 1934). The P. licenti from Jianshi Longgudong have 
considerable variations both in dimensions and form; the length of m1 
ranges from 26.4 to 31.5 and the mean value is 28.5; some of the m1s 
have both entoconid and hypoconid, while others only have hypoconid, 
but the metaconid is completely absent or vestigial (Zhang and Feng, 
2004). The m1 of P. brevirostris licenti from Fanchang Renzidong has a 
vestigial metaconid, and its talonid has a prominent hypoconid and 
entoconid, but the hypoconulid is vestigial (Liu and Qiu, 2009). The 
P. licenti from XSG of Nihewan has a similar paraconid and protoconid to 
that of the SSMZ specimen, but with entoconid and hypoconulid except 
the hypoconid, i.e. with more talonid cuspids (Teilhard de Chardin and 
Piveteau, 1930). Pei (1987) examined 15 specimens of m1 of Pachy-
crocuta licenti from the Liucheng Gigantopithecus Cave, only 3 of which 
have metaconids, and 13 of which have both hypoconid and entoconid. 
Pei also proposed that the reduction of the metaconid-talonid complex 
on m1 is the general tendency in the evolution of Pachycrocuta-Crocuta 
during the Quaternary Period. 

The SSMZ specimen is different from that of Crocuta honanensis of 
Early Pleistocene age in its larger size and developed cusplets on the 
lower premolars, and complicated dp3; while the P4 of the latter has a 
relatively large protocone and small parastyle, m1 with a small and low 
paraconid, but high and larger protoconid, and a well developed talonid 
with hypoconid and entoconid (Pei, 1934), the widest part of m1 occurs 
at the middle part rather than at the paraconid blade (Qiu et al., 2004). 
Crocuta honanensis was one element of the CNF, and it is also the oldest 
non-African Crocuta presently known (Lewis and Werdelin, 2022). 

Compared with the recently reported Late Pliocene P. pyrenaica from 
the Yegou site (Liu et al., 2022), the latter has better-developed meta-
conid and talonid on m1. 

Moreover, both the dp4 and m1 of the SSMZ materials are more 
primitive, according to Werdelin and Solounias (1991), than those of the 
P. sinensis from ZKD Loc.1, but similar to those of P. licenti of the Early 
Pleistocene faunas. 

A partial mandible of a large carnivoran from SSMZ was originally 
identified as Panthera sp. (Tong et al., 2021). Currently, it is reidentified 
as Pachycrocuta licenti because of its large size and characters of the 
angular process. Furthermore, the coronoid process of the SSMZ spec-
imen is different from that of the contemporary Panthera palaeosinensis 
(Zdansky, 1924: Pl. XXXII, Figs. 3 and 4) in its curved form of the 
summit. On the other hand, during the time span of Early Pleistocene, 
there was no such a big sized pantherine in China, the ramus height is 
only 85.4 for Panthera zdanski (Mazák et al., 2011) and 78.5 for Panthera 
palaeosinensis (Mazák, 2010), both of them represent the earliest record 
of tiger-like Panthera as known up to now. The ramus height of SSMZ 
specimen is close to those of Pachycrocuta spp. (Table 6). 

It is worth mentioning that the Chinese giant hyenas, including 
Pachycrocuta licenti and P. sinensis, are included in the European species 
Pachycrocuta brevirostris, and the original specific names were retained 
as subspecies (Liu et al., 2021). This classification scheme, however, is 
yet to be widely accepted. 

Concerning the lower deciduous dentitions, Teilhard de Chardin and 
Piveteau (1930) once proposed that the dp3 of Crocuta honanensis from 
Xiashagou resembles that of a felid rather than hyena. Actually, hyaenid 
dp4 is different from that of a tiger in its larger size and better-developed 
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talonid. On the other hand, the dp4 of Panthera tigris has a developed 
metaconid and its talonid has the form of a pointed cuspid (Pei, 1934; 
Baryshnikov, 2016). 

The partial mandible is referred to Pachycrocuta licenti because of its 
high ramus and the less pronounced inferior boundary of the masseteric 
fossa. 

5. Discussions 

The carnivore guild of the CNF is dominated by canids (Teilhard de 
Chardin and Piveteau, 1930), which is reconfirmed at the SSMZ site. In 
the Nihewan fauna, the canid fossils are rich and diverse, with 3 genera 
and 5 species having been reported up to now: Canis chihliensis, Canis 
palmidens, Eucyon minor, Vulpes chikushanensis, Nyctereutes sinensis (or 
Nyctereutes schlosseri). It is worth mentioning that the recent excavations 
at the Yangshuizhan site in Nihewan Basin (sensu lato) resulted in the 
discovery of a large quantity of fossil raccoon dogs (Nyctereutes sinensis), 
including 24 skulls and 39 mandibles (Liu, 2019). In the SSMZ fauna, 
Canis chihliensis is the most common carnivoran whose fossil specimens 
include crania, mandibles and most parts of the postcranial skeleton, 
which represent the most informative collection for Early Pleistocene 
Canis in China. The species C. chihliensis is a hypercarnivorous species 
(Tong et al., 2020), which is characterized by its reduced metaconid and 
entoconid in m1, which may indicate a close relationship with Xenocyon 
dubius. It seems that C. chihliensis stands at the crossroad between Canis 
and Cuon, but its relationship with the Middle Pleistocene Canis mos-
bachensis variabilis is still uncertain. The Chinese wolf of Middle Pleis-
tocene epoch was compared with the contemporary European wolf Canis 
mosbachensis (Sotnikova, 2001; Tedford et al., 2009), and a recent study 
even treated the Chinese C. variabilis as a subspecies of the European 
species Canis mosbachensis (Jiangzuo et al., 2018), which means the 
Middle Pleistocene Canis fauna in North China probably had a European 
origin. 

In the Nihewan fauna, bear fossils are very scanty, with only two 
specimens of Ursus etruscus, one partial maxilla and one isolated M2, 
having ever been reported (Teilhard de Chardin and Piveteau, 1930). 
Recently the small Ursus fossils of Early-Middle Pleistocene from North 
China were grouped under a new subspecies Ursus etruscus orientalis 
Jiangzuo et al. (2017). The bear fossil is absent in the SSMZ fauna. The 
rareness of Ursus fossils in the Nihewan fauna can be regarded as one of 
the important features to distinguish it from the later Zhoukoudian 
fauna. In China, the Early Pleistocene ursids are rare in fossil, but are 
complicated in taxonomy (Qiu et al., 2009). 

Although several mustelids (Eirictis, Meles, Lutra and Martes) from 
Nihewan Basin had been reported (Teilhard de Chardin and Piveteau, 
1930; Tang et al., 1995; Qiu, 2006), they were poorly represented in 
fossil records, and they are absent in SSMZ. 

In the Nihewan fauna, two kinds of hyenas have been recognized: 
Pachycrocuta licenti and Crocuta honanensis (Qiu et al., 2004). The SSMZ 
hyena fossils can be referred to Pachycrocuta licenti because of their 
larger size and developed lower premolar cusplets as well as the form of 
m1. 

The important felid fossils of the Nihewan fauna include Homo-
therium crenatidens, Megantereon nihowanensis and the early Acinonyx 
(including Sivapanthera), all of them being represented by nearly com-
plete skulls and mandibles (Teilhard de Chardin and Piveteau, 1930; Qiu 
et al., 2004; Chen et al., 2017; Tong et al., 2021). True cats, both the 
pantherines and felines, are poorly recorded, except the Lynx. Panthera 
are absent in the Nihewan fauna, although the earliest fossil record of 
Panthera in China can be traced back to 2.55–2.16 Ma in the Longdan 
fauna (Qiu et al., 2004; Mazák et al., 2011). 

Although all of the SSMZ carnivoran taxa are the common elements 
in the CNF, the recently unearthed postcranial skeletons of Canis chih-
liensis and Acinonyx represent the first knowledge for their kinds, and the 
fossil materials of Canis chihliensis from SSMZ represent the best 
collection for this species. In taxonomic composition, including both 
carnivores and ungulates, the SSMZ fauna shares the majority of its taxa 
with the XSG fauna (Tong et al., 2021), which means the SSMZ fauna 
very probably has the same geologic age with the XSG fauna, but maybe 
slightly younger according to the provisional character analysis for some 
taxa, e.g., Canis and Pachycrocuta. 

The carnivore guild of the Nihewan fauna has high similarity with 
those of the Dmanisi fauna. If the transfer of pachygnatha from Mustela to 
Pannonictis (Sotnikova, 1980; García et al., 2008; Colombero et al., 
2012) is correct, Dmanisi fauna shares 12 taxa of its 14 carnivoran taxa 
(Homotherium latidens, Megantereon whitei, Panthera onca georgica, Aci-
nonyx pardinensis, Lynx issiodorensis; Pachycrocuta brevirostris; Canis 
(Xenocyon) lycaonoides, Canis borjgali, Vulpes alopecoides; Ursus etruscus; 
Lutra sp., Martes sp., Meles sp., and Pannonictis sp., Bartolini-Lucenti 
et al., 2022aa,b) with the Nihewan fauna at the generic level; although 
the determination of the species “pachygnatha” is still controversial, and 
others placed it under the recently established genus Eirictis (Qiu et al., 
2004). 

Among the SSMZ carnivore guild, Canis chihliensis and Acinonyx sp. 
are of the most significance in age determination. Canis chihliensis has 
reduced protocone on P4, prominent parastyle on M1, relatively larger 
M2, crest-like buccal cusps, and reduced lingual cuspids on m1, all of 
which are related to hypercarnivorous adaptations and are distinct from 
the Mid-Late Pleistocene Canis species (Tong et al., 2020). Although the 
giant cheetah A. pardinensis appeared in western Europe a little over 3 
Ma (Werdelin and Peigné, 2010), their fossil records in Eurasia are 
mainly limited to the Early Pleistocene epoch (Cherin et al., 2014b). 
Cheetahs from the Nihewan Basin suggest that North China can be 
regarded as a center of evolution for these predators not only for the rich 
fossil records but also for their morphological variations. The SSMZ 
carnivoran guild shares quite a number of elements with the contem-
porary European faunas between 2.0 and 1.8 Ma (Konidaris, 2022), 
which shows that the mammalian fauna communicated frequently 
during the Early Pleistocene over the continental Eurasia. 

Table 6 
Measurements of the mandibular ramus of Pachycrocuta licenti, compared with 
related taxa.   

Ramus height 
at coronoid 
process 

Ramus 
height at 
condyle 

TD of 
condyle 

Sources 

Pachycrocuta licenti 112.8 45.3 55.3 V 31922, this 
paper 

Pachycrocuta licenti 95–104   Qiu et al. 
(2004) 

Pachycrocuta 
brevirostris 

114a   Iannucci et al. 
(2022) 

Pachycrocuta 
brevirostris licenti 

84   Liu and Qiu 
(2009) 

Pachycrocuta 
brevirostris 

?123.6   Turner and 
Anton,1996 

Pachycrocuta 
perrieri 

91.8  43.7 Argant 
(2004) 

Acinonyx 
pardinensis 
pleistocaenicus 

90–91.5   Hemmer 
(2001) 

Acinonyx 
pardinensis 

74.0   Cherin et al. 
(2014b) 

Panthera 
palaeosinensis 

78.5   Mazák (2010) 

Panthera zdanskyi 85.4   Mazák et al. 
(2011) 

Panthera 
gombaszogensis 

99.0   Argant and 
Argant 
(2011) 

Panthera tigris ca. 105  ca. 45 Tiwari et al. 
(2011) 

Panthera leo 97.9 (wild), 
87.8 (captive)   

Zuccarelli 
(2004)  

a Obtained by measuring Fig. 5 of Iannucci et al. (2022) by the first author of 
the present paper. 
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In conclusion, the SSMZ fauna shares all of its carnivoran taxa with 
those of the CNF and the Dmanisi fauna at the generic level, which 
means they should share approximately the same geologic age, or the 
SSMZ fauna is slightly younger than the CNF according to the Canis and 
hyaenid fossils. Like the Dmanisi fauna (Belmaker, 2018), the Can-
is-dominated carnivoran guild of SSMZ fauna also indicates an open 
grassland/shrubland habitat. 

6. Conclusions 

In the SSMZ fauna, the carnivore guild includes Canis chihliensis, 
Nyctereutes sp., Homotherium sp., Acinonyx sp., Lynx shansius and 
Pachycrocuta licenti, among which C. chihliensis is the dominant and best 
represented species whose fossil materials include crania, mandibles and 
postcranial skeletons. Fossils of C. chihliensis from SSMZ thus represent 
the best collection for this species ever known, and the postcranial 
skeletons represent the only knowledge for the Early Pleistocene Canis in 
China. The second important taxon is the giant cheetah Acinonyx sp., 
whose postcranial skeletons represent the richest and only collection for 
its kind in the geologic age in China. The Nihewan Basin can be regarded 
as an important spot for the evolution of early cheetahs not only for its 
rich fossil records but also for its morphological variations. The carni-
vore guild of SSMZ fauna resembles the CNF and the Dmanisi fauna to a 
considerable degree, which means they should have approximately the 
same geologic age, or slightly younger than the CNF according to the 
Canis and hyaenid fossils. The SSMZ carnivoran guild shares quite a 
number of elements with the contemporary European faunas, which 
shows that the mammalian fauna once communicated frequently during 
the Early Pleistocene over the continental Eurasia. In faunal composi-
tion, the SSMZ fauna is closer to the XSG fauna; while in stratigraphic 
correlation, the SSMZ fauna is closer to XCL fauna. 
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Werdelin, L., Peigné, S., 2010. Chapter 32: Carnivora. In: Werdelin, L., Sanders, W. 

(Eds.), Cenozoic Mammals of Africa. University of California Press, Berkeley, 
pp. 603–657. 

Werdelin, L., Solounias, N., 1991. The Hyaenidae: taxonomy, systematics and evolution. 
Foss. Strata 30, 1–104. 

Werdelin, L., Dehghani, R., 2011. Chapter 8: Carnivora. In: Harrison, T. (Ed.), 
Palaeontology and Geology of Laetoli: Human Evolution in Context, vol. 2. Springer, 
Dordrecht, pp. 189–232. 

Werdelin, L., Yamaguchi, N., Johnson, W.E., O’Brien, S.J., 2010. Chapter 2: phylogeny 
and evolution of cats (Felidae). In: Macdonald, D.W., Loveridge, A.J. (Eds.), Biology 
and Conservation of Wild Felids. Oxford University, Oxford, UK, pp. 59–82. 

Yalden, D.W., 1970. The functional morphology of the carpal bones in carnivores. Acta 
Anat. 77 (4), 481–500. 
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