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A new hypercarnivorous
hyaenodont from the Eocene of
South China
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and Jian-Hua Jin*

IState Key Laboratory of Biocontrol and Guangdong Provincial Key Laboratory of Plant Resources,
School of Life Sciences, Sun Yat-sen University, Guangzhou, China, ?Zoological Institute of the Russian
Academy of Sciences, St. Petersburg, Russia

A new hyaenodont Maocyon peregrinus, gen. et sp. nov., is described based on a
partial skull and associated mandible from the upper Eocene Youganwo Formation
at Maoming locality in Guangdong Province, China. It shows certain similarities
with the Hyainailouroidea in the skull structure, including anteroposteriorly
extended jugal/squamosal suture, presence of a preglenoid crest, a lateral
expansion of the squamosal posterior to the zygomatic arch, a transversally
expanded mastoid process, a nuchal crest that does not extend laterally to mastoid
process, and large occipital condyles. The phylogenetic analysis clusters the new
taxon with Orienspterodon dahkoensis from the late middle Eocene of China and
Myanmar and places this clade within the Hyainailouridae in a polytomy with the
Apternodontinae and the Hyainailourinae.
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Introduction

Hyaenodonta is an extinct group of placental carnivorous mammals that flourished mostly
in the Paleogene of Africa, North America, Europe, and Asia. The oldest hyaenodonts are known
from the Paleocene of Africa (Gheerbrant, 1995; Solé et al., 2009) and Asia (Meng et al., 1998).
Hyaenodonts included a number of small-sized mesocarnivorous animals, as well as larger
hypercarnivorous taxa with specialized sectorial dentition. According to the recent phylogenetic
analyses, the hypercarnivory was evolved independently in two (Polly, 1996), or three lineages
of hyaenodonts (Rana et al., 2015; Borths et al., 2016; Borths and Seiffert, 2017). These three
lineages are Hyaenodontinae, Teratodontinae, and Hyainailourinae. The sister taxa
Hyainailourinae and Apterodontinae form the clade Hyainailouridae and the latter with its sister
taxon Teratodontinae form the clade Hyainailouroidea (Borths et al., 2016; Borths and Seiffert,
2017). The Hyainailourinae were most diverse in Africa where about a dozen of taxa are
currently recognized (von Stromer, 1926; Savage, 1965, 1973; Holroyd, 1999; Morlo et al., 2007;
Rasmussen and Gutiérrez, 2009; Morales and Pickford, 2017; Borths and Stevens, 2019). Four
genera are known in Europe (Lange-Badré, 1979; Ginsburg, 1980; Solé et al., 2015). Two genera
of the Hyainailourinae each known from North America and Asia, are Hemipsalodon and
Orienspterodon, respectively (Mellett, 1969; Egi et al., 2007).

The oldest hyainailourid is Orienspterodon from the middle Eocene of South China and
Myanmar, known from mandible and maxilla fragments and dentition (Chow, 1975; Egi et al.,
2007). The genus Orienspterodon, originally referred to the Hyainailouridae (Egi et al., 2007),
was once considered as a member of the Hyaenodontinae (Lewis and Morlo, 2010; Solé et al.,
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2014). Removal of Orienspterodon from the Hyainailouridae leaves no
counterarguments about the African origin of that clade (Solé et al.,
2014, 2015). However, the more recent phylogenetic analyses placed
Orienspterodon as the most basal member of the Hyainailourinae
(Borths et al., 2016; Borths and Seiffert, 2017; Borths and Stevens,
2017, 2019). Here we describe a new hyaenodont taxon, closely related
to Orienspterodon, based on a partial skull from the late Eocene of
South China (Figure 1).

Materials and methods

Dental terminology and measurements follow Borths and
Seiffert (2017).

We calculated the body mass of the new taxon as based on the
equation Logl0(P)=[3.5104 x Log10((XM)/3)] - 2.6469 provided by
Solé et al. (2021), where P is the estimated body mass (in grams) and
XM the sum of the length of the three lower molars (in mm). The
length of the lower molars (m1-3) in SYSU-M-5 is equal to 48.5mm
(Table 1; the unknown m1 length was estimated as 11.7 mm based on
its alveolus). The body mass of this specimen calculated using this
equation is 39.43kg. The body mass of Orienspterodon dahkoensis is
estimated as 89.73kg based on the same equation (m1-3 length is
61.3mm; Egi et al., 2007).

For the phylogenetic analysis we used the data matrix presented
by Solé et al. (2021). The matrix includes 107 taxa and 156
characters. Maocyon peregrinus gen. et sp. nov. can be coded by 53
of these characters (34.0%): 30(1); 31(2); 32(1); 33(2); 34(2); 35(1);
36(1); 37(1); 38(0); 39(1); 40(1); 41(2); 42(1); 43(0); 44(2); 45(2);
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46(2); 48(2); 49(2); 50(0); 51(1); 52(1); 53(0); 54(1); 55(1); 56(1);
57(1); 58(1); 59(0); 60(1); 61(1); 62(0); 63(1); 64(1); 65(1); 86(0);
87(2); 88(0); 99(1); 101(2); 107(1); 109(0); 110(2); 114(1); 115(1);
117(0); 118(1); 125(0); 126(1); 127(1); 128(1); 129(0); and 130(1).
The characters 41, 42, 46, 48, 49, 50, 51, 52, 53, 54, 55, 87, 101, and
110 were treated as ordered. Phylogenetic analysis was performed
using the Bayesian “tip-dating” phylogenetic methods first applied
to Hyaenodonta by Borths et al. (2016). We run the analysis in
MrBayes 3.2 program (Ronquist et al., 2012) using the MrBayes
formatted nexus files with all analytical parameters provided by Solé
(2021).  This included in the
Supplementary materials.

et al nexus file is

Results

Class Mammalia (Linnaeus, 1758)

Infraclass Eutheria (Gill, 1872)

Superoder Ferae (Linnacus, 1758)

Order Hyaenodonta (Van Valen, 1967)

Superfamily Hyainailouroidea (Pilgrim, 1932)

Family Hyainailouridae (Pilgrim, 1932). Genus Maocyon, gen. Nov.

Type species

Maocyon peregrinus sp. nov.
urn:lsid:zoobank.org:act:66BEBEAA-87C6-49C4-92C2-41DA
70748FB4.
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Geographic position of Maoming locality designated by star on the map of Guangdong Province, China (left) and stratigraphic position of SYSU-M-5,
holotype of Maocyon peregrinus, gen. et sp. nov., indicated by arrow on the stratigraphic column of the Youganwo Formation (right).

Frontiers in Ecology and Evolution

frontiersin.org


https://doi.org/10.3389/fevo.2023.1076819
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Averianov et al.

TABLE 1 Dental measurements of SYSU-M-5, the holotype of Maocyon
peregrinus, gen. et sp. nov.

Measurement Left Right
M2 metastyle mesiodistal length 7.8 8.8
M3 mesiodistal length 133 13.7
M3 labilingual width 20.5 19.8
M3 metastyle mesiodistal length 1.9 -
ml talonid mesiodistal length 6.3 -
m1 talonid labiolingual width 6.5 -
m2 mesiodistal length 16.9 -
m?2 trigonid mesiodistal length 11.1 -
m?2 talonid mesiodistal length 5.8 7.0
m2 trigonid labiolingual width 10.5 10.2
m?2 talonid labiolingual width 8.6 84
m3 mesiodistal length 19.9 -
m3 trigonid mesiodistal length 12.7 12.0
m3 talonid mesiodistal length 7.2 -
m3 trigonid labiolingual width 12.8 12.9
m3 talonid labiolingual width 7.9 -

Diagnosis

As for the type and only species.

Etymology
From Maoming City and Cyon (Noun, masculine), Latinized form

of Greek xbwv, a dog.
Maocyon peregrinus sp. nov.

Holotype

SYSU-M-5, a partial skull with associated mandible.

Repository

SYSU-M, Mammal fossil collection from the Maoming Basin in
the School of Life Sciences, Sun Yatsen University, Guangzhou, China.
Type locality and horizon

The oil shale quarry (21°42’ N, 110°53" E) located near Maoming
City, Maoming Basin, Guangdong Province, China; Youganwo
Formation, upper Eocene.
Diagnosis

Referred to the Hyainailouroidea by anteroposteriorly
extended suture of the jugal/squamosal, presence of a preglenoid
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crest, a lateral expansion of the squamosal posterior to the
zygomatic arch, a transversally expanded mastoid process, a
nuchal crest that does not extend laterally to mastoid process, and
large occipital condyles (diagnostic characters are after Solé et al.
(2015)). Differs from all Hyainailouroidea except Orienspterodon
by retention of a rudimentary (ridge-like) metaconid on lower
molars. Differs from Orienspterodon (Chow, 1975; Egi et al., 2007)
by more rudimentary metaconid on m3 and dorsoventrally
shallower mandibular body.

Etymology

From Latin peregrinus (Adjective, masculine), foreign, alien, or
exotic, an allusion to the Asiatic provenance of this taxon belonging
to the predominantly Afro-European clade.

Description

SYSU-M-5 represents the posterior portion of the skull associated
with posterior parts of the left and right dentaries (Figures 2-6). The
ventral part of the orbit and zygoma are preserved on the right side
(Figures 2, 3, 5) while only posterior part of the zygoma is present on
the left side (Figures 2-4). The left dentary is missing anterior to m1
(Figure 4) and the right dentary is broken at the p4 (Figure 5). The
palate and anterior part of the basicranium is unprepared and
obscured by the attached dentaries (Figure 3). The skull is slightly
distorted dorsoventrally. The specimen belongs to an aged individual
with heavily worn dentition and obliterated sutures between the
skull bones.

The skull has an anterioposteriorly elongated basicranial and
ethmoidal regions, as in oldest hyainailourines such as Pterodon and
Kerberos (Solé et al., 2015). The whole length of the skull could
be around 30 cm based on proportions of Kerberos langebadreae (Solé
etal, 2015). The narrowest part of the braincase is distinctly posterior
to the missing postorbital process (Figure 2), as is typical for the
Hyainailouridae (Solé et al., 2015).

Only posterior part of maxilla is preserved. The left maxilla
fragment with M2-3 was separated from the skull during preparation
(Figure 7). On the right maxilla, also preserving M2-3, there is the
zygomatic process of the maxilla connecting with the jugal (Figure 5),
but the maxillary-jugal suture is not discernable. The ventral border
of orbit is horizontal.

The zygomatic arch is dorsoventrally high, increasing in height
posteriorly (Figure 5). A minute postorbital process is present along
the dorsal margin of the zygoma at the jugal-squamosal junction. Thus
the orbit is largely open at least ventrally (the dorsal border of the orbit
is not preserved). The jugal-squamosal suture is anteroposteriorly
extended between the postorbital process and the preglenoid process
(Figure 5), as in other hyainailourides (Solé et al., 2015).

On the lateral side of the braincase the fronto-parietal suture is
not discernable. The early obliteration of the fronto-parietal suture is
a typical feature for the Hyainailouridae (Solé et al., 2015). On the
parietal, the sagittal crest is high, approximately 20mm in its
maximum height, which is about one third of the skull height in this
part (Figures 2, 5). The maximum height of the sagittal crest is
opposite the paroccipital apophysis where the parietals are ventrally
depressed. The dorsal profile of the sagittal crest is somewhat convex.
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FIGURE 2
M. peregrinus, gen. et sp. nov., SYSU-M-5, holotype, a partial skull with associated mandibles in dorsal view (photograph and explanatory drawing).
Youganwo Formation, upper Eocene, Maoming locality, Guangdong Province, China. mp, mastoid process; nc, nuchal crest; sc, sagittal crest; Sq-
Ex, squamosal-exoccipital suture; Sq-Pa, squamosal-parietal suture. On this and following figures, the broken area and matrix are designated by the
yellow color. Scale bar equals 5cm.

FIGURE 3
M. peregrinus, gen. et sp. nov., SYSU-M-5, holotype, a partial skull with associated mandibles in ventral view (photograph and explanatory drawing).

Youganwo Formation, upper Eocene, Maoming locality, Guangdong Province, China. acf, anterior condyloid foramen; ma, mastoid apophysis; oc,
occipital condyle; pa, paroccipital apophysis; pgc, preglenoid crest; pgpr, postglenoid process. Scale bar equals 5cm.
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FIGURE 4
M. peregrinus, gen. et sp. nov., SYSU-M-5, holotype, a partial skull with associated mandibles in left lateral view (photograph and explanatory drawing).

Youganwo Formation, upper Eocene, Maoming locality, Guangdong Province, China. ap, angular process; cc, coronoid crest; mf, masseteric fossa; pa,
paroccipital apophysis; pgpr, postglenoid process. Scale bar equals 5cm.

FIGURE 5
M. peregrinus, gen. et sp. nov., SYSU-M-5, holotype, a partial skull with associated mandibles in right lateral view (photograph and explanatory

drawing). Youganwo Formation, upper Eocene, Maoming locality, Guangdong Province, China. ap, angular process; cc, coronoid crest; mc,
mandibular condyle; mf, masseteric fossa; sc, sagittal crest; Sq-Ju, squamosal-jugal suture. Scale bar equals 5cm.
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FIGURE 6
M. peregrinus, gen. et sp. nov., SYSU-M-5, holotype, a partial skull with associated mandibles in posterior view (photograph and explanatory

drawing). Youganwo Formation, upper Eocene, Maoming locality, Guangdong Province, China. fm, foramen magnum; oc, occipital condyle; nc,

nuchal crest. Scale bar equals 5cm.

FIGURE 7
M. peregrinus, gen. et sp. nov., SYSU-M-5, holotype, left maxilla with M2-3, in labial (A), occlusal [(B) stereopair], and posterior (C) views (photographs

and explanatory drawings). Youganwo Formation, upper Eocene, Maoming locality, Guangdong Province, China. ectc, ectocingulum; me, metacone;
mst, metastyle; pa, paracone; pr, protocone; pst, parastyle. Scale bar equals 1cm.
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The squamosal forms the mandibular glenoid with pre- and
postglenoid processes (Figures 2, 3). The preglenoid process is in the
form of a distinct crest along the anterior border of the mandibular
glenoid (Figure 3), as in other Hyainailouridae (Solé et al., 2015). The
mediolateral width of the glenoid fossa is more than twice greater
than its anteroposterior length. The postglenoid process, better
preserved on the left side (Figures 3, 4), deepens ventrally in medial
direction. Its distalmost part is missing and the preserved portion
shows no curvature in anterior direction. As preserved, the
preglenoid process is dorsoventrally higher than the postglenoid
process. The lateral margin of the squamosal between the postglenoid
and mastoid processes is everted dorsally and medially. Posterior to
the zygomatic arch the squamosal is mediolaterally expanded,
reaching close to the sagittal crest (Figure 2). The latter condition is
characteristic for the Hyainailouridae (Solé et al., 2015). The mastoid
process is extensive, with the squamosal-exoccipital suture clearly
visible on the dorsal side (Figure 2). The knob-like mastoid apophysis
is projecting laterally (Figure 3), a typical character of the
Hyainailouridae (Solé et al., 2015). A thin plate-like paroccipital
apophysis is posterolaterally directed (Figures 3, 4).

On the occiput, the nuchal crests are short and do not reach the
mastoid processes (Figures 2, 6), as typical for the Hyainailouridae
(Solé etal,, 2015). The nuchal crests converge ventrally and terminate
above the occipital condyles. The supraoccipital forming the posterior
surface of the nuchal crest is depressed dorsal to the foramen magnum.
The large occipital condyles are lateral and ventral to the foramen
magnum (Figure 6). This condition is characteristic for the
Hyainailouridae (Solé et al., 2015). The ventral margin of the foramen
magnum is indented anteriorly.

On the ventral side of the basicranium, the anterior condyloid
foramen (=anterior opening of the hypoglossal canal) is placed at the
base of the paroccipital apophysis (Figure 3).

Only M2-3 are preserved from the upper dentition; they are
better preserved on the left side, where, however, M2 is anteriorly
incomplete (Figure 7). On M2, the paracone and metacone are
fused into an amphicone. Both cusps are separated by a shallow
groove on the labial side. The metacone is ovoid in cross-section,
slightly compressed labiolingually. The metastyle is long and blade-
like, directed distolabially. It is distinctly longer than the
postmetacrista and separated from the latter by the carnassial
notch. The ectoflexus of M2 is shallow. The occlusal surface of the
paracone and the metacone are heavily worn. The M3 has a long
parastylar region and the preparacrista. The metacone is large, only
slightly smaller than the paracone. The trigon is transversely long
and mesiodistally short. The protocone apex is worn. There are faint
lingual and distal cingula. All mesial side of M3 is heavily worn,
with a distinct groove in the parastylar region. Both M2 and M3
have a rather strong ectocingulum.

The preserved part of the mandibular body tapers anteriorly, with
the minimal height at p4 (Figure 5). The ventral margin of the
mandibular body is straight. The coronoid process is an extensive thin
plate with the anterior margin nearly perpendicular to the alveolar
plane (Figure 5). The posterior margin of the coronoid process is
distinctly convex. The mandibular condyle is massive, with the
cylindrical and mediolaterally elongate articular surface. It is
positioned above the alveolar plane (Figure 4). The angular process is
small and hook-like, with the distal end directed posterodorsally
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(Figures 4, 5). There is no concavity along the ventral margin of the
mandibular ramus anterior to the angular process, as in other
Hyainailouridae (Solé et al., 2015). The masseteric fossa is deep,
delimited anteriorly by a sharp coronoid crest and ventrally by the
condyloid crest (Figures 4, 5). The anterior angle of the masseteric
fossa is well posterior to m3.

Only posterior part of the right p4 is preserved (Figures 8C,D).
This tooth was distinctly larger than m1. The talonid is damaged and
it is not clear how large was its hypoconid. Only talonids of m1 are
preserved from both sides (Figure 8). However, judging from it and
the mesial alveolus size, it is clear that m1 was the smallest lower
molar. m3 is the largest lower molar. The paraconid is about twice
lower than the protoconid. The metaconid is ridge-like on m2-3. The
talonid is simple, single-cusped, but distinctly basined, at least on m3.
The talonid of m3 is proportionally shorter mesiodistally compared
with m2. At least on m3 there is a distinct vertical keel along the
mesiolabial side of the paraconid. There is a distinct labial cingulid
on m2-3.

Measurements

For dental measurements, see Table 1.

Comparison

The comparison with Orienspterodon dahkoensis from the late
middle Eocene of China and Myanmar (Egi et al., 2007) is limited to
the dentary and lower dentition (M2-3 are unknown). Maocyon
differs from Orienspterodon by smaller size, shallower mandibular
body, and more reduced metaconid on lower molars.

Kerberos langebadreae from the Bartonian of France is known
from a complete skull and postcranial skeleton (Solé et al., 2015). The
new taxon differs from Kerberos by deeper mandibular body, vertical
coronoid process of dentary, more pronounced ectocingulum and
larger protocone on upper molars, more separate paracone and
metacone on M2, a well developed metacone on M3, and a larger
talonid on lower molars.

Maocyon differs from Pterodon dasyuroides from the Priabonian
of Western Europe (Lange-Badré, 1979) by anteroposteriorly shorter
occiput, lack of occipital crest, separate paracone and metacone on
M2-3, much larger M3, presence of metaconid on lower molars, and
larger talonid on m2-3.

The gigantic Hemipsalodon grandis from the late Eocene - early
Oligocene of North America (Mellett, 1969) is similar with Maocyon
by having separate paracone and metacone and pronounced
ectocingulum on upper molars, and large M3. It different by its much
larger size, deeper mandibular body, reduced talonid and lack of
metaconid on lower molars.

Discussion

The “all compat” (majority rule plus compatible groups)
consensus tree produced by tip-dating Bayesian analysis (Figure 9;
see Supplementary information for the complete tree) is identical
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FIGURE 8

equals 1cm.

M. peregrinus, gen. et sp. nov., SYSU-M-5, holotype, lower dentition (photographs and explanatory drawings). Youganwo Formation,
upper Eocene, Maoming locality, Guangdong Province, China. A, B, left m2-3, in occlusal (A) and labial (B) views. (C,D), right p4,
m1-3, in occlusal (C) and labial (D) views. ectcd, ectocingulid; med, metaconid, pad, paraconid; prd, protoconid; td, talonid. Scale bar

to the tree obtained by Solé¢ et al. (2021) in the interrelationships
of the taxa outside the Hyainailouroidea but differs in number of
details within this group. The position of Furodon crocheti and
Paratritemnodon indicus is more resolved; both taxa are referred
to the Teratodontinae which has the same branch support
(PP =29%). Koholia atlasense and Tritemnodon agilis do not form
a clade. Orienspterodon dahkoensis is not the basalmost member
of the Hyainailourinae, but placed in a polytomy with
Hyainailourinae and Apterodontinae. M. peregrinus is found as a
sister taxon to Orienspterodon dahkoensis. Compared with the
cladogram obtained by Solé et al. (2021), our analysis reveals a
better branch support for the Hyainailouroidea (PP =55 versus
39%), Hyainailouridae (PP = 35 versus 30%), and Hyainailourinae
(PP =51 versus 26%).

The previously known members of the Hyainailouridae are
large creodonts with the body mass 46-98kg (Solé et al., 2015). The
estimated body mass of M. peregrinus (39kg) is distinctly smaller.
It is less than half that of its older sister taxon Orienspterodon
dahkoensis (90kg). According to Carbone et al. (2007), carnivores
larger than 20 kg generally hunt prey greater than or equal to their
own body mass.

Most taxa of the Hyainailouroidea were distributed in Africa,
with few species known from Europe, East Asia, India, and North
America (Figure 9). Orienspterodon and Maocyon are the only East
Asian taxa referred to the Hyainailouridae (Figure 9). Orienspterodon
is currently the oldest known member of that clade (late middle
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Eocene). The Bayesian “tip-dating” phylogenetic methods estimates
the origin of the clade Orienspterodon + Maocyon as 43.68 Ma.
However, estimation of the time of divergence of the Hyainailourinae
is slightly older (44.35Ma). This advocates for the origin of the
Hyainailourinae in Africa and dispersal of the ancestors of the
Orienspterodon-Maocyon clade from Africa, as was previously
suggested (Borths and Stevens, 2019).

Orienspterodon dahkoensis is known by fragmentary
specimens from three late middle Eocene localities: Rencun
Member of the Heti Formation, Henan Province, central China;
upper part of the Lumeiyi Formation, Yunnan Province, southern
China; and upper part of the Pondaung Formation, Myanmar
(Chow, 1975; Egi et al., 2007; Peigné et al., 2007). The age of the
Youganwo Formation, producing M. peregrinus, is likely basal late
Eocene (Averianov et al., 2019). A somewhat more derived nature
of Maocyon compared with Orienspterodon, expressed by more
reduced metaconid on lower molars, is consistent with its younger
geological age.

The upper Eocene Youganwo Formation at Maoming locality
produces abundant remains of predominantly aquatic or
semiaquatic vertebrates (Table 2). Among mammals, the remains of
groups that preferred mesic habitats, like amynodontid
perissodactyls and anthracotheriid artiodactyls, are most common.
The carnivorous mammals are extremely rare in this locality, being
known previously only from a single specimen of the nimravid
Maofelis cantonensis (Averianov et al., 2016). The holotype of the
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FIGURE 9
Segment of the "all compat” (majority rule plus compatible groups) consensus tree produced by tip-dating Bayesian analysis showing interrelationships
within the Hyainailouroidea (see Supplementary material for the complete tree). Posterior probability (PP) shown at the relevant node.

TABLE 2 List of the vertebrates from the upper Eocene Youganwo Formation at Maoming locality, Guangdong Province, China.

Family Species References
Cyprinidae Eoprocypris maomingensis (Liu, 1957) [=Cyprinus maomingensis Liu, 1957 in Liu, Liu (1957) and Chen et al. (2015)
1957]
Adocidae Adocus inexpectatus (Danilov et al., 2013) Danilov et al. (2013)
Carettochelyidae Anosteira maomingensis (Chow and Liu, 1955) Chow and Liu (1955), Tong et al. (2010)
and Danilov et al. (2017)
Geoemydidae Isometremys lacuna (Chow and Yeh, 1962) Chow and Yeh (1962) and Claude et al.
(2012)
Geoemydidae Guandongemys pingi (Claude et al., 2012) Claude et al. (2012)
Trionychidae Trionyx impressus (Yeh, 1963) Yeh (1963)
Crocodyloidea Maomingosuchus petrolica (Yeh, 1958) [=Tomistoma petrolica Yeh, 1958 in Yeh, Yeh (1958), Li (1975) and Shan et al.
1958; Li, 1975] (2017)
Alligatoroidea Dongnanosuchus hsui (Shan et al., 2021) [=Alligatoridae indet. in Skutschas et al,, Skutschas et al. (2014) and Shan et al.
2014] (2021)
Nimravidae Maofelis cantonensis (Averianov et al., 2016) Averianov et al. (2016)
Amynodontidae Cadurcodon maomingensis (Averianov et al., 2017) Averianov et al. (2017)
Brontotheriidae Maobrontops paganus (Averianov et al., 2018) Averianov et al. (2018)
Anthracotheriidae Anthracokeryx naduongensis (Ducrocq et al., 2015) [=Lunania cf. L. youngi Chow, Wang et al. (2007) and Averianov et al.
1957 in Wang et al., 2007] (2019)
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creodont M. peregrinus described in this paper is only the second
specimen of carnivorous mammals from this fauna.
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