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(Received 6 June 2024; accepted 24 July 2025)

Ruminants were widely distributed throughout Eurasia and North America from the Eocene to the Oligocene. However,
their systematics and early evolution remain obscure. Here, we describe new ruminant specimens collected from late
Early Oligocene strata in Nei Mongol, China, identified as Paragelocus cf. scotti and new species of Praetragulus and
Gobiomeryx. The two new species are the last representatives of their respective genera. We ran a cladistic analysis
based on 52 dental and postcranial characters of 30 species. Praetragulus is found to be closely related to the North
American ruminants Leptomeryx and Hypertragulus. Paragelocus, characterized by a distinct longitudinal lingual cristid
on p4, is recovered as a sister taxon to Pseudomeryx, forming a monophyletic group with Gobiomeryx and
Pseudogelocus. Including the additional Lophiomeryx fossils recently reported, the Saint Jacques–Qianlishan area has
now yielded four genera (seven species) of stem ruminants representing three lineages, suggesting a flourishing and
complex evolutionary history of early ruminants in Asia during the Oligocene.

https://zoobank.org/urn:lsid:zoobank.org:pub:6409D5F3-BA93-4BE6-8100-70C575C9FC14
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Introduction

Ruminantia is the most diverse group of large terrestrial
mammals alive today. Extant ruminants are predomin-
antly pecorans, while non-pecoran ruminants are now
only represented by the family Tragulidae. However, the
early ruminant fossil record includes various groups of
extinct hornless ruminants, first appearing in the middle
Eocene (�45Ma) and later diversifying in the
Oligocene, prior to the expansion of pecorans in the
Neogene and Quaternary (M�etais & Vislobokova, 2007;
Vislobokova, 2001).
The evolution and systematics of early ruminants

remain enigmatic. Previous attempts to resolve the phylo-
genetic relationships of early ruminants have generated
highly varied results at both generic and species levels
(e.g., Geraads et al., 1987; Guo et al., 1999, 2000; Janis,
1987; Mennecart & M�etais, 2015; M�etais et al., 2001;
M�etais, 2006; Scott & Janis, 1992; Webb & Taylor,
1980), with the relatively poor quality of the fossil record
presenting a major challenge. Better understanding the
evolution of early ruminants, particularly against the
backdrop of climatic and environmental changes during

the Eocene–Oligocene transition, relies on the continued
discovery of well-preserved fossil materials.
In Asia, previously reported early Oligocene ruminant

fossils have primarily originated from Mongolia and
Kazakhstan (M�etais & Vislobokova, 2007; Vislobokova
& Daxner-H€ock, 2002). Herein, we report new dental
materials from the Saint Jacques-Qianlishan area, west-
ern Nei Mongol, China. Re-exploration of the classic
Oligocene site of Saint Jacques has yielded abundant
fossil mammal materials, among which four species of
the stem ruminant Lophiomeryx have recently been
reported (Wang, B., Wang, et al., 2023; Wang, B.,
Zhang, et al., 2023). The materials described in the pre-
sent study were identified as three additional genera of
ruminants: Praetragulus, Gobiomeryx and Paragelocus.
Praetragulus and Gobiomeryx are primarily known from
the late Eocene to early Oligocene of Mongolia and
China (Guo et al., 1999; Vislobokova, 1998; 2001;
Wang, B.-Y. et al., 1981). Paragelocus is known from
the early Oligocene of Europe and Mongolia (Schlosser,
1902; Vislobokova & Daxner-H€ock, 2002). None of the
three genera is diverse at the species level. There are
two previously recognized species of Praetragulus,
Gobiomeryx and Paragelocus are monotypic. This study
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describes new dental specimens from Nei Mongol and
posits the phylogenetic relationships of the reported
taxa. It also examines how these fossils contribute to
understanding the diversity and systematics of early
ruminants in the Oligocene of Asia.

Materials and methods

All new materials are housed at the Institute of Vertebrate
Paleontology and Paleoanthropology of the Chinese
Academy of Sciences in Beijing. The materials include
115 dental specimens collected between 2012 and 2023
from Saint Jacques, Nei Mongol Autonomous Region,
China, supplemented by two specimens from a nearby
locality, Qianlishan. Saint Jacques is located on the north-
western margin of the Ordos Plateau near the town of
Balagong, Hanggin Banner, Ordos City and Qianlishan is
approximately 20 km to the south of Saint Jacques (Fig.
1A, B). The Saint Jacques specimens were excavated
from fossiliferous blocks A, D, F, J, N, Q, R and T, and
their stratigraphical levels are reported with reference to
the composite stratigraphical column of Saint Jacques,
which is divided into 12 litho-units (Wang, B., Zhang,
et al. 2023; Fig. 1C, Supplemental Tables S1–S3).
Specimens attributed to Praetragulus span litho-units 5–
8, although the vast majority of the specimens are from
litho-unit 7, a sandstone layer. Specimens attributed to
Gobiomeryx occur in litho-unit 7 only, while those attri-
buted to Paragelocus are found in litho-units 5 through 7.
Small-mammal biostratigraphical analysis and correlation
with the palaeomagnetic dated Ulantatal sequence
(Wasiljeff & Zhang., 2022) suggest an Early Oligocene
age (34–28Ma) of these units (Wang, B., Zhang, et al.
2023). The two specimens from Qianlishan were collected
from horizon no. 17, top of the Wulanbulage Formation
(Wang, B.-Y. et al., 1981).
To investigate the phylogenetic relationships of the

ruminants from Saint Jacques-Qianlishan, we generated
a matrix of 52 morphological characters with 30 taxa.
The character matrix was mainly derived from
Mennecart and M�etais (2015) (37 dental and postcranial
characters, 11 species), with additional characters and
species that better suit the taxonomic and geographical
scope of this study (Supplemental Appendix A).
Diacodexis pakistanensis, one of the most primitive
artiodactyls (Kumar et al., 2010; Thewissen et al., 1983;
Thewissen & Hussain, 1990), was selected as the out-
group. Two other non-ruminant artiodactyls from the
Eocene of Asia, Gobiohyus orientalis and Haqueina hai-
chinensis, were also included (Coombs & Coombs,
1977; Ducrocq, 2019; Matthew & Granger, 1925a;
Vislobokova, 2004; Wang, B. et al., 2025). Character
coding of ruminant species was based on our own

observation of museum specimens and on information
from published sources (e.g., Becker et al., 2004;
Bouvrain et al., 1986; Boyd & Welsh, 2014; Brunet &
Sudre, 1987; Colbert, 1941; Dong et al., 2003; Ducrocq
et al., 2021, 2023; Janis & Scott, 1987; Korth &
Diamond, 2002; Mennecart, 2012, 2015; Mennecart
et al., 2011; M�etais et al., 2009, 2017; Morales et al.,
2003; S�anchez & Morales, 2008; Sudre, 1984).
Character matrix was assembled in Mesquite v.3.81
(Mesquite Project Team, 2023). The character list, data
matrix and taxon-specific references are presented in the
Supplemental Appendices.
The phylogenetic analysis was performed in TNT

v.1.6 (Goloboff & Morales, 2023), using a heuristic
search with tree bisection-reconnection (TBR) branch
swapping and 1000 replicates of the random addition
sequence, saving 100 trees per replication and collapsing
trees after the search. All characters are equally
weighted and unordered. Gaps are treated as ‘missing’.
Bremer support values were calculated after 1000 repli-
cates using the built-in function.

Anatomical nomenclature
Dental nomenclature follows B€armann & R€ossner
(2011).

Institutional abbreviations
AMNH, American Museum of Natural History, New
York, NY, USA; IVPP, Institute of Vertebrate
Paleontology and Paleoanthropology, Beijing, China;
NHMW, Museum of Natural History of Vienna,
Vienna, Austria; PIN, Paleontological Institute of
Russian Academy of Sciences, Moscow, Russia.

Anatomical abbreviations
dp, lower deciduous premolar; M, upper molar; m,
lower molar; P, upper premolar; p, lower premolar.

Systematic palaeontology

Order Artiodactyla Owen, 1848
Suborder Ruminantia Scopoli, 1777

Genus Praetragulus Vislobokova, 1998

Type species. Praetragulus electus Vislobokova,
1998

Included species. Praetragulus gobiae Matthew &
Granger, 1925b

Praetragulus ordosianus sp. nov.
Supplemental Table S1, Fig. 2
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Figure 1. Location and stratigraphy of the study area. A, The Saint Jacques-Qianlishan area (red circle) sits on the north-western
margin of the Ordos plateau, along the Yellow River. B, Most of the new materials were collected from Saint Jacques; two
additional specimens were collected from a nearby site, Qianlishan. C, The Eocene to Miocene strata at Saint Jacques are divided
into 12 lithostratigraphical units (Wang, B., Zhang, et al. 2023) and ruminant taxa have different stratigraphical ranges. See Wang,
B., Wang, et al. (2023) for details about Lophiomeryx.
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Figure 2. Selected specimens of Praetragulus ordosianus sp. nov. from Saint Jacques. A, IVPP V28130 (paratype), left maxilla with
P3–M3. IVPP V28128–V28129, left M2–M3 in B, occlusal and C, labial views. IVPP V28117, right maxilla with P3–M3 in D,
occlusal and E, labial views. IVPP V33261 (holotype), right mandible with p2–m3 in F, occlusal; G, labial; and H, lingual views.
IVPP V28135, right mandible with p4–m3 in I, occlusal; J, labial; and K, lingual views. Scale bars differ for upper (A–E) and lower
teeth (F–K).
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Holotype. IVPP V33261, lower jaw with right
p2–m3.

Paratype. IVPP V28130, upper jaw with right P3–M3.

Included specimens. Upper jaw with left P3–M3:
V28117. P4: V28118. Four M1: V28119, V28122,
V28124 V28131. Five M2: V28120, V28125–V28128.
Five M3: V28121, V28123, V28129, V28132, V28133.
Lower jaws, with p2–p4: V28150; with p3–p4: V28153;
with p4: V28181; with p4–m1: V28147, V28156; with
p4–m2: V28155; with p4–m3: V28180, V28135; with
m1: V28143, V28157; with m1–m2: V28138; with m1–
m3: V28140, V28158, V28167, V28182, V28186; with
m2: V28162, V28163, V28168; with m2–m3: V28141;
with m3: V28151, V28161. Three p3: V28145,
V28173–28174. Eight p4: V28134, V28136, V28139,
V28175–28177, V28181, V28188. Thirteen m1:
V28137, V28142, V28159–28160, V28165, V28171,
V28178, V28183, V28190–28194. Eight m2: V28148,
V28154, V28166, V28169–28170, V28179, V28187,
V28195. Six m3: V28144, V28146, V28149, V28152,
V28164, V28172.

Locality, horizon and age. Saint Jacques, Nei Mongol,
China; litho-units 5–8; late Early Oligocene.

Etymology. The species name refers to the Ordos plat-
eau, where the type locality is located.

Diagnosis. Moderately well-developed parastyle, meso-
style and anterior rib on upper molar; parastyle antero-
posteriorly compressed; postprotocrista extends
posterolabially and without bifurcation; weakly developed
bifurcation of the premataconulecrista; well-developed
anterior, lingual and posterior cingula connecting with
each other; metaconule highly reduced on M3; lower pre-
molar row shorter than lower molar row; no p1; no dia-
stema between p2 and p3; p4 with well-developed
mesolingual conid and posterior cristid, labial cingulid,
and a small pit in the posterolabial corner; well-
developed anterior and posterior cingulids, metastylid and
ectostylid on lower molars; short posthypoconulidcristid
on m3, hypotalonid basin opens to the lingual side.

Differential diagnosis. Differs from Praetragulus elec-
tus by longer lower premolar row, longer posterolingual
cristid on p4, and better developed ectostylid on lower
molars. Differs from Praetragulus gobiae by less prom-
inent mesostyle and the presence of premetaconulecrista
bifurcation on upper molars, longer lower premolar row,
posterolingual conid on p4, and better-developed ectos-
tylid, metastylid and postentocristid on lower molars.

Description. Abundant dental materials are recovered
from Saint Jacques, including maxillae and mandibles

with complete cheek tooth rows. The cheek teeth are
brachydont. In lateral view, the upper and lower cheek
tooth rows slightly curve downwards.

Mandible. The c–p2 diastema is roughly as long as
p2–p3, as approximated by the alveoli. The mandibular
body is slender and markedly higher under the posterior
cheek teeth than the anterior check teeth. The ventral bor-
der of the mandibular body is curved downwards. The
anterior mental foramen is large, placed at the level of the
anterior c–p2 diastema. A small posterior mental foramen
is present, situated at the level of the middle of the c–p2
diastema. The symphysis extends to the level of the anter-
ior mental foramen. There are three relatively small
alveoli preserved at the anterior end of the mandible. The
size of the canine alveolus is similar to that of the last
incisor (i3). The i2 alveolus is smaller. Additionally, the
lateral half of the i1 alveolus is present, showing that i1 is
markedly larger than other incisors. The orientation of
these alveoli suggests that the incisors and the canine are
procumbent. The angular process projects downward and
backward, with a broad and shallow masseteric fossa. The
coronoid process is high and wide between its anterior
and posterior borders. It is generally perpendicular to the
mandibular body but curves backward towards the top.
The mandibular notch is shallow and narrow. The man-
dibular condyle is at the mid-height of the ramus and has
a short neck. On the lingual side of the mandible, the pter-
ygoid fossa is broad, and the mandibular foramen is at the
same height as the check teeth.

Upper dentition. The labial outline of the upper
cheek tooth row curves outward, while the lingual out-
line is almost straight. No P2 specimen is collected so
far, although the P2 alveolus is preserved on IVPP
V28130. On P3, the parastyle is crest-like and extends
lingually, the anterior rib and metastyle are moderately
developed, and the lingual cone is weakly crescent-
shaped. The labial side of P3 is oblique to the tooth row
axis, while the lingual side is generally parallel to this
axis. P4 is wider and shorter than P3, with a better-
developed lingual cone surrounded at the base by thin
yet distinct cingulum. The parastyle on P4 is smaller
than that of P3 but is slightly bigger and more rounded
than those of the molars. The lingual cone is crescentic
and connected to the labial wall of P4 by the anterolin-
gual crista and posterolingual crista.
The upper molars are similar in overall morphology,

longer on the labial side than the lingual side and
wider at the anterior lobe than the posterior lobe. The
parastyle, anterior rib and mesostyle are moderately
developed. The parastyle is slightly compressed antero-
posteriorly. The mesostyle widens toward its base, con-
necting with the bottom of the anterior rib in some
cases. The anterior rib is well-developed and bends

New early ruminants from the Oligocene of Nei Mongol 5



anteriorly. The posterior rib is absent. The metastyle is
rather reduced on M1 but it is better developed on M3.
The postprotocrista is relatively short, extending poster-
olabially to join the premetaconulecrista at the middle.
The premetaconulecrista extends toward the paracone-
metacone junction but does not reach it. In relatively
unworn teeth, it can be shown that the posterior end of
the postparacrista is situated lower than the premeta-
crista, and the posterior end of the postprotocrista is
lower than the premetaconulecrista. The premetaconule-
crista bifurcation is present but very thin. The postmeta-
conulecrista is long and connects with the metastyle.
The anterior, lingual and posterior cingula are well-
developed, together wrapping around the base of the
protocone and the metaconule. A small entostyle is pre-
sent on M1 and M2 but becomes much smaller to
absent on M3. The metaconule is slightly smaller than
the protocone on M1 and M2, but much smaller on M3,
giving M3 an overall triangular occlusal outline.

Lower dentition. The absence of the alveolus for p1
on the type specimen implies that p1 is evolutionarily
lost. On p2, the anterior conid and the mesolingual
conid are barely developed; the mesolabial conid and
the posterolingual conid are relatively high, thus the
tooth has an almost bicusped profile in lateral view; the
anterolabial and posterolabial cristids, transverse cristid
and posterolingual cristid are developed; the posterola-
bial conid is slightly lower than the posterolingual; the
back valley is wide open posteriorly. The posterior end
of p2 is notably wider than the anterior end of it. The
proportions of p3 are similar to those of p2, but p3 is
larger. On p3, the anterior conid is well developed and
extends anterolingually; the mesolabial conid is promin-
ent; the transverse cristid extends posterolabially from
the mesolabial conid to a lower, weaker mesolingual
conid; the posterior cristid extends primarily lingually;
the posterolabial conid is present; the back valley is
largely open posterolingually. Compared to p3, p4 is
wider and slightly shorter. The posterolabial conid of p4
is at the midpoint of the tooth. The mesolingual conid
and posterior stylid are well developed, and the poster-
ior cristid is posterolingually oriented. The transverse
cristid is slightly ‘V’-shaped and points posteriorly. The
back valley of p4 becomes enclosed when the tooth is
worn down. A small pit, enclosed by the labial wall and
the cingulid, is present in the posterolabial corner of p4.
Labial cingulids are present on all the premolars, being
weak on p2 but increasingly developed toward p4.
The lower molars have mediolaterally compressed lin-

gual cuspids (metaconid and entoconid) and crescent-
shaped labial cuspids (protoconid and hypoconid). The
lingual cuspids are higher than the labial cuspids. The
metastylid is well developed. The ectostylid relatively

tall and conical, largest on m1 and slightly smaller on
m3. The cross-section of the ectostylid is oval in shape,
with a long axis perpendicular to the prehypocristid.
The premetacristid and the preprotocristid converge
anteriorly, gently connecting at the base at the anterior
margin of the teeth, thus the trigonid basin only appears
closed anteriorly when the tooth is heavily worn. The
postentocristid is well developed but does not connect
fully with the posthypocristid which extends to the lin-
gual side, thus the talonid basin has a small posterolin-
gual opening and only becomes closed when the tooth
is heavily worn. The preentocristid joins the postprotoc-
ristid–postmetacristid junction anteriorly. The prehypoc-
ristid is lower than the former three and does not
become confluent with them until the tooth is worn to
its level. The anterior cingulid is developed, extending
from the lingual side all the way to the labial side
around the anterior margin of the tooth. The posterior
cingulid is less developed than the anterior cingulid. On
m3, there is a rather small posterior ectostylid, which is
absent in some specimens. The third lobe of m3 is
largely unicusped; the hypoconulid is situated at the
posterior margin of m3. The prehypoconulidcristid con-
nects anteriorly with the posthypocristid. The posthypo-
conulidcristid is short, leaving the hypotalonid basin
somewhat open to the lingual side. There is a small,
blunt tubercle at the base of the postentocristid, which
may be the entostylid or a rudimentary entoconulid.

Genus Gobiomeryx Trofimov, 1957

Type species. Gobiomeryx dubius Trofimov, 1957

Gobiomeryx santaohoensis sp. nov.
Supplemental Table S2, Fig. 3

Etymology. The species suffix is derived from the ori-
ginal name of Saint Jacques, San-tao-ho.

Holotype. IVPP V28222, right mandible with p1, uner-
upted p2 and p3 and dp4–m3.

Included specimens. Four partial mandibles: IVPP
V28223, left mandible with p2–m3; V28224, right man-
dible with m2–m3; V28225, left mandible with m3;
V28228, left mandible with dp4–m1. Two m2: V28229,
V28231. Four m3: V28226, V28227, V28230, V28232.

Locality, horizon and age. Saint Jacques, Nei Mongol,
China; litho-unit 7; late Early Oligocene.

Diagnosis. Mandibular body widened labially at its mid
height; p1 single cusped, no p1–p2 diastema; p4 with
enclosed back valley; small posterolingual opening in
the talonid basin of lower molars due to relatively short
postentocristid; metastylid and ectostylid present;
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posterior ectostylid and prominent entoconulid present
on m3; hypotalonid basin on m3 opens anteriorly.

Differential diagnosis. Differs from Gobiomeryx dubius
by its larger size, increased crown height, and better-
developed entoconulid.

Description. The new samples include fragmentary
mandibles and isolated lower molars. No upper dentition
has been collected so far.

Mandible. The mandibular body is wider at the
mid-height. The depth of the mandibular body is greater
under the lower molars than premolars. The ventral bor-
der of the mandibular body has a flexure point at the
level of m2–m3. The type specimen (IVPP V28222)
shows a lower dental formula of 3/1/4/3, although no
incisors or canine is preserved. The alveoli of i2, i3 and
c are comparable in size, while the i1 alveolus is mark-
edly larger. The orientation of these alveoli suggests
that the incisors and the canine are procumbent. The
length of the c-p1 diastema is roughly equivalent to p1–
p3. There is no diastema between p1 and p2. There are
two mental foramina. The anterior mental foramen is
larger, situated below the anterior part of the diastema.
The posterior mental foramen is below the anterior lobe
of p3. The specimen displays the replacement sequence
of lower cheek teeth. It retains a slightly worn p1, uner-
upted p2 and p3, highly worn dp4, and fully erupted
molars with decreasing level of wear from m1 to m3.
This indicates that dp4 is the last deciduous tooth to be
replaced by a permanent tooth, and this replacement
occurs sometime after all molars are fully erupted.

Lower dentition. The retained p1 is single-rooted
and single-cusped. Both p2 and p3 are long and narrow.
On p2, there is weak anterior conid, prominent mesola-
bial conid, relatively low posterolingual conid and post-
erolabial conid, posteriorly oriented transverse cristid,
short posterior cristid and weak posterior stylid. The
posterolabial conid is conical, giving the posterolabial
corner of the tooth a rounded outline in occlusal view.
The posterior valley is open to the lingual side.
Morphologically similar to p2, p3 differs from p2 by its
larger size, better-developed anterior conid with antero-
lingual extension, posterolingually oriented transverse
cristid, longer posterolingual cristid and better-
developed posterior stylid that extends to the lingual
side of the tooth. Slightly shorter and wider than p3, p4
has crest-like anterior conid, well-developed mesolingual

conid, posterolingual conid, posterolabial conid and pos-
terior stylid. The transverse cristid on p4 is ‘V’-shaped.
The mesolingual conid slightly stretches anteroposter-
iorly, forming a posterolingual cristid. The posterior
cristid is thin and long, extending posterolingually from
the mesolabial conid and ends at the posterolingual cor-
ner of the tooth; the back valley is largely enclosed. The
posterolabial conid on p4 does not have a bulbous labial
surface, and so the tooth has a more rectangular outline
compared to p2 and p3. There is no cingulid on the
lower premolars.
On the lower molars, both the premetacristid and pre-

protocristid extend anteriorly; however, they are not
connected, leaving the trigonid basin slightly open
anteriorly. On m1 and m2, the posthypocristid is long,
extending to the lingual side but not connecting with the
postentocristid, thus the talonid basin has a small lingual
opening. On m3, the posthypocristid is shorter, and the
talonid basin is open posteriorly and connected with
the hypotalonid basin. The ectostylid and metastylid on
the lower molars are well-developed. The ectostylid is
slightly smaller on m3 than on m1. The premetacristid
and the preentocristid both extend anteriorly, parallel to
the long axis of the mandibular body, while the postme-
tacristid and postentocristid (except for m3 postentocris-
tid) are slightly oblique to it. On the third lobe of m3, a
posterior ectostylid is present, and there is a prominent
entoconulid, placed at the posterior end of the posten-
tocristid. The posthypoconulidcristid is short and does
not connect with the entoconulid, thus leaving a small
posterolingual opening to the hypotalonid basin.
Anterior and posterior cingulids are present on the lower
molars; labial cingulids are absent.

Genus Paragelocus Schlosser, 1902

Type species. Paragelocus scotti Schlosser, 1902

Paragelocus cf. scotti
Supplemental Table S3, Figs 4, 5

Referred specimens. Three M1: IVPP V28197,
V28198, V28201. Three M2: V28199, V28202–V28203.
Five M3: V28196, V28200, V28204, V28205, V28206.
Seven p4: V28207–V28208, V28213–V28215, V28217,
V28221. Nine partial mandibles: with p2–p4, V28209,
V28211; with p2–m2, V28219; with p3–p4, V28212,

3

Figure 3. Selected specimens of Gobiomeryx santaohoensis sp. nov. from Saint Jacques. IVPP V28222 (holotype), right mandible
with p1, unerupted p2–p3 and dp4–m3 in A, occlusal; and B, labial views. IVPP V28223, left p2–m3 in C, occlusal; and D, labial
views. IVPP V28225, partial left mandible with m3 in E, occlusal; and F, labial views. IVPP V28224, partial right mandible with
m2–m3 in G, occlusal; H, labial; and I, lingual views. IVPP V28228, left dp4–m1 in J, occlusal; K, labial; and L, lingual views.
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Figure 4. Right mandible with p4–m3 (IVPP V33262) attributed to Paragelocus cf. scotti, in A, occlusal; B, labial; and C, lingual
views.
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V28216; with p4–m1, V28218, V28220; with p4–m3,
V33262; with m2, V28210.

Locality, horizon and age. Saint Jacques, Nei Mongol,
China; litho-units 5–7; late Early Oligocene. Qianlishan,
Nei Mongol, China; horizon no. 17, late Early
Oligocene.

Description. The materials include isolated teeth as well
as mandibles.

Mandible. The mandible is slender and thin. The
height of the mandibular body does not vary much
under the cheek teeth. The ventral border of the man-
dible is slightly curved. The diastema between canine
and p1 is roughly as long as p1–p3. There is no dia-
stema between p1 and p2. The anterior mental foramen
is under the c–p1 diastema. The anterior border of the
ramus and the tooth row axis form an angle slightly
greater than 90�. The coronoid process is high and
wide. It curves slightly backward toward its top. The
mandibular foramen is visible on the lingual side,
slightly higher than the level of the cheek teeth.

Upper dentition. The upper molars are brachydont.
The parastyle has a rounded anterior outline. The meso-
style is strong and widens toward its base, forming a tri-
angular outline in labial view. The metastyle is small.
The anterior rib is well developed and bends anteriorly.
The posterior rib is weak to absent. The metaconule is
comparable in size to the protocone on M1 and M2 but
is highly reduced on M3. The postprotocrista is short
and straight, extending posteriorly. The premetaconule-
crista extends to the paracone–metacone junction but
does not reach it. The postprotocrista bifurcation and the
premetaconulecrista bifurcation are present. In most
specimens, two additional cristids are present in the pos-
terior fossa. The first one is blunt and extends labially
from the metaconule, paralleling the postprotocrista
bifurcation; the other is low and short, connecting the
lingual base of the metacone and the middle of the post-
metaconule, forming what appears to be postmetaconule
bifurcation. On M3, there is a small cusp-like bump on
the preprotocrista near the protocone, which appears to
be an incipient paraconule. The anterior and lingual cin-
gula are strong and connected. The lingual cingulum at
the base of the protocone is particularly thick and shelf-
like, giving the protocone a prominent lingual extension
and making the anterior lobe much wider than the

posterior lobe. The posterior cingulum is weak on M1
and M2 and absent on M3.

Lower dentition. The single-rooted p1 alveolus is
present on some specimens, although no tooth is pre-
served, but absent on others. On p2, there is weak anterior
conid, tall mesolabial conid, and no mesolingual conid.
The transverse cristid is short and posterolingually ori-
ented. The posterolingual and posterolabial conids appear
to be both present although not well differentiated from
each other. On p3, the anterior conid is small but distinct,
crest-like. The mesolabial conid is tall. The transverse
cristid extends posterolingually. The mesolingual conid is
absent; the posterolingual conid and posterolabial conid
are present. The anterior conid of p4 is also crest-like.
The mesolabial conid of p4 sits at the mid-length of the
tooth, more posteriorly placed compared to its location on
p2 and p3. The p4 mesolingual conid is well developed,
with a short, variably present posterolingual cristid and no
anterolingual cristid. The transverse cristid bends poster-
iorly to form a ‘V’-shape in occlusal view, connected pos-
teriorly with the posterior stylid by a ridge-like
longitudinal cristid, which is straight and tall in some
specimens but is thin and bends labially in other speci-
mens. The posterolingual conid and posterior cristid are
absent. Consequently, the posterior valley and back valley
of p4 are fully connected, forming a deep, enclosed basin.
The premolars lack cingulids, but there is a small pit on
the labial surface of p4 below the posterolabial conid,
which is visible in labial and occlusal views.
On the lower molars, the metaconid and the entoconid

have pillar-like lingual surfaces. The ectostylid and the meta-
stylid are present. The preprotocristid is interrupted by a
small, incipient cuspid at its midpoint, and correspondingly
there is a shallow notch in the labial side of the trigonid basin.
The premetacristid and the preprotocristid are not fully con-
nected anteriorly, thus the trigonid basin appears open anteri-
orly but closes as the tooth wears down. The posthypocristid
extends to the lingual side and connects with the postentoc-
ristid. The anterior and posterior cingulids are present, with
thick labial extension. The third lobe of m3 is unicusped. The
hypoconulid is situated at the posterior margin of m3. The
prehypoconulidcristid connects anteriorly with the posthy-
pocristid. The posthypoconulidcristid is short, leaving the
hypotalonid basin somewhat open to the lingual side. There
is a small, blunt tubercle at the base of the postentocristid.

3

Figure 5. Selected specimens of Paragelocus cf. scotti from Saint Jacques. A, B, right M2 (IVPP V28202); C, D, right M1 (IVPP
V28197); E, F, left M1–M2 (IVPP V28198–V28199); G, H, left M3 (IVPP V28204); I, left M3 (IVPP V28206); J, left M3 (IVPP
V28200); K–M, right mandible with p4–m1 (IVPP V28220); N–P, left mandible with p3–p4 (IVPP V28216); Q, R, right mandible
with p1 alveolus, p2–p4 and partial m1 (IVPP V28211); S–U, left p4 (IVPP V28215); V–X, left p4 (IVPP V28207). A, C, E, G, I, J,
K, N, Q, S and V in occlusal view; B, D, F, H, L, O, R, T and W in labial view; M, P, U and X in lingual view. The
postmetaconulecrista bifurcation on upper molar and the longitudinal cristid on lower p4 are marked with arrows in E and V,
respectively.
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Remarks. The special p4 morphology observed on the
referred specimens also resembles that of Paragelocus
scotti from the early Oligocene of Europe, which is the
only member of its genus, characterized by its very strong
upper molar cingulum, anteriorly rounded parastyle, short
and posteriorly oriented postprotocrista, and a small para-
conule (Schlosser, 1902). However, the referred speci-
mens are larger than P. scotti (Supplemental Table S3).
The specimens have M3 morphology similar to
Paragelocus aff. scotti described by Vislobokova and
Daxner-H€ock (2002), but the p3 entocristid is not as
developed as in the latter (NHMW 2001z0090/0003).

Based on p4 and upper molar morphology, we attribute
the new specimens to Paragelocus cf. P. scotti.
These specimens exhibit a unique combination of fea-

tures. In the upper molars, there is a short, thin crista con-
necting the base of the metacone to the middle of the
postmetaconulecrista. Its morphology and orientation par-
allel the premetaconulecrista bifurcation, thus we call it
postmetaconulecrista bifurcation, which to our knowledge
is absent in other ruminant genera. Lower premolars are
peculiar in two aspects. First, p1 is variably present.
Second, p4 exhibits a range of size, the posterolingual
cristid is variably present, and the longitudinal cristid

Figure 6. Variation in the p4 morphology of Paragelocus cf. scotti identified in this study. Illustrations of three representative p4
morphologies are based on IVPP specimens V28209 (blue), V28213 (yellow) and V28208 (pink). The general changes from older to
younger specimens include larger size, presence of the posterolingual cristid, thickening and straightening of a longitudinal cristid
which extends posteriorly from the transverse cristid, and better developed anterior bifurcation.
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exhibits two main states. Generally speaking, specimens
from litho-unit 5 are smaller, lack posterolingual cristid,
and have a thin, wiggly longitudinal cristid which appears
to be formed by a posterior extension of the transverse
cristid and an anterior extension of the posterior stylid;
meanwhile, specimens from litho-unit 7 are larger, with
variably developed posterolingual cristid present, and
with a tall, straight longitudinal cristid that is fully devel-
oped (Fig. 6). An intermediate state also exists, although
only displayed in two specimens, with the presence of
posterolingual cristid associated with a weak, wiggly

longitudinal cristid. This (partial) dichotomy suggests a
possibility of two taxa. However, the two p4 states are
not linked to either presence or absence of p1
(Supplemental Table S4), and we do not observe a com-
parable level of variation in the morphology of upper
molar specimens. Therefore, we tentatively attribute these
specimens to the same taxon. A plausible explanation is
that, from litho-unit 5 to litho-unit 7, we observe a transi-
tion in p4 morphology within the same lineage, in which
p1 has become an unstable characteristic, present in some
individuals but not in others.

Figure 7. Strict consensus tree of three most parsimonious trees obtained from heuristic analysis in TNT v.1.6 (Goloboff & Morales,
2023). Bremer support values are calculated. See Supplemental Appendix A for the 52 dental and postcranial characters used and
Supplemental Appendix B for the character-taxon matrix. Stem ruminants identified from Early Oligocene deposits of Saint Jacques
(Praetragulus, Lophiomeryx, Paragelocus and Gobiomeryx) represent three different lineages. See Table 1 and text for the
synapomorphies of clades A–C. Note that Simimeryx, formerly attributed to Hypertragulidae and Praetragulidae, does not cluster with
Hypertragulus or Praetragulus. Abbreviations: TL, tree length; CI, consistency index and RI, retention index.
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Phylogenetic relationships

Phylogenetic analysis yielded three most parsimonious
trees of 148 steps (consistency index ¼ 0.43, retention
index ¼ 0.69), from which a strict consensus tree was
computed (Fig. 7). Aside from the non-ruminant artio-
dactyls from the Eocene of Asia (Diacodexis pakista-
nensis, Gobiohyus orientalis and Haqueina
haichinensis), the assumed ruminants Simimeryx hudsoni
and Thandaungia tinti are placed at the most basal part
of the strict consensus tree. Archaeomeryx optatus, the
earliest undisputed ruminant artiodactyl in Asia
(Vislobokova & Trofimov, 2002), is differentiated from
the basal taxa by the absence of paraconule (91) and by
weakened posterior rib on upper molars (161).
Praetragulus species are placed in a clade that also
includes the North American taxa Leptomeryx evansi
and Hypertragulus calcaratus (clade A; Fig. 7). Their
synapomorphies include long and labially oriented post-
protocrista (81), presence of p4 posterolingual cristid
(241) and presence of postentocristid which connects
with posthypocristid (321) (Table 1). Zhailimeryx jing-
weni forms a monophyletic group with Lophiomeryx
species. Synapomorphies of this group (clade B) include
well-developed mesostyle with a ‘pinched’ appearance
(112) and absence of the premetacristid (29�).
The rest of the ruminant taxa included in the analysis

are split into two lineages. The first lineage (clade C)
includes Pseudogelocus mongolicus, Pseudomeryx
gobiensis, Paragelocus cf. scotti, Gobiomeryx dubius
and Gobiomeryx santaohoensis sp. nov. The monophyly
of this clade is characterized by premetaconulecrista
bifurcation on the upper molars (132) and the presence
of a metastylid (311) and a postentocristid (321) on the
lower molars (Table 1). Paragelocus cf. scotti is a sister
taxon to Pseudomeryx gobiensis, united by the absence
of posterolingual conid (23�) and the presence of a

longitudinal cristid on p4 (281), with the latter being a
derived character that is only present in these two taxa.
Gelocus communis was recovered as the basal off-

shoot of the other lineage, which also includes the sister
clades of Tragulidae and Pecora. Iberomeryx minor and
Archaeotragulus krabiensis are recovered as sister taxa,
forming a monophyletic group with the extant tragulids
Tragulus javanicus and Hyemoschus aquaticus. Pecoran
taxa included in the analysis (Bachitherium,
Amphitragulus, Euprox, Micromeryx and Namacerus)
are recovered as a monophyletic group.

Discussion

Insights into the interrelationships of early
ruminants
Resolving the phylogeny of early ruminants has been a
challenging task given the limitation of the fossil record
and the documented mosaic evolutionary pattern of this
group, and the interrelationships of certain genera and
families remain obscure through comparative morph-
ology and phylogenetic analysis (Janis, 1987; Janis &
Theodor, 2014). With regard to the ruminants described
from the Saint Jacques-Qianlishan area in our recent
study (Wang, B., Wang, et al., 2023) and the present
study, we find that these taxa belong to three separate
clades of non-pecoran ruminants. Specifically,
Praetragulus clusters in a clade that also includes the
North American genera Leptomeryx and Hypertragulus,
Lophiomeryx is closely related to Zhailimeryx, while
Paragelocus and Gobiomeryx cluster in a clade that also
includes Pseudomeryx and Pseudogelocus (Fig. 7).
Praetragulus is notable for being considered by

Vislobokova (1998, 2001) as the first indisputable member
of the ‘Hypertraguloidea’ superfamily from Eurasia, based
on its similarity with North American ‘hypertraguloids’

Table 1. Non-ambiguous synapomorphies of major clades in which stem ruminants from Saint Jacques belong. Clades A, B and C
are labelled in Figure 7. Derived character states are in parentheses. See full character list in Supplemental Appendix A.

Clade A
8 (1) Upper molar postprotocrista: short and posteriorly oriented (0); long and labially oriented (1)
24 (1) p4 posterolingual cristid: absent (0); present (1)
32 (1) Molars postentocristid: absent (0); present and connected to the posthypocristid, thus closing the talonid

posteriorly (1); present, and not connected to the posthypocristid (2)

Clade B
11 (2) Mesostyle: absent (0); weak to moderately developed (1); strong with a “pinched” appearance (2)
29 (0) Premetacristid: absent (0); present (1)

Clade C
13 (2) Premetaconulecrista shape: simple (0); bifurcated (incipient) (1); bifurcated (well defined) (2)
31 (1) Molars metastylid: absent (0); present (1)
32 (1) Molars postentocristid: absent (0); present and connected to the posthypocristid, thus closing the talonid

posteriorly (1); present, and not connected to the posthypocristid (2)
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(Hypertragulus, Nanotragulus, Simimeryx, Parvitragulus
and Hypisodus) in cranial, dental and postcranial morph-
ology (M�etais & Vislobokova, 2007). The genus was ori-
ginally included in Hypertragulidae (Vislobokova, 1998)
but was later moved to a new family, Praetragulidae, along
with the North American genera Simimeryx and
Parvitragulus (Vislobokova, 2001). In our phylogenetic
tree, Praetragulus is most closely related to Leptomeryx,
which was regarded by Vislobokova (2001) and M�etais
and Vislobokova (2007) as a member of the superfamily
‘Traguloidea’. This result renders the two superfamilies
paraphyletic.
While Vislobokova (1998) considered Simimeryx

among all ‘hypertraguloids’ to be most similar to
Praetragulus in overall tooth morphology, she took note
of the various osteological and dental differences
between them and commented that “these genera do not
appear to be closely related” (p. 16). In our phylogenetic
result, Simimeryx hudsoni is more closely related to
Eocene artiodactyls from Asia, namely Thandaungia
tinti and Archaeomeryx optatus, lending support to the
conclusion by M�etais (2006) that an Asian origin of
North American ruminants is rooted in late Eocene dis-
persal events. Simimeryx retains ancestral characteristics
such as absence of mesostyle and very reduced M3
metaconule (Stock, 1934); its basal position in the strict
consensus tree suggests that it may not be attributed to
Praetragulidae or Hypertragulidae. Future phylogenetic
analyses should involve more North American taxa as
well as cranial morphology, to fully resolve their inter-
relationship as well as their relationships to Asian taxa.
Zhailimeryx jingweni, known from the late middle

Eocene of central China, is widely considered the earliest
and most primitive lophiomerycid ruminant (Guo et al.,
2000; M�etais & Vislobokova, 2007). In our strict consen-
sus tree, the monophyly of Zhailimeryx and Lophiomeryx
is supported (Fig. 7, Table 1). Pseudomeryx,
Pseudogelocus, Gobiomeryx and Paragelocus have all
been considered as members of the family ‘Gelocidae’,
with Gelocus communis being the type species (M�etais &
Vislobokova, 2007; Vislobokova, 2001; Vislobokova &
Daxner-H€ock; 2002). The result of our phylogenetic ana-
lysis shows that Gelocus forms a paraphyletic group with
the Asian ‘gelocids’ mentioned above. This renders the
‘Gelocidae’ a problematic clade, and its definition and
composition require reconsideration.
The derived p4 morphology of Paragelocus cf. scotti

in this study is highly similar to the p4 of Pseudomeryx
gobiensis from the Valley of Lakes (NHMW 2001z0112/
0001) (Vislobokova & Daxner-H€ock; 2002). However,
the p4 of Pseudomeryx gobiensis has more pronounced
anterior bifurcation and a longer longitudinal cristid
which ends at the posterolingual corner of the tooth.

Pseudomerys gobiensis is closer in size to the smaller,
more primitive p4 condition of Paragelocus cf. scotti,
and Pseudomeryx sp. is similar in size with the more
derived p4 of Paragelocus cf. scotti (Supplemental Table
S3). The morphological affinity and close relationship of
Pseudomeryx, and Paragelocus in our phylogenetic ana-
lysis may imply their congeneric status. Future attempts
to resolve the relationship between these relatively poorly
documented taxa should involve a detailed comparison of
specimens from France, Mongolia and China.

Biochronology of Praetragulus, Gobiomeryx and
Paragelocus
The type species of Praetragulus, Praetragulus electus
Vislobokova, 1998, was discovered in the upper part of
the Ergilin-Dzo Formation at Khoer-Dzan, eastern
Mongolia, considered late Eocene in age based on mam-
malian fossil assemblage (Tsubamoto et al., 2022). The
more primitive P. gobiae comes from the lower horizon
of the Ergilin-Dzo Formation at the Ardyn Obo locality
as well as from the early Oligocene Tatal-Gol locality,
Mongolia (Matthew & Granger, 1925b; M�etais &
Vislobokova, 2007; Vislobokova, 1998). Additionally,
Wang, B.-Y. et al. (1981) reported presence of P.
gobiae (Lophiomeryx gobiae) from horizon no. 11 in
Qianlishan, Nei Mongol, likely of late Eocene age, but
no further information was given. Praetragulus ordosia-
nus sp. nov. spans litho-units 5 through the lower part
of litho-unit 8 at Saint Jacques (Fig. 1C). Small-
mammal biostratigraphy suggests a late Early Oligocene
age of these units (Wang, B., Zhang, et al. 2023;
Wasiljeff & Zhang, 2022). This renders Praetragulus
ordosianus sp. nov. the last species of the genus to
appear and possibly also the last to survive.
Gobiomeryx is known from the late Eocene to early

Oligocene of Central Asia (M�etais & Vislobokova,
2007; Trofimov, 1957). The type species, G. dubius, is
known from the early Oligocene of Mongolia and
Kazakshstan (Musakulova, 1963; Vislobokova, 2001;
Vislobokova & Daxner-H€ock; 2002). Additionally,
Vislobokova and Daxner-H€ock (2002) reported upper
and lower teeth of Gobiomeryx sp. from the early
Oligocene of the Valley of Lakes, Mongolia. The only
Gobiomeryx specimen previously reported from China is
an m3 (IVPP V11481) from the late Middle Eocene
Nadu Formation in Guangxi Province, assigned to
Gobiomeryx sp. (Guo et al., 1999). Gobiomeryx santao-
hoensis sp. nov. only occurs in litho-unit 7 of Saint
Jacques (Fig. 1C). It is younger than the occurrence of
G. dubius in Mongolia (but partly overlaps with G. sp.
from Mongolia) and the dental morphology is more
derived than the latter by its increased size and crown
height as well as better-developed entoconulid.
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All materials referred to Paragelocus reported so far,
including those from the present study, are from the
early Oligocene of Eurasia (M�etais & Vislobokova,
2007; Schlosser, 1902; Vislobokova & Daxner-H€ock,
2002). In the Saint Jacques sequence, Paragelocus cf.
scotti occurs in litho-unit 5 to 7, largely overlapping
with Praetragulus ordosianus sp. nov. stratigraphically.

Diversity of stem ruminants in the Oligocene
of Asia
One of the richest records of Oligocene ruminants known
in Asia comes from the Valley of Lakes, central Mongolia.
Stem ruminant fossils identified from fragmentary dental
materials there include seven genera (Praetragulus,
Miomeryx, Gobiomeryx, Pseudomeryx, Pseudogelocus,
Paragelocus and Lophiomeryx) belonging in four lineages
(Praetragulidae, Archaeomerycidae, ‘Gelocidae’ and
Lophiomerycidae) (Vislobokova & Daxner-H€ock, 2002),
dominating the early Oligocene (biozones A–B) ruminant
fauna in the Valley of Lakes. By the late Oligocene (bio-
zone C), Paragelocus aff. scotti is the only stem ruminant
remaining, and the ruminant fauna is largely replaced by
stem Pecora (Prodremotherium, Amphitragulus,
Dremotherium, Palaeohypsodontus) (Vislobokova &
Daxner-H€ock, 2002).
Previously, Oligocene ruminant fossils from China have

been scarce (M�etais & Vislobokova, 2007). However,
extensive fieldwork conducted in the Saint Jacques-
Qianlishan area over the past decade has revealed that
Oligocene large-mammal fauna was more diverse than pre-
viously recognized. The total richness of stem ruminants at
Saint Jacques now adds up to seven species belonging in
four genera. Among these seven species, only Lophiomeryx
triangularis is found in the late Oligocene, represented by
an isolated molar from north-western China (Qiu, 1965;
Wang, B., Wang, et al., 2023). At Saint Jacques, all stem
ruminant fossils excavated so far are restricted to early
Oligocene strata, while the late Oligocene strata have
yielded fossil Pecora (unpublished data).
On the Mongolian Plateau and elsewhere in Asia, the

late Oligocene fossil record of stem ruminants is highly
limited, with sporadic occurrences of Lophiomeryx and
early tragulids (Flerov, 1938; M�etais & Vislobokova,
2007; Nanda & Sahni, 1990; Qiu, 1965; Wang, B.,
Wang, et al., 2023). Despite the climatic and environ-
mental changes (Song et al., 2023; Sun et al., 2014;
Wang, Y.-C., et al., 2023) and terrestrial mammalian
faunal transition across the Eocene–Oligocene boundary
known as the Mongolian Remodelling (Meng &
McKenna,1998), new fossil evidence from the
Mongolian Plateau implies that the main faunal turnover
of early ruminants in this region occurred across the
boundary between Early Oligocene and Late Oligocene

(�28Ma), long after the E/O transition. The emergence
of several pecoran clades in the Late Oligocene possibly
marks an important change in the ruminant faunal
composition.

Conclusions

We identified three species of stem ruminants based on
abundant fossil jaws and teeth collected from the Saint
Jacques-Qianlishan area, Nei Mongol: Praetragulus
ordosianus sp. nov., Gobiomeryx santaohoensis sp. nov.
and Paragelocus cf. scotti. Both new species represent
the last members of their respective genera. With this
new collection and the previously reported Lophiomeryx
fossils from the same strata, the study area has yielded
seven species of Oligocene stem ruminants belonging to
four genera and three different lineages. This marks one
of the richest stem Ruminantia fossil records in Asia
and provides important information about the early evo-
lution of ruminants.
Our phylogenetic analysis based on 52 dental and

postcranial characters supports the placements of
Praetragulus ordosianus sp. nov. and Gobiomeryx san-
taohoensis sp. nov. at the genus level, and it suggests
a close relationship between Paragelocus cf. scotti and
several other ‘gelocids’, especially Pseudomeryx, des-
pite the probable polyphyly of this poorly defined
group.
Fossil evidence from China and Mongolia shows that

early ruminants, since their emergence and diversifica-
tion in the Eocene of Asia, continued to flourish on the
Mongolian Plateau in the early Oligocene. With the
exception of Lophiomeryx (which survived into the late
Oligocene) and the Tragulidae (which is the only non-
pecoran lineage remaining today), most of these early
lineages last occurred in Asia in the late early
Oligocene. The diversity of stem ruminants rapidly
declined in the late Oligocene.
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