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ABSTRACT

Stem pecorans radiated globally near the Oligocene-Miocene boundary but remain poorly documented
in China. We report a new stem pecorans, Labrangomeryx dorcapolis nov. gen., nov. sp. and previously
reported Sinopalaeoceros xiejiaensis, from the earliest Miocene (~23-20 Ma) of Gansu, China.
Labrangomeryx nov. gen. exhibits bunoselenodont dentition with unique traits: a bifurcated p4 anterior
conid, strong metastylids, and absent entoconulid in molars, linking Eurasian and North American taxa
(e.g., Pomelomeryx, Problastomeryx). Sinopalaeoceros displays high hypsodonty and m3 entoconulid,
resembling North American merycodontines rather than later Asian bovids. Both taxa lack cranial appen-
dages, pointing towards a placement within stem pecorans. An enigmatic large p4 may present a tylopo-
dan affinity, implying North American ties. These findings reveal early pecoran diversification in Eastern
Asia and underscore transcontinental faunal exchanges during the early Miocene, bridging Eurasian and
North American evolutionary narratives. The absence of crown-family cranial features highlights unre-
solved systematic positions but enriches understanding of pecoran morphological plasticity during their
initial radiation.

© 2025 Elsevier Masson SAS. All rights are reserved, including those for text and data mining, Al training,

and similar technologies.

1. Introduction

The Xiejian Stage, the initial Neogene stage in China, corre-
sponds to the MN 1-3 of the Early Miocene (Meng et al., 2013;
Qiu et al., 2013). Defined by the Xiejia Fauna from the Xining Basin
along the Tibetan Plateau’s northwestern margin (Li and Qiu,
1980), this stage represents a transitional evolutionary phase
between Oligocene and Miocene mammalian assemblages. Xiejian
fossil mammals predominantly consist of small Late Oligocene
relicts exhibiting derived features but lacking distinctive taxa (Li
and Qiu, 1980; Qiu et al., 2013), resulting in relatively few con-
firmed Xiejian Age localities. These include the Xiejia, Zhangjiap-
ing, Gaolanshan, and Lower Aoerban faunas, along with the
Suosuoquan II-III biozones (Qiu et al., 2013)..

* Corresponding editor: Laurent Marivaux.
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https://doi.org/10.1016/j.geobios.2025.06.002

Although Central Asia is regarded as an evolutionary center for
stem and crown pecoran ruminants (Vislobokova, 1997), Xiejian
records provide limited insights into ruminant evolution. The sole
documented species, Sinopalaeoceros xiejiaensis (originally
described as Oioceros? xiejiaensis; Chen, 1988), shows questionable
bovid affinities due to the absence of horn cores - a critical diag-
nostic feature of Bovidae. Other indeterminate specimens are ten-
tatively classified as Cervidae or Bovidae, but no definitive horn
cores or antlers have been recovered from these deposits so far.

The Hezuo Basin (Fig. 1) is a small intermountainous fault basin
located in the western part of a low-relief, high-elevation plateau
surface (Meiwu Plateau surface; Ma et al., 2021; Fig. 1), on the
northeastern margin of the Tibetan Plateau. Cenozoic deposits of
this basin are ca. 150 m thick and primarily consist of reddish silt-
stone and mudstones in the upper layers, with sandstones and con-
glomerates at the bottom (Ma et al., 2021). The basin is rich in
fossil mammals. The preliminary identification reveals that the fos-
sil assemblage includes Amphechinus kansuensis, Litodonomys
lajeensis, Plesiosminthus? sp., Sicista sp., Heterosminthus firmus,
Heosminthus borrae, Eucricetodon sp., Plesiosciurus sp., Proansomys
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Fig. 1. Topological map showing the location of the Shaoma fossil locality (Gansu, China), along with some geological and geomorphological features of the adjacent area. The

insert panel shows a photo of the fossil quarry.

dureensis, Aplodontidae? gen. et sp. indet., Alldistylomys sp.,
Yindirtemys deflexus, Tachyoryctoides sp., Sinolagomys sp., Desmato-
lagus sp., Aprotodon sp., Diaceratherium sp., Suiform? gen. et sp.
indet., Protoceratidae? gen. et sp. indet., Labrangomeryx dorcapolis
nov. gen., nov. sp., and Sinopalaeoceros xiejiaensis. Key biostrati-
graphic markers include Sinopalaeoceros xiejiaensis and Litodono-
mys lajeensis (previously exclusive to the Xiejia Locality; Li and
Qiu, 1980), Heterosminthus firmus and Alldistylomys (restricted to
the Xiejian Lower Aoerban biozone), and shared Xiejian taxa such
as Amphechinus, Plesiosminthus, Heterosminthus, Sicista, Eucriceto-
don, Proansomys, Yindirtemys, Tachyoryctoides, Desmatolagus, and
Aprotodon. Stratigraphic links to the Late Oligocene Tabenbulukian
(A. kansuensis, Y. deflexus, H. borrae, P. dureensis) and Early Miocene
Shanwangian (Diaceratherium, Plesiosciurus) underscore the fauna’s
transitional nature, strongly supporting its correlation to the Xie-
jian Age.

2. Material and methods
All examined fossil materials are housed in the Institute of Ver-

tebrate Palaeontology and Palaeoanthropology (IVPP), with com-
parative specimens curated at the American Museum of Natural

History (AMNH), New York, USA, and Naturhistoriches Museum
Basel (NMB), Basel, Switzerland. Ruminant cheek teeth terminol-
ogy follows Barmann and Rdssner (2011) (Fig. 2). Measurements
were obtained using a caliper with the precision of 0.01 mm.

A cladistic analysis was performed to examine the phylogenetic
relationships among genera and species within ruminants. We
constructed a morphological data matrix including 41 taxa and
46 characters based on Mennecart and Métais (2015) and our
own scoring (Texts S1, S2; Appendix A). Amphirhagatherium wei-
gelti  (Choeropotamidae) and  Merycoidodon  culbertsoni
(Merycoidodontidae) were selected as the outgroup (Texts S1, S2;
Data S1; Appendix A). The most parsimonious reconstructions
were performed using TNT v.1.1 (Goloboff et al., 2008). The result
was reported as a strict consensus tree (Code S1; Appendix A).

3. Results
3.1. Systematic paleontology
Class Mammalia Linnaeus, 1758

Order Artiodactyla Owen, 1848
Suborder Ruminantia Scopoli, 1777
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Fig. 2. Premolar and molar terminology of pecorans, slightly revised after Birmann and Rossner (2011). A. Upper premolar. B. Upper molar. C. Lower premolar. D. Lower

molar.

Family indet.

Genus Labrangomeryx nov. gen.

LSID: urn:lsid:zoobank.org:act:0FAC6047-F054-43C4-8998-
1BE46F82807A

Derivation of the name: The genus name Labrang derives from
the renowned Tibetan Buddhist monastery near the fossil locality
(Fig. 1), one of the six principal Gelugpa schools of Tibetan Bud-
dhism, reflecting its cultural significance in the region. The suffix
-meryx originates from the Greek term for ruminant.

Type and only species: Labrangomeryx dorcapolis nov. gen., nov.
sp.

Occurrence: Early Miocene (MN 1-3), northern China.

Diagnosis: Small pecoran with markedly bunoselenodont and
brachyodont cheek teeth. P2 bearing a distinct labial cone; labial
cone of P3 shifted mesially; secondary structures on upper cheek
teeth (external postprotocrista, enamel spurs, and fossal folds)
strongly developed; M3 displaying a pronounced anterolingual
cingulum. p4 featuring a bifurcated anterior conid and a moder-
ately developed mesolingual conid with an incipient posterolin-
gual cristid; lower molars with unaligned metaconid and
entoconid; metastylids, ectostylids, and external postprotocristids
moderate to strongly expressed; postentocristid complete; m3 pre-
senting a ring-like posterior fossa, lacking a definitive entoconulid.

Differential diagnosis: Labrangomeryx dorcapolis differs from
all hornless pecorans in the mesial shift of the P3 labial cone; from
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Dremotherium, Hydropotopsis, Bendenomeryx, Walangania, “Amphi-
tragulus” feningrei, and Pomelomeryx gracilis in more bunoselen-
odont and brachydont cheek teeth; from Andegameryx,
Friburgomeryx, and Babameryx in the presence of moderate to
strong metastylids, ectostylids, and external postprotocristids;
from Amphitragulus, Oriomeryx, and Pomelomeryx boulangeri in
the bifurcated p4 anterior conid, ring-like m3 posterior fossa, and
absence of an entoconulid; from Problastomeryx, Parablastomeryx,
and Pseudoblastomeryx in more brachydont teeth and stronger
external postprotocristids; from Cervidae in lacking antlers, pos-
sessing more bunoselenodont-brachydont cheek teeth, and
absence of an entoconulid; and from Moschidae in the combina-
tion of bunoselenodont-brachydont cheek teeth, lack of ento-
conulid, and p4 missing an anterolingual cristid.

Labrangomeryx dorcapolis nov. gen., nov. sp.

Fig. 3
LSID: urn:lsid:zoobank.org:act:FSE4E5E4-6BE7-4506-A71F-
O0D4F8E74ACC6

Derivation of the name: dorc-, gazelle or antelope; -polis, city.
This name dedicates to the Hezuo City (fossil locality), which is
nicknamed “Antelope City”.

Holotype: IVPP V33528, fragmentary left hemimandible bear-
ing p3-m3.
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Fig. 3. Labrangomeryx dorcapolis nov. gen., nov. sp. from the Shaoma fossil locality (Gansu, China). A-C. IVPP V33532, left P2-M3 in occlusal, lingual, and buccal views. E, F, L.
IVPP V33531, right p1 in occlusal, lingual, and buccal views. D, G, H. IVPP V33530, right hemimandible bearing p2-p4 in occlusal, lingual, and buccal views. J, K, 0. V33528,
holotype, left hemimandible bearing p3-m3 in occlusal, lingual, and buccal views. L-N. V33529, right m3 in buccal, occlusal, and lingual views. Scale bar: 10 mm.
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Paratypes: IVPP V33529, right m3; V33530, fragmentary right
hemimandible bearing p2-p4; V33531, right p1; V33532, left
upper jaw bearing P2-M3.

Type locality and horizon: Shaoma (IVPP GN201901), Hezuo
City, Gansu Province; Linxia Fm., Early Miocene, Xiejian.

Occurrence: Early Miocene (MN 1-3), northern China.

Measurements: See Table 1.

Diagnosis: As for the genus, by monotypy.

Descriptions:

Upper cheek teeth. The upper jaw (IVPP V33532) preserves P2-
M3 (Fig. 3(A-C)). The P2 exhibits a triangular morphology with
minimal elongation. The lingual cone is prominent and slightly dis-
placed mesially. A robust, buccally oriented anterior style connects
to the lingual cone via a curved anterolingual crista, which is linked
to the lingual cone but retains a lingual groove. The anterolabial
cone is pronounced, displaying a buccal apex and a slender antero-
labial crista. The posterolabial cone is nearly vestigial, with a thick-
ened posterolabial crista directly extending to a weakly developed
posterior style. The posterolingual crista is nearly linear and con-
verges with the posterolabial crista, though the fossa remains dis-
tally open due to the lack of fusion between these cristae. Two or
three faint enamel folds occur along the lingual margin of the fossa.
In buccal view, the anterolabial cone is elevated, characterized by a
thick buccal rib merging with the anterior style rib, while the pos-
terior style rib is absent.

The P3 morphology closely resembles that of P2 (Fig. 3(A-C)). It
retains a triangular outline but is broader than P2. The lingual cone
is robust, featuring a bulbous lingual profile and being strongly dis-
placed mesially, aligning with the anterolabial cone. Alongside the
pronounced anterolabial cone, the posterolabial cone is faintly
inflated and joined to the anterolabial cone via a narrowed meso-
labial crista. The distal end of the posterolingual crista ends imme-
diately adjacent to the posterior style, forming a minor distal
notch. A prominent central fold originates from the lingual cone
apex, accompanied by smaller folds emerging at the fossal base.

Table 1

Geobios 93 (2025) 99-115

In buccal view, the posterolabial cone rib becomes distinct and clo-
sely parallels the robust anterolabial cone rib.

The P4 is short and wide (Fig. 3(A-C)). The lingual cone is large
and bulbous. A long anterolingual crista encloses the mesial mar-
gin of the tooth, connecting to a prominent anterior style. The
labial cone is robust, globular, and lingually inflated. The antero-
labial crista is thinner and shorter than the posterolabial crista,
extending into a moderately developed posterior style. Central
folds are faint yet complex. Faint remnants of anterolingual and
posterolingual cingula are present but largely indistinct. In buccal
view, alongside the robust ribs of the labial cone and anterior style,
a weakly defined posterior style rib emerges.

The M1-M3 exhibit highly similar morphology (Fig. 3(A-C)).
The M2 is marginally larger than the M1 and M3. In occlusal view,
the molars are nearly square-shaped, except for the M3, which dis-
plays a slightly reduced metaconule. The protocone of M1 and M2
is triangular under moderate wear, whereas that of M3 is quadran-
gular. The preprotocrista is elongated, extending to the parastyle.
The external postprotocrista is distinct, distally oriented, and
diverges from the internal postprotocrista at a wide angle. Both
internal and external postprotocristae are abbreviated, resulting
in a distally open anterior fossa. The paracone is globular, inflated
buccally and lingually, generating pre- and postparacristae that
connect to the robust parastyle and mesostyle, respectively. The
metacone is triangular and exclusively lingually inflated. In M3,
the metacone is more lingually displaced, misaligned with the
paracones compared to M1 and M2. The metastyle is weakly devel-
oped in M1 and M2 but markedly pronounced in M3. The meta-
conule is relatively large and sub-rounded in M1 and M2, slightly
reduced in M3, and assumes a triangular outline. The prominent
premetaconulecrista approaches yet remains separate from the lin-
gual aspect of the mesostyle. A bifurcation of premetaconulecrista
projects toward the anterior fossa, terminating at the paracone’s
lingual border. The posterior fossa of M1 and M2 (particularly
M2) remains distally open due to incomplete postmetaconulecrista

Measurements (in mm) of the artiodactyl cheek teeth from the Shaoma fossil locality, Gansu, China. The “+” sign indicates a tooth with more than lightly wear, making true high

larger than the measurement.

Specimen nb. taxon locality Locus L w H
V33532 L. dorcapolis Shaoma P2 7.26 5.29 4.88
V33532 Shaoma P3 7.58 6.79 4.78
V33532 Shaoma P4 5.99 7.35 5.28
V33532 Shaoma M1 9.34 10.41 4.89
V33532 Shaoma M2 9.42 114 4.92
V33532 Shaoma M3 8.99 10.8 4.99
V33531 Shaoma pl 3.10 1.79 2.78
V33530 Shaoma p2 5.39 2.69 3.00
V33530 Shaoma p3 6.31 3.80 4.11
V33528 Shaoma p3 7.11 3.42 3.2+
V33530 Shaoma p4 7.57 413 4.79
V33528 Shaoma p4 7.20 4.12 3.2+
V33528 Shaoma ml 8.29 6.39 4+
V33528 Shaoma m2 9.03 6.88 4.1+
V33528 Shaoma m3 13.05 7.5 4.2+
V33529 Shaoma m3 12.75 6.81 4.49
V33536 S. xiejiaensis Shaoma P2 5.21 4.88 4.9+
V6008 Xiejia DP4 6.58 7.01 5.42
V6007 Xiejia M1 6.5+ 6.19 6+
V6007 Xiejia M2 8.42 7.86 7.37
V33535 Shaoma M2 8.59 8.61 9.61+
V6008 Xiejia M2 7.99 6.62 8.91+
V6008 Xiejia M2 7.61 7.09 8.62+
V33534 Shaoma p4 6.61 3.20 5.60
V6008 Xiejia m1 6.6+ - -
V6008 Xiejia m2 8.59 4.37 13.22
V33533 Shaoma m2 7.29 5.77 7.9+
V33533 Shaoma m3 13.38 4.38 14.79
V33554 Protoceratidae? gen. et sp. indet. Shaoma p4 18.10 12.42 11.20
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development, whereas it is fully enclosed in M3. A metaconule fold
is present. In M1 and M2, the anterolingual cingulum is moderately
developed, with a minute entostyle closely appressed to the meta-
conule. In M3, the anterolingual cingulum encircles the lingual
margin of protocone, but the entostyle is nearly absent. In lingual
view, the molars are brachydont, featuring pyramidal parastyle
and mesostyle ribs, alongside a thick, columnar paracone rib. M1
and M2 exhibit a faint metacone rib, absent in M3. Conversely,
the M3 metastyle rib is prominent, merging directly with the
mesostyle rib basally.

Mandibles and lower cheek teeth. IVPP V33528, the holotype, is
a fragmentary left hemimandible bearing p3-m3 (Fig. 3(], K, 0)).
The region anterior to p3 and the ramus are extensively fractured.
The remaining corpus is shallow and faintly dorsally curved.

IVPP V33531 is an isolated p1 (Fig. 3(E, F, I)). The tooth is
diminutive, featuring a globular mesoconid from which a short
anterolabial cristid and a comparatively elongated posterolabial
cristid extend.

IVPP V33530 is a partial mandible bearing p2-p4 (Fig. 3(D, G,
H)). The premolars are brachydont and bunodont, characterized
by brevity, moderate mediolateral inflation, and morphological
uniformity. The p2 is small, displaying a conical mesolabial conid
with a robust distally oblique transverse cristid, lacking a mesolin-
gual conid. A diminutive anterior conid connects to the mesolabial
conid via a short anterolabial cristid. The posterolabial conid links
to the mesolabial conid through a flexed posterolabial cristid. The
posterolingual conid and posterior stylid are nearly parallel and
oriented buccally.

The p3 exhibits a triangular outline, possessing a mesolabial
conid more elevated than that of m2 (Fig. 3(D, G, H)). The distally
oblique transverse cristid is more pronounced than in m2, while
the mesolingual conid remains undifferentiated. The anterior conid
is larger, and the anterolabial cristid longer, compared to those of
p2. A diminutive anterior stylid is present. The posterolingual
conid is slightly obliquely oriented, and the posterior stylid curves
distally, enclosing the tooth’s distal margin. These structures orig-
inate from a weakly developed posterolabial conid, which connects
to the mesolabial conid via a short posterolabial cristid.

The p4 is relatively shorter and broader than p2 and p3 (Fig. 3
(D, G, H)). The trigonid is more developed, while the talonid is com-
paratively reduced. The anterior stylid is distinctly separated from
the anterior conid, forming a Y-shaped structure. The anterolabial
cristid is elongated and curved. The mesolabial conid is elevated,
displaying a short, robust, and predominantly lingually oriented
transverse cristid. A blunt mesolingual conid is delineated; further,
a very small posterolingual cristid is apposed to the distolingual
aspect of the mesolingual conid. The posterolabial conid is weakly
developed, separated from the mesolabial conid by a lingual
groove. The posterolingual conid is obliquely positioned, bearing
a faint posterior cristid. The posterior stylid delineates the distal
margin of p4.

The lower molars are moderately brachydont and bunodont.
The morphology of m1 and m2 is nearly identical, with m1 being
slightly smaller than m2 (Fig. 3(J, K, O)). They are moderately
broad, exhibiting a length slightly exceeding the width. The trigo-
nid is moderately narrower than the talonid. The metaconid and
entoconid are misaligned, positioned at a minor angle relative to
one another. The metaconid is globular and inflated labiolingually.
The mesostylid is weakly developed, whereas the metastylid is
large and rounded. The protoconid displays a rounded buccal pro-
file. The preprotocristid fails to connect to the premetacristid,
resulting in an open anterior fossa. The external postprotocristid
(Palaeomeryx-fold) is robust and abbreviated, originating from
the protoconid apex. The internal postprotocristid converges with
the junction of the postmetacristid and preentocristid, forming a
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Y-shape structure. The entoconid is similarly globular; the posten-
tocristid is well-defined, extending to the distolingual margin of
the tooth and generating a distally oriented diminutive entostylid.
The hypoconid also exhibits a rounded buccal contour. The pre-
hypocristid approaches the distal wall of the internal postpro-
tocristid but remains discontinuous. The posthypocristid
incompletely encloses the posterior fossa distally, creating a minor
notch. The ectostylid is moderately developed. In the m1 and m2 of
V33528 (holotype), deep wear facilitates its fusion to the pre-
hypocristid’s mesial wall. In lingual view, the metaconid and ento-
conid ribs are thickened and blunt. The metastylid rib is
prominent, contrasting with the faint mesostylid and entostylid
ribs.

The m3 comprises three lobes, with the anterior two lobes mir-
roring the morphology of m1 and m2 (Fig. 3(D, G, H, ], K, O)). In the
isolated m3 (IVPP V33529), the metastylid is comparatively smal-
ler (Fig. 3(J, K, O)). The hypoconulid is robust, and the entoconulid
remains indistinct. The third lobe forms a ring-like structure
enclosing the back fossa. The posterior ectostylid is markedly
diminutive. In IVPP V33528 (holotype; Fig. 3(J, K, O)), a prominent
enamel fold occurs at the posterior fossa’s distal terminus. In con-
trast, the isolated m3 (IVPP V33529; Fig. 3(L, M)) lacks this fold but
exhibits a distinct enamel fold within the back fossa.

Remarks: In Labrangomeryx dorcapolis nov. gen., nov. sp., the
premolars are relatively short and wide, the p4 bears a moderately
enlarged mesolingual conid, the external postprotocristid persists,
the metacone rib is faintly developed, the metastylid is pro-
nounced, and the cheek teeth are distinctly brachydont and
bunoselenodont - features collectively diagnostic of a hornless
pecoran. Notably, no cranial appendages have been identified from
this locality.

During the latest Oligocene and earliest Miocene, hornless pec-
orans were abundant in Europe and North America, with additional
records in South Asia and Africa, yet they remained scarce in Cen-
tral and Eastern Asia. In Europe, these taxa have been comprehen-
sively studied. Historically, European hornless pecorans were
classified under two canonical genera: Amphitragulus and Dremoth-
erium. Recent revisions, however, recognize greater diversity,
encompassing Pomelomeryx, Bendenomeryx, Oriomeryx, Andega-
meryx, Friburgomeryx, and Babameryx. Labrangomeryx dorcapolis
nov. gen., nov. sp. distinguishes itself from these genera through
a key autapomorphy: the pronounced mesial displacement of the
lingual cones in P2 and particularly P3 - a rare trait among early
pecorans. Beyond this feature, L. dorcapolis nov. gen., nov. sp.
shares closest affinities with the early Miocene (MN 1-3) genus
Pomelomeryx, especially P. boulangeri, with overlapping size for
these two species (Fig. 4(A-C)). Shared characteristics include
brachydont-bunoselenodont cheek teeth, abbreviated upper pre-
molars, an inflated P2 lingual cone, a weakly developed p4 pos-
terolingual cristid, moderately developed ectostylid and external
postmetacristid, narrow notches at the mesiolingual and distolin-
gual margins of m1-m2, and a fully enclosed m3 back fossa.
Nonetheless, L. dorcapolis nov. gen., nov. sp. diverges from P.
boulangeri (excluding P. cf. boulangeri from Wintershof-West,
which shares the mesially displaced P3 lingual cone; Obergfell,
1957; Réssner, 1995) in retaining a p1, exhibiting more robust sec-
ondary structures in upper molars (e.g., external postprotocrista,
enamel spurs/folds within fossae), stronger metastylids, and a
bifurcated p4 anterior stylid. Another congeneric species, P. gracilis,
the type species of Pomelomeryx (Ginsburg, 1985), is smaller than L.
dorcapolis nov. gen., nov. sp. (Fig. 4(A-C)). While P. gracilis shares a
p1 and comparably developed upper molar secondary structures, it
markedly differs in its heightened selenodonty (e.g., laterally com-
pressed metaconid/entoconid, sharply defined lingual margins of
protoconid/hypoconid). These morphological disparities challenge
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Fig. 4. Biometric comparisons of cheek teeth of Labrangomeryx dorcapolis nov. gen., nov. sp. (A-C) from the Shaoma fossil locality (Gansu, China) and Sinopalaeoceros xiejiaensis
(D-F). A-D. length vs. width of p4 (A), m2 (B, D), and m3 (C). E, F. ratio of length to height vs. ratio of width to height of m2 (E) and m3 (F). Note that in F, both sample points of
Palaeohypsodontus asiaticus are from the same specimen, PIN 473-93. The green diamond represents the original measurements in Trofimov (1958), and the open diamond with
a crossing represents the revised measurement in Huang (1985). Other data sources: Problastomeryx primus and Pseudoblastomeryx falkenbachi, measured in AMNH collection;
Pomelomeryx boulangeri (see Obergfell, 1957; Ginsburg et al., 1991; Rossner and Rummel, 2001); P. gracilis (see Rossner and Rummel, 2001); “Amphitragulus”quercyi and “A.”
feningrei (see Mennecart, 2012); A. elegans (see Ginsburg et al., 2001) and measured in NMB collection; Hydropotopsis lemanensis measured in NMB collection; Andegameryx
andegaviensis (see Ginsburg, 1971); A. serum (see Obergfell, 1957); “Palaeohypsodontus cf. asiaticus” and Hanhaicerus qii (see Huang, 1985), Gobicerus mongolicus (see Sokolov,
1952); Namibiomeryx senuti (see Morales et al., 1995); Merycodontinae measured in AMNH collection; Hypsodontinae measured in IVPP collection.
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the generic attribution of P. boulangeri (Rossner and Rummel,
2001).

Amphitragulus represents a significant genus of European horn-
less pecorans characterized by relatively bunoselenodont dentition
(contrasting with the more primitive Dremotherium). The Oligo-
cene species “A.” quercyi, “A.” feningrei, and A. primaevus have been
retained within this genus, though the first two remain taxonom-
ically contested (Mennecart, 2015). Among Miocene taxa, only
Amphitragulus elegans (Fig. 5(A, B)) is retained in the genus, while
others - including Pomelomeryx gracilis, P. boulangeri, Amphitragu-
lus lemanensis, and Oriomeryx major — have been reassigned to dis-
tinct genera (Ginsburg, 1985; Ginsburg and Morales, 1989;

posterolingual conid

mesolingual conid

entoconulid absent

root boundary,
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Ginsburg et al.,, 1991). Within the genus’s stratigraphic scope (en-
compassing Late Oligocene species and Early Miocene A. elegans),
“A.” quercyi - the smallest taxon (marginally smaller than L. dor-
capolis nov. gen., nov. sp.; Fig. 4(A-C)) - has been hypothesized
as the ancestral precursor to Pomelomeryx (Mennecart, 2012).
“Amphitragulus” quercyi retains a p1 but diverges from L. dorcapolis
nov. gen., nov. sp. in lacking a p4 anterior stylid, displaying an
incomplete postentocristid, reduced metastylid, and weakly devel-
oped cingulids. “Amphitragulus” feningrei, another species tenta-
tively assigned to the genus, is distinguished from other
Amphitragulus species by its marginally more selenodont cheek
teeth (Mennecart, 2012), a trait further differentiating it from L.

Cc

H

Fig. 5. Comparisons of lower tooth rows of selenodont artiodactyls. A, B. Amphitragulus elegans, a stem pecoran from the Agenian of Europe, NMB AM 7926, p1-m3. C, D.
Pseudoblastomeryx falkenbachi, a blastomerycid pecoran from the Arikareean of North America, AM 31530, p3-m3. E, F. Kubanotragus? sp., a hypsodontine bovid from the
Shanwangian of Central Asia, IVPP V33591, p2-m3. G, H. Paracosoryx sp., a merycodontine antilocaprid from the Barstovian of North America, AM 51960, p3-m3. I, J.
“Palaeohypsodontus cf. asiaticus” a ruminant? from the Ulantatalian of East Asia, IVPP V7638, p4-m3. K, L. Nothokemas sp., a nothokemaline camelid from the Arikareean of
North America, AM 99243 (cast), p4-m3. Specimens are in occlusal and buccal views. Scale bar: 10 mm.
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dorcapolis nov. gen., nov. sp. In “A.” feningrei, the P2 and P3 lingual
cones are centrally positioned, the metaconid and entoconid are
laterally compressed and aligned, and the p4 lacks a pronounced
anterior stylid - all contrasting with L. dorcapolis nov. gen., nov.
sp. The size range of “A.” feningrei overlaps with that of L. dorcapolis
nov. gen., nov. sp. (Fig. 4(A-Q)).

Amphitragulus primaevus has been proposed as the ancestor of
the type species A. elegans. Both species exceed L. dorcapolis nov.
gen., nov. sp. in size (Fig. 4(A-C)). Similar to Labrangomeryx nov.
gen., these “true” Amphitragulus taxa exhibit bunoselenodont
cheek tooth morphology. The p4 of L. dorcapolis nov. gen., nov.
sp. further parallels A. primaevus in retaining a non-distally oblique
transverse cristid (distally oblique in A. elegans) and a robust ante-
rior stylid (absent in A. elegans; Fig. 5(A, B)). However, A. primaevus
and A. elegans (Fig. 5(A, B)) diverge from L. dorcapolis nov. gen., nov.
sp. in exhibiting a weakly developed P2 lingual cone, absence of
mesial displacement in the P3 lingual cone, rudimentary upper
molar secondary structures (e.g., external postprotocrista), and
an m3 posterior fossa characterized by a distal notch typically
accompanied by a pronounced entoconulid.

Amphitragulus lemanensis may warrant assignment to a distinct
genus based on its cervid-like double lacrimal orifices. Because
Jehenne (1985) provisionally reclassified this species as Hydropo-
topsis lemanensis in his unpublished Ph.D. thesis, this nomenclatu-
ral proposal remains informal. Subsequent mentions by Ginsburg
et al. (1991) in their faunal description of Barbotan-les-thermes
constitute only a secondary citation of this unavailable name. Fol-
lowing current taxonomic standards, we maintain the original des-
ignation Amphitragulus lemanensis pending formal revision.
Preliminary observations based on limited NMB material suggest
Amphitragulus lemanensis exhibits heightened selenodonty in
cheek tooth morphology compared to A. elegans and further
diverges from L. dorcapolis nov. gen., nov. sp. Its size also surpasses
that of L. dorcapolis nov. gen., nov. sp. (Fig. 4(A-C)).

Oriomeryx was erected for the reassignment of Amphitragulus
major, with a second species, O. willii - originally attributed to
Palaeomeryx aff. kaupi (Obergfell, 1957; Ginsburg, 1985). Oriomeryx
represents a large-bodied genus (0. willii exceeding O. major in
size) and exhibits marked morphological divergence from L. dor-
capolis nov. gen., nov. sp., including: a robust lingual cingulum on
P4, absence of a p4 anterior stylid contrasted by a prominent lin-
gual groove, incomplete enclosure of the m3 back fossa, and a
well-developed m3 entoconulid (Filhol, 1881; Viret, 1929).

Dremotherium constitutes the second key genus, serving as the
morphological counterpart to Amphitragulus. Two species are rec-
ognized: the smaller Oligocene D. guthi (Jehenne, 1987) and the
larger Miocene D. feignouxi (Filhol, 1881; Sigogneau, 1968; Viret,
1929; Costeur, 2011). Both species exceed L. dorcapolis nov. gen.,
nov. sp. in size. Dremotherium is unequivocally distinguished from
L. dorcapolis nov. gen., nov. sp. by its heightened cheek tooth selen-
odonty. Additionally, Dremotherium exhibits: a weakly developed
P2 lingual cone, a centrally positioned P3 lingual cone, a potential
P4 lingual cingulum, a p4 with a distally oblique transverse cristid
featuring a mesial buckle, and a pronounced posterolingual cristid
- traits absent in L. dorcapolis nov. gen., nov. sp.

Bendenomeryx, another genus marked by extreme selenodonty,
comprises three species: the Oligocene B. milloquensis and the Mio-
cene B. paulhiacensis and B. truyolsi (Jehenne, 1988; Ginsburg et al.,
1994). All three species substantially surpass L. dorcapolis nov. gen.,
nov. sp. in size. Morphologically, Bendenomeryx is characterized by
mediolaterally expanded P2-P3 with enlarged lingual cones, yield-
ing a subcircular occlusal outline. The lower molars trend toward a
sub-ovoid shape. The p4 displays closely approximated mesolin-
gual and mesolabial conids, resulting in an abbreviated transverse
cristid. The m3 back fossa remains lingually open. Collectively,
these features starkly contrast with L. dorcapolis nov. gen., nov. sp.
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Andegameryx comprises three species: A. andegaviensis, A. laug-
nacensis, and A. serum. The first two species exceed L. dorcapolis
nov. gen., nov. sp. in size, while A. serum approximates its dimen-
sions (Fig. 4(A-C)). Although Andegameryx shares a relatively
bunoselenodont dentition with L. dorcapolis nov. gen., nov. sp., it
typically lacks an external postprotocristid (Palaeomeryx-fold;
Ginsburg, 1971; Ginsburg and Morales, 1989; Ginsburg et al.,
1991, 1994) - a key distinction. However, A. serum (Obergfell,
1957) uniquely retains this cristid. Despite this similarity, A. serum
diverges from L. dorcapolis nov. gen., nov. sp. in its weakly devel-
oped P2 lingual cone, centrally positioned P3 lingual cone, rudi-
mentary or absent metastylids, and simplified m3 third lobe
morphology (Obergfell, 1957; Ginsburg, 1971; Ginsburg et al.,
1991, 1994; Réssner, 1995; Quiralte and Morales, 2011).

Friburgomeryx wallenriedensis, a rare Early Miocene taxon
(Becker et al., 2001; Mennecart et al., 2016), exhibits pronounced
bunoselenodonty relative to contemporaneous forms. It differs
from L. dorcapolis nov. gen., nov. sp. in its attenuated external post-
protocristid, poorly molarized lower premolars, aligned
metaconid-entoconid pair, and larger size.

Babameryx engesseri, an enigmatic latest Oligocene taxon, is dis-
tinguished from L. dorcapolis nov. gen., nov. sp. by a robust P4 lin-
gual cingulum, reduced upper molar metaconule, presence of a
metacone rib, weakly developed metastylid, and incomplete
postentocristid.

In the latest Oligocene and earliest Miocene of Central and East
Asia, hornless pecorans are exceptionally scarce in the fossil record.
Vislobokova (1997) documented Amphitragulus cf. quercyi, A. cf.
gracilis, and A. cf. boulangeri from Mongolia, alongside Amphitragu-
lus boulangeri and Amphitragulus sp. from Kazakhstan. Additionally,
she reported isolated molars attributed to Amphitragulus boulangeri
from the Early Miocene Tagai locality near Lake Baikal, Russia
(Vislobokova, 1994). While these dental elements exhibit morpho-
logical affinities with L. dorcapolis nov. gen., nov. sp. in crown mor-
phology, critical premolar elements remain undocumented in the
Tagai material. This absence of diagnostic anterior dentition pre-
cludes definitive taxonomic assignment. Amphitragulus minoensis,
from the early Miocene Hiramaki Fm. (Japan), represents another
regional record. Though substantially larger than L. dorcapolis
nov. gen., nov. sp., its holotype exhibits extensive occlusal wear,
limiting detailed morphological comparison (Nishioka et al.,
2016). A further indeterminate cervoid specimen (Cervoidea fam.,
gen. et sp. indet.) from the coeval Koura Fm. (Japan) also exceeds
L. dorcapolis nov. gen., nov. sp. in size, differing further in its mod-
erately taller tooth crowns, absence of p1, and pronounced ento-
conid rib (Nishioka et al., 2016).

Several diminutive pecorans have been documented from the
Late Oligocene to Early Miocene of Pakistan, including Gelocus?
gajensis, Prodremotherium? beatrix, and Bugtimeryx pilgrim
(Pilgrim, 1912; Ginsburg et al., 2001). Although Ginsburg et al.
(2001) reclassified the former two within Bugtimeryx and posited
its affinity as a stem giraffoid, the phylogenetic placement of these
taxa remains provisional, warranting further study (Métais et al.,
2017). All exceed L. dorcapolis nov. gen., nov. sp. in size. Key differ-
ential traits include: an attenuated or absent external postpro-
tocristid ~ (Palaeomeryx-fold), reduced metastylid, aligned
metaconid-entoconid pair, and a distinct entoconulid on m3,
demarcated from the hypoconulid (Barry et al., 2005) - features
incongruent with L. dorcapolis nov. gen., nov. sp. Métais et al.
(2017) additionally reported aff. Amphitragulus sp., Mosaicomeryx
aff. quercyi, and Paalitherium gurki from the mid-Oligocene Paali-
C2 locality (Dera Bugti). Among these, L. dorcapolis nov. gen., nov.
sp. diverges from aff. Amphitragulus sp. in its more robust metasty-
lid, from Mosaicomeryx aff. quercyi in retaining an external postpro-
tocristid and abbreviated p3, and from Paalitherium gurki - an
aberrant ruminant characterized by dual external postprotocristids
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forming a V-shaped structure and a minor fork on the posthypo-
cristid - in lacking such autapomorphies.

Hornless pecorans are also documented from the earliest Mio-
cene of Africa. Walangania, a well-studied genus, exhibits margin-
ally heightened selenodonty in its cheek teeth compared to L.
dorcapolis nov. gen., nov. sp. The larger species, W. africanus,
slightly exceeds L. dorcapolis nov. gen., nov. sp. in size and retains
an attenuated external postprotocristid. The smaller species, W.
gracilis - comparable in size to L. dorcapolis nov. gen., nov. sp. —
lacks this cristid entirely (Whitworth, 1958). Walangania further
diverges from L. dorcapolis nov. gen., nov. sp. in its reduced metas-
tylids, aligned metaconid-entoconid pair, weakly developed upper
molar secondary structures, and faint M3 lingual cingulum (Janis
and Scott, 1987; Barry et al., 2005). Another taxon, “Gelocus” whit-
worthi, displays marked aberrance, notably a forked posten-
tocristid and aligned metaconid-entoconid - distinct from L.
dorcapolis nov. gen., nov. sp. Intriguingly, a pronounced enamel
fold within the m3 back fossa parallels the condition observed in
IVPP V33529, an isolated m3 of L. dorcapolis nov. gen., nov. sp.
(Fig. 3(L, M)). We interpret this similarity as a non-diagnostic, inci-
dental convergence.

In North America, hornless pecorans emerged abruptly during
the late Arikareean (earliest Miocene), with Problastomeryx primus
and Pseudoblastomeryx falkenbachi (Fig. 5(C, D)) appearing first, fol-
lowed shortly by Parablastomeryx gregorii (Frick, 1937; Webb,
1998; Prothero, 2007, 2011). While these taxa diverge in body size
and limb proportions (slenderness vs. robustness), their dental
morphology is congruent. Labrangomeryx dorcapolis nov. gen.,
nov. sp. shares notable similarities with these North American
taxa, particularly in size (Fig. 4(A-C)). In the upper dentition of
the American taxa, the P2 and P3 exhibit prominent lingual cones,
with the P3 cone moderately displaced mesially (though less pro-
nounced than in L. dorcapolis nov. gen., nov. sp.). The parastyle,
mesostyle, and paracone bear pronounced ribs, whereas metacone
ribs are faint on M1-M2 and absent on M3. The metaconule is min-
imally reduced. The M3 anterolingual cingulum is less developed
compared to L. dorcapolis nov. gen., nov. sp., and the external post-
protocrista is typically absent (unlike L. dorcapolis nov. gen., nov.
sp.), though minor enamel spurs occur within fossae. The lower
molars of Problastomeryx, Pseudoblastomeryx, and Parablastomeryx
are similarly brachydont-bunoselenodont, with marginally taller
crowns than L. dorcapolis nov. gen., nov. sp. A p1 may variably per-
sist or be absent. The p3 and p4 are proportionally elongate relative
to L. dorcapolis nov. gen., nov. sp. The p4 retains a mesolingual
conid and a weakly oblique transverse cristid. An external postpro-
tocristid is present but attenuated, and the metastylid is moder-
ately developed. The m1-m2 display narrow notches at the
mesio- and distolingual corners, resulting from proximate but
non-convergent cristid termini. The m3 back fossa forms a com-
plete ring, with a rudimentary entoconulid.

Based on our comparative analysis, Labrangomeryx dorcapolis
nov. gen., nov. sp. exhibits a unique combination of morphological
features that justify its recognition as a distinct genus. Further-
more, L. dorcapolis nov. gen., nov. sp. shares notable similarities
with the European Pomelomeryx boulangeri and “Amphitragulus”
quercyi, and demonstrates strong affinities to North American taxa
such as Problastomeryx, Pseudoblastomeryx, and Parablastomeryx.
These relationships suggest potential evolutionary connections
between Eurasian and North American pecorans, which are further
explored in the cladistic analysis presented below.

Additionally, the cheek teeth morphology of L. dorcapolis nov.
gen., nov. sp. diverges significantly from early Cervidae and
Moschidae, characterized by its pronounced brachydont-
bunoselenodont structure. Unlike any known cervid or moschid,
the p4 of L. dorcapolis nov. gen., nov. sp. only bears a small mesolin-
gual conid with a rudimentary posterolingual cristid (p4 anterolin-
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gual cristid is present in Moschidae, and p4 posterolingual cristid is
well-developed in Cervidae), and the m3 entoconulid is nearly
absent (isolated in Cervidae, and sharp-apex-like in Moschidae),
resulting in a ring-like back fossa. Therefore, attributing L. dor-
capolis nov. gen., nov. sp. to either Cervidae or Moschidae appears
unlikely based on these distinctive dental traits.

Genus Sinopalaeoceros Chen, 1988.

Type and only species: Sinopalaeoceros xiejiaensis (Li and Qiu,
1980).

Occurrence: Early Miocene (MN 1-3), northern China.

Emended diagnosis: High-crowned cheek teeth (m2 height/
width ratio approximately 3), p4 with four oblique cristids (ante-
rior conid, transverse cristid, posterolingual conid, and posterolin-
gual stylid, mesially to distally) originating from the buccal wall,
with the distal two cristids enclosing the back valley. Lingually,
sharp-apexed lingual conids and thin, prominent stylid ribs. m3
with a pronounced entoconulid and closed back fossa. Ectostylid
absent. Differing from all hornless pecorans in high tooth crown
and mesial inclination of m3 in lingual view. Differing from hyp-
sodontine bovids (Kubanotragus, Turcoceros, Hypsodontinus) in
mesial inclination of m3 in lingual view, presence of a strong m3
entoconulid, and typically higher tooth crown. Differing from
merycodontine antilocaprids in smaller size and lesser hyp-
sodonty. Differing from tragulids and cameloids in p4 having four
oblique cristids derived from a buccal wall.

Sinopalaeoceros xiejiaensis (Li and Qiu, 1980)

Fig. 6

1980. Oioceros (?) xiejiaensis nov. sp. — Li and Qiu, p. 208, pl. 1,
figs. 8, 9.

1988. Sinopalaeoceros xiejiaensis (Li and Qiu) - Chen, p. 166.

Holotype: IVPP V6007, a right upper jaw with M2 and M3.

Paratypes: IVPP V6008, a left upper jaw with M1 and M2, a
right DP4 (originally identified as an M1), a right M2, and a left
lower jaw with m1 and m2.

Material (from the Shaoma locality): IVPP V33533, a right
lower jaw with m2 and m3; V33534, a left p4; V33535, a left M1
and M2; V33536, a right P2.

Type locality and horizon: Xiejia (IVPP 78027), Xining City,
Qinghai Province, China.

Occurrence: Early Miocene (MN 1-3), northern China.

Measurements: See Table 1.

Diagnosis: As for the genus, by monotypy.

Descriptions:

The P2 (IVPP V33536; Fig. 6(A-C)) is moderately high, with a
straight buccal wall and a rounded lingual wall. The posterior lin-
gual cone is circular, featuring a deep anterior groove that outlines
a slightly defined anterolingual cone. The mesial edge of the tooth
is rounded and bears a weak anterior style. The labial cone remains
undivided and exhibits a buccal angle. The distal end of the tooth
shows a sharp corner, bearing a distally oriented posterior style.
Each crista is nearly invisible due to extensive wear. In buccal view,
the ribs of the labial cone, as well as the anterior and posterior
styles, are columnar and parallel.

The M1 is severely broken (not photographed), whereas the M2
is complete (IVPP V33535; Fig. 6(D-F)). The M2 exhibits moderate
wear and a high tooth crown. The first lobe is relatively short and
wide, while the second lobe is long and relatively narrow. The pro-
tocone is triangular with a distinct lingual angle. The prepro-
tocrista merges with the preparacrista to form a moderately
developed, mesobuccally oriented parastyle. The postprotocrista
curves and joins the mesial wall of the premetaconulecrista. The
paracone is inflated on both the lingual and buccal sides, featuring
a blunt buccal angle. The postparacrista is slightly curved and
meets the premetacrista at the moderately developed mesostyle.
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A D Vv

Fig. 6. Sinopalaeoceros xiejiaensis from the Shaoma (A-L) and Xiejia (M—AA) fossil localities. A-C. IVPP V33536, right P2. D-F, IVPP V33535, left M2. G-1. V33534, left p4. J-L.
IVPP V33533, right m2 and m3. M-0. IVPP V6007, right M1 and M2, type specimen. P-R. IVPP V6008, left M1 and M2. S-U, IVPP V6008, right DP4. V-X. IVPP V6008, right M2.
Y-AA, IVPP V6008, left m1 and m2. Specimens are in occlusal, lingual, and buccal views. Scale bar: 10 mm.

The metacone lacks inflation and extends slightly obliquely rela- the lingual wall of the postparacrista, nearly fusing with it. The
tive to the paracone. The metaconule is triangular, also bearing a postmetaconulecrista is elongated and joins the postmetacrista,
blunt buccal angle, positioned more buccally than the protocone. forming a strong, buccally oriented metastyle. In buccal view, the

The premetaconulecrista merges with the postprotocrista near ribs of the parastyle, mesostyle, metastyle, and paracone are pro-
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nounced, whereas the metacone rib is very weak. These ribs run
nearly parallel for most of their length but converge close to the
root. The ribs of the parastyle and paracone fuse into one at the
base.

The p4 (IVPP V33534; Fig. 6(G-1)) is moderately high, relatively
long and narrow, with thin cristids. The anterior conid is nearly
perpendicular to the median axis, only slightly oblique, and lacks
an anterior stylid. The mesolabial conid is slightly swollen and
bears a long, thin anterolabial cristid and a posterolabial cristid.
The transverse cristid is strongly distally oblique, and its distal
end is almost not inflated, making the mesolingual conid indistin-
guishable in initial wear stages. However, the distal end of the
transverse cristid gradually expands from the crown towards the
root. The posterolabial conid is slightly lingually curved and radi-
ates a posterolingual conid and a posterior stylid that link to each
other distally, forming a narrow, oblique ring.

The m2 (IVPP V33533; Fig. 6(J-L)) is in deep wear and has a high
tooth crown. The trigonid is so deeply worn that the anterior fossa
is vanished. In this wearing state, the trigonid is pentagonal with a
buccal angle. The entoconid is slightly inflated with short pre- and
postentocristids. The metastylid has been worn out, but the entos-
tylid is present. The hypoconid is triangular with a sharp buccal
angle. The anterior cingulid has been worn out, and no ectostylid
is present. In lingual view, the metaconid and entoconid are high
and sharp. The ribs of the mesostylid and entostylid are sharp
and thin, while those of the metaconid and entoconid are blunt
and weak. The metastylid rib is absent.

The m3 (IVPP V33533; Fig. 6(J-L)) is high-crowned and laterally
compacted, with very narrow fossae. The three lobes are well
defined. The metaconid is only slightly inflated and has a curved
premetacristid. The mesostyle is prominent, while the metastyle
is small and attaches to the middle of the postmetacristid. The pro-
toconid has a blunt triangular buccal angle and extends a long,
curved preprotocristid that joins the premetacristid. The short
postprotocristid meets the postmetacristid and preentocristid,
forming a “T”-shape junction. The entoconid is aligned with the
metaconid and is slightly inflated with short pre- and posten-
tocristids. The hypoconid is similar to the protoconid, showing a
blunt triangular buccal angle. The prehypocristid is curved and
reaches the lingual wall of the preentocristid. The posthypocristid
meets the postentocristid, closing the posterior fossa. An entostylid
is absent. Both the entoconulid (broken at the tip) and the hypoco-
nulid are well-developed with complete cristids that enclose the
back fossa. A strong anterior cingulid is present, and ectostylid
and posterior ectostylid are absent. In lingual view, the metaconid
and entoconid are high and sharp (the tip of the entoconulid is bro-
ken). The ribs of the mesostylid and metastylid are thin and
slightly converge, while the ribs of the metaconid, entoconid, and
entoconulid are blunt and weak. Overall, the m3 shows a mesial
inclination from the occlusal plane, as evidenced by the oblique
orientations of the ribs.

Remarks: The present material represents a small pecoran with
a high tooth crown. The overall morphology closely matches that
of Sinopalaeoceros xiejiaensis, a representative taxon from the Xie-
jian Stage. Due to the unclear photos in the original plate, we have
included type specimens from Xiejia (Fig. 6(M-AA)) alongside the
new specimens from Shaoma for comparison. Additionally, we rei-
dentified Fig. 6(S-U) (one specimen of IVPP V6008) as a DP4 rather
than an M1, due to its significantly lower crown height. The new
specimens are identical to the type material both in size and mor-
phology, except for the slightly weaker metastylid, which appears
to be caused by deeper wear.

Sinopalaeoceros xiejiaensis, originally referred to as Oioceros?
xiejiaensis, was previously classified as a bovid (Li and Qiu, 1980;
Chen, 1988). However, no horncore has been discovered from such
early strata. Small hornless ruminants with a high tooth crown
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have been previously reported from the Oligocene and Early Mio-
cene of Asia, including Palaeohypsodontus asiaticus, P. zinensis, Han-
haicerus qii, Gobiocerus mongolicus, and some other materials
referred to as Bovidae indet. (Sokolov, 1952; Trofimov, 1958;
Huang, 1985; Métais et al., 2003). Furthermore, Namibiomeryx
senuti is a hornless pecoran from the Early Miocene of Africa
(Morales et al., 1995).

Palaeohypsodontus asiaticus was reported from Tatal Gol and
Hsanda Gol, Late Oligocene of Mongolia. Compared to S. xiejiaensis,
P. asiaticus was smaller and relatively lower crowned. The m3 is
not mesially inclined in lingual view, unlike that of S. xiejiaensis.
Palaeohypsodontus zinensis was reported from the Late Oligocene
of Dera Bugti, South Asia (Métais et al., 2003). It is larger and
higher-crowned than P. asiaticus, but is still lower-crowned com-
pared to S. xiejiaensis (Fig. 4(D-F)). The unaligned proximal and dis-
tal pulley of the astragalus renders the pecoran affinity of
Palaeohypsodontus questionable. However, “Palaeohypsodontus cf.
asiaticus” from Ulantatal, Early Oligocene of China (Fig. 5(I, J)), is
much larger and lower-crowned (Fig. 4(D-F)). The lower molars
are wider than those of S. xiejiaensis. The anterior cingulid is
absent. The p4 possesses thick cristids with an isolated posteriolin-
gual conid that joins the transverse cristid. This morphology is
more or less tragulid-like or camelid-like (Fig. 5(I-L)), rather than
pecoran-like. Hanhaicerus qii was from the same locality as P. cf.
asiaticus. It is even larger and lower-crowned (Fig. 4(D-F)). The
metastylids are pronounced and the entoconulid and hypoconulid
do not close the distal end of the back fossa. The anterior cingulid is
also absent. Gobiocerus mongolicus is from the Loh Fm. of Hsanda
Gol, Early Miocene (Sokolov, 1952). The m1 and m2 are much lar-
ger than those of S. xiejiaensis, but relatively lower-crowned. It is
possibly a bovid closely related to Hypsodontus or Turcocerus,
belonging to the Hypsodontinae of Bovidae. Vislobokova and
Daxner-Hock (2002) reported ?Gobiocerus sp. from C1 zone, but
its assignment to this genus is questionable. Namibiomeryx senuti
is slightly smaller than S. xiejiaensis. The tooth morphology of N.
senuti is close to that of H. gii, such as the relatively low tooth
crown (Fig. 4(D-F)) and thicker ribs of stylids. Particularly, the pos-
terior fossa is open due to the disconnection of the postentocristid
and posthypocristid. The m3 back fossa is highly notched (Morales
et al., 1995). The above taxa are all distinct from S. xiejiaensis.

Blastomeryx, Machaeromeryx, and Longirostromeryx are hornless
ruminants from North America, with later occurrences than S. xieji-
aensis. Although the tooth crowns have increased (compared with
Problastomeryx, Pseudoblastomeryx, and Parablastomeryx) in the for-
mer taxa, they are still markedly lower than those of S. xiejiaensis
(Frick, 1937; Webb, 1998).

Although S. xiejiaensis was previously regarded as a bovid, its
tooth morphology differs significantly from that of early-middle
Miocene bovids. The early Bovinae, like Eotragus, have relatively
low tooth crowns, which are very different from those of S. xieji-
aensis (Made, 2012). Further comparisons with the high-crowned
Hypsodontinae, such as Hypsodontus, Turcocerus, and Kubanotragus,
reveal that in these taxa, the third lobe of m3 only has a hypoconu-
lid, missing an entoconulid (therefore, the m3 back fossa is absent
in Hypsodontinae; Kohler, 1987; Fig. 5(E, F)). The ectostylid and
entostyle may be present in Hypsodontinae (absent in S. xiejiaen-
sis). The m3 is not mesially inclined in lingual view because the
occlusal surface of Hypsodontinae is perpendicular to the m3 ver-
tical axis. The mesially inclined m3 of S. xiejiaensis appears to cor-
relate with its extremely hypsodont nature, which is larger than
that of the Hypsodontinae (Fig. 4(F)). In fact, the cheek tooth height
of S. xiejiaensis is larger than any early-middle Miocene ruminants
except for the merycodontines of Antilocapridae (Fig. 4(D-F)), as
previously mentioned (Janis and Manning, 1998). In merycodonti-
nes, such as Merycodus, Paracosoryx, and Merriamoceros, except for
the larger size, there is almost no difference between S. xiejiaensis
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and merycodontines in lower cheek tooth morphology (Fig. 5(G,
H)), including the hypsodonty level. However, the upper cheek
teeth of merycodontines may be even higher than those of S. xieji-
aensis, but with similar tooth morphology (Frick, 1937).

Ruminantia gen. et sp. indet.

Fig. 7(A-])

Material: IVPP V33537, a right metacarpal III-IV, distal ends
unfused; IVPP V33538, a distal end of left metacarpal IlI-IV; IVPP
V33539, a distal epiphysis of a metatarsus.
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Description:

The complete metacarpal III-IV, IVPP V33537 (Fig. 7(A-E)), is
semicylindrical and moderately elongated. In dorsal view, a shal-
low groove runs along the median axis. In volar view, the groove
for flexor tendons is wide and shallow, gradually vanishing distally.
In lateral view, there is a weak impression for the lateral extensor
tendon. In proximal view, the fan-shaped dorsomedial facet for the
magnum occupies most of the surface. A sub-square volomedial
facet for the trapezoid is relatively large and meets the magnum
facet by a relatively long crest. The fan-shaped lateral facet for

Fig. 7. Pecora gen. et sp. indet. (A-]) and Protoceratidae? gen. et sp. indet. (K-M) from the Shaoma fossil locality (Gansu, China). A-E. IVPP V33537, right metacarpal III-1V, in
proximal (A), dorsal (B), volar (C), medial (D), and lateral (E) views. F-H. IVPP V33538, left metacarpal IlI-1V, in dorsal (F), volar (G), and distal (H) views. I, J. IVPP V33539,
distal epiphysis of a metatarsus?, in volar (I) and abaxial (J) views. K-M. IVPP V33554, left p4, in occlusal (K), lingual (L), and buccal (M) views. Notes: 1, facet for magnum; 2,
step between facets for magnum and unciform; 3, facet for unciform; 4, facet for trapezoid; 5, bony bridge of gully; 6, incomplete pulley; 7, open gully; 8, facets for MC II; 9,
facets for MC V; 10, groove between mesolabial and posterolabial conids. Scale bar: 10 mm.
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the unciform is smaller and lower positioned than the magnum
facet, meeting the latter by a small step. The proximomedial facet
for the metacarpal Il is relatively large, while that for the metacar-
pal V at the proximolateral facet is small. Measurements (in mm):
preserved length, 78.49; proximal width, 12.09; proximal thick-
ness, 8.43; middle shaft width, 8.11; middle shaft thickness, 5.84.

In the distal part of IVPP V33537, the distal bony bridge has not
been formed (Fig. 7(A-E)). We do not know if the bridge would be
formed in the adult stage. In IVPP V33538 (Fig. 7(F-H)), a complete
bony bridge is formed, with tightly fused distal pulleys. However,
the distal keel of each pulley is incomplete, as the dorsal part is
poorly developed. Measurements (in mm): preserved length,
21.59; distal width, 12.40; distal thickness, 7.58.

IVPP V33539 (Fig. 7(1, ])) is a distal unfused pulley, identified as
part of a metatarsus III-IV due to its relatively large dorsoplantar
dimension. The dorsal part of the distal keel is also poorly devel-
oped. Measurements (in mm): length, 8.86; width, 6.68; thickness,
8.25.

The above metapodial specimens may belong to either Labran-
gomeryx dorcapolis nov. gen., nov. sp. or Sinopalaeoceros xiejiaensis.
There are several primitive features in the specimens, including the
incomplete metapodial distal keel and the large trapezoid facet
(indicating that the trapezoid possibly has not been fused with
the magnum), compared with higher pecorans (Janis and Scott,
1987)

Tylopoda? Illiger, 1811

Protoceratidae? Marsh, 1891

Protoceratidae? gen. et sp. indet.

Fig. 7(K-M)

Material: IVPP V33554, a left p4 (Fig. 7(K-M)).

Measurements: See Table 1.

Description: The tooth is very large, with a sub-triangular
occlusal shape. The enamel is thick. The mesolabial cone is ellipti-
cal and extends mesiolingually-distolabially. The anterolabial cris-
tid is very thick and runs along the mesiobuccal margin, showing a
pronounced posterolabial groove. A circular anterior conid is sepa-
rated from the distolingual side of the mesiobuccal tip. The
mesolingual conid is slightly broken and stands along the lingual
side of the mesolabial conid. A posterolingual cristid extends dis-
tally. The posterolabial conid is large and slightly transversely
expanded. A thick, straight posterolabial cristid directly connects
the mesolabial and posterolabial conids. A small posterolingual
conid sits at the distolingual corner of the tooth.

Remarks: The huge size is greater than that of any taxon of
Tragulidae at that time, and usually, the contour of p4 in tragulids
is relatively long and narrow (Whitworth, 1958; Qiu and Gu, 1991;
Ginsburg et al., 2001). On the other hand, this specimen shows
characters of some North American camelids of Arikareean, like
Nothokemas and Aguascalientia of Camelidae (Rincon et al., 2012;
Marriott et al., 2022) and the protoceratids, Syndyoceras and Para-
toceras (Patton and Taylor, 1973). Considering the low crown, we
provisionally refer to it as Protoceratidae? gen. et sp. indet. This
attribution remains highly tentative and requires verification
through additional material.

3.2. Cladistic analysis

Our cladistic analysis elucidates early differentiation patterns
among ruminant families through an expanded morphological
matrix derived from Mennecart and Métais (2015), incorporating
39 ruminant taxa (including representatives of all crown families)
with Amphirhagatherium weigelti (Choeropotamidae) and Merycoi-
dodon culbertsoni (Merycoidodontidae) as outgroups. Parsimony
analysis generated two equally most parsimonious trees
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(length = 176; CI = 0.426; RI = 0.730), with the strict consensus
tree’s proximal topology mirroring previous work while revealing
novel evolutionary relationships (Fig. 8). Basally positioned
Archeomeryx optatus gives way to a trifurcation among Miomeryx
altaicus, North American Tragulina (Hypertragulidae + Leptomeryci
dae), and a Eurasian clade comprising Tragulina-Pecora ‘hybrids’,
where extant Tragulidae emerge derived post-Lophiomerycidae/
“Gelocidae”. Post-latest-Oligocene taxa (excluding Gobiomeryx
dubius and Pseudomeryx gobiensis, whose positions remain tenta-
tive due to morphological incompleteness) form two well-
defined monophyletic groups: One clade unites Late Oligocene-
Early Miocene small brachydonts, in which Labrangomeryx dor-
capolis nov. gen., nov. sp. is clustered with North American Blas-
tomerycidae, supported by at least one synapomorphy: molars
with strong metastylids (character 24; Texts S1, Appendix A [the
same below]), and another two synapomorphies on the cladogram,
MC V and MT II not fused with corresponding cannon bones (37,
43) is unknown in Labrangomeryx nov. gen. They further clustered
with Eurasian taxa including Dremotherium spp., Pomelomeryx gra-
cilis, and Amphitragulus spp. Labrangomeryx dorcapolis nov. gen.,
nov. sp. is unique in the following autapomorphies: P3 lingual cone
anteriorly positioned (6), molar lingual cingulum only present on
M3 (8), possible absence of complete distal metapodial keels
(41). Another clade positions Sinopalaeoceros xiejiaensis basally
within crown Pecora, clustering with primitive Antilocapridae
(Paracosoryx wilsoni), supported by the following synapomorphies:
p4 posterolingual cristid (19) and p4 mesolingual conid (21) miss-
ing; m3 third lobe possessing double apex (29), and very high
cheek tooth crown (30). Interestingly, the Central Asian Oligocene
taxa (Gobimeryx and Pseudomeryx) are clustered with Sinopalaeo-
ceros + Antilocapridae. This topology further corroborates Morales
et al. (1996) identification of Andegameryx/Namibiomeryx as Bovi-
dae stem taxa, which alongside crown Giraffidae (Canthumeryx
sirtensis) form a sister group to (Antilocapridae + Sinopalaeoceros),
while Moschidae and Cervidae occupy more basal positions, con-
tradicting the topology of molecular phylogeny (Hassanin et al.,
2012; Chen et al., 2019); Palaeomerycidea are positioned outside
of the Moschidae and Cervidae, not grouped with Giraffidae as
Sanchez et al. (2015) demonstrated. These disparities may be
caused by the more conservative check tooth characters in Palaeo-
merycidea, Cervidae, and Moschidae. These families were grouped
in Cervoidea by Janis and Scott (1987). Nevertheless, in this analy-
sis, Labrangomeryx dorcapolis nov. gen., nov. sp. is positioned as a
stem Pecora, while Sinopalaeoceros xiejiaensis falls into the crown
Pecora.

4. Discussion

Stem pecorans may have originated from the Early Oligocene of
Eurasia, shortly after the Mongolian Remodeling event (Meng and
McKenna, 1998). However, this hypothesis has been heavily
debated. The increasing aridification and expansion of open envi-
ronments in Asian inland areas appear to represent the primary
driving forces behind the origin of pecorans in this region (Li
et al., 2018). The Oligocene-Miocene transition marks an impor-
tant stage in the early radiation of pecorans (Mennecart, 2012).
During this period, pecorans dispersed into Africa and North Amer-
ica. However, East and Central Asia, as potential evolutionary cen-
ters for pecorans, exhibit notably incomplete fossil records. This
situation may be partially attributed to the relatively limited
fossil-bearing strata of this age in the region. More critically, it
often stems from less thorough description and comparison, where
specimens are typically assigned to Cervidae indet. or Bovidae
indet. based solely on cheek tooth crown height.
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Fig. 8. Strict consensus tree resulting from the two MPTs of ruminants. Taxon name in Red: Eurasian; Blue: North American; Green: African. The numbers represent
synapomorphic characters (Text S1; Appendix A) at each node. Labrangomeryx dorcapolis nov. gen., nov. sp. and Sinopalaeoceros xiejiaensis are marked in red rectangles.

The new ruminants from the Shaoma Locality provide an oppor-
tunity to advance understanding of the evolutionary history of
crown pecoran families. Extant crown pecoran families (Antilo-
capridae, Giraffidae, Cervidae, Bovidae, and Moschidae) are united
by their distinctive cranial appendages (except Moschidae, which
lack such structures; Davis et al., 2011). The fossil record of these
families emerged abruptly at ca. 20-19 Ma, appearing concurrently
in Eurasia, Africa, and North America, and no cranial appendages
have been documented prior to this age. If the presence of each dis-
tinct cranial appendage type is interpreted as a synapomorphy
defining each pecoran family, earlier fossils cannot be confidently
assigned to these crown families unless corresponding cranial
appendages are preserved in the fossil record.

Our phylogenetic reconstruction based on morphological data
suggests the potential relationship of ruminants between China
and North America in the Early Miocene (Fig. 8). However, it con-
tradicts the updated molecular phylogeny, in which Antilocapridae
and Giraffidae represent the earliest diverging pecoran lineages,
followed by Cervidae, and finally Moschidae and Bovidae
(Hassanin et al., 2012; Chen et al., 2019). Within the molecular
phylogenetic cladistic framework, hypsodonty evolved at least
twice independently in crown pecorans — once in antilocaprids
and bovids - and potentially also in certain giraffoids and cervids.
High-crowned cheek teeth are a problematic synapomorphic trait
for grouping fossil taxa, as hypsodonty also evolved independently
in tylopods. The moderate hypsodonty of “Palaeohypsodontus cf.
asiaticus” from Ulantatal could plausibly align it with Bovidae,
Antilocapridae, or Camelidae (Fig. 5(I-L)). However, its p4 mor-
phology more closely resembles camelids than pecorans or it can
be further comparable with any selenodont artiodactyl family of
mesodonty. Consequently, Sinopalaeoceros xiejiaensis cannot be
definitively assigned to Bovidae or Antilocapridae; instead, it is
better interpreted as a stem pecoran. The phylogenetic relationship
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of S. xiejiaensis with Palaeohypsodontus and Hanhaicerus remains
unresolved, as these taxa exhibit non-pecoran traits (Métais
et al.,, 2003). Similarly, low tooth crowns should not be used to
group taxa with cervids, as this represents a plesiomorphic condi-
tion. Labrangomeryx dorcapolis nov. gen., nov. sp., with its brachy-
dont and bunoselenodont cheek teeth, clearly occupies a more
primitive evolutionary position relative to Cervidae and Moschi-
dae. In our view, these early pecorans are best classified as stem
groups, avoiding premature assignment to extant families. The iso-
lated p4 provisionally referred to as Protoceratidae? gen. et sp.
indet. is too large to belong to any contemporaneous traguline.
Its tentative attribution to Protoceratidae remains speculative
and necessitates verification through additional material. Never-
theless, its morphology aligns more closely with North American
selenodont taxa than with endemic Asian groups.

5. Conclusions

In this article, we describe two newly discovered ruminants
from the Shaoma locality of the earliest Miocene (Xiejian Age) in
Gansu Province: Labrangomeryx dorcapolis nov. gen., nov. sp., and
Sinopalaeoceros xiejiaensis. L. dorcapolis nov. gen., nov. sp. repre-
sents the first named low-crowned ruminant from the Xiejian
Age of China, characterized by a unique combination of bunoselen-
odont features including a distinct labial cone on P2, a mesially
shifted labial cone on P3, well-developed secondary structures
(e.g., external postprotocrista, enamel spurs, and fossae folds), a
pronounced anterolingual cingulum on M3, a p4 with a bifurcated
anterior conid and a moderately developed mesolingual conid
bearing a rudimentary posterolingual cristid, lower molars with
unaligned metaconid and entoconid, moderate to strong metasty-
lid and external postprotocristid, and an m3 with a ring-like back
fossa lacking an entoconulid. Morphologically, L. dorcapolis nov.
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gen., nov. sp. bridges Eurasian and North American pecorans, shar-
ing affinities with European taxa (Pomelmeryx boulangeri and
“Amphitragulus” quercyi) and North American taxa (Problastomeryx
primus, Pseudoblastomeryx falkenbachi, and Parablastomeryx gre-
gorii), a connection further supported by phylogenetic analysis.
Its brachydont-bunoselenodont dentition and absence of antlers
preclude classification within Cervidae or Moschidae. Meanwhile,
Sinopalaeoceros xiejiaensis, previously misattributed to Bovidae
due to its high hypsodonty, more closely resembles merycodontine
antilocaprids but lacks cranial appendages, leading us to reclassify
it as a stem pecoran. While Protoceratidae? gen. et sp. indet. shares
some features with North American camelids and protoceratids
(Syndyoceras, Paratoceras), its phylogenetic placement remains ten-
tative. The new fossils from the Shaoma locality underscore the
challenges of assigning Early Miocene fossils to crown families
without cranial appendages, emphasizing the need for cautious
interpretation of hypsodonty as a homoplastic trait. These findings
highlight the evolutionary complexity of stem pecorans in Asia,
where incomplete fossil records and reliance on dental characters
complicate taxonomic assignments, urging renewed focus on cra-
nial morphology and biogeographic context to resolve early peco-
ran radiations.
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