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ABSTRACT
We document new materials of Tungurictis Colbert, 1939, a basal hyaenid (hyena family), from the 
Junggar Basin in northern Xinjiang Uygur Autonomous Region, northwestern China, and recognize a 
new species, T. peignei, n. sp., from the top of the Suosuoquan Formation through the top of the over-
lying Halamagai Formation. Associated upper and lower teeth, plus isolated lower jaws, are described, 
and collectively these span c. 17-14 Ma in local stratigraphic sections. The new species represents the 
smallest and most primitive form of Tungurictis, which gave rise to T. spocki Colbert, 1939 in the mid-
dle Miocene Tunggur Formation of Inner Mongolia. These two species of Tungurictis form an East 
Asian clade with slightly more hypercarnivorous dentition, in contrast to hypocarnivorous species of 
Protictitherium Kretzoi, 1938 in Europe and western Asia. This geographic divergence may reflect en-
vironmental differences between Europe and western Asia, on the one hand, and East Asia, on another.

RÉSUMÉ
Une espèce nouvelle de Tungurictis Colbert, 1939 (Carnivora, Hyaenidae) du Miocène moyen du bassin 
de Junggar, Chine du nord-ouest, et le début de la divergence des hyénidés basaux en Asie de l’est.
Nous rapportons du nouveau matériel de Tungurictis Colbert, 1939, un hyénidé basal du bassin de 
Junggar dans le nord de la Région autonome de Xinjiang Uygur, au nord-ouest de la Chine, et recon-
naissons une nouvelle espèce, T. peignei, n. sp., du sommet de la formation de Suosuoquan jusqu’à celui 
de la formation sus-jacente de Halamagai. Nous décrivons des dents inférieures et supérieures associées 
ainsi que des mandibules isolées collectées dans un intervalle de 17 à 14 Ma dans des sections stratigra-
phiques locales. La nouvelle espèce représente la forme la plus petite et la plus primitive de Tungurictis 
qui a donné naissance à T. spocki Colbert, 1939 du Miocène moyen de la formation de Tunggur en 
Mongolie intérieure. Ces deux espèce de Tungurictis constituent un clade est-asiatique avec une dentition 
légèrement plus hypercarnivore qui contraste avec celle des espèces hypocarnivores de Protictitherium 
Kretzoi, 1938 en Europe et en Asie occidentale. Cette divergence géographique peut refléter des dif-
férences environnementales entre l’Europe et l’Asie occidentale d’un côté et l’Asie orientale de l’autre.

INTRODUCTION

The hyena family, Hyaenidae, is a diverse group of carnivorans 
found in the Old World and North America during much of 
the late Cenozoic. Often featuring large body sizes, strong, 
bone-crushing teeth, and being top predators of their com-
munities, hyaenids have relatively good fossil records in many 
Neogene localities of Europe, Asia, and Africa (Werdelin & 
Solounias 1991). These large predators evolved from small 
fox-sized ancestors in the early to middle Miocene. The fossil 
records of the primitive ancestors, however, are far less abun-
dant, partly due to preservational bias toward larger fossils 
more resistant to weathering, and also to possible differences in 
habitat. As a result, their morphology, geographic range, and 
age relationship are all poorly known. This is especially true 
for the Chinese (and East Asian in general) records. Fossils of 
small, stem hyaenids trickle into the published record slowly.

With the exception of fossils from the middle Miocene Tunggur 
Formation in Inner Mongolia (Nei Mongol), East Asian records 
of early hyaenids lag behind those from Europe and western Asia. 
Therefore, new records add significantly to our knowledge of the 
anatomy and geography. We previously mentioned the presence 
of Protictitherium Kretzoi, 1938 in the middle Miocene of the 
Junggar Basin (Fig. 1), Xinjiang Uygur Autonomous Region, 
northwestern China (Wang et al. 1998), but did not describe it. 

Since then, additional materials, including upper cheek teeth, 
have been collected. We take this opportunity to fully describe 
these specimens, recognizing a new species belonging to the 
Tungurictis Colbert, 1939 clade in East Asia.

MATERIAL AND METHODS

Specimens described in this paper are deposited in the Insti-
tute of Vertebrate Paleontology and Paleoanthropology, Chi-
nese Academy of Sciences, Beijing. For comparison, we have 
examined the following specimens: Tungurictis spocki Colbert, 
1939: AMNH 26600 and IVPP V 13784; Tungurictis punica 
Kurtén, 1976: UCPE T-1601.

Institutional abbreviations
AMNH	 American Museum of Natural History, New York;
IVPP	� Institute of Vertebrate Paleontology and Paleoanthro-

pology, Chinese Academy of Sciences, Beijing (IVPP 
V numbers);

MNHN	 Muséum national d’Histoire naturelle, Paris;
NMB	 Naturhistorisches Museum Basel, Basel;
SNSB-BSPG	�Staatliche Naturwissenschaftliche Sammlungen Bay-

erns – Bayerische Staatssammlung für Paläontologie 
und Geologie, Munich;

UCPE	� University of Colorado Paleontological Expeditions 
to Tunisia, Boulder.
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HISTORY OF STUDY

Colbert (1939) first named Tungurictis spocki from the late 
middle Miocene Tunggur Formation in Inner Mongolia. This 
initial discovery by the American Museum of Natural History 
Third Central Asian Expeditions was based on two specimens: 
AMNH 26600, a nearly complete skull (holotype) from the 
Wolf Camp Site, and AMNH 26610, a dentary fragment with 
premolars (paratype) from “twenty-five miles northeast of Gur 
Tung Khara Usu” (possibly the same as IVPP Huerguolajin 
Locality, see Wang et al. 2003). Colbert (1939) thought that 
Tungurictis was a viverrid. Beaumont (1967) was doubtful 
of such an assignment, and Qiu et al. (1988) referred it to 
Hyaenidae. Hunt (1989) forcefully argued that Tungurictis 
was a hyaenid, followed up with a detailed documentation 
on its basicranial morphology (Hunt & Solounias 1991).

A second Chinese record of basal hyaenids, Protictitherium, 
was reported by Li et al. (1983) from Songlinzhuang (IVPP 
locality 82027) of Xiacaowan Formation in Sihong region, 
Jiangsu Province. Represented by a maxilla fragment with 
P2-M1, the Songlinzhuang form was designated as “Protic-
titherium sp. nov.”, which is “small in size and morphologically 
different from known species” (Li et al. 1983: 319). Unfortu-
nately, this taxon was neither described nor figured. In their 
recent summary of Sihong faunas, Qiu & Qiu (2013) con-
tinued to regard this Protictitherium record as unconfirmed.

In a study of Junggar Basin carnivorans, we listed a third 
Chinese record as two species of Protictitherium (Wang et al. 

1998). The materials consisted of only a few jaw fragments 
and our taxonomic assessment was tentative. With better 
materials in hand, we now realize they belong to Tungurictis, 
and we fully describe these specimens herein.

By the 1990s, a consensus emerged that the small fox-sized 
Protictitherium played a central role in the origin of Hyae-
nidae. Between three to nine species of Protictitherium are 
recognized in Europe and western Asia by different authors 
(Werdelin & Solounias 1991, 1996; Ginsburg 1999; Turner 
et al. 2008; Fraile 2016, 2018). The best records are from mid-
dle to late Miocene localities in several European countries, 
such as Greece (Bonis & Koufos 1991; Koufos 2011), Turkey 
(Schmidt-Kittler 1976; Andrews & Tobien 1977; Kaya et al. 
2005; Mayda et al. 2015; Koufos et al. 2018), Spain (Ginsburg 
et al. 1981; Peigné et al. 2006; Fraile 2016, 2018), France (Fil-
hol 1883; Ginsburg & Bulot 1982), and Hungary (Werdelin 
2005). More recently, Bonis (2004) referred yet another form, 
from late Miocene of Turkey, to Protictitherium arambourgi 
(Ozansoy 1965). However, Bonis et al. later (2010) referred 
this species to Ictitherium, whereas Werdelin & Peigné (2010) 
synonymized it with P. crassum Filhol, 1883.

Schmidt-Kittler (1976) described multiple species of Prot-
ictitherium from the middle to late Miocene of Turkey. Kaya 
et al. (2005) named a new species, P. aegaeum, from western 
Turkey. In an unpublished Ph.D. dissertation, Fraile (2016) 
described a large sample of excellently preserved Protictithe-
rium crassum from the late Miocene Spanish site of Cerro de 
los Batallones in Madrid Basin. This material was partially 
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described in Fraile (2018). But most recently, Morales et al. 
(2019) placed P. crassum at the base of their lophocyonid clade.

The African record of Protictitherium is limited. In North 
Africa, Kurtén (1976) described the species, Tungurictis 
punica, from the Beglia Formation of Bled Douarah, Tunisia. 
Werdelin & Solounias (1991) argued that it really belonged 
to Protictitherium, a decision Werdelin & Peigné (2010) reaf-
firmed. A second African record of Protictitherium, P. crassum, 
is from Beni Mellal, Morocco (Werdelin & Peigné 2010), and 
variously referred to Ictitherium (Bonis et al. 2010). A third 
possible record, Protictitherium sp. from Kenya, was mentioned 
(Werdelin & Peigné 2010) but its true nature remains unclear.

SYSTEMATIC PALEONTOLOGY

Order CARNIVORA Bowdich, 1821 
Family Hyaenidae Gray, 1821

Genus Tungurictis Colbert, 1939

Type species. — Tungurictis spocki, original designation by Colbert 
(1939).

Included species. — Tungurictis spocki Colbert, 1939 and Tun-
gurictis peignei, n. sp.

Emended diagnosis. — A small feliform, Tungurictis has acquired 
the hyaenid ear region characters of a posteriorly reclined intrab-
ullar septum and a posterodorsal chamber of the bulla floored by 
the intrabullar septum. Tungurictis is more hypercarnivorous than 
Protictitherium and Plioviverrops Kretzoi, 1938 in its more elongated 
upper and lower carnassials (P4 and m1), relatively reduced M2, less 
high-crowned m1 entoconid, and more reduced m1-2 hypoconulid.

Remarks

After Colbert’s (1939) initial recognition of Tungurictis 
spocki, Kurtén (1976) named a second species, T. punica, 

from the Beglia Formation of Bled Douarah, Tunisia. 
Werdelin & Solounias (1991) made a detailed comparison 
of this second species. They suggested that it really should 
belong to Protictitherium, and emended the species name 
to P. punicum, an opinion later upheld in Werdelin & 
Peigné (2010).

Hunt & Solounias (1991) suggested that Tungurictis is a 
junior synonym of Protictitherium Kretzoi, 1938 and pre-
dicted that, when lower cheek teeth become available, the 
m1 entoconid should not be emphasized over the hypoco-
nid and its talonid reduced relative to trigonid. Continued 
explorations in the Tunggur area in the last 25 years did 
eventually produce an associated partial skull and dentaries 
(IVPP V 13784) from the Tairum Nor locality in the lower 
part of the Tunggur Formation (Wang 2004), which largely 
confirmed Hunt & Solounias’ prediction. The Tairum Nor 
section is substantially older than the Wolf Camp section 
(Qiu et al. 2013) and IVPP V 13784 is smaller and slightly 
more primitive than that of the Wolf Camp individual (holo-
type), permitting a sense of an evolutionary trend within a 
single geologic formation.

Tungurictis peignei n. sp.  
(Figs 4-6; Tables 1, 2)

urn:lsid:zoobank.org:act:993B1CF7-DBC3-45C5-8546-00DD0DF80E02

Protictitherium intermedium – Wang et al. 1998: 221, figs 3A, B.

Holotype. — IVPP V 25222, isolated upper third incisor, isolated 
right upper canine, right maxillary fragment with P1 and P3-4 
(broken), left maxillary fragment with P1, P3-4, partial right den-
tary with p1 alveolus and p2-m2 (Figs 4; 5A, C, D), all apparently 
of the same individual; the locality was discovered by Jin Meng on 
July 5, 2009 and the specimen was obtained by screen washing.

Type locality. — IVPP XJ 200910 locality, 46°33.993’N, 
87°46.965’E, Duolebulejin area, south bank of the Ulungu River, 

A B

Second sandstone

Fig. 2. — Two Junggar Basin localities that produce Tungurictis Colbert, 1939: A, Duolebulejin section showing contact of sandstones of Halamagai Formation and 
red mudstones of Suosuoquan Formation; the Duolebulejin locality is the only section where Suosuoquan and Halamagai formations are in continuous deposition 
with a superpositional relationship (Ye et al. 2012). XJ 200910 locality is from the second sandstone lens within Suosuoquan Formation. B, XJ 200815 locality in 
Dingshanyanchi section, upper siltstones of Halamagai Formation. Photos by Wenyu Wu.

http://zoobank.org/urn:lsid:zoobank.org:act:993B1CF7-DBC3-45C5-8546-00DD0DF80E02
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second sandstone layer from top of the Suosuoquan Formation, 
Junggar Basin, Xinjiang Uygur Autonomous Region (Fig. 2A).

Diagnosis. — The most primitive known species of Tungurictis, 
T. peignei, n. sp. is smaller than T. spocki and has a more distinct 
lingual bulge on P3, a more distinct notch on M1 parastyle, and 
an m1 hypoconulid enclosing the talonid basin. Tungurictis peignei, 

n. sp. is similar in size to Protictitherium intermedium but has less 
well developed m1-2 hypoconulid.

Etymology. — In memoriam of Stéphane Peigné for his contribu-
tion to the understanding of fossil carnivorans.

Referred specimens. — IVPP V 25223, isolated right P2 (posterior 
part only; not figured), P3, and M1, from XJ 200815 intermedium 
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(Fig. 2B), 46°24.281’N, 87°25.991’E, at 45 km mark of West 
Main Irrigation Channel (Xi-gan-qu), southwest of Dingshan Salt 
Lake (Dingshanyanchi), upper siltstones of Halamagai Formation, 
13.3 m below the boundary of Halamagai-Dingshanyanchi forma-
tions; some of the carnivoran materials were obtained by screen 
washing (Fig. 6). — IVPP V 11493, left dentary with c-p1 roots, 
p2-m1, from Tieersihabahe, lower part of Halamagai Formation 
(Wang et al. 1998: fig. 3A) (Fig. 5B, E, F). — IVPP V 11494, left 
dentary fragment with p3 alveolus and p4-m1, from Tieersihabahe, 
Halamagai Formation, collected on August 14 (Wang et al. 1998: 
fig. 3B). — IVPP V 11495, right dentary fragment with c-p4 alveoli, 
from Tieersihabahe, Halamagai Formation. — IVPP V 11496, right 
dentary fragment with p1-m1 (all broken), from Tieersihabahe, 
Halamagai Formation. — IVPP V 25224, left dentary fragment 
with m1, and p4 and m2 alveoli, from Tieersihabahe, Halamagai 
Formation. — IVPP V 25225, right dentary fragment with p3-4 and 
m1 alveolus, from Tieersihabahe, Halamagai Formation. — IVPP 
uncatalogued, left dentary fragment with p3-4 and p2 and m1 alveoli, 
from Tieersihabahe, second sandstone layer of Halamagai Formation.

Geologic setting, fauna, and age. — Extensive exposures of 
middle to late Cenozoic sediments in northern Junggar Basin and 
its western extension in Kazakhstan produce a rich record of fossil 
vertebrates (Fig. 1). Explorations of the Junggar Basin by Chinese 
geologists began in the 1950s. Although Chow (1957, 1958) was 

first to report fragmentary mammal fossils from several Cenozoic 
localities in Xinjiang, all collected by local geological survey and 
petroleum teams, dedicated explorations by vertebrate paleontolo-
gists did not begin until 1982 and 1984, when a joint IVPP and 
Xinjiang Bureau of Petroleum team worked in the Ulungu River 
region. A basic stratigraphic framework of the Suosuoquan Forma-
tion and Halamagai Formation, plus associated vertebrate fossils, was 
first established by Tong et al. (1990). Since then various efforts have 
focused on the regional stratigraphy and chronology (Wu et al. 1998; 
Ye et al. 2000; Ye et al. 2001a, b; Ye et al. 2003; Meng et al. 2006; 
Meng et al. 2008; Ye et al. 2012; Meng et al. 2013), paleoenviron-
ment and paleoclimate (Sun et al. 2010), small mammal taxonomy 
(Bi 1999; Bi et al. 1999; Wu et al. 2004, 2006; Bi et al. 2009; Wu 
et al. 2009; Maridet et al. 2011; Bi et al. 2013), and descriptions of 
large mammals (Ye 1989; Wu et al. 2003; Ye et al. 2005).

Remarks

Carnivorans from the Junggar Basin are generally rare. From 
collections made during the early expeditions, Qi (1989) 
reported two fossil carnivorans, Amphicyon ulungurensis Qi, 
1989 and Ictitherium cf. I. gaudryi (de Beaumont & Mein, 
1972), from three localities (IVPP loc 82501, 82503, 82513, 
plus a reworked locality 82505) in the Halamagai beds. The 

Table 1. — Comparative measurements of upper teeth of Tungurictis Colbert, 1939 from Junggar Basin. Those for Tungurictis spocki Colbert, 1939 follow Wang (2004: table 1).

Taxa Catalogue number P3 length P3 width P4 length P4 width M1 length M1 width
Tungurictis peignei, n. sp. IVPP V 25222 8.0 4.1 11.0 6.0 – –

IVPP V 22523 7.9 3.9 – – 4.3 9.5
Tungurictis spocki AMNH 26600 10.0 4.8 14.7 7.4 5.7 10.7

IVPP V 13784 8.6 3.9 13.2 7.1 4.5 10.5
Protictitherium punicum 

Kurtén, 1976
UCPE T-1601 9.6 5.4 14.3 7.7 5.8 11.2

Table 2. — Comparative measurements of lower teeth of Tungurictis Colbert, 1939 from Junggar Basin. Those for Protictitherium Kretzoi, 1938 from Turkey are 
from Schmidt-Kittler (1976) and those for Tungurictis follow Wang (2004: table 1).

Taxa
Catalog 
number

p2
length

p2
width

p3
length

p3
width

p4
length

p4
width

m1
length

m1
width

m2
length

m2
width

Tungurictis peignei, 
n. sp.  
from Junggar

IVPP V 11493 6.0 2.3 7.7 2.7 8.2 3.7 9.5 4.5 – –
IVPP V 11494 – – – – 9.0 4.0 10.4 5.0 – –
IVPP V 22522 5.7 2.4 7.7 3.1 8.3 3.9 9.8 4.7 3.7 3.0
IVPP V 25224 – – – – – – 9.4 5.1 – –
IVPP V 25225 – – 8.6 3.8 9.5 4.7 – – – –
uncatalogued – – 8.2 3.4 8.7 4.0 – – – –

Tungurictis spocki 
Colbert, 1939

IVPP V 13784 – – – – – – 10.6 3.6 4.0 3.3

Tungurictis small 
species

IVPP V 11497 – – – – – – 8.0 3.7 – –

Protictitherium 
intermedium 
Schmidt-Kittler, 
1976 from Turkey

SNSB-BSPG 
1968 VI 736

6.1 2.5 – – – – 10.5 4.4 4.9 3.7

SNSB-BSPG 
1968 VI 738

– – – – – – 9.1 4.0 – –

SNSB-BSPG 
1968 VI 735

5.5 2.6 – – – – 10.3 4.9 – –

SNSB-BSPG 
1968 VI 737

6.1 2.4 7.0 2.8 7.9 3.5 9.4 – – –

SNSB-BSPG 
1968 VI 739

– – – – 7.1 2.8 – – – –

Protictitherium aff. 
gaillardi (Forsyth-
Major, 1903)

SNSB-BSPG 
1968 VI 745

– – – – – – 11.3 5.1 – –

SNSB-BSPG 
1968 VI 746

– – – – 9.0 4.2 – – – –
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next major expeditions that saw a large increase in carnivoran 
diversity were led by another IVPP team in 1995 and 1996, 
and were summarized by Wu et al. (1998). Carnivoran collec-
tions made in the 1990s from the Halamagai Formation were 
described by Wang et al. (1998). These include Nimravus? sp., 
Pseudaelurus cuspidatus Wang, Ye, Meng, Wu, Liu & Bi, 1998, 
Protictitherium intermedium Schmidt-Kittler, 1976 (Tungurictis 
herein), Protictitherium small species, Thalassictis chinjiensis 

(Pilgrim, 1932), Gobicyon? sp., Oligobunis? sp., Alopecocyon 
goeriachensis (Toula, 1884), and Simocyon Wagner, 1858 
small form. Although Wang et al.’s (1998) report represents 
a substantial increase of carnivoran diversity, fragmentary 
jaws and isolated teeth were the main basis of most taxa. Not 
surprisingly, many of the above identifications are tentative, 
or even speculative, and await confirmation (or rejection) by 
better materials. Continued collecting from the Halamagai 

A

B

C D

Fig. 4. — Tungurictis peignei, n. sp., IVPP V 25222, holotype, isolated right I3, mesial view (A), right upper canine, buccal view (B), left P1, and left maxilla with 
P3-4 (C, stereo photos of occlusal view; D, buccal view). Scale bar: 10 mm.
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Formation since the 1990-2000s has yielded five species of 
bear dogs, recently described by Jiangzuo et al. (2018), but 
isolated teeth and jaw fragments are still mostly what are 
known at the moment.

A newly described specimen herein, IVPP V 25223, is from 
IVPP XJ 200815 locality (Fig. 2B) in the Dingshanyanchi area 

(Meng et al. 2008; Wu et al. 2009). Ye et al. (2012) described 
the Duolebulejin section and produced a magnetostratigra-
phy. Unfortunately, much of the Halamagai Formation are 
sandstones, coarse-grained sediments unsuitable for magnetic 
studies. Only two short segments of fine-grained sediments 
at the top and bottom of the Halamagai Formation yielded 

A

B

C

D

E

F

Fig. 5. — Tungurictis peignei, n. sp., IVPP V 25222, holotype, right dentary with p2-m2 (A, stereo photos, occlusal view, C, lingual, and D, buccal views) and IVPP 
V 11493, left dentary with p2-m1 (B, stereo photos, occlusal view; E, lingual view; F, buccal views). Scale bars: 10 mm.
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useful magnetic results (Ye et al. 2012: fig. 3), consisting of 
just a few short magnetic chrons in a busy part of the magnetic 
time scale, not enough to offer much constraint in correla-
tion. Nevertheless, as constrained by fossil mammals within, 
such as Anchitherium gobiense Colbert, 1939 (Ye et al. 2005), 
Ye et al. (2012) placed the Halamagai Formation roughly in 
C5Cn.3n through somewhere in C5A, or about 16-14 Ma.

In contrast to the fluviatile sandstones of the middle Miocene 
Halamagai Formation, the underlying Suosuoquan Forma-
tion is mainly a fine-grained red bed of late Oligocene to early 
Miocene age (Ye et al. 2003; Meng et al. 2013). So far, no 
carnivoran has been reported in the Suosuoquan Formation. 
Specimen IVPP V 25222 described in this paper is from IVPP 
XJ 200910 locality (Fig. 2A) in the Duolebulejin area at the 
top of the Suosuoquan Formation. This is known as the “Top 
of Suosuoquan Fauna” (Ye et al. 2001a, b). Constrained by 
small mammal faunas, Meng et al. (2013: pl. 3.1) magnetically 
correlated the lower half (up to the S-III assemblage) of the 
Suosuoquan Formation to C6Cn.3n-C6An.1n, spanning 23.30 
Ma of GTS2012 (Vandenberghe et al. 2012) to 20.04 Ma of 
ATNTS2012 (Hilgen et al. 2012) (Fig. 3). The top part of the 
Suosuoquan Formation can be as young as 16.8 Ma (Ye et al. 
2012). IVPP V 25222 falls within the reversed chron C5Cr 
(Fig. 3) with a duration of 16.72-17.24 Ma of ATNTS2012. 
This specimen thus represents the oldest record of Tungurictis 
in East Asia.

Description

The maxilla fragments and right dentary of IVPP V 25222 
have associated upper and lower teeth. These form the main 

basis of description, supplemented by additional specimens 
to evaluate variation. Dental measurements are provided in 
Tables 1 and 2.

Maxilla and upper teeth
We interpret the isolated teeth of IVPP V 25222, collected 
by screen washing from a single site, as belonging to a single 
individual because they all have the same stage of wear (a young 
adult) and there are no duplicate teeth from the same side. The 
left and right maxillae do not preserve much beyond where 
the cheek teeth are rooted. The floor of the left infraorbital 
foramen is preserved, and it appears that the anterior opening 
of this foramen is approximately at the anterior edge of P4.

An isolated upper incisor (Fig. 4A) is here identified as a 
right I3 because of its relatively rounded root, as opposed to 
the more mesiodistally compressed roots of I1-2, as seen on 
Tungurictis spocki (IVPP V 13784) (Wang 2004: fig. 1). The 
crown surface is simple and single-cusped, but with a mesial 
and distal crest converging toward the tip of the main cusp. 
The maximum mesiodistal length at the base of the crown 
is 2.13 mm.

A well-preserved right upper canine (Fig. 4B) preserves the 
entire crown, but much of its root is missing. The cross section 
at the base of the crown is oval, with a mesiodistal length of 
4.72 mm, linguobuccal width of 3.69 mm, and crown height 
of 13.45 mm. The surface of the crown is smooth, lacking 
crenulations or grooves. A thin but distinct posterior and 
anterolingual ridge runs along the entire length of the tooth.

An isolated left P1 (Fig. 4C, D) is double-rooted, as in 
Tungurictis spocki. It measures 5.50 mm in mesiodistal length 

A

B

C

Fig. 6. — Tungurictis peignei, n. sp., IVPP V 25223, isolated right P3 and M1: A, posterior view of M1; B, buccal view of P3; C, stereo photos of occlusal view of 
P3 and M1. Scale bar: 5 mm.
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and 2.33 mm in linguobuccal width. A single main cusp leans 
forward with a distinct ridge both anterior and posterior to 
the cusp. An incipient posterior cingular cusp is present and 
the posterior cingulum is confined to the posterior end of 
the tooth.

The left and right P3s (Fig. 4C, D; Table 1) are well-
preserved. As in P1, the main cusp of P3 is flanked by an 
anterolingual ridge and a posterior ridge. At the anterior end of 
the anterolingual ridge is a small cingular cusp, and similarly, 
the posterior ridge is also terminated by a posterior cingular 
cusp. Immediately anterior to the posterior cingular cusp is 
an incipient posterior accessory cusp, more distinct on the 
left side, at the base of the posterior ridge. There is no buccal 
cingulum. On the lingual side, there is a distinct bulge just 
posterior to the main cusp and a cusp-like lingual cingulum. 
This bulge did not result in a lingual root above the lingual 
cingulum, as confirmed by an isolated P3 in IVPP V 25223 
(Fig. 6B, C) (on Tungurictis spocki, a lingual bulge also does 
not result in a third root).

The left P4 (Fig. 4C, D; Table 1) is essentially unworn except 
the very tip of the paracone. This tooth is slender with a long 
shearing blade. The paracone is the most dominant cusp not 
only in crown height but also in cusp size. An anterior ridge 
on the paracone leads up to a small but distinct parastyle 
separated from the paracone by a notch. There is no buccal 
cingulum, but a narrow but distinct lingual cingulum. The 
protocone protrudes forward, its anterior edge being anterior 
to that of the parastyle. The protocone is slightly taller than 
the parastyle and is formed by the rising anterior and lingual 
cingula, i.e., a distinct ridge leads from the protocone tip and 
continues with the anterior and lingual cingula. There is also 
a sharp ridge connecting the protocone to the paracone, a 
condition also seen in Tungurictis spocki. The metastyle blade 
is of similar height to the protocone and there is a deep car-
nassial notch separating it from the paracone.

An isolated right M1 is present in IVPP V 25223 (Fig. 6A, 
C; Table 1) It is unworn. The paracone dominates as the tall-
est cusp and has a distinct lingual crista extending toward 
the protocone. A parastyle protrudes buccally, forming a 
prominent lateral bulge. The metacone is about half the 
size of the paracone and is located in a posterior and lingual 
position relative to the paracone. The protocone is located 
at the lingual border and features distinct pre- and postpro-
tocristae. A very indistinct swelling along the buccal end of 
the postprotocrista indicates the presence of a metaconule. A 
paraconule is not present. There is no cingulum surrounding 
any part of the tooth.

M2 is not preserved.

Dentary and Lower Teeth
Several fragmentary dentaries are available, but IVPP V 25222 
(Fig. 5A, C, D) and V 11493 (Fig. 5B, E, F) are the best 
preserved with the most lower teeth. The unworn nature of 
these teeth permits a clear view of cusp morphology. The fol-
lowing descriptions are mainly based on these two specimens, 
with additional comments on variations in other specimens 
where warranted.

Overall construction of the horizontal ramus of the dentary 
is modestly robust and it gently tapers anteriorly, forming a 
curved lower border. The deepest point of the lower jaw is 
at the m1. Both IVPP V 25222 and V 11493 preserve two 
mental foramina. The anterior foramen is located below the 
anterior root of the p2 and is more than twice as large as the 
posterior one. The smaller posterior mental foramen is below 
the anterior root of the p3 in V 11493 and between the roots 
of the p3 in V 25222.

The p1 is only present as a single root in IVPP V 25222 
and V 11493. The p2 is double-rooted. It has a single main 
cusp with a small (V 11493) or indistinct (V 25222) posterior 
cingulum. Distinct anterior and posterior ridges flank the 
main cusp and there is very vague bulge to suggest an incipi-
ent posterior accessory cusp. There is no cingulum on either 
side of the tooth. The p3 is similar to p2 with the exception 
of a more distinct posterior accessory cusp, a better-developed 
posterior cingulum, and an incipient anterior accessory cusp. 
On IVPP V 25225, the p3 accessory cusps are more prominent 
than seen in other specimens. The p4 has a distinct anterior 
accessory cusp, a very strong posterior accessory cusp, and a 
widened posterior cingulum.
The m1 has a much wider trigonid than talonid. The pro-
toconid is the largest and tallest cusp. The paraconid is the 
second largest and tallest cusp. The posterolingual aspect of 
the paraconid has a gentle ridge flanking the lingual side and 
enclosing a slightly concave groove. The metaconid is slightly 
lower than the paraconid and jutting toward the lingual side. 
The hypoconid is approximately equal in size to the entoconid 
in occlusal view, but it is only slightly taller than the latter. A 
sharp ridge flanks the anterior face of the hypoconid enclos-
ing the labial side of the talonid basin. This ridge connects to 
a posterior ridge on the posterior face of the protoconid, but 
is separated from the latter by a thin notch. Posterolingual 
to the hypoconid is a posterior ridge running down the apex 
of the hypoconid. This posterior ridge forms an obtuse angle 
with the anterior ridge of the hypoconid. The entoconid, by 
contrast, is more cusp-like and pointing somewhat lingually, 
such that the tip of the entoconid protrudes outside the lin-
gual border of the talonid in occlusal view in IVPP V 11493 
(Fig. 5B, E, F). Slightly taller-crowned than the hypoconid, 
the entoconid flanks the lingual side of the talonid but does 
not fully enclose the talonid basin. Instead, there is a V-shaped 
notch anterior to the entoconid such that the basin is open 
lingually. This notch runs deep to sharply divide the base of 
the metaconid from that of the entoconid in lingual view. This 
condition is more pronounced in IVPP V 25222 than in V 
11493. The anterior face of the entoconid is mostly rounded, 
with a vague ridge on its anterolingual surface, but posteriorly 
the entoconid has a sharp ridge oriented in the posterolabial 
direction. This posterior ridge continues to the hypoconulid 
in IVPP V 25222 but is separated from the hypoconulid in 
IVPP V 11493. Posterolingual to the hypoconid, the hypoco-
nulid forms a thin, ridge-like structure enclosing the poste-
rior aspect of the talonid basin. The hypoconulid is either an 
independent cusp (V 11493) or a ridge continuous with the 
entoconid (V 25222).
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The m2 is only preserved in IVPP V 25222. The m2 crown 
forms an elongated basin rimed by its trigonid and talonid cusps. 
The paraconid is absent. The protoconid forms a ridge-like 
structure along the buccal rim. The ridges fall away from the 
tip of the protoconid and are oriented longitudinally. Located 
at the anterolingual corner of the tooth, i.e., more anterior than 
the protoconid, the metaconid is taller but not much larger 
than the protoconid. On its buccal side, there is a vague ridge 
toward the base of the metaconid. Like the protoconid, the 
hypoconid is a ridge-like structure and is essentially continu-
ous with the protoconid but separated by a notch. As in the 
m1, the entoconid is taller-crowned than the hypoconid but 
is much larger in occlusal view. The entoconid is also more 
posteriorly located at the posterolingual corner of the tooth. 
This more posteriorly located entoconid, combined with the 
more anteriorly located metaconid, permits a wider separation 
between these cusps, resulting in a broad valley on the lingual 
side that opens into the talonid. On the posterior face of the 

entoconid, a transversely oriented ridge encloses the posterior 
aspect of the talonid basin. At the base of this ridge, a slight 
bulge seems to indicate the presence of a hypoconulid.

Tungurictis small sp.  
(Fig. 7)

Protictitherium small sp. – Wang et al. 1998: 221, 236.

Referred specimens. — IVPP V 11497, left dentary fragment 
with m1 and m2 alveolus from Botamoyin, lower part of Halamagai 
Formation (Wang et al. 1998: fig. 3C) (Fig. 7). — IVPP V 11498, 
left dentary with c-p1 alveoli, p2 broken, p3-m2 alveoli, from 
Tieersihabahe, lower part of Halamagai Formation.

Comparison with Junggar Tungurictis peignei, n. sp.
Only two dentary fragments are available for this taxon. The 
length of m1 is only 80% of the average for Junggar Tungurictis 

A

B

C

Fig. 7. — Tungurictis small sp., IVPP V 11497, left dentary fragment with m1 and m2 alveolus. A, stereo photos of occlusal view; B, lingual view; C, buccal 
view. Scale bars: 10 mm.
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peignei, n. sp. specimens (Table 2), much too small to be com-
fortably included in the latter. Although overall consistent with 
the latter in dental morphology, this small form stands out for 
its relatively more cuspidate and lingually slanted entoconid and 
much smaller hypoconulid, which is consistent with assigning 
this taxon to Tungurictis. Furthermore, the ramus height at the 
position of m1 appears to be visibly shallower in this unnamed 
taxon relative to m1 crown height, compared to T. peignei, n. sp.

Intraspecific variations and sexual dimorphism in extinct basal 
hyaenids are difficult to evaluate when most species from any 

single locality amount to no more than a handful of specimens. 
For the present, the small size and dental morphology seems 
to suggest a different species, pending additional material.

COMPARISON AND DISCUSSION

Comparison of Chinese records

As shown in Tables 1 and 2, the Junggar Tungurictis form 
(T. peignei, n. sp.) is the smallest among all Chinese basal 

A

B

C

Fig. 8. — Protictitherium intermedium Schmidt-Kittler, 1976, SNSB-BSPG 1968 VI 736, holotype, left dentary with p2 and m1-2. A, stereo photos of occlusal view; 
B, lingual; and C, buccal view. Scale bar: 10 mm.
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hyaenids. The Tairum Nor form (IVPP V 13784) from the 
lower part of the Tunggur Formation is slightly larger. Avail-
able upper teeth indicate a 20% (13.2/11.0 for lengths of P4) 
difference between the Tairum Nor and Junggar Basin forms 
but only about 8% (10.6/9.775, the latter being the mean 
of four individuals in Table 2) for lower carnassial length, 
when larger sample of lower jaws is available. By contrast, 
the holotype of Tungurictis spocki from Wolf Camp in the 
upper part of the Tunggur Formation is by far the largest, 
34% (14.7/11.0 for P4 lengths) larger than the Junggar form.

In dental morphology, however, there is very little differ-
ence among individuals from these three samples. The main 
difference between the Junggar and Tairum Nor forms is 
that the latter’s m1 talonid basin is more open toward the 
posterior end. The hypoconulid in IVPP V 13784 (T. spocki) 
is greatly reduced and no longer forms a posterior wall sur-
rounding the talonid basin. Additionally, the P3 in IVPP V 
25222 (T. peignei, n. sp.) has a slightly more distinct lingual 
bulge than in IVPP V 13784.

Therefore, although the Junggar form may be grouped with 
the Tairum Nor specimens in terms of body size (with 8-20% 
size difference as part of variations), there do seem to be indi-
cations of geographic or temporal (or both) differentiation 
between samples from Xinjiang and Inner Mongolia. Until 
better samples from both areas become available, we treat 

these as two separate species. However, the overall similarities 
among Chinese forms suggest that they belong to the same 
evolutionary lineage (Fig. 8), for which the name Tungurictis 
is appropriate. This East Asian lineage has a known duration 
of about 5 million years (17-12 Ma) in Chinese records, and 
mainly evolved in the direction of moderately increasing 
body size and reduced hypoconulid of the lower carnassial.

Comparison with Eurasian records

A relatively short, lingually bent m1 trigonid with a pos-
terolingual ridge leading down from the tip of paraconid is 
typical of all forms referred to Protictitherium, Tungurictis, 
Plioviverrops, and Herpestides de Beaumont, 1967 from Europe, 
“Asia Minor” (portions of modern day Turkey), and Africa. 
Upper teeth of the above genera differ in relative length of 
upper carnassial and size of M2 (Fig. 8), characters com-
monly associated with hyper- vs. hypocarnivory. These basal 
hyaenids (“ictitheroid” of Schmidt-Kittler 1976) have yet to 
develop the strong premolars for crushing bones so typical of 
later “hyaenoid” forms. As remarked by Hunt & Solounias 
(1991), this suggests that basal hyaenids acquired their ear 
region characteristics before the dental adaptations began.

Turkish middle and late Miocene sites, such as Çandır, Paşalar, 
Yeni Eskihisar, Sofça, Esendere, etc., are known to produce the 
most diverse Protictitherium forms (Schmidt-Kittler 1976; Mayda 

Fig. 9. — Comparisons of upper P4-M2 of selected basal hyaenids. Scale bar: 10 mm.

T1606
Protictitherium punicum

MNHN PIK-3016
Plioviverrops orbignyi

IVPP V25222/V25223
Tungurictis peignei

IVPP V13784
Tungurictis spocki

AMNH 26600
Tungurictis spocki

NMB SG-2856
Herpestides antiquus

BSPG 747
Protictitherium aff. gaillardi

BSPG 755/756
Protictitherium cingulatum
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et al. 2015; Koufos et al. 2018). Currently included species 
are P. crassum (Filhol, 1883), P. aff. gaillardi (Forsyth-Major, 
1903), P. intermedium Schmidt-Kittler, 1976, P. cingulatum 
Schmidt-Kittler, 1976, and P. aegaeum Kaya, Geraads & Tuna, 
2005. The Turkish records offer clues to the initial diversifica-
tion of stem hyaenids.

Relationships within Protictitherium were depicted as an 
unresolved multichotomy at the base of hyaenid clade (Wer-
delin & Solounias 1991, 1996; Turner et al. 2008), whereas 
Tungurictis, together with Tongxinictis Werdelin & Solounias, 
1991, has been placed in a more derived position as a sister to 
Ictitherium (Werdelin & Solounias 1991) or Thalassictis (Turner 
et al. 2008). Fraile (2016) attempted to resolve a genus-level 
relationship and placed Protictitherium, Plioviverrops, and 
Tungurictis in a clade on their own. As currently recognized, 
Protictitherium is in a more basal position in hyaenids and likely 
paraphyletic, or even polyphyletic, given its stem position. In 
fact, Morales et al. (2019) singled out P. crassum to be a stem 
species to their newly elevated family, Lophocyonidae, one of 
the most hypocarnivorous feliform clades. Indeed, P. crassum 
has a distinct “talonid” on its p3-4 in the Turkish materials 
(SNSB-BSPG 1968 VI 760).

Hunt & Solounias (1991) proposed a classification of two 
subgenera, Protictitherium (Protictitherium) and Protictitherium 
(Tungurictis). They envisioned the former to be a hypocarnivorous 
clade that includes P. (P.) crassum, P. (P.) intermedium, P. (P.) 
cingulatum, and P. (P.) gaillardi, whereas the latter was thought 

to be a hypercarnivorous lineage that contains P. (T.) spocki. 
We retain generic level classification for species of Tungurictis 
because we suspect that the genus Protictitherium (excluding 
those classified under Tungurictis), as currently understood, 
may represent more than one monophyletic clade or stem 
taxa of paraphyletic arrangements. This dichotomous divi-
sion between hypo- versus hypercarnivorous morphological 
tendencies is more readily visible in the upper teeth (Fig. 8), 
whereas the lower teeth are not always easy to distinguish. 
Where comparable materials are available, such as in the case 
of P. intermedium (e.g., SNSB-BSPG 1968 VI 736; Fig. 9), 
the Çandır specimen has more upright m1 entoconid and m2 
protoconid and hypoconulid, characters commonly associated 
with hypocarnivory.

With the help of the new Junggar Basin records described 
above, we recognize a paleogeographic divergence. A hypocar-
nivorous Protictitherium (may also include Plioviverrops in the 
views of some researchers) clade is restricted to Europe and west-
ern Asia, whereas a slightly more hypercarnivorous Tungurictis 
lineage is found in East Asia (Fig. 10). Such a distribution may 
be the result of an eastward expansion of a Tunggurian Chrono-
fauna through time (Mirzaie Ataabadi et al. 2013; Wang et al. 
2013), i.e., basal hyaenids first diversified in western Europe 
and expanded into East Asia as environments became suitable. 
Alternatively, the dichotomous relationship of the hypercar-
nivorous forms in the East and hypocarnivorous forms to the 
West may have been tracking a paleoenvironmental dichotomy 
with the East Asian clade favoring more open environments in 
Chinese Xinjiang and Inner Mongolia, as is consistent with the 
digitigrade posture of Tungurictis (Hunt & Solounias 1991).

Carnivoran diversity and middle Miocene  
climatic optimum

As shown in Figure 10, the Tungurictis peignei, n. sp. materials 
described in this paper straddle the Suosuoquan and Halama-
gai formations in the Junggar Basin. However, Tungurictis 
may be exceptional in this regard because of the otherwise 
drastic difference in carnivoran faunal diversity across those 
formations. There is a marked increase in carnivoran diversity 
within the middle Miocene Halamagai Formation, with as 
many as 13 forms currently recognized (see Geologic Setting 
section above) (Wang et al. 1998; Jiangzuo et al. 2018). This 
is in contrast to the predominantly small mammal assemblies 
(rodents, lagomorphs, insectivores and bats) found in the early 
Miocene Suosuoquan Formation below (Meng et al. 2006; 
Meng et al. 2013) and late Miocene Dingshanyanchi Forma-
tion above (Meng et al. 2008; Wu et al. 2009). Depositionally, 
the Halamagai Formation is essentially a sequence of greenish 
or grey fluvial sandstones whereas the Suosuoquan and Ding-
shanyanchi formations are largely a sequence of fine-grained 
red siltstones or mudstones.

Geochemical and grain-size analyses suggest that the Suosuo-
quan Formation is mainly comprised of fine eolian dust inter-
bedded with occasional fluvial sandstones (Sun et al. 2010; Ye 
et al. 2012). These wind-blown deposits were the basis to push 
back the onset of Chinese loess sedimentation to around 24 Ma 
with the implicit linkage of winter monsoon intensities in East 
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Asia. Sedimentary structures in the Dingshanyanchi Forma-
tion is also consistent with an eolian origin (Meng et al. 2008).

Within the above depositional framework of fluvial sand-
stones sandwiched within red loess deposits in the Neogene of 
the Junggar Basin, the Halamagai Formation seems to stand 
out as an episode of relatively high-energy sedimentation 
with implications for a relatively wet period. If our current 
understanding of its biochronology is correct (i.e., the early 
Tunggurian Chinese Land Mammal Age for the Halamagai 
Formation), this places the Halamagai Formation within the 
Mid-Miocene Climatic Optimum (Flower & Kennett 1994), 
a period of warm climate in mid latitudes. Across much of 
North China, this middle Miocene Tunggurian Chrono-
fauna, also popularly known as the Platybelodon Fauna, is 
often obtained from high energy sandstones or gravel beds, 
such as in the Tongxin Basin (Ningxia Province), the Linxia 
Basin (Gansu Province), and to some extent the Tunggur 
Basin (Inner Mongolia).

A relatively high diversity carnivoran fauna from the Halama-
gai Formation, as also reflected in the greater abundance of 
Tungurictis materials described in this study, is likely a result 
of favorable depositional environments, in contrast to the less 
richly fossiliferous red beds above and below, especially in terms 
of large mammals. To what extent this can be attributed to the 
Mid-Miocene Climatic Optimum remains to be demonstrated 
when collections biases can be teased out. In the Tianshan 
foreland deposits, which form the southern rim of the Junggar 
Basin, Sun & Zhang (2008) identified a similarly warm climate 
from 18-15 Ma based on pollen records with high abundance 
of thermophilous broadleaved trees such as Juglans and Quercus. 
While future discoveries will undoubtedly enrich our knowl-
edge of carnivoran biodiversity in the red beds, the Halamagai 
Formation seems to stand out as representing a period of time 
when both predators and prey thrived.
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Geodiversitas 42 (3): 29-45. Corrigendum. 
A new species of Tungurictis Colbert, 1939 (Carnivora, 
Hyaenidae) from the middle Miocene of Junggar Basin,  
northwestern China and the early divergence  
of basal hyaenids in East Asia

CORRIGENDUM

In the article of Wang et al. (2020), the captions of the Figures 7 and 8 
were switched. The right version of these captions is reproduced below:

Fig. 7. — Protictitherium intermedium Schmidt-Kittler, 1976, SNSB-BSPG 1968 
VI 736, holotype, left dentary with p2 and m1-2. A, stereo photos of occlusal 
view; B, lingual; and C, buccal view. Scale bar: 10 mm.

Fig 8. — Tungurictis small sp., IVPP V 11497, left dentary fragment with m1 
and m2 alveolus. A, stereo photos of occlusal view; B, lingual view; C, buccal 
view. Scale bars: 10 mm.
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