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Records of Paleogene arctoids are scarce in Asia, but there are abundant records
in Europe and North America. In this study, we report a new arctoid taxon,
Lonchocyon qiui gen. et sp. nov., from the late Eocene Baron Sog Formation
of the Erlian Basin, Inner Mongolia, China. This is the first report of a relatively
complete, large arctoid taxon from the Erlian Basin. The new taxon is
characterized by its overall large size; a deep mandible with a marginal process
and a rudimentary premasseteric fossa; and much-reduced premolars, including
p4, sectorial carnassial m1 with basined talonid, and unreduced m2-3.
Lonchocyon exhibits a combination of morphologies present in both
amphicyonids and the early ursid hemicyonines. The mandibular force profiles
suggest that Lonchocyon could have delivered powerful canine bites while
subduing prey, like large felids do today, and it may have occupied a
specialized ecological niche as a predator consuming both soft flesh and hard
objects.
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1 Introduction

Amphicyonidae is a diverse extinct family of Carnivora, with their oldest fossil
records in the middle Eocene and their youngest in the late Miocene. Amphicyonidae
have been considered as close relatives of Ursidae (Hunt, 1998a; Wang et al., 2005; Rose,
2006). Fossil records of amphicyonids are relatively scarce in Asia compared to the
abundant materials from Europe and North America, and most known Asian
amphicyonids are from the Miocene, taking Gobicyon (Jiangzuo et al., 2019),
Amphicyon, and Cynelos (Jiangzuo et al., 2018) for instance. The only two
unequivocal Paleogene amphicyonids are Guangxicyon from the middle Eocene Nadu
Formation and Amphicyonidae gen. et sp. indet. from the late Eocene Ergilin Dzo
Formation (Zhai et al., 2003; Egi et al., 2009). The early ursid group Hemicyoninae is
known to have existed from the early Oligocene to the Miocene of Eurasia and is
considered as an ancestor of the ursid group Ursinae (Hunt, 1998b; Rose, 2006; Bonis,
2013). Only a few Paleogene ursids have been reported in Asia, including Cephalogale
sp. from the early Oligocene of Saint Jacques and ?Cephalogale sp. from the early
Oligocene Hsanda Gol Formation (Wang and Qiu, 2003; Wang et al., 2005).

The Erlian Basin in Inner Mongolia has nearly continuous fossiliferous sedimentary
deposits from the late Paleocene to the Oligocene and has been explored extensively and
investigated since the third Central Asiatic Expedition (CAE) of the American Museum of
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Natural History in the early 20th century (Wang et al., 2012; Bai
et al., 2018). Based on the nearly continuous Paleogene deposits
and their abundance of mammalian fossils, the Eocene
mammalian faunas of the Erlian Basin form the basis of the
Eocene Asian Land Mammal Ages (ALMA) (Wang et al., 2007;
Wang et al., 2019). A number of carnivorous or scavenging
mesonychids and creodonts have been reported from the Erlian
Basin (Matthew and Granger, 1925a; Matthew and Granger,
1925b; Szalay and Gould, 1966). However, reports of Carnivora
from the Erlian Basin are rarer. Apart from a left m1 of Miacis
invictus from the Irdin Manha Formation (Matthew and Granger,
1925a) and a left p4 of Miacidae indet. from the Ulan Shireh
Formation (Ye, 1983), there are only a few mentions of carnivorans
in the fossil faunal lists without further description, such as
Carnivora gen. et sp. indet. from the Arshanto Formation
(Russell and Zhai, 1987) and cf. “Cynodictis” from the Ulan
Shireh Formation (Manning, pers. comm. 1977 cited in an
article by Russell and Zhai (1987)). In this study, we report a
new genus and species of arctoids from the late Eocene Baron Sog
Formation of the Erlian Basin (Figure 1). This new material is not
only the first arctoid collected from the Erlian Basin but is also one
of the earliest arctoid records from Eurasia.

2 Materials and methods

This fossil specimen (IVPP V 28616, Institute of Vertebrate
Paleontology and Paleoanthropology, Chinese Academy of
Sciences, Beijing) is composed of a left mandible with the
canine, p4, m1, root of p3, and alveoli of i1-3, p1-2, and m2-3
(Figures 2, 3). The specimen was collected at the base of the Baron
Sog Formation at Haerhada, Baiyin Obo Sumu in the Erlian Basin,

Inner Mongolia, China (Wang et al., 2012; Bai et al., 2018)
(Figure 1A). The formation was named after the Baron Sog
Lamasery and can be easily traced along the northern
escarpment of the Baron Sog Mesa (Berkey et al., 1929; Wang
et al., 2012). The sediments of the late Eocene Baron Sog
Formation are dominated by grayish-white sandstone (Figures
1B, C), bearing Embolotherium andrewsi and Zaisanamynodon
brosovi from the Baron Sog Mesa, where the Baron Sog Formation
was named (Wang, 2003; Wang et al., 2012; Bai et al., 2018). The
Ulan Gochu Formation, underlying the Baron Sog Formation, is
dominated by red silty clay and once yielded Amynodontopsis
parvidens and Embolotherium grangeri at the Baron Sog Mesa
(Wang et al., 2012; Bai et al., 2018). Ardynomys olsoni was also
reported from the Ulan Gochu Formation, 4 miles north of the
Baron Sog Lamasery (Wang and Meng, 2009). The Shara Murun
Formation, which is overlain by the Ulan Gochu Formation and
dominated by gray sandstone and sandy clays with varied colors,
produced Sharamynodon mongoliensis, Rhinotitan sp., Pachytitan
ajax, and Titanodectes minor at the Baron Sog Mesa (Bai et al.,
2018). The top of the section is capped by Quaternary sediments
that commonly form a weathering layer and cover the upper
(most) part of the underlying Baron Sog Formation at the slope
in some places (Figure 1B). Some new materials of perissodactyls
and artiodactyls have been unearthed from the Baron Sog
Formation at Haerhada in our recent fieldwork and are under
preparation or study.

We adopt the widely accepted phylogenetic hypothesis that
Amphicyonidae consists of five subfamilies, Haplocyoninae,
Temnocyoninae, Daphoeninae, Thaumastocyoninae, and
Amphicyoninae (Hunt, 1998a; Morales et al., 2019), and belongs
to Arctoidea (e.g., Jiangzuo et al., 2018; Morales et al., 2021a), which
also comprises Ursidae, Pinnipedia, and Musteloidea; Cephalogalini

FIGURE 1
Locality bearing Lonchocyon qiui gen. et sp. nov. (IVPP V 28616) from the late Eocene of the Baron Sog Formation, Erlian Basin, Inner Mongolia,
China. (A) Topographic map showing the fossil localities in the Erlian Basin with Haerhada marked by a red star, modified from Wang et al. (2012). (B)
Outcrop of the fossil site showing the Baron Sog Formation and underlying Ulan Gochu Formation; (C) the lower jaw of IVPP V 28616 in situ.
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and Phoberocyonini belong to Hemicyoninae, and the latter is a
subfamily of Ursidae (Bonis, 2013).

The methods of dental and mandibular measurements follow
Peigné and Heizmann (2003), Yang et al. (2005), and Xia et al.
(2005) (Tables 1, 2). The specimen was CT scanned using the GE
phoenix v|tome|x m 300/180 KV housed at the Key Laboratory of
Vertebrate Evolution and Human Origins of the Institute of
Vertebrate Paleontology and Paleoanthropology, Chinese
Academy of Sciences, with a beam energy of 150 kV and flux of
130 μA. The CT data are available in the MorphoSource: https://

www.morphosource.org/concern/media/000495496. This published
work and the nomenclatural acts it contains have been registered in
ZooBank: https://zoobank.org/References/878ad9f1-66de-41be-
9384-db339a130560.

We use the beam theory to study themandibular force profiles of
the new specimen. This method is improved and explained in detail
by Therrien (2005) in order to estimate the dorsoventral and
labiolingual buttress of the mandibles in carnivorans and to
reconstruct their feeding behaviors. The data from the new
holotype specimens, Ysengrinia tolosana (IVPP FV 0086) and

FIGURE 2
Left lower jaw of Lonchocyon qiui gen. et sp. nov. with c, p4, andm1 (IVPP V 28616): (A) lateral view; (B) lingual view; and (C) occlusal view. Scale bar
equals 5 cm for the lower jaw and 2 cm for the teeth.
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Ursus arctos (IVPP OV 2103), are from first-hand measurements,
and other comparative data are derived from Therrien (2005)
(Panthera leo, Crocuta crocuta, and Canis lupus), Hunt (2011)
(Temnocyon macrogenys, Delotrochanter oryktes, and Borocyon
robustum), and Morales et al. (2021a) (Ammitocyon kainos and
Magericyon anceps).

3 Systematic paleontology

Order—Carnivora Bowdich, 1821
Infraorder—Arctoidea Flower, 1869
Lonchocyon gen. nov.
Type species—Lonchocyon qiui gen. et sp. nov.

FIGURE 3
CT images of the left lower jaw of Lonchocyon qiui gen. et sp. nov. (IVPP V 28616): (A) dorsolingual view showing the incisors alveoli; (B) posterior
view; (C0) lateral view of the lower jaw with the lines showing the positions of horizontal sections in (C1, C2); cross sections in (C3–C7); and (D) sagittal
section of the lower jaw. Scale bar equals 3 cm for the CT sections.

TABLE 1 Measurements of the lower teeth of L. qiui gen. et sp. nov. (IVPP V 28616) (mm). Abbreviations: L, length; W, width; H, height; TLi, trigonid lingual length;
TW, talonid width; *, measured from alveoli or root.

Measurement Lc Wc Hc *Lp1 *Wp1 *Lp2 *Wp2 *Lp3

Value (mm) 24.86 13.75 24.43 5.89 4.73 5.14 4.53 5.57

Measurement *Wp3 Lp4 Wp4 Hp4 Lm1 Wm1 Hm1 TLim1

Value (mm) 4.62 8.45 7.03 8.27 27.28 12.86 17.16 19.41

Measurement TWm1 *Lm2 *Wm2 *Lm3 *Wm3 Lp1-p4 Lm1-m3 Lp1-m3

Value (mm) 11.82 17.27 10.16 8.48 6.49 49.29 56.36 101.23

TABLE 2 Measurements of the mandible of L. qiui gen. et sp. nov. (IVPP V 28616) (mm). Abbreviations: HVR, height of the vertical ramus (from the apex of the
coronoid to themost ventral point of the angular process); MHVR, middle height of the vertical ramus (from the deepest point of themandibular notch to themost
ventral point of the angular process); LM, length of the mandible; MAT, moment arm of the temporalis muscle; Cm3, distance between the condyle and the
posterior margin of m3; DMm3, depth of the mandible on the posterior margin of m3; WMm3, width of the mandible on the posterior margin of m3.

Measurement HVR MHVR LM MAT Cm3 DMm3 WMm3

Value (mm) 127.39 57.52 247.46 87.55 104.26 66.04 20.09
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Included species—Only the type species.
Etymology— “Lonch” is the Greek term for “spear”, indicating

its spear-like paraconid of the lower carnassial; “cyon” is the Greek
word for dog.

Diagnosis—As for the type and only species.
Lonchocyon qiui gen. et sp. nov.
Holotype—IVPP V 28616, a nearly complete left mandible with

the canine, p4, m1, root of p3, and alveoli of i1-3, p1-2, and m2-3.
Etymology—Named in honor of Professor Zhan-Xiang Qiu for

his great contributions to our knowledge of carnivoran evolution
and systematics.

Type locality and horizon—Haerhada, Baiyin Obo Sumu,
Siziwang Qi (Banner), Inner Mongolia, China; Baron Sog
Formation; the late Eocene.

Diagnosis—Differs from amphicyonids and early ursids by the
combination of a large size with a deep mandible, extremely reduced
premolars including p4, sectorial lower carnassial (m1) with a spear-
like paraconid, a cristid extending from the apex the paraconid to the
carnassial notch, a basined talonid, and unreduced molars posterior
to the carnassial.

3.1 Description

The left mandible is overall well-preserved with only slight
breakage near the incisor region, the dorsal border of the
coronoid process, and the angular process. The mandibular
symphysis is rough with interdigitating rugosities, which are
anteroposteriorly aligned in the dorsal half and more radial on
the more rugose posteroventral part. The posterodorsal corner of the
symphysis is relatively smooth compared to the remaining dorsal
part. The greatest anteroposterior length of the symphysis is
~63 mm, and the greatest dorsoventral height is ~46 mm. The
long axis of the symphysis forms an angle of ~45° with the
alveolar border, measuring ~72 mm of its length. The posterior
margin of the symphysis is at the anteroposterior level of p3.

The horizontal ramus is very deep dorsoventrally, gradually
becoming deeper from p1 to m3, then its ventral border rises into a
small, distinct, and medially projecting marginal process, which is
for the insertion of the digastric muscle. There are two mandibular
foramina: the larger anterior foramen is ventral to the diastema
between p2 and p3 and positioned at the dorsoventral level near the
dorsal one-third of the mandibular height, and the smaller posterior
foramen is ventral to the anterior border of p4 and slightly ventral to
the anterior foramen. There is a rudimentary shallow premasseteric
fossa anterior to the marginal process and likely extending ventral to
m1 (Figure 3C). The masseteric fossa is deep and extensive for the
insertion of the middle and deep layers of the masseter muscle, and
its anterior part does not reach the level of m3.

The coronoid crest is inclined posteriorly and broadens in its
distal half. The mandibular notch is wide and shallow, gently curved
from the coronoid process to the condyloid process. The coronoid
process is high and broad, overhanging the anterior border of the
condyloid process. The condyloid process, positioned level with the
apex of the m1 protoconid, is very robust and composed of two parts
with the long axis inclined slightly medially (Figure 3B). The lateral
half of the condyloid process is roughly conical, bluntly pointed
laterally, and buttressed ventrally with the articular facet facing more

dorsally than posteriorly. However, its medial half is semi-
cylindrical with a truncated medial border that is buttressed
anteriorly and with the articular facet facing posteriorly and
extended to the ventral side. The articular facets of the condyloid
process are convex dorsoventrally and divided by a distinct synovial
fossa on the dorsal side. Although the angular process is incomplete,
it is projected posteriorly and separated from the marginal process
by a wide, shallow indentation. A rough, narrow triangular
depression is present along the lateral side of the indentation.
The margin of the mandibular foramen is partially cracked, and
it is positioned slightly ventral to the condyloid process.

The incisors are not present, but three alveoli are preserved.
These incisor alveoli indicate that i1-i2 are much smaller than i3, and
the i1 alveolus is compressed strongly lateromedially (Figure 3A).
The root of i2 is slightly smaller than that of i1, and it also is situated
posteriorly and slightly labially. Therefore, i2 and i1 are aligned
nearly longitudinally rather than transversely. The root of i3 is
placed mostly labial to that of i1, is roughly triangular in outline, and
is prominently larger than i1 and i2. The canine is large, robust,
laterally compressed, and nearly erect with an oval outline in cross
section, as in many arctoids. The apex of the canine is broken but
was likely recurved distally.

The postcanine diastema between the canine and the most
anterior alveolus is 9.73 mm in length. Posterior to the
postcanine diastema, two closely placed with a 2.28 mm diastema
and anteriorly inclined alveoli are interpreted as deriving from a
single-rooted p1 and p2 rather than a double-rooted p2 with
p1 absent (Figure 3D). Judging from the coalesced double-rooted
p4 and the single-rooted p3, it is unlikely that the two alveoli belong
to a double-rooted p2 with p1 absent and would contrast with the
common characteristics of most carnivorans that premolars are
enlarged posteriorly.

p3 has only one broken root preserved, which is separated from
p2 and p4 by two diastemas with 8.29 mm and 9.84 mm length,
respectively. p4 is complete and much reduced with two nearly
coalesced roots (Figures 3C1, C2). The main cuspid of p4 is pointed
and sharp with a flat lingual surface and a convex buccal surface.
Both the anterior and posterior crests of p4 are straight and distinct,
and the former is anterolingually extended, while the latter is
posteriorly directed. A cingulid-like basin is present along the
lingual and posterior sides of the crown with a swollen shelf on
the posterior side. There is no accessory cuspid or cingulid cuspid
on p4.

m1 is very large with a high trigonid. The paraconid is spear-like
and composed of three facets, which are bordered by three ridges
descending from the apex of the paraconid: an anterior cristid is
slanted posteriorly and extends slightly lingually down to the base of
the crown; a shorter lingual cristid descends to the notch between
the paraconid and protoconid on the lingual side; and third, the
posterior cristid forms the anterior half of the carnassial blade. The
paraconid is composed of a buccal convex face and anterolingual
and posterolingual flat facets. The protoconid is the highest cuspid of
m1 but is smaller than the paraconid in a buccal view. The
preprotocristid extends anterobuccally and forms the posterior
half of the carnassial blade. A slightly worn facet is present along
the buccal edge of the blade. The notch between the two cristids of
the carnassial blade forms a near-right angle in the buccal view.
Another blunt, indistinct ridge descends anterolingually from the
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protoconid to the notch between the paraconid and protoconid on
the lingual side, forming a deep V-shaped notch with the lingual
cristid of the paraconid. Therefore, a flat anterior face is present
between the two cristids of the protoconid. The paraconid and the
protoconid are separated by a distinct groove on the occlusal and
lingual sides. The enamel of the lingual surface of the metaconid is
partially broken. The much smaller metaconid is about half the
height of the protoconid (but nearly as high as the paraconid),
positioned posterolingually to the protoconid, and does not surpass
the protoconid posteriorly in buccal view. The posterior surface of
the trigonid is nearly vertical or slightly anteriorly slanted. The
talonid is short, but not very low, and slightly narrower than the
trigonid. The buccal surface of the talonid is lingually inclined, while
the lingual surface of the talonid is vertical. The hypoconid crest is
slightly anterolingually extended and lies in the middle of the
talonid. The entoconid crest is slightly lower than the hypoconid
crest, and the two crests join on the posterior side. Therefore, the
talonid forms a loop on the occlusal surface. The boundary between
the trigonid and talonid is demarcated by a distinct groove, which is
continuous on the occlusal and buccal surfaces. There is no cingulid
on m1.

The alveolus of m2 is relatively large and composed of two
equal-sized portions, indicating m2 is double-rooted and not
reduced. The alveolus of m2 is oriented slightly obliquely rather
than perpendicularly to the long axis of the crown. The alveolus of
m3 is much smaller than that of m2 and oval in outline, indicating
m3 is single rooted. Furthermore, the size of the molars becomes
smaller posteriorly from m1 to m3. The long axis of the molar series
is slightly anterobuccally extended, whereas that of the premolar
series is slightly anterolingually directed. Therefore, the angle
between the two axes is about 160°.

3.2 Comparison and discussion

The most conspicuous characteristics of the late Eocene
Lonchocyon are the spaced, highly reduced premolars with
single-rooted p1-3, and the two fused roots of p4. Among the
five subfamilies of Amphicyonidae (i.e., Haplocyoninae,
Temnocyoninae, Daphoeninae, Thaumastocyoninae, and
Amphicyoninae), Haplocyoninae and Temnocyoninae share a
synapomorphy of developed premolars as sister groups (Hunt,
2011), and the North American endemic Daphoeninae has
unreduced premolars. By contrast, both Thaumastocyoninae
and Amphicyoninae tend to reduce the premolars, but the
earliest members of these two subfamilies from the Paleogene
still retain the primitive unreduced premolars, unlike the new
specimen. For instance, the earliest thaumastocyonine Ysengrinia
tolosana from MP 30 and the amphicyonine Cynodictis from the
late Eocene have a well-developed p4 with a posterior accessory
cuspid and a p3 with two roots, while Cynodictis has a much
smaller size than Y. tolosana and the new specimen (Kuss, 1965;
Bonis, 1978; Heizmann and Kordikova, 2000; Solé et al., 2021). The
amphicyonine Pseudocynopsis and Cynelos from Quercy, France,
have reduced, spaced premolars, but p2-4 retains two separate
roots (Ginsburg, 1965; 1966; Kuss, 1965). The presence of a single
root of p3 has been reported in the Late Miocene amphicyonine
Magericyon. However, the latter lacks dp1/p1-p2 and has a double-

rooted p4 (Peigné et al., 2008). Ursidae also exhibits a trend toward
reduced premolars. However, only Pliocene and extantUrsus could
have a single root in p1-3, which is even sometimes absent.
Hemicyoninae and early members of Ursinae Ballusia and
Ursavus have reduced, simple premolars, but p2-3 is double-
rooted and p4 is relatively large (Qiu et al., 1985; Ginsburg and
Morales, 1998; Qiu et al., 2014).

The p4 of Lonchocyon is characterized by its rather small size
with two fused roots and a small posterior shelf, as well as the lack of
a posterior accessory cuspid. The length ratio of p4 to m1 is 0.31 in
Lonchocyon (Figure 4A), which is less than the ratio in Magericyon
(0.38, 0.42), while the ratios in other genera of amphicyonines
(0.44–0.67) and thaumastocyoninae (0.48–0.71) are usually much
greater (Solé et al., 2022). The ratio of p4 to m1 length in the ursine
Ballusia and Ursavus ranges from 0.44 to 0.61 (Qiu et al., 2014), and
the ratio in Ursus minimus ranges from 0.45 to 0.59 (Baryshnikov
and Lavrov, 2013). The p4 of Lonchocyon has no posterior accessory
cuspid, which is in contrast to the Amphicynodontidae,
hemicyonine Cephalogalini, Phoberocyon, and most
Amphicyonidae with a distinct posterior accessory cuspid on p4
(Hunt, 1998b; Ginsburg and Morales, 1998). However, the posterior
accessory cuspid on p4 also is reduced or even absent in some
amphicyonids, such as Guangxicyon (Zhai et al., 2003), the
amphicyonine Magericyon (Peigné et al., 2008), and the
Pseudarctini, which comprises Pseudarctos, Ictiocyon, and
Dehmicyon (Morales et al., 2021b). p4 has lost the posterior
accessory cuspid in some derived Ursidae, including Hemicyon,
Zaragocyon, Plithocyon, and Ursinae (Ginsburg and Morales, 1995;
Ginsburg and Morales, 1998; Hunt, 1998b).

The m1 of Lonchocyon is characterized by its larger size
(length = 27.28 mm) compared to contemporaneous
Amphicyonidae and Hemicyoninae and by its large, spear-like
paraconid (Figure 4B). The m1 paraconid of Lonchocyon is
composed of three faces bordered by a slanted, anterior cristid, a
lingual cristid, and a posterior cristid. The lingual cristid is present in
some mustelids like extant Gulo gulo. By contrast, the lingual cristid
is absent and the lingual surface of the paraconid is somewhat
swollen in the compared Paleogene Amphicyonidae and
hemicyonine Cephalogalini (Hunt, 1998a; Bonis, 2013). In
addition, a faint, blunt ridge descends from the anterolingual
surface of the protoconid on m1 of Lonchocyon, forming a
triangular anterior surface of the protoconid with the
preprotocristid. A similar anterior surface of the protoconid on
m1 seems only present in the Oligocene Cephalogalini Adelpharctos,
according to Bonis (1971). The metaconid of m1 is moderately
reduced, nearly as high as the paraconid, and not retracted, relative
to the protoconid in Lonchocyon, which is similar to the
development of the m1 metaconid in early amphicyonine
Cynodictis palmidens (Bonis, 1978), Pseudocyonopsis (Kuss, 1965),
haplocyonine Haplocyon dombroskyi (Bonis, 1966), and
thaumastocyonine Y. tolosana (Kuss, 1965). By contrast, the
m1 metaconid is either relatively large in the daphoenine
Daphoenus, Brachyrhynchocyon (Loomis, 1931; Scott and Jepsen,
1936), and haplocyonine Parhaplocyon (Bonis, 1966) or more
reduced or even absent in the daphoenine Daphoenictis (Hunt,
1974), derived temnocyonines (Hunt, 2011), haplocyonine
Haplocyon crucians, Haplocyonides (Hürzeler, 1940; Bonis, 1966),
some derived amphicyonines like Magericyon (Peigné et al., 2008),
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and derived thaumastocyoninae (Morales et al., 2019; Morales et al.,
2021a). The hemicyonine ursids are characterized usually by a
retracted metaconid relative to the protoconid on m1, which is
different from Amphicyonidae, Amphicynodontidae, and
Lonchocyon. However, the m1 metaconid is not retracted in the
hemicyonine cephalogalini Filholictis (Cirot and Bonis, 1992; Bonis,
2013). On the other hand, the m1 metaconid is slightly retracted in
the haplocyonine Parhaplocyon (Bonis, 1966) and strongly retracted
(but sometimes lost) in Gobicyon (Jiangzuo et al., 2019). The talonid
of m1 in Lonchocyon is more similar to early ursids than to
amphicyonids in being nearly as wide as the trigonid and
forming a shallow basin with the almost equally developed
hypoconid crest and entoconid crest joining posteriorly. By
contrast, the m1 talonid is usually slightly narrower than the
trigonid (sometimes wider; for instance, in Crassidia (Heizmann
and Kordikova, 2000)) hypoconid (crest) dominates the talonid with
a low entoconid (crest), and the talonid opens posteriorly in
amphicyonids (Kuss, 1965; Hunt, 1998a; 2011; Morales et al.,
2021b). However, the hemicyonine Cephalogalini differs from
Lonchocyon by having a continuous lingual ridge of the talonid
gently joining the metaconid without any notch and displaying a
relatively wider basin of the talonid with a more buccally placed
hypoconid crest (Bonis, 2013).

The ratio of m2 length to m1 length is 0.63 in Lonchocyon
(Figure 4C), similar to the ratios in early thaumastocyonine
Ysengrini (Crassidia and Ysengrinia) (0.58–0.62) but greater than
the more derived Thaumastocyonini (0.37–0.54) (Solé et al., 2022).
Furthermore, the talonid of m2 is shorter and narrower than the

trigonid in the earliest thaumastocyonine Y. tolosana from the late
Oligocene, but the talonid alveolus is slightly wider than the trigonid
alveolus in Lonchocyon. Among the three tribes in Amphicyoninae,
the ratio of m2 length to m1 length in Lonchocyon is close to those of
Amphicyonini (0.63-0.71), Pseudocyon (0.6, 0.64), and Pseudarctini
Dehmicyon schlosseria (0.59), greater than that of the Magericyonini
Magericyon (0.45, 0.54) and lesser than that of the Pseudarctini
Ictiocyon (0.72) and Pseudarctos (0.71) (Morales et al., 2021b; Solé
et al., 2022). The early amphicyonine Pseudocyonopsis from the
Oligocene to early Miocene has a similar ratio between m2 length to
m1 length (0.59, 0.61) to Lonchocyon (Kuss, 1965). Among the
Hemicyoninae, the ratio of m2 to m1 length in the Cephalogalini is
the variable between 0.51 and 0.71 (Bonis, 2013), and the ratios of
the early Hemicyon, H. gargan, and Zaragocyon (0.58–0.61) are
similar to that of Lonchocyon (Ginsburg and Morales, 1995;
Ginsburg and Morales, 1998).

The lower jaw of Lonchocyon is very large, with a deep horizontal
ramus and a distinct marginal process, which are distinguished from
relatively slender mandibles without marginal processes in early
Amphicyonidae and Hemicyoninae (Scott and Jepsen, 1936;
Ginsburg, 1966; Bonis, 2013). Few caniform taxa have a marginal
process, except for Ursus, Ailuropoda (Davis, 1964), and some fossil
ursids like Ursavus tedfordi (Qiu et al., 2009). The marginal process
is the main insertion site for the digastric muscle in Ursus and
Ailuropoda (Davis, 1964). This feature may not have many
phylogenetic implications with the currently limited sample, but
it does suggest that Lonchocyon likely had powerful digastric
muscles, as in Ursus and Ailuropoda. In addition, the mandible

FIGURE 4
Scatter diagram of dental proportions in L. qiui gen. et sp. nov. (IVPP V 28616) and other compared arctoids: (A) length of p4 versus m1; (B) width
versus length of m1; (C) length of m2 versus m1.

Frontiers in Earth Science frontiersin.org07

Zhang et al. 10.3389/feart.2023.1137891

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1137891


of Lonchocyon has a shallow depression along the posterior ventral
border of the horizontal ramus on the lateral surface, possibly
suggesting a rudimentary premasseteric fossa (Figure 3C), which
is more distinct in derived hemicyonines, some derived
amphicyonids like Gobicyon and Ammitocyon, and some ursines
(Frick, 1926; Hunt, 1998b; Jiangzuo et al., 2019; Morales et al.,
2021a).

There are only two unequivocal amphicyonids with supporting
detailed descriptions from the Eocene of Asia. One is a small
indeterminate amphicyonid with a right M2 (for the second
upper molar, rather than lower molar) (length: 6.35 mm; width:
8.5 mm) found in the Upper Eocene Ergilin Dzo Formation of
Mongolia (Egi et al., 2009). Few comparisons can be made with our
new specimen because of the lack of lower dentitions. However, the
amphicyonid from the Ergilin Dzo Formation is much smaller than
the specimen IVPP V 28616. Another is Guangxicyon
sinoamericanus, an aberrant, short-jawed amphicyonid from the

middle Eocene Nadu Formation of the Bose Basin, Guangxi
Province, southern China (Zhai et al., 2003; Wang et al., 2019 for
timescale). Lonchocyon differs from Guangxicyon in having a larger
size (Guangxicyon m1 length and width are 20.6 mm and 9.2 mm,
respectively), a deeper mandible, a single-rooted p3, a much-
reduced p4, an m1 with more trenchant trigonid and a shallow-
basined talonid, and a double-rooted m2. However, Guangxicyon is
also very aberrant among amphicyonids in terms of its early
development of brachygnathy with a single-rooted p2 and
m2 instead of losing p1-3 or m2-3.

Only a few Cephalogalini have been discovered, with scarce
materials in Paleogene Asia. A left M2 (the second upper molar) of
Cephalogale sp. (IVPP V 12429) from the early Oligocene of Saint
Jacques (Wang and Qiu, 2003) and a left ramal fragment with m2 of
?Cephalogale sp. (MAE SG.97.5396) from the early Oligocene Hsanda
Gol Formation (Wang et al., 2005) are the only reportedAsian Paleogene
Cephalogalini. Our specimen canmake few comparisons with them due

TABLE 3 Dorsoventral mandibular force (logZx/L) values of L. qiui and compared carnivorans along the mandible.

post m3 m2/m3 m1/m2 p4/m1 p3/p4 Canine

Lonchocyon qiui −0.08 −0.17 −0.35 −0.44 −0.57 −0.38

Ysengrinia tolosana −0.16 −0.22 −0.28 −0.45 −0.58 −0.37

Temnocyon macrogenys −0.19 −0.26 −0.46 −0.65 −0.80 −0.58

Borocyon robustum −0.07 −0.21 −0.31 −0.54 −0.67 −0.55

Delotrochanter oryktes −0.28 −0.34 −0.49 −0.73 −0.85 −0.55

Magericyon anceps −0.92 −1.00 −1.27 −1.40 −0.60

Ammitocyon kainos −0.99 −1.17 −1.13 −1.38 −0.78

Canis lupus −0.47 −0.55 −0.64 −0.77 −0.97 −0.92

Ursus arctos −0.03 −0.31 −0.55 −0.54 −0.48 −0.22

Panthera leo −0.29 −0.47 −0.64 −0.38

Crocuta crocuta −0.23 −0.45 −0.67 −0.61

TABLE 4 Labiolingual mandibular force (logZy/L) values of L. qiui and compared carnivorans along the mandible.

post m3 m2/m3 m1/m2 p4/m1 p3/p4 Canine

Lonchocyon qiui −0.60 −0.65 −0.77 −0.86 −0.99 −0.32

Ysengrinia tolosana −0.60 −0.65 −0.67 −0.85 −0.98 −0.41

Temnocyon macrogenys −0.83 −0.89 −1.05 −1.07 −1.30 −0.69

Borocyon robustum −0.59 −0.67 −0.71 −0.93 −1.02 −0.63

Delotrochanter oryktes −0.94 −0.94 −1.00 −1.16 −1.34 −0.71

Magericyon anceps −0.41 −0.51 −0.79 −0.92 −0.52

Ammitocyon kainos −0.32 −0.47 −0.58 −0.76 −0.22

Canis lupus −0.98 −1.05 −1.07 −1.09 −1.26 −0.88

Ursus arctos −0.50 −0.66 −0.97 −0.99 −0.83 −0.28

Panthera leo −0.64 −0.80 −0.93 −0.48

Crocuta crocuta −0.76 −0.83 −0.96 −0.69
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TABLE 5 Relative mandibular force (Zx/Zy) values of L. qiui and compared carnivorans along the mandible.

post m3 m2/m3 m1/m2 p4/m1 p3/p4 Canine

Lonchocyon qiui 3.29 2.98 2.65 2.50 2.65 0.88

Ysengrinia tolosana 2.79 2.73 2.46 2.62 2.53 1.11

Temnocyon macrogenys 4.35 4.05 3.73 2.66 3.23 1.30

Borocyon robustum 3.33 2.88 2.56 2.41 2.23 1.20

Delotrochanter oryktes 4.51 4.01 3.24 2.67 3.13 1.46

Magericyon anceps 0.31 0.33 0.33 0.33 0.83

Ammitocyon kainos 0.21 0.20 0.28 0.24 0.27

Canis lupus 3.23 3.10 2.67 2.12 1.94 0.90

Ursus arctos 2.91 2.21 2.64 2.76 2.19 1.15

Panthera leo 2.28 2.11 1.94 1.25

Crocuta crocuta 3.43 2.37 1.93 1.20

FIGURE 5
Comparison of mandibular force profiles among L. qiui, C. lupus, U. arctos, P. leo, and C. crocuta.
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to the lack of comparable materials, although the former is evidently
larger than these Cephalogale.

In summary, Lonchocyon is unique due to its relatively large size,
highly reduced premolars separated by diastemas, and spear-like
paraconid on m1 compared to other Paleogene arctoids. The
carnassial tooth and lower jaw show a combination of both
Amphicyonidae and Hemicyoninae traits, with the trigonid
having a reduced metaconid that is not retracted, which is
similar to the former and having a shallowly basined talonid of
m1 and a rudimentary premasseteric fossa, which are probably allied
with both Amphicyonidae and Hemicyoninae. There is no doubt
that Lonchocyon represents an early offshoot of Arctoidea, but its
phylogenetic relationships among amphicyonids or early ursids
remain unclarified since the discovery of additional complete
material is pending.

4 Paleobiology

The robust canine, the sectorial trigonid of m1, and the deep
mandible of Lonchocyon suggest its hypercarnivorous adaptations.
This trend in adaptation evolved independently many times among
all subfamilies of the Amphicyonidae, such as the Borocyon of
Daphoencyoninae, Haplocyonoides of Haplocyoninae, some
Temnocyon species of Temnocyoninae, the Magericyonini of
Amphicyoninae, and all genera of Thaumastocyoninae (Hunt,
2011; Morales et al., 2019; Morales et al., 2021b). The shallow
talonid basin of m1 indicates the presence of a plesiomorphic
pattern in Lonchocyon, but other hypercarnivorous amphicyonids
have hypoconid-dominant talonids. The hypercarnivorous trend
also evolved in the Phoberocyon–Plithocyon clade of Hemicyoninae,
or Phoberocyonini, which is distinguished from other hemicyonines
by well-developed carnassials (P4 and m1) (Ginsburg and Morales,
1995). Inferred from the alveoli, the m2 of Lonchocyon is unreduced,
which is a plesiomorphic trait, and different from Magericyonini
and Thaumastocyoninae with their reduced m2, while the m2 of
hypercarnivorous hemicyonines are also unreduced. The function of
m2 is mainly crushing in carnivorans. Hypercarnivores tend to
develop the shearing rather than crushing functions of their
dentitions, at the same time, they often have a reduced m2.
Additionally, all premolars are highly reduced including p4 in
Lonchocyon, but many hypercarnivorous arctoids have a
functional p4 without much reduction, except the Magericyonini
of Amphicyoninae. The Magericyonini, consisting of Magericyon
and possibly Pseudocyon, have reduced p4 as in Lonchocyon. The
similarity between the reduced p4 of Lonchocyon and Magericyonini
could be the result of parallel evolution, considering the younger
Pseudocyon distributed from MN4 to MN7 and Magericyon
distributed from MN9 to MN10. In conclusion, the
hypercarnivorous adaptations of Lonchocyon are plesiomorphic
and aberrant.

In order to investigate the paleobiology of Lonchocyon in a
quantitative way, we use beam theory (Therrien, 2005) to study
the mandibular force profiles of the new specimen. Some
carnivorans with a similar mandibular length to that of
Lonchocyon were selected and include the extinct
amphicyonids Y. tolosana, Temnocyon macrogenys, B.
robustum, D. oryktes, M. anceps, and A. kainos and the extant

carnivorans C. lupus, U. arctos, P. leo, and Crocuta crocuta. We
compared the dorsoventral mandibular force profiles (Zx/L), the
labiolingual mandibular force profiles (Zy/L), and the relative
mandibular force (Zx/Zy) of these carnivorans (Tables 3, 4, 5;
Figure 5) to assess the mandibular function of Lonchocyon.
Generally, a large Zx/L value indicates the ability to withstand
high dorsoventral stresses, and a large Zy/L indicates high
labiolingual and torsional stresses (Therrien, 2005).

The dorsoventral mandibular force profiles (Zx/L) of
Lonchocyon exhibit similar tendencies to canids and other
amphicyonids (Table 3). The Zx/L values of Lonchocyon are
similar to Y. tolosana and P. leo and are higher than most other
amphicyonids compared at the same loci. The Zx/L values of the
canine are higher than other taxa except Y. tolosana and U. arctos,
reaching nearly the same value as P. leo, which suggests that the new
taxon could deliver powerful canine bites to subdue prey as large
felids do, rather than the rapid and shallow bites delivered by canids,
which always hunt in packs. The Zx/L value after canine rises
gradually along the horizontal ramus, which is similar to other
carnivorans except U. arctos, with a decline from p3/p4 to m1/m2.

The labiolingual mandibular force profiles (Zy/L) of
Lonchocyon also exhibit similarities with canids and other
amphicyonids and are lower than the Zx/L values at the same
loci (Table 4), as in most carnivorans, except for the value of the
canine larger than Zx/L. The Zy/L values of Lonchocyon (except
the canine) are similar to those of Y. tolosana, B. robustum, P. leo,
and C. crocuta, lower than those of A. kainos and M. anceps and
higher than those of other amphicyonids. The Zy/L value of the
canine even surpasses P. leo and is lower than those of A. kainos
and U. arctos. The extremely large value suggests that the new
taxon could withstand huge labiolingual and torsional stresses
while restraining prey with its powerful canine bites. The Zy/L
values also rise steadily along the horizontal ramus posterior to
the canine, similar to other carnivorans, except U. arctos.

In terms of the relative mandibular force (Zx/Zy) (Table 5),
Lonchocyon exhibits a distinct difference with other caniforms
which is its near plateau from p3/p4 to m1/m2, corresponding to
its sectorial carnassial tooth and reduced premolars that the
former is mainly used to slice meat with little need for
withstanding extra buccolingual or torsional stresses. From
the m1/2 boundary to the posterior side of m3, the Zx/Zy
values exhibit a steep slope, indicating that the molars
posterior to the carnassial possess the ability to crack hard
objects as extant canids can, which needs to suffer more
buccolingual stresses. In addition, the Zx/Zy value of
Lonchocyon is lower than those in other amphicyonids except
Y. tolosana and B. robustum.

According to the aforementioned analyses, Lonchocyon
possesses a robust mandibular symphysis that would have
facilitated the delivery of powerful canine bites while subduing
the prey. After the probably functionless premolars and the meat-
slicing carnassial, the posterior molars may have had the ability
to crush certain hard materials. Specifically, Lonchocyon has a
dentition with a combination of both shearing and crushing
functions and likely occupied a special ecological niche as a
predator consuming both flesh and hard objects. Considering
its size, the new taxon likely fed primarily on prey animals of the
same size or even larger than itself, as large felids are able to do
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today. It was also likely to have been a solitary hunter, different
from extant canids, which have a pack-hunting lifestyle
(Therrien, 2005).

5 Conclusion

Lonchocyon represents a specialized carnivoran from the late
Eocene of Asia. The new specimen is the first arctoid discovered in
the Erlian Basin and the first late Eocene arctoid from northern
China. This large, deep-jaw arctoid has reduced premolars, a
sectorial m1 with a cristid from the paraconid to the carnassial
notch on the lingual side, an unretracted metaconid, a shallowly
basined talonid, and unreduced m2-3. Lonchocyon shows a
combination of morphologies present in both amphicyonids and
the early ursid hemicyonines and represents an early offshoot of
amphicyonids or hemicyonines in Asia. Furthermore, the analyses
of the mandibular force profile indicate that Lonchocyon has
primary hypercarnivorous characteristics with powerful canine
bite, a sectorial carnassial tooth for slicing, and posterior molars
that are able to process hard objects.
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