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New material of Eocene Helaletidae (Perissodactyla, 
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ABSTRACT

Perissodactyls first appeared at the beginning of the early Eocene and reached their highest 
diversity, dominating contemporaneous mammalian faunas in species richness during the middle 
Eocene. Tapiroidea is an important perissodactyl group that includes earliest-Eocene forms, such as 
Orientolophus as well as extant taxa (such as Tapirus), that preserves numerous plesiomorphic char-
acters. Because tapiroids were widely distributed in North America and Asia in the middle Eocene, 
they have played an important role in biostratigraphically defining middle Eocene North American 
Land Mammal Ages (NALMA) and Asian Land Mammal Ages (ALMA), respectively, as well as in 
biostratigraphic correlation between the two continents. Here we report a new cranial specimen of 
middle Eocene helaletid Paracolodon fissus and a maxilla of Desmatotherium mongoliense from the 
middle Eocene Irdin Manha Formation of the Erlian Basin, Inner Mongolia, China. Paracolodon  
fissus was previously assigned to Desmatotherium, Helaletes, or Colodon, whereas D. mongoliense was 
assigned to Helaletes or Irdinolophus by different authors. Based on the new material described in 
this report, we are able to clarify the affinities and phylogenetic position of these species according 
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to morphological comparison and phylogenetic analyses. We maintain the genus Paracolodon for P. 
inceptus and P. fissus from Asia and reassign mongoliense to Desmatotherium. Fossils of perissodac-
tyls and other groups from the Irdin Manha Formation favor correlation of the Irdinmanhan ALMA 
with the early and middle Uintan NALMA (Ui1-Ui2). Through our field investigation, we also clari-
fied that the localities “7 miles southwest” and “10 miles southwest” of Camp Margetts, originally 
used by the American Museum of Natural History’s Central Asiatic Expedition (CAE), correspond 
to the localities currently known as Huheboerhe and Changanboerhe, respectively. 

INTRODUCTION

The tapiroid perissodactyls have a great diversity in the Eocene, and are common in the 
Eocene deposits of the northern continents (Hooker, 1989; 2005). Tapiroidea is traditionally 
composed of Isectolophidae, Helaletidae, Lophialetidae, Deperetellidae, Tapiridae, and Lophi-
odontidae (McKenna and Bell, 1997). Lophialetidae and Deperetellidae are endemic Asian 
groups (Radinsky, 1965a), whereas Lophiodontidae is restricted in Europe (Holbrook, 2009). 
Helaletidae is distributed in both Asia and North America, and thus plays an important role 
in the intercontinental correlation of faunal ages (Radinsky, 1963; Radinsky, 1965a). Despite a 
long history of research, the phylogenetic relationships among different families of tapiroids 
remain obscure. Recent studies suggest that Isectolophidae is not a monophyletic group and 
that Lophiodontidae is probably more closely related to Chalicotherioidea (Holbrook et al., 
2004; Hooker and Dashzeveg, 2004; Bai et al., 2014). 

Helaletidae is a basal group of Tapiroidea, ranging from early Eocene to Oligocene (Radinsky, 
1963; Colbert and Schoch, 1998). According to McKenna and Bell (1997), Helaletidae consists of 
six genera: Cymbalophus, Heptodon, Selenaletes, Helaletes, Colodon, and Plesiocolopirus, whereas 
Radinsky (1963) also included Dilophodon in the family. Of these genera, Cymbalophus was con-
sidered as a basal tapiromorph (Hooker, 1984) or equoid (Hooker and Dashzeveg, 2004; Hooker, 
2010) and should be excluded from Helaletidae. In his comprehensive review of North American 
Paleogene Tapiroidea, Radinsky (1963) synonymized the genera Desmatotherium and Heteraletes 
with Helaletes and Dilophodon, respectively. However, some authors still supported the validity 
of Desmatotherium and Heteraletes (Schoch, 1984; Schoch, 1989; Colbert and Schoch, 1998). 
Recently, the primitive tapiromorph Cambaylophus and helaletid Vastanolophus were reported 
from India, and several authors argue that at least tapiroid perissodactyls originated in India 
(Cooper et al., 2014; Rose et al., 2014; Kapur and Bajpai, 2015; Smith et al., 2015).

The first Asian helaletid was reported by Borissiak (1918) as Colodon? orientalis from the 
Turgai region, Kazakhstan. Osborn (1923) and Matthew and Granger (1925b) described Des-
matotherium mongoliense and D. fissum from the Erlian Basin, Inner Mongolia, but Radinsky 
(1965a) assigned both species to Helaletes and noticed some of their similarities with Colodon. 
Matthew and Granger (1925a) also named Colodon inceptus and Paracolodon curtus from Ergi-
lin Dzo (Ardyn Obo), Mongolia, but Radinsky (1965a) considered the latter a junior synonym 
of the former. In reporting additional material of helaletids from Ergilin Dzo and Mergen, 
Mongolia, Dashzeveg and Hooker (1997) suggested a close affinity between “Helaletes ” fissus 
and Colodon inceptus and eventually assigned the species “Helaletes ” fissus as Colodon fissus. 



2017 BAI ET AL.: NEW MATERIAL OF EOCENE HELALETIDAE 3

Moreover, Dashzeveg and Hooker (1997) erected Irdinolophus for “Helaletes ” mongoliensis in 
referring its close relationship with Deperetellidae. Some fragmental specimens of Colodon? 
grangeri (Tokunaga, 1933; Takai, 1939) and C. kushiroensis (Tomida, 1983) were reported from 
North Korea and Japan, respectively. In general, previously known helaletids from Asia were 
represented mainly by maxillae or lower jaws.

Here, we report new material of helaletids, recently unearthed from Huheboerhe area, Erlian 
Basin, Inner Mongolia, China (fig. 1), which includes a partial cranium with associated left man-
dible of “Helaletes” fissus from Duheminboerhe and a partial maxilla of “Helaletes” monogoliensis 
from Chaganboerhe. This material provides previously unknown cranial morphologies of Asian 
early Helaletidae and thus more evidence in understanding their phylogenetic positions. Along 
with the report of fossils and based on systematic investigations we conducted in the field during 
the past decade, we also discuss related localities in Huheboerhe area, originally discovered by 
the Central Asiatic Expedition (CAE) of the American Museum of Natural History. 
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FIG. 1. Topographic map of the Huheboerhe area (modified from Meng et al., 2007: fig. 1). 1, presumed loca-
tion of Camp Margetts; 2, Daoteyin Obo (5 miles east of Camp Margetts); 3, Nuhetingboerhe (6 miles west 
of Camp Margetts); 4, Wulanboerhe; 5, Huheboerhe (7 miles west and southwest [235°] of Camp Margetts); 
6, Changanboerhe (10 miles southwest of Camp Margetts); 7, Jibuqilehasha.
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MATERIALS AND METHODS

Newly described specimens, including skulls and maxillae, are housed in the collections of 
Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences, Bei-
jing, China. The terminology of dental structures follows Hooker (1989). For the cranial termi-
nology, we mainly follow Wible (2003) for the general structures and Colbert (2005, 2006) for 
the proboscis-related structures in tapiroids. The terminology of the petrosal follows O’Leary 
(2010) and O’Leary et al. (2013, project 773 on MorphoBank [https://morphobank.org/]).

The stack of petrosal photographs was taken using stereoscopic microscope Nikon SMZ-U 
with camera head Nikon DS-Fi1 and software NIS-Elements F; the photos were then combined 
into a fully focused image using Helicon Focus 6.3.2 software at the AMNH. Dental measure-
ments were taken using digital calipers to the nearest 0.01 mm. 

The phylogenetic analyses were conducted using PAUP 4.0 and TNT 1.1 with a parsimony 
criterion (Swofford, 2002; Goloboff et al., 2008). The data matrix is composed of 19 taxa and 73 
characters (appendixes 1, 2). Homogalax protapirinus was selected as an outgroup. The ingroup taxa 
are listed in appendix 1. Among the ingroup taxa, Colodon? cingulatus is coded based on the rela-
tively primitive materials (AMNH F:AM 42897–42899) with premolar hypocones not differenti-
tated from protocones, although the holotype of C.? cingulatus, a maxilla with P3–M1 (CM 722), 
has more molariform premolars (Radinsky, 1963). As proposed by Radinsky (1963), the difference 
in the degree of premolar molarization between the two specimens may suggest two distinct species 
now within Colodon? cingulatus. The lower teeth of Paracolodon? woodi were coded based on some 
materials of Paracolodon cf. P. woodi (p4–m1, m3) of later Uintan age (Eaton, 1985). Most characters 
were selected from firsthand observations and comparisons among different species (appendix 1), 
but some characters were included from previous works. All characters are unordered and equally 
weighted. The data matrix was deposited in Morphobank (project 2285).

Institutional Abbreviations: AMNH F:AM, American Museum of Natural History, 
Frick Collection, New York; AMNH FM, American Museum of Natural History, Fossil Mam-
mals, New York; CM, Carnegie Museum of Natural History, Pittsburgh; IVPP, Institute of 
Vertebrate Paleontology and Paleoanthropology, Beijing; PSS, Geological Institute of the Mon-
golian Academy of Sciences, Ulaanbaatar; USNM, United States National Museum of Natural 
History, Smithsonian Institution, Washington, D.C.

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Order PERISSODACTYLA Owen, 1848

Suborder TAPIROMORPHA Haeckel, 1866
Family HELALETIDAE Osborn, 1892

Paracolodon Matthew and Granger, 1925

Type Species: Paracolodon inceptus Matthew and Granger, 1925a.
Included Species: P. fissus.
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Distribution: Middle to late Eocene of Asia.
Diagnosis: Medium-sized helaletid. Canine small and postcanine diastema short. P2–M3 

short and wide. P2–4 essentially molariform, hypocone and protocone moderately separated, 
metaloph usually as prominent as protoloph and extending toward protocone or hypocone, 
paracone and metacone buccally convex. M1–2 paracone sharp and narrow, metacone short, 
concave and lingually depressed, centrocrista nearly straight connecting the paracone and the 
metacone, buccal cingulum adjacent to the metacone prominent. p1 absent. p2–4 with distinct 
entoconid and deep flexid. m1–3 relatively long and narrow, cristid obliqua highly reduced. 
m3 hypoconulid highly reduced.

Differential Diagnosis: Differs from Helaletes in having P2–4 more molariform, M1–3 
metacone more reduced and relatively shorter and wider, p2–4 relatively shorter and wider, 
more molariform, entoconid more distinct, m1–3 cristid obliqua more reduced, m3 hypoconu-
lid smaller. Differs from Desmatotherium in having a smaller canine, P2–3 relatively shorter 
and wider, P2 more molariform, P2–4 paracone and metacone more convex buccally, M1–3 
metacone more concave and slightly more reduced, protoloph and metaloph straight, p3–4 
talonid nearly as wide as trigonid. Differs from Plesiocolopirus in having P3–4 more molari-
form, M1–3 metacone concave and more reduced. Differs from Colodon (only referred to 
unequivocal Colodon occidentalis) in having a small canine, P1–4 less molariform, paracone 
and metacone more convex buccally, M1–3 centrocrista nearly straight connecting the para-
cone and the metacone, m3 hypoconulid smaller, the lateral trough on the ascending process 
of maxilla extending over the orbit, the medial trough on the dorsal surface of the front sepa-
rated by a median anterior sagittal crest.

Paracolodon fissus (Matthew and Granger, 1925)

Desmatotherium fissum Matthew and Granger, 1925b: 3, fig. 3.
Helaletes fissus Radinsky, 1965b: 230, fig. 18.
Helaletes fissus Qi, 1987: 39, fig. 28.
Colodon fissus Dashzeveg and Hooker, 1997: 112.

Holotype: AMNH FM 20161: left maxilla with P2–4. 
Referred Specimens: AMNH FM 81802: a left mandible with c–m3. AMNH FM 81804: 

a left mandible with p4–m3.
New Material: IVPP V 22640: an associated cranium and mandible lacking rostral por-

tion; IVPP V 23366.1, a left maxilla with P2–3 and root of P1; and IVPP V 23366.2, an isolated 
right M3.

Locality and Horizon: Duheminboerhe (Camp Margetts) (IVPP V 22640, V 23366.1), 
and Daoteyin Obo (IVPP V 23366.2), Erlian Basin, Inner Mongolia; Irdin Manha Formation, 
middle Eocene.

Diagnosis: Preorbital portion relatively shorter compared with postorbital part. The lateral 
trough on ascending process of the maxilla extending posteriorly above the supraorbital pro-
cess of the frontal. A pair of medial troughs on the dorsal surface of the frontal separated by a 
median anterior sagittal crest and extending posteriorly to the frontal line. P3–4 metaloph 
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FIG. 2. Cranium and mandible of Paracolodon fissus (IVPP V 22640). A, lateral view of cranium and mandible; 
B−C, dorsal and ventral views of the cranium.



2017 BAI ET AL.: NEW MATERIAL OF EOCENE HELALETIDAE 7

extending toward protocone, bypassing the hypocone. Posterior end of mandibular symphysis 
ending at the level of p2. p2–m3 relatively long and narrow. p3–4 entoconid small and distinct, 
talonid slightly wider than trigonid. m3 hypoconulid highly reduced.

Differential Diagnosis: Differs from Desmatotherium mongoliense in having an infra-
orbital foramen opening above the posterior border of P3, a symphysis of the mandible termi-
nating at the level of p2, P2–4 more molariform, metaloph more prominent and extending 
toward the protocone, paracone and metacone more convex buccally, M1–2 metacone slightly 
shorter, M2 paracone vertically situated and more trapezoid in outline, M3 metacone less lin-
gually depressed, p2–4 entoconid smaller, p4 talonid nearly as wide as trigonid, m3 hypoconu-
lid highly reduced. Differs from Paracolodon inceptus in being smaller, and in having P3–4 
more molariform, P2–4 paracone and metacone more closely situated, M1–2 metacone rela-
tively longer, distobuccal cingulum lower, and M3 metacone less lingually depressed. 

Description

Cranium: Of the cranium (IVPP V 22640) only the basicranium and a partial left portion 
(fig. 2), which was broken off anterior to the orbit, are preserved. 

The orbit is rounded and large with the anterior border at the level of the M1 metacone. 
A small lacrimal tubercle is present on the anterior border of the orbit. Along the anterior 
border of the orbit there is an incomplete lateral trough presumed for the meatal diverticulum 
as in Tapirus, bordered by a sharp ridge laterally (fig. 2A, B). The lateral trough extends pos-
teriorly over the supraorbital process of the frontal. The infraorbital foramen opens at the level 
of the anterior border of P4 (fig. 2A, B). The jugal forms the smooth ventral border of the orbit 
without the postorbital process, and prominently rises backward. A small tubercle is present at 
the anteroventral border of the jugal above M2. The skull roof is incomplete, although it is clear 
that a pair of medial troughs are separated by the anterior sagittal crest and extend posteriorly 
to the frontal lines (fig. 2B); the frontal lines converge posteriorly and likely form a long sagittal 
crest as in other early perissodactyls. Several nutrient foramina are discernable on the lateral 
side of the parietal and squamosal. The occipital bone is also fragmentary. The occipital con-
dyles protrude more posteriorly than ventrally, and are widely separated dorsally and closely 
situated ventrally. The lateroventral border of the condyle (linea divisa condyli) is a somewhat 
blunt ridge, separating the dorsal and ventral surfaces of the condyles. The preserved ventral 
part of the nuchal crest on the left side is rather sharp and diverges into two ridges ventrally 
(fig. 2A): one extending anteriorly above the external acoustic meatus, the other running ven-
trally along the lateral side of the posttympanic process. Ventrally, the glenoid fossa is flat, and 
the postglenoid process faces anteriorly and slightly laterally with a postglenoid foramen (fig. 
2C). The posttympanic process is short and widely separated from the postglenoid process, 
while the paracondylar process, preserved on the right side, is stouter and longer than the 
posttympanic process and curves posteriorly (fig. 2A, C). Medial to the paracondylar process 
there is a medium-sized hypoglossal foramen (fig. 3). The basioccipital bears a sharp median 
ridge, which terminates anteriorly at the two parallel basal tubercles (fig. 2C). The basisphenoid 
extends anterodorsally from the basioccipital. 
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The right petrosal is preserved in a relatively good condition with its ventrolateral (tympanic) 
surface exposed on the ventral side (figs. 2C, 3). The promontorium is almond shaped and 
pointed anteriorly; however, the bone is damaged at the posterolateral margin (indicated by cross-
hatching in fig. 3). The surface of the promontorium is uneven with the lateral portion situated 
more toward the cerebellar surface and the medial part relatively flat. A depression in the shape 
of a groove runs along the posterolateral side. We interpret this depression as the fossa for the 
tensor tympani muscle. Lateral to this fossa is a narrow and short groove, which is separated from 
the former by a distinct ridge. This groove may have been for the greater petrosal nerve, the 
anterior branch of the facial nerve. An unambiguous hiatus Fallopii is not discernable on the 
specimen either because the hiatus was absent or not preserved. Thus, whether the greater petro-
sal nerve branched within the petrosal bone and then passed through a hiatus Fallopii or the 
hiatus Fallopii was absent and the greater petrosal nerve branched within the middle ear and 
extended forward cannot be determined. On the medial side of the promontorium, there is 
another groove that extends from the anteromedial side of the fenestra cochleae (fenestra rotun-
dum), and parallels the lateral border of the promontory. This groove has a pronounced lateral 
ridge. We tentatively interpret this groove as the transpromontorial sulcus, and it may have been 
made by the internal carotid artery, internal carotid plexus, tympanic plexus, or all of these struc-
tures. We note, however, that it is also possible that a pronounced lateral ridge of the transprom-
ontorial sulcus was the attachment site for a tympanic bulla that is not preserved. Such an 

FIG. 3. Right petrosal of Paracolodon fissus (IVPP V 22640). Parallel lines indicate damaged surfaces. The 
anteroposterior length of the promontorium is about 14.66 mm. Abbreviations: bg, basicapsular groove; bo, 
basiocciptial; bs, basisphenoid; ci, crista interfenestralis; ctp, caudal tympanic process; eam, external acoustic 
meatus; fc, fenestra cochleae; fs, facial sulcus; fv, fenestra vestibuli; gpns, greater petrosal nerve sulcus; hf, 
hypoglossal foramen; mlf, middle lacerate foramen; oc, occipital condyle; p, promontorium; pgp, postglenoid 
process; pcop, paracondylar process; s, squamosal; sf, stapedial muscle fossa; sff, secondary facial foramen; 
ts, transpromontorial sulcus; ttf, fossa for the tensor tympani muscle.
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arrangement of the bulla might have meant that the internal carotid artery would have been 
external to the tympanic bulla (extrabullar). A short and narrow groove present medial to the 
transpromontorial sulcus may be the basicapsular groove for the inferior petrosal sinus. Between 
these two grooves the surface is swollen and has a pronounced bump. 

The fenestra cochleae is situated on the posterolateral corner of the promontorium, 
rounded, and facing posteriorly. On the anterolateral side of the fenestra cochleae and consid-
erably smaller than the fenestra cochleae is an oval-shaped fenestra vestibuli (fenestra ovalis) 
that faces ventrolaterally, indicating a relatively small base of the stapes. The crista interfenes-
tralis is relatively protruded, somewhat swollen between the two fenestrae, becoming laterally 
compressed posteriorly, and terminating at the anterior margin of the stapedial muscle fossa. 
The caudal tympanic process is mediolaterally broad. A jugular foramen, which would have 
been located on the posteromedial side of the caudal tympanic process, is filled by matrix. The 
fossa for the stapedial muscle is relatively large and roughly triangular, situated on the postero-
lateral side of the fenestra cochleae and posterior side of the fenestra vestibuli. Anterior to the 
stapedial muscle fossa is a facial sulcus, which is partially broken off on the right side but more 
complete on the left side. The facial sulcus emerges anteriorly from a relatively large secondary 
facial foramen, which is situated anterolaterally relative to the fenestra vestibuli. Lateral to the 
facial sulcus is an incomplete external acoustic meatus, widening laterally. The epitympanic 
recess, which would have housed the articulation of the malleus and incus in life, is not pre-
served. The tegmen tympani is broken and not complete, however, its dorsolateral surface 
appears to have been convex as deduced from the preserved part.

Mandible: The horizontal ramus of mandible anterior to p2 was broken off, and the ven-
tral border below the premolars was broken (fig. 2A). The preserved horizontal ramus is rela-
tively slender with a slightly convex ventral border. The vessel notch is wide and shallow. The 
angle is rounded with thin margins, extending posteriorly beyond the condyle. The condyle is 
relatively high, and the distance between the condyle and the alveolar border is roughly equal 
to the length of m1–3. The condyle has a tear-shaped and nearly flat articular surface for the 
glenoid fossa with an apex toward the medial and slightly ventral side. The facet curves onto 
the posterior surface of the condyle on the medial end. The lateral side of the posterior surface 
of the condyle is rugose. The coronoid process is higher than the condyle with a truncated 
dorsal rim, and nearly vertically placed. The mandibular notch is generally concave with a 
slight convexity in the middle. The anterior border of ascending ramus is straight and slightly 
posteriorly slanted from the lateral view. The ventral half of the anterior border of the ascend-
ing ramus is a deeply concave fossa. On the lateral surface of the ascending ramus there is a 
relatively deep masseteric fossa. 

Upper Teeth: P1: A broken alveolar and an appressed surface anterior to the parastyle of 
P2 indicate the presence of P1 (figs. 2C, 4A).

P2: The tooth is roughly quadrilateral in outline with the width considerably greater than 
the length (fig. 4A). The paracone and metacone are nearly equal in size and closely situated 
with convex buccal surfaces. The parastyle is smaller and slightly lower than the paracone, situ-
ated mesial to the latter. The metastyle is relatively distinct, but much smaller than the paras-
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FIG. 4. Occlusal view of upper cheek teeth of Paracolodon fissus, Paracolodon inceptus, and Desmatotherium 
mongoliense. A−B, P. fissus; A, left P2−M3 (IVPP V 22640); B, left P2−P4 (AMNH FM 20161); C−D, P. incep-
tus; C, left P1−P3 (AMNH FM 20355); D, left P3−M3 (AMNH FM 20357); E−G, D. mongoliense; E, left 
P1−M2 (IVPP V 14692); F, left P3−P4 (AMNH FM 20156); G, left P2−M3 (AMNH FM 19161, reversed).
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tyle. The protoloph extends from the protocone toward the joint of the parastyle and the 
paracone, and stops before its contact with the ectoloph. The hypocone is separated from the 
protocone by a deep furrow on the lingual side, and is slightly more lingually situated than the 
protocone. The metaloph is indistinct. The weak mesial and distal cingula are present. 

P3–4: The ectoloph of P3 was broken off. The morphology of P3 is similar to that of P2 
(fig. 4A). However, the hypocone of P3 is as lingually situated as the protocone, and the meta-
loph is distinct extending from the mesiolingual slope of the metacone to the protocone, 
bypassing the hypocone. The P4 is similar to P3, but the former is much wider and relatively 
shorter than P2 and P3. The paracone and metacone are conical and closely placed, with the 
metacone slightly smaller and more lingually situated than the paracone. The parastyle is rela-
tively small and slightly buccal to the paracone. The hypocone is separated from the protocone 
by a shallow furrow on the lingual side.

M1–2: These teeth are similar in morphology, except M2 is larger (fig. 4A). The parastyle 
of M1–2 is large, slightly buccally situated to the paracone, and compressed to the protoloph. 
The paracone is conical, relatively high and sharp, and vertically placed. A broadly convex crest 
is present on the lingual side of the paracone. The metacone is strongly lingually depressed 
with a concave buccal surface and a rather reduced postmetacrista. The position of the meta-
cone is nearly midway between the paracone and the hypocone. The protocone and the hypo-
cone are equal in size. The protoloph extends from the protocone to the parastyle, joining the 
preparacrista buccally, which is mesiodistally extended. The metaloph is much shorter than the 
protoloph, joining the ectoloph at the apex of the metacone. The buccal cingulum adjacent to 
the metacone is well developed and almost forms a small platform. The mesial and distal cin-
gula are also distinct, while the lingual cingulum is absent. The buccal base of the paracone 
also lacks the cingulum.

M3: The tooth is roughly similar to M1–2 (fig. 4A), however, M3 differs from M1–2 in 
having an apex of paracone distally curved, a metacone less lingually depressed and more 
reduced, and a centrocrista relatively shorter than the metaloph and aligned with the metaloph. 
Furthermore, the platformlike buccal cingulum adjacent to the metacone on M3 extends to the 
distal border, and a prominent cingulum is present at the lingual base of the central valley. 

Lower Teeth: p2: The tooth bears a conical protoconid in the middle, from which a short 
paracristid extends anteriorly to a high paraconid (fig. 5A). The paraconid is separated from 
the protoconid by a deep groove on the lingual side. The metaconid is absent. The hypoconid 
is large, nearly as high as the paraconid, and situated in the middle of the posterior border. The 
cristid obliqua is slightly lingually concave. A small, rudimentary entoconid is appressed to the 
lingual side of the hypoconid. The cingulum is absent.

p3: The crown of the tooth is partially broken. The tooth is rectangular in outline (fig. 5A). It 
can be deduced from the preserved portion that the paraconid is relatively high, the metaconid is 
smaller than the protoconid, the hypoconid is prominent, and the entoconid is small but distinct. 

p4: The crown of the tooth is rectangular in outline (fig. 5A). The trigonid is wider than 
long, and slightly shorter and narrower than the talonid. The protoconid and the metaconid 
are conical, equal in size with the latter more distally situated than the former. The protolophid 
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is moderately notched in the middle. The paracristid extends from the protoconid mesially and 
slightly lingually, and then curves lingually along the mesial border. The hypoconid is conical, 
large, and lower than the protoconid, extending the cristid obliqua to the distolingual side of 
the protoconid. The entoconid is small but as distinct as in p3. The hypolophid and the cingu-
lum are absent. 

m1–2: The m1 is similar to m2 in morphology, but m2 is slightly larger than m1 (fig. 
5A). The trigonid of m1–2 is similar to that of p4, except that the metaconid is more sepa-
rated from the protoconid and the protolophid is nearly transversely extended and slightly 
notched. The talonid is slightly narrower and considerably longer than the trigonid, and the 
hypolophid is more oblique than the protolophid. The cristid obliqua is rather reduced. A 
weak ridge anterobuccally extends from the entoconid. A small hypoconulid is present. An 
anterobuccal cingulum is present. 

m3: The tooth is similar to m1 and m2 except for a more distinct hypoconulid (fig. 5A). 

FIG. 5. Occlusal view of lower cheek teeth of Paracolodon fissus and Desmatotherium mongoliense. A−B, P. 
fissus; A, left p2−m3 (IVPP V 22640); B, left p2−m3 (AMNH FM 81802); C−D, D. mongoliense; C, left p3−p4 
(AMNH FM 81718, reversed); D, left p3−m3 (AMNH FM 20155, reversed). 
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Comparisons and Discussion

Skull and Teeth: Osborn (1923) erected Desmatotherium mongoliense based on materials 
from Irdin Manha Formation, Irdin Manha escarpment. Some of the specimens included in 
the species were later recognized as belonging to Lophialetes (Matthew and Granger, 1925a). 
The main diagnostic feature for D. mongoliense, according to Osborn (1923), is that P2–3 has 
a “duplicate internal cusp” similar to Desmatotherium intermedius (= D. guyotii). Similarly, 
Matthew and Granger (1925a) figured and discussed Desmatotherium mongoliense in more 
detail, and named another species Desmatotherium fissum. 

Matthew and Granger (1925b) erected Colodon inceptus and Paracolodon curtus based on 
specimens from Ergilin Dzo (Ardyn Obo), Mongolia. They distinguished Colodon inceptus 
from C. occidentalis on the grounds that the former has a nearly straight centrocrista on molars 
connecting the paracone and the metacone, in contrast to the centrocrista that curves buccally 
just behind the paracone in C. occidentalis. Matthew and Granger (1925b) distinguished Para-
colodon from Colodon mainly based on the absence of P1, short postcanine diastema, and 
molar relatively larger as inferred from the partial alveolus. 

Radinsky (1963) regarded Desmatotherium as a junior synonym of Helaletes, and later he 
(Radinsky, 1965a) assigned both D. mongoliense and D. fissum to Helaletes based on the degree 
of premolar molarization and relatively long and narrow proportions of M1, P2–4, and p2–3 
(for “H.” mongoliensis), or P2–4 metalophs less prominent than the protolophs and extending 
toward the protocones (for “H.” fissus). However, some authors still considered Desmatotherium 
a valid genus (Schoch, 1989; Colbert and Schoch, 1998). Radinsky (1965a) also considered that 
specimens on which Colodon inceptus and Paracolodon curtus were respectively based actually 
represent a single species; he combined them into Colodon inceptus. 

Since the revision of Asian Paleogene tapiroids by Radinsky (1965a), Dashzeveg and 
Hooker (1997) have continued to work on Helaletes and Colodon and assigned the specimens 
of “Helaletes” fissus to Colodon and suggested its close relationship with C. inceptus; they erected 
Irdinolophus for “Helaletes” mongoliensis, suggesting its close relationship with Deperetellidae 
(discussed below). 

The new material reported here is nearly identical to the holotype of “Helaletes” fissus 
(AMNH FM 20161), represented by a left maxilla with P2–4 (fig. 4B; table 1). However, AMNH 
FM 20161 has a more separated and larger hypocone compared with the protocone on P2 and 
relatively weaker metalophs on P3–4. In our view, these subtle differences are due to individual 
variation of the species. The mandible of “H.” fissus? (AMNH FM 81802) is very similar to that 
of IVPP V 22640 (fig. 5A, B), except that the former is slightly smaller (table 2) and has a 
smaller and lower paraconid on p2–3, an incipient metaconid and a more basined talonid on 
p2, and a slightly more reduced paralophid on m2–3. We attribute these differences to indi-
vidual variation, and assign the specimen (AMNH FM 81802) to “H.” fissus.

Dashzeveg and Hooker (1997) recognized some similarities between “Helaletes” fissus 
and “Colodon” inceptus in that both shared premolars with incipient molarization and were 
lacking lingual cingula, with lower molars relatively narrow, and m3 hypoconulid reduced 
to a cingular bulge. We agree with Dashzeveg and Hooker (1997) that “Helaletes” fissus and 
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“Colodon” inceptus are closely related, and consider that they share several other features, 
including M1–2 centrocrista less aligned with the metaloph, the upper molar centrocrista 
straight, the metacone considerably lingually depressed and short with a prominent buccal 
cingulum, and P2–4 paracone and metacone convex buccally, the protoloph extending 
toward the parastyle and fading out before reaching to the ectoloph (fig. 4A–D; table 1). We 
note that P3–4 of “Helaletes” fissus is more molariform than that of “Colodon” inceptus in 
having the protocone and hypocone more separated by a distinct lingual groove, whereas P2 
of “Colodon” inceptus is more molariform than that of “Helaletes” fissus in having a quadrate 
outline in occlusal view and a stronger metaloph. 

It is uncertain whether “Helaletes” fissus and “Colodon” inceptus should be included in the 
genus Colodon. Radinsky (1965a: 232) thought that “Colodon” inceptus is different from Colo-
don occidentalis in having a small upper canine, a relatively longer P1 with separated paracone 
and metacone, more convex P2–4 paracone not so merged into the ectoloph, P3–4 hypocone 
not so well differentiated from the protocone, and M2–3 paracone narrower and less extended 
distally. These differences also distinguished “Helaletes” fissus from Colodon occidentalis, except 
that C1 and P1 were unknown in “Helaletes” fissus. The lower cheek teeth of “Helaletes” fissus 
further differ from those of Colodon occidentalis in being relatively longer and narrower, and 
in having a small c1, premolars much less molariform with smaller entoconids and talonids 
slightly wider than the trigonids, and m3 with much smaller hypoconulid. 

TABLE 1. Measurements of upper cheek teeth of Paracolodon fissus, Paracolodon inceptus, and Desmatoth-
erium mongoliense (mm).

P. fissus P. inceptus D. mongoliense

IVPP
V 22640

AMNH 
FM 20161

AMNH  
FM 20355

AMNH  
FM 20357

IVPP
V 14692

AMNH  
FM 19161

AMNH  
FM 20156

P1 L 9.60 6.30

P1 W 9.30 4.57

P2 L 7.92 7.38 11.09 8.21 8.44

P2 W 9.90 9.62 13.13 9.31 9.42

P3 L 9.18a 8.56 11.76 11.29 8.73 8.89 8.72

P3 W 11.05a 11.24 16.45 15.28 11.11 11.43 12.19

P4 L 9.27 8.80 11.17 9.24 10.09a 9.71

P4 W 13.34 12.36 16.57 12.63 12.98 13.65

M1 L 11.65 14.56 11.62 11.45a

M1 W 14.86 17.08a 13.67 14.14a

M2 L 13.92 16.47 13.90 14.52 14.20

M2 W 16.38 19.13 16.30 15.16 15.47

M3 L 14.30 17.00 14.35

M3 W 16.20 20.37 15.67

P2–4 L 27.41a 24.71 26.57 27.41

M1–3 L 41.05 49.11 40.17
a Approximate. 
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The skull of “Helaletes” fissus (IVPP V 22640) further differs from that of Colodon described 
by Colbert (2005) in having the following characters (fig. 2A–C): the lateral trough on the 
ascending process of the maxilla extending posteriorly over the supraorbital process of the 
frontal rather than terminating in a fossa, the frontal with a pair of anteroposteriorly extended 
medial troughs separated by a median anterior sagittal crest rather than dorsally inflated, the 
anterior border of the orbit above the boundary of M1 and M2 rather than above M1, and a 
relatively small lacrimal tubercle. Although the rostral part of the skull in IVPP V 22640 is not 
preserved, another mandibular specimen (AMNH FM 81802) with the symphysis has a rela-
tively short symphysis and postcanine diastema, suggesting a relatively shorter preorbital skull 
length of “Helaletes” fissus to that of Colodon. “Colodon” inceptus also has a rather short post-
canine diastema, indicating a similar short preorbital skull length as in “Helaletes” fissus. 

In conclusion, both dental and especially cranial characters indicate that “Helaletes” fissus 
and “Colodon” inceptus belong to the same genus that differs from Colodon. Thus, we resumed 
the genus Paracolodon for these two species: P. fissus and P. inceptus. The possibility that the 
middle Eocene Irdinmanhan P. fissus is generically distinct from the later Eocene Ergilian P. 
inceptus cannot be ruled out, pending discovery of more complete material of P. inceptus. 

Although the genus Desmatotherium was synonymized with Helaletes by Radinsky (1963), 
some authors still regarded Desmatotherium as a valid genus based on its larger size, the meta-
lophs bypassing the hypocones on P3–4, and highly reduced hypoconulid on m3 (Schoch, 
1989; Colbert and Schoch, 1998). Paracolodon fissus is similar to Desmatotherium intermedius 
in having the P3–4 metaloph extending toward the protocone, bypassing the hypocone. How-
ever, P. fissus is mainly distinguished from D. intermedius by teeth relatively shorter and wider 

TABLE 2. Measurements of lower cheek teeth of Paracolodon fissus and Desmatotherium mongoliense (mm).

P. fissus D. mongoliense

IVPP
V 22640

AMNH
FM 81802

AMNH
FM 81718/20155

AMNH
FM 81803

p2 L 8.33 7.54 8.13

p2 W 6.23 5.29 5.61

p3 L 9.70a 8.32 9.62/ 9.30

p3 W 7.47a 6.55 7.21/ 6.81

p4 L 9.39 8.59 9.81/9.85 9.24

p4 W 7.84 7.64 8.60/8.78 7.93

m1 L 11.81 11.63 /11.94 12.43

m1 W 8.58 8.30 /9.20a 8.80

m2 L 13.09 13.12 /13.51 14.08

m2 W 9.74 9.24 /10.57 9.53

m3 L 15.11 14.50 /17.2a

m3 W 10.16 9.57 /9.9

p2–4 L 28.2 24.82 27.7

m1–3 L 40.51 39.39
a Approximate.
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(figs. 6–8), P2 more molariform with distinct hypocone, P2–4 paracone and metacone more 
convex and more closely situated, P3–4 protoloph extending toward the parastyle and fading 
out before its contact with the ectoloph, P4 metacone slightly more lingually depressed, upper 
molar metacone more lingually depressed, more concave, and shorter, protoloph and metaloph 
straight and less mesially convex, and p3–4 talonid nearly as wide as the trigonid. 

In terms of size and morphology, the upper molars of P. fissus are rather similar to those of 
“Colodon” kayi and “Colodon” woodi, both of which were originally assigned to Desmatotherium 
by Hough (1955) and Gazin (1956). Radinsky (1963) referred “Desmatotherium” kayi and “Des-
matotherium” woodi to Colodon mainly based on their molariform P3–4, and this assignment 
was followed by following authors (Eaton, 1985; Tabrum, 2012). On the other hand, upper molars 
of “Colodon” kayi and “Colodon” woodi are similar to those of Paracolodon fissus, but different 
from those of Colodon occidentalis, in having approximately equal size, straight centrocrista, the 
paracone relatively higher and sharper, and M2 metacone slightly less reduced (Matthew and 
Granger, 1925b; Hough, 1955; Radinsky, 1963). The upper premolars of “Colodon” kayi and 
“Colodon” woodi are further similar to those of P. fissus in having more buccally convex paracone 
and metacone and less separated protoloph and metaloph compared with those of Colodon occi-
dentalis. The lower premolars of “Colodon” kayi are somewhat intermediate between P. fissus and 
C. occidentalis in proportion and morphology. However, the presence of the lower canine, the 
deep buccal fold on p2–4 (Radinsky, 1963), and the m3 hypoconulid strongly reduced are features 
that are more similar to those of P. fissus. However, P. fissus is mainly different from “C.” kayi and 
“C.” woodi in having less molariform upper premolars with metaloph extending toward the pro-
tocone, upper molars with more lingually depressed metacone, and lower premolars relatively 
longer and narrower with smaller entoconid. As a result, we are skeptical of the referral of kayi 
and woodi to Colodon, and we suggest assigning the species in Colodon? kayi and Colodon? woodi. 

Petrosal: Because the new specimen (IVPP V 22640) preserves the relatively complete 
petrosal, it gives us an opportunity to investigate the morphology of petrosals of early peris-
sodactyls. There are not many previous studies on early perissocdactyl petrosals. Paleogene 
perissodactyl petrosals that were mentioned or described with or without illustrations include 
Hyracotherium, Orohippus (Cifelli, 1982), Pachynolophus (Savage et al., 1965), Heptodon 
(Radinsky, 1965b; Cifelli, 1982), Schlosseria (Li and Wang, 2010), Hesperaletes (Colbert, 2006), 
Litolophus (Bai et al., 2010), and cf. Protitanotherium (Mader, 2009). Furthermore, petrosals of 
extant Equus and Tapirus have also been described (Sisson et al., 1975; O’Leary, 2010). Detailed 
comparisons and studies of perissodactyl petrosals are beyond the scope of present paper, so 
we focus our discussion on certain characters related to our new specimens.

The petrosal of Paracolodon fissus is characterized by the relatively medially situated 
transpromontorial sulcus, while in other known perissodactyls the transpromontorial sulcus is 
either absent or more laterally situated. The promontorium of perissodactyls were usually con-
sidered to be smooth, without traces of grooves for the internal carotid artery/plexus or stape-
dial artery (Wible, 1986). The internal carotid artery is medial to the auditory bulla and middle 
ear cavity (extrabullar) (Wible, 1986). However, Li and Wang (2010) described the petrosal of 
Schlosseria with three grooves on the promontorium, the sulcus for medial ramus of internal 
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carotid artery, the stapedial artery sulcus, and promontory artery sulcus. We suspect that “the 
sulcus for medial ramus of internal carotid artery” in Schlosseria needs to be further investi-
gated, because eutherians usually have a single internal carotid artery in the lateral groove, and 
the medial groove was usually for the inferior petrosal sinus (Wible, 1983; 1986). Colbert 
(2006) mentioned that the petrosal of Hesperaletes has a distinct transpromontory sulcus, run-
ning anteriorly from the fenestra cochleae. In Paracolodon fissus, we suggested that a medial 
groove probably represents the transpromontorial sulcus for the following reasons: First, the 
groove is too ventrally displaced to be the basicapsular groove, which is for the inferior petrosal 
sinus. In Tapirus and Equus, as well as many artiodactyls, the basicapsular groove is on the 
dorsal surface (O’Leary, 2010). On the other hand, the basicapsular grooves in a few groups 
(such as hippopotamids) with ventrally placed positions run along the medial border (O’Leary, 
2010). Furthermore, we considered that a more medially situated, narrower groove probably 
represents the basicapsular groove. Second, the groove is relatively wide, which was likely not 
made by a single soft tissue, but may have been made by internal carotid artery, internal carotid 
plexus, and/or tympanic plexus corresponding with the transpromontorial sulcus.

The promontorium of Paracolodon is almond shaped, which is similar to that of Schlosseria 
and Hesperaletes, but different from hemiellipsoid promontorium in Heptodon and Tapirus. The 
petrosal of Paracolodon is similar to those of Heptodon and Tapirus in having the fenestra 
cochleae considerably larger than the fenestra vestibuli. The hiatus Fallopii is ventrally situated 
in Hyracotherium, Orohippus, and Heptodon, whereas that of Tapirus is situated anterior to the 
tegmen tympani. Unfortunately, the hiatus Fallopii in Paracolodon was uncertain, either absent 
or not preserved. The dorsolateral tegmen tympani of Paracolodon fissus is prominently convex, 
whereas that of Tapirus is flat. 

Genus Desmatotherium Scott, 1883

Type Species: Desmatotherium intermedius (Osborn, Scott and Speir, 1878).
Included Species: D. mongoliense.
Distribution: Middle Eocene of Asia and North America.
Diagnosis: Medium-sized helaletid. Canine relatively large and postcanine diastema long. 

P2–M3 relatively long and narrow. P2–4 submolariform, hypocone and protocone separated 
to varying extent, metaloph extending toward hypocone or protocone. M1–3 metacone rela-
tively short and lingually depressed, protoloph and metaloph slightly convex mesially, bucco-
distal cingulum prominent. M1 metacone very slightly convex, M2 paracone distally curved at 
the apex. p1 absent. p2–4 entoconid distinct and buccal cingulum prominent, p3–4 talonid 
wider than trigonid. m1–3 cristid obliqua highly reduced. 

Differential Diagnosis: Differs from Helaletes in having P2–4 more molariform, M1–3 
metacone shorter and more lingually depressed, p2–3 more molariform with more prominent 
entoconid, m1–3 cristid obliqua more reduced, m3 hypoconulid much weaker. Differs from 
Paracolodon in having longer postcanine diastema, upper cheek teeth relatively longer and 
narrower, P2 less molariform, M1–3 metacone slightly less reduced. Differs from Colodon in 
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having premolars less molariform, M1–3 centrocrista extending straight from paracone to 
metacone, metacone less reduced, m1–3 paralophid less reduced. Differs from Hesperaletes in 
having a postcanine diastema relatively shorter, P2–4 more molariform, M1–3 parastyle more 
closely appressed to paracone, metacone slightly less convex, more reduced and more lingually 
situated, metaloph joining the apex of the metacone, p2–4 more molariform, m1–3 cristid 
obliqua more reduced, and in lacking p1. Differs from Plesiocolopirus in having P2–M2 rela-
tively longer and narrower, P2–4 hypocone and protocone more separated, paracone and meta-
cone slightly less convex, M1–2 metacone less reduced and only slightly convex. 

Desmatotherium mongoliense (Osborn, 1923)

Desmatotherium mongoliense Osborn, 1923: 2.
Desmatotherium mongoliense Matthew and Granger, 1925b: 1, figs. 1–2.
Helaletes mongoliensis Radinsky, 1965a: 227, figs. 16–17, pl. 4: figs. 1–4.
Helaletes mongoliensis Reshetov, 1979: 15, pl. 1: fig. 4.
Irdinolophus mongoliensis Dashzeveg and Hooker, 1997: 113, figs. 4, 10.

Holotype: AMNH FM 19161: Right maxilla with P2–M3.
Referred Specimens: AMNH FM 20155: right mandible with p3–m3; AMNH FM 20156: 

left maxilla with P3–4, right maxilla with M2; AMNH FM 81717: right mandible with p3–m1; 
AMNH FM 81718: right mandible with p3–4; AMNH FM 81792: right mandible with dp4–m1; 
AMNH FM 81803: right mandible with p2–m2; PSS.41–3: right M1/2.

New Material: IVPP V 14692: left maxilla with DP1, P2–M2; IVPP V 23367, associated 
upper cheek teeth with right P2–3, left P2–3, M1/2, and M3; IVPP V 23368, a right mandible 
with p2–4; IVPP V 23369.1, a right P3; IVPP V 23369.2, a left P4; IVPP V 23369.3, a right M3; 
IVPP V 23369.4, a right m3 talonid; IVPP V 23369.5–6, two left m3. 

Locality and Horizon: Irdin Manha escarpment (IVPP V 23368, V 23369.1–2, 4), 
Duheminboerhe (IVPP V 23367), Huheboerhe (IVPP V 23369.3, 5), and Chaganboerhe (IVPP 
V 14692, V 23369.6), Erlian Basin, Inner Mongolia; Irdin Manha Formation, middle Eocene. 
Mergen, eastern Gobi, Mongolia; Mergen Formation, middle Eocene.

Diagnosis: The ascending process of maxilla with a wide and shallow lateral trough. Infra-
orbital foramen opening above the posterior end of P4 indicating a short infraorbital canal. 
Symphysis terminating anterior to p2. P2–4 relatively long and narrow, protocone distally 
extended with the hypocone rudimentary separated. P2–3 metaloph greatly reduced compared 
with protoloph. M1–2 metacone concave, short, lingually depressed. The apex of M2 paracone 
distally curved. M3 metacone highly reduced. p2–4 entoconid large, p4 talonid wider than 
trigonid. m3 with a rather small hypoconulid. 

Differential Diagnosis: Differs from Desmatotherium intermedius in having P2 hypo-
cone and protocone slightly more separated, P3–4 metaloph extending toward hypocone 
instead of protocone, M1–3 metacone more lingually depressed, M2–3 centrocrista more 
aligned with metaloph, M3 more trapezoid in outline, p3–4 talonid not considerably wider 
than trigonid, and m3 hypoconulid more distinct. 
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Description

DP1 (P1): The tooth is anteriorly slanted as compressed by P2 (fig. 4E). The color of the 
enamel is light brown, lighter than black-brown enamels of other teeth, suggesting a deciduous 
tooth. DP1 is roughly oval in occlusal outline with two roots. A main cusp is present in the 
middle of the crown, extending a short ridge mesially to the indistinct parastyle, and then 
slightly curving lingually. A ridge extends distally from the main cusp terminating in a more 
distinct and slightly higher cusp compared with the parastyle. This distal cusp probably repre-
sents the rudimentary metacone. The buccal side of the ectoloph is slightly convex. A ridge 
extends from the lingual base of the main cusp distolingually, and another ridge extends from 
the apex of the metacone lingually along the distal border. Two ridges are separated by a shal-
low notch on the lingual side. A cingulum is absent. 

P2: The tooth is roughly rectangular in outline and relatively long and narrow (fig. 4E). 
The paracone and metacone are equal in height and closely situated. Both of them are slightly 
convex on the buccal surface and merged with the ectoloph. The parastyle is distinct and mesial 
to the paracone, whereas the metastyle is indistinct and lower. The strong protoloph extends 
toward the parastyle, fading out before its contact with the ectoloph. A ridge extends from the 
protocone distally and even beyond the hypocone. The protocone and the hypocone are sepa-
rated by a faint groove on the lingual side. A tiny cuspule is present in the valley between the 
hypocone and the metacone, representing the metaconule. A weak ridge connects the hypo-
cone and the metaconule. The mesial cingulum is weak, whereas the distal cingulum is con-
siderably stronger. The buccal cingulum is weak and somewhat interrupted at the paracone, 
and the lingual cingulum is absent.

P3: The P3 is similar to P2, but is relatively shorter and wider (fig. 4E). It further differs 
from P2 in having the protoloph in contact with the parastyle, the hypocone slightly more 
lingually situated compared with the protocone, and the metaloph completely absent.

P4: The P4 is relatively shorter and wider than P2–3 (fig. 4E). The paracone and metacone are 
equal in height, but more separated from each other than those of P2–3. The metacone is less convex 
and slightly more lingually situated than the paracone. The parastyle is more readily discriminated 
from the ectoloph than that of P2–3. The protoloph extends toward the junction of the parastyle 
and the preparacrista. The protocone and the hypocone are separated by a relatively distinct groove 
on the lingual side. The metaloph is as strong as the protoloph, extending from the hypocone to the 
mesiolingual base of the metacone, but separated from the latter by a shallow valley.

M1: The tooth is moderately worn and roughly square in outline (fig. 4E). The paracone is 
broadly convex, while the metacone is strongly lingually depressed and rather short with a 
slightly convex buccal surface. The postmetacrista is distobuccally extended. The parastyle is 
large, situated mesially to the paracone and closely appressed to the latter. The protoloph 
extends toward the preparacrista. The metaloph is about half of the protoloph length, joining 
the ectoloph at the apex of the metacone. A faint crest is present on the lingual surface of the 
paracone and nearly vertically placed. A weak cingulum is present on the mesial side, distal 
side, and the lingual opening of the middle valley. A prominent buccal cingulum is present 
adjacent to the metacone, although this portion is partially broken. 
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M2: The M2 is similar to M1 in morphology, but M2 is considerably larger than M1 (fig. 
4E). M2 is further different from M1 in that the buccal side of the tooth is longer than the 
lingual side, the apex of the paracone curves distally as deduced from the direction of the 
lingual crest, and the parastyle is relatively and absolutely larger. 

Comparisons and Discussion

The new material is very similar to the holotype of “Helaletes” mongoliensis (figs. 4G, 6; 
table 1), especially in their degree of premolar molarization, in which P2–3 protocone is distally 
extended, the hypocone is rudimentarily separated from the protocone, and the metaloph is 
much reduced as compared with the protoloph (fig. 4E, G). They are further similar in having 
premolars relatively long and narrow, paracone and metacone merged with the ectoloph, M1–2 
paracone broadly convex with the apex of the paracone nearly vertically situated on M1, and 
distally inclined on M2, metacone strongly lingually depressed and short, and infraorbital fora-
men opening above the posterior border of P4. However, the new material is different from the 
holotype in having P2 protocone and hypocone less separated on the lingual side, and P3 lack-
ing the metaloph—all due to individual variation. 

The type of “Helaletes” mongoliensis (AMNH FM 19161), the right maxilla with P2–M3, 
was collected from Irdin Manha Formation at Irdin Manha escarpment, 23 miles south of Iren 
Dabasu in 1922. All other referred specimens housed at the AMNH were collected from Irdin 
Manha Formation at Irdin Manha escarpment in 1923. The new materials expanded the dis-
tribution of “Helaletes” mongoliensis to the Huheboerhe area.

Radinsky (1965a) determined that the lower cheek teeth of “Helaletes” mongoliensis are 
more similar to those of Colodon in having relatively wider p4–m2 except for the relatively long 
and narrow p2–3, while the upper cheek teeth are more similar to Helaletes (assumed for 
“Helaletes” intermedius) in the degree of premolar molarization and proportion of M1, P2–4, 
except for the more reduced and depressed metacones on M1–3. That Radinsky (1965a) 
assigned these materials to Helaletes rather than to Colodon was “an unusually subjective deci-
sion” (Radinsky, 1965a: 230). 

Dashzeveg and Hooker (1997) erected the genus Irdinolophus for “Helaletes” mongoliensis, 
and reported an isolated upper preultimate molar of the species from eastern Gobi, Mongolia. 
They considered Irdinolophus as the most primitive member of the family Deperetellidae, 
because its p3–4 talonid is slightly wider and p4 trigonid shorter than other species of the fam-
ily; in addition, its p3 paraconid is distinct and premolars show initial elongation (fig. 5C, D). 
These characters typify advanced members of the Deperetellidae, but they differ from those of 
Helaletes nanus and Desmatotherium intermedius. Nevertheless, the wider p3–4 talonid is also 
encountered in Desmatotherium intermedius (AMNH FM 12672) (Radinsky, 1963; Schoch, 
1984) and Colodon occidentalis, and the distinct or weak p3 paraconid is variable as indicated 
by Paracolodon fissus (see above). The p4 trigonid is not as shortened as in Colodon and deper-
etellids, but somewhat intermediate between Helaletes and those two groups. Furthermore, the 
upper cheek teeth of Teleolophus are obviously distinguished from those of “Helaletes” mongo-



2017 BAI ET AL.: NEW MATERIAL OF EOCENE HELALETIDAE 21

liensis in having P2–4 with a protoloph joining the equally developed metaloph a short distance 
before its lingual end (hypocone), and M1–3 with protoloph, paracone, and metaloph forming 
an inverted “U” and a metacone greatly reduced. Last, the earliest known deperetellid is from 
the Arshantan, earlier than Irdinmanhan “Helaletes” mongoliensis (Radinsky, 1965a; Meng et 
al., 2007; Wang et al., 2010). As a result, we are skeptical of considering “Helaletes” mongoliensis 
the most primitive member of the family Depetellidae, and the main reason for erecting the 
new genus “Irdinolophus” is not tenable. However, another species Irdinolophus? tuiensis could 
hold the validity of Irdinolophus by its S-shaped ectoloph. 

“Helaletes” mongoliensis is similar to Paracolodon fissus in size (table 1, 2; figs. 6–8) and 
general morphology, and both are from Irdin Manha Formation, Erlian Basin. Radinsky 
(1965a) even suggests that Paracolodon fissus was probably an advanced variant of “Helaletes” 
mongoliensis. On the other hand, Radinsky (1965a) shows that P2–4 of P. fissus are more 
advanced than those of “Helaletes” mongoliensis in being relatively shorter and wider (figs. 6, 
7) and in having the hypocone better separated from the protocone. Furthermore, the new 
material shows that “Helaletes” mongoliensis is different from P. fissus in having the M2 para-
cone distally inclined, M3 metacone slightly more lingually depressed (fig. 4A, B, E–G), p2 
metaconid more separated from the protoconid, p2–4 buccodistal cingulum more prominent, 
p3–4 entoconids stronger, cristid obliqua slightly more buccally extended, p4 talonid relatively 
wider than trigonid, and m3 with slightly larger hypoconulid (fig. 5A–D). 

Unfortunately, the skull of “Helaletes” mongoliensis (AMNH FM 19161) preserves only the 
preorbital portion (fig. 9), and this part is broken on the skull of Paracolodon fissus (IVPP V 
22640). However, the long postcanine diastema of “Helaletes” mongoliensis suggests a relatively 
long preorbital portion, which contrasts with the relatively short preorbital portion of Para-
colodon fissus as deduced from a mandible with a complete symphysis (AMNH FM 81802). 
The infraorbital foramen of “Helaletes” mongoliensis opens above the posterior end of P4, 
whereas that of Paracolodon fissus opens above the posterior end of P3. Furthermore, in “Hela-
letes” mongoliensis, based on the specimens AMNH FM 19161 and AMNH FM 20156E, the 
lateral border of the lateral trough of the ascending process of the maxilla seems completely 
composed of the maxilla and close to the anterior border of the orbital, and the facial part of 
the lacrimal is probably narrow (fig. 9), a condition similar to that of Helaletes nanus (AMNH 
FM 11635). By contrast, in Paracolodon fissus (IVPP V 22640), the lateral border of the lateral 
trough seems composed of the maxilla and lacrimal and prominently separated from the ante-
rior border of the orbital, and the facial part of the lacrimal is probably larger (fig. 2A). Thus, 
these cranial differences between “Helaletes” mongoliensis and Paracolodon fissus are probably 
at the genus level. 

Compared with Helaletes nanus, besides above mentioned characters, “Helaletes” mongoli-
ensis is further similar to H. nanus (AMNH FM 11635) in having a relatively wide and shallow 
lateral trough, an anterior portion of the maxilla rising upward, the infraorbital foramen open-
ing above the posterior end of P4, P2–4 metaloph weaker compared with protoloph, P4 pro-
toloph extending toward the preparacrista, and the canine relatively large (Radinsky, 1965a). 
On the other hand, the facial part of “Helaletes” mongoliensis bears a shallow maxillary fossa 
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and a relatively large depression for the attachment of the buccinator muscle above the post-
canine diastema, and the canine is closely appressed to the I3 (fig. 9), whereas in H. nanus 
(AMNH FM 11635) the maxillary fossa and depression above the diastema are absent, and the 
canine is separated from I3 by a diastema. In terms of dentition, “Helaletes” mongoliensis 
mainly differs from Helaletes nanus in having P2–4 hypocone slightly more separated from the 
protocone, M1–3 parastyle more closely compressed to paracone, metacone shorter and more 
lingually depressed, p2–3 entoconid more prominent, talonid relatively wider than trigonid, 
m1–3 cristid obliqua slightly more reduced, and m3 hypoconulid smaller.

“Helaletes” mongoliensis is similar to Desmatotherium intermedius in having a relatively 
long postcanine diastema, an infraorbital foramen opening above the posterior border of P4, 
and a distinct depression for the attachment of the buccinator above the postcanine diastema. 
They are further similar in having upper cheek teeth relatively long and narrow (figs. 6–8), 
P2–4 metaloph weaker compared with protoloph, P4 protoloph extending toward preparac-
rista, M1–3 parastyle compressed to the paracone, metacone less reduced, protoloph and meta-
loph slightly convex mesially, M2 paracone distally curved, p3–4 talonid wider than trigonid, 
and entoconid distinct. On the other hand, Desmatotherium intermedius is different from 
“Helaletes” mongoliensis in having P3–4 somewhat more molariform, M1–3 metacone slightly 
less lingually depressed, M2–3 centrocrista less aligned with the metaloph, p3–4 talonid rela-
tively wider compared with trigonid, and m3 hypoconulid highly reduced. 

In conclusion, considering the differences of cranial characters between Paracolodon fissus 
and “Helaletes” mongoliensis, and similarities of dental characters and degree of premolar 
molarization between “Helaletes” mongoliensis and Desmatotherium intermedius, we assigned 
“H.” mongoliense to Desmatotherium as originally named by Osborn (1923).
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Radinsky (1965a) also assigned a right lower jaw with p2–m2 (AMNH FM 81803, field no. 
927) to Helaletes sp. from “Houldjin gravels,” 10 miles southwest of Camp Margetts. In fact, 
this specimen was unearthed from Irdin Manha Formation in Chaganboerhe, where the new 
material was found (see discussion below). As noted by Radinsky (1965a), the specimen of 
AMNH FM 81803 is different from P. fissus in having “the termination of the symphysis well 
anterior to p2 and in having relatively long p3–4 trigonids” (Radinsky, 1965a: 231). Further-
more, p3–4 of AMNH FM 81803 has a cristid obliqua buccally extended and a distinct buc-
codistal cingulum, which suggests its affinity with Desmatotherium mongoliense. 

Qi (1987) named Helaletes medius from the Arshanto Formation, Wulanboerhe, based on 
fragmental lower jaws (IVPP V 5729, V 5730). However, its specific character of the m1 and 
m3 having a well-developed cristid obliqua excludes the specimen from Helaletidae, which has 
a relatively reduced cristid obliqua. On the other hand, the small size, long trigonids of p4–m3, 
and small hypoconulid on m3 of IVPP V 5729 are very similar to those of AMNH FM 81788 
(field no. 931), which was unearthed from Arshanto Formation, 10 miles southwest of Camp 
Margetts and assigned to Schlosseria cf. S. magister by Radinsky (1965a). However, the p4–m3 
of IVPP V 5729 are relatively wider than those of AMNH FM 81788, and p4 of IVPP V 5729 
has a more lingually situated paralophid. The affinity of IVPP V 5729 and the specimens of 
Schlosseria from the Camp Margetts area need further investigation. 

HUNTER-SCHREGER BAND (HSB) ANALYSIS

The ectoloph of right P4 of Paracolodon fissus and Desmatotherium mongoliense were 
cut longitudinally for the Hunter-Schreger band (HSB) comparison. The studied area of 
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the two species is characterized by curved HSB with typical interface among cusps indi-
cated by a distinct groove extending almost to the outer enamel surface (fig. 10) (Koenig-
swald et al., 2011). The HSB curve toward the occlusal surface of the enamel layer and is 
strictly related to basin areas of the tooth morphology. The curved HSB configuration in 
both P. fissus and D. mongoliense confirms the studies by Koenigswald et al. (2011), sug-
gesting their close relationships with helaletids rather than deperetellids, since the latter 
has a compound HSB configuration (Koenigswald et al., 2011). The HSB pattern in Des-
matotherium is wave shaped in most areas except in the distal part of the paracone and 
relatively wide (fig. 10B), whereas those of Paracolodon are generally continuous and rela-
tively narrow (fig. 10A). 

PHYLOGENETIC ANALYSIS AND ITS IMPLICATIONS

Although the lineage consisting of Helaletes, Desmatotherium, and Colodon was proposed 
by some authors, it is difficult to assign some specimens to a specific genus based only on 
dentition, such as Desmatotherium mongoliense, Colodon? kayi, and Colodon? woodi. The main 
criteria for the assignments in these groups are premolar characteristics, which are likely to be 
variable when more than one specimen is available. For instance, in Desmatotherium mongoli-
ense the premolar metaloph extends toward either the hypocone or more mesially even to the 
protocone, the hypocone is variably separated from the protocone, and the metaloph is variable 
from weak to nearly absent. On the other hand, cranial characters probably play a more impor-
tant role than dental characters in the study of early tapiroids, considering their characteristic 
development of a proboscis. 
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Colbert (2005, 2006) suggested that Colodon is more closely related to Tapirus than is Prota-
pirus, whereas Hesperaletes, Protapirus, and Plesiocolopirus form a monophyletic group. As dis-
cussed above, the skull of Paracolodon fissus is different from that of Colodon occidentalis, however, 
it resembles those of Hesperaletes, Protapirus, and Plesiocolopirus in having an anterior sagittal 
crest extending onto the frontal roof, a lateral trough extending posteriorly over the supraorbital 
process of the frontal, and a pair of medial troughs on the dorsal surface of the frontal continuing 
posteriorly to the frontal lines. Besides these three cranial characters, three additional synapo-
morphic characters of Hesperaletes, Protapirus, and Plesiocolopirus were not preserved on the 
present skull of Paracolodon fissus. These similarities on the skull probably indicate that Paracolo-
don is more closely related to Hesperaletes, Protapirus, and Plesiocolopirus than to Colodon occi-
dentalis. However, the differences of teeth and mandible between Hesperaletes and Paracolodon 
fissus are distinguishable: the former has a long postcanine diastema, premolars less molariform, 
upper molar metacone relatively long, slightly less lingually depressed, and slightly convex buc-
cally, metaloph joining the ectoloph mesial to the apex of the metacone, p1 present, lower molars 
with less reduced cristid obliqua, relatively deep horizontal ramus of the mandible, and the prom-
ontory bearing a distinct transpromontorial sulcus (Colbert, 2006). 

Cladistic Analyses

We performed phylogenetic analyses using PAUP 4.0 and TNT 1.1 with a parsimony cri-
terion (Swofford, 2002; Goloboff et al., 2008). The heuristic search algorithm was used with 
1000 replications of random stepwise addition and tree-bisection-reconnection (TBR) branch 
swapping. Of the 72 characters, three are parsimony uninformative.

The analyses result in a single most parsimonious tree (fig. 11). The tree length is 268; the 
consistency index (CI) is 0.4216; the homoplasy index (HI) is 0.5784; the retention index (RI) 
is 0.5032; the rescaled consistency index (RC) is 0.2122. 

FIG. 9. Anterior cranial portion of Desmatotherium mongoliense (AMNH FM 19161). 
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The most parsimonious tree shows some results partially supporting our analyses above. 
The analysis indicates that both Paracolodon and Colodon are valid genera. The Paracolodon 
clade (node 20) includes only Asian P. fissus and P. inceptus and is supported by three synapo-
morphic characters (appendix 3). The Colodon clade (node 25) is supported by four synapo-
morphic characters (appendix 3), and Colodon stovalli is at the base of the clade. The species 
C.? woodi and C.? kayi are also included in Colodon clade instead of Paracolodon, which is 
consistent with statements proposed by Radinsky (1963). Nevertheless, the species C.? woodi 
and C.? kayi are more reasonably assigned in either Colodon or Paracolodon rather than in 
Desmatotherium as originally referred to. Furthermore, the result shows Paracolodon and Colo-
don form a sister group, which indicates that Paracolodon is more closely related to Colodon 
than to Hesperaletes, Protapirus, or Plesiocolopirus, in contrast to the above analysis based on 
cranial characters. The Paracolodon-Colodon clade (node 26) is supported by four synapomor-
phic characters (appendix 3). Plesiocolopirus and Protapirus form successive sister-taxa lineages 
to Paracolodon-Colodon clade. The high-latitude late Wasatchian Thuliadanta mayri is more 
primitive than Helaletes (Eberle, 2005), and they form successive sister-taxa lineages to Plesio-
colopirus, Protapirus, Colodon, and Paracolodon clade. Furthermore, the result also supports 
that the assignment of the species Desmatotherium  mongoliense and Paracolodon  fissus from 
Irdin Manha Formation, Erlian Basin, into two different genera, since Desmatotherium mon-
goliense and Desmatotherium intermedius form a sister group that is more closely related to 
Heteraletes than to any other helaletids. The Desmatotherium clade (node 31) is supported by 
six synapomorphic characters (appendix 3). Hesperaletes is placed in a relatively basal position, 
more derived than Heptodon but less derived than any other helaletids. To sum up, the result 
of the cladistic analysis is partially consistent with the results based on the morphologic com-
parisons, although some discrepancies are present. It is premature to resolve these discrepan-
cies considering the lack of cranial materials for many helaletids. 

FIG. 10. Longitudinal section of the ectoloph of upper right P4 of Paracolodon fissus and Desmetotherium 
mongoliense showing the curved HSB configuration. A, P. fissus with continuous and relatively narrower HSB 
pattern; B, D. mongoliense with waved and relatively wider HSB pattern. Abbreviations: if, interface; me, 
metacone; pa, paracone; pas, parastyle.
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Irdinmanhan ALMA

The phylogenetic analysis combined with morphological comparisons is also informative for 
correlation between Irdinmanhan ALMA (Asian Land Mammal Ages) and related NALMA (North 
American Land Mammal Ages). The Irdinmanhan ALMA is commonly correlated to the Uintan 
NALMA, but precise correlation is not clear (Romer, 1966; Vandenberghe et al., 2012). Tong et al. 
(1995) suggested that Irdinmanhan should be correlated with early Uintan, whereas the late Uintan 
is equal to Sharamurunian ALMA. Ni et al. (2010) suggested that the Irdinmanhan is probably 
slightly older than Ui1 subage of the Uintan, based on the fact that Tarkops from the Irdin Manha 
Formation is more primitive than Tarka from Ui1. The rodent assemblage (Li, 2016) from the lower 
part of the Irdin Manha Formation also suggested that the Irdinmanhan may be earlier than late 
Eocene and should be correlated with early Uintan (Li and Meng, 2015). 

The Ulan Shireh fauna in the Shara Murun region has been roughly correlated to the Irdin 
Manha fauna (Radinsky, 1965a, 1967; Ye, 1983; Wang et al., 2012), but Li et al. (2016) recong-
nized a most probably Sharamurunian of the upper horizon of the Ulan Shireh Formation. To 
better define the Irdin Manha fauna, we list the following perissodactyls that are exclusively 
from the Irdin Manha Formation at the Irdin Manha escarpment and Huheboerhe area where 
the Irdin Manha Formation is well identified. These perissodactyls include: Brontotheriidae: 
Microtitan mongoliensis, Protitan grangeri (= P. robustus, P. obliquidens), Protitan minor, Proti-
tan? cingulatus, Gnathotitan berkeyi, Metatitan relictus, Hyotitan thomsoni, Metatelmatherium 
cristatum, Metatelmatherium parvum; Deperetellidae: Teleolophus medius, Deperetella sp.; Hela-
letidae: Paracolodon fissus, Desmatotherium monogoliense; Lophialetidae: Lophialetes expeditus; 
Hyracodontidae: Triplopus? proficiens, Paraceratheriidae Fostercooperia totadentata, Amyn-
odontidae Rostriamynodon grangeri (Granger and Gregory, 1943; Radinsky, 1965a, 1967; Rus-
sell and Zhai, 1987; Wall and Manning, 1986; Mihlbachler, 2008). Lophialetidae and 
Deperetellidae are endemic families in Asia, and many brontotheres are indigenous (Granger 
and Gregory, 1943; Radinsky, 1965a). Among brontotheres, Metatelmatherium cristatum was 
considered as a junior synonym of the Uintan Metatelmatherium ultimum from North America 
(Mihlbachler, 2008). Among hyracodontids, the North American Triplopus had a temporal 
distribution ranging from the Uintan to Duchesnean, and Uintaceras, which is similar to Fos-
tercooperia to some extent, is from the Uintan (Radinsky, 1967; Holbrook and Lucas, 1997; 
Prothero, 1998). On the other hand, Rostriamynodon was considered more primitive than the 
Uintan Amynodon from North America (Wall and Manning, 1986).

Among helaletids from the Erlian Basin, Paracolodon fissus is more primitive than C.? kayi 
and C.? woodi from late Uintan Sage Creek, Montana, and Wind River Basin, Wyoming (Radin-
sky, 1963), in degree of premolar molarization, and thus supports a probable date for the Irdin-
manhan earlier than late Uintan (fig. 11). Furthermore, upper molars of Desmatotherium 
mongoliense from Irdin Manha Formation are slightly more derived than those of D. intermedius 
from the late Bridgerian of the Bridger Basin and probably Washakie Basin, Wyoming (Radinsky, 
1963; Schoch, 1984); thus, the Asian Irdinmanhan is probably younger than the late Bridgerian. 
Based on all available evidence, we suggest that the Irdinmanhan can be restricted in the interval 
roughly correlative to Ui1 and Ui2 subages of the North Amerian Uintan (fig. 11). 



2017 BAI ET AL.: NEW MATERIAL OF EOCENE HELALETIDAE 29

COMMENTS ON THE LOCALITIES IN HUHEBOERHE  
(CAMP MARGETTS) AREA

The holotype of Paracolodon fissus (AMNH FM 20161, field no. 147) was collected from 
Irdin Manha beds, Camp Margettes, 25 miles southwest of Iren Dabasu in 1923 (Granger, 1923, 
p. 9). Radinsky (1965a) referred two mandibles to P. fissus?. One specimen came from the 
“Irdin Manha” beds (AMNH FM 81802, field no. 865) and the other from “Houldjin gravels” 
(AMNH FM 81804, field no. 839) at Camp Margetts; both were collected by CAE in 1930. 
Recent works have clarified that the Camp Margetts site was near the Duheminboerhe locality, 
and the “Houldjin gravels” and “Irdin Manha” beds in the Camp Margetts area are considered 
equivalent to the Irdin Manha Formation and Arshanto Formation, respectively (Meng et al., 
2007; Sun et al., 2009; Wang et al., 2010; Wang et al., 2012). Nevertheless, reexamining the 
original CAE field notes and specimens, we found that the type specimen of P. fissus was actu-
ally from the Irdin Manha Formation. The field notes documented that the specimen was from 
“white to gray arkosic, concretionary sandstones and conglomerates contain chief fossil hori-
zons” on the stretch at “mile 24.6” (Morris, 1923: 79; see also Meng, 1990: fig. 4A). From our 
field experience in the area, we suspect that the field number 147, where the holotype of P. 
fissus was found, was around the site of “24.6 miles” (“best fossils” as shown on Morris’s sketch) 
rather than “25 miles” of Iren Dabasu, as recorded by Granger (1930). The preservation condi-
tion of P. fissus holotype is similar to the specimen AMNH FM 81804; both have white bones 
and dark teeth. A similar condition is seen in the new specimen of D. mongoliense (IVPP V 
14692) from the base of Irdin Manha Formation, Changanboerhe. The specimen AMNH FM 
81802, although recorded from “Irdin Manha Formation,” has dark gray bone and teeth, which 
is similar to the condition of IVPP V 22640, but different from specimens of the underlying 
Arshanto Formation. Thus, we think that all known specimens of P. fissus were from the Irdin 
Manha Formation at today’s Duheminboerhe. 

We also think that some specimens collected from the “Irdin Manha Formation” near 
Camp Margetts were indeed from Irdin Manha Formation. For instance, Metatelmatherium 
cristatum (AMNH FM 26411) from Camp Margetts, Protitian minor (AMNH FM 26416) from 
0.5 mile west of Camp Margetts, and Rostriamynodon grangeri from 2 miles east of Camp 
Margetts were all recorded from “Irdin Manha Formation,” although the matrix associated with 
the specimens is gray sandstone and gravel comparable with that of the Irdin Manha Formation 
instead of the Arshanto Formation in this area. There is no doubt that specimens of Demato-
therium mongoliensis were collected from the Irdin Manha Formation of the Irdin Manha 
escarpment and Huheboerhe area. 

After a short visit to the locality 24.6 miles southwest of Iren Dabasu in the year 1923, 
CAE returned to that locality in the year 1930. CAE named the locality “Camp Margetts” in 
honor of a guest, a Lieutenant-Colonel N.E. Margetts, and made more comprehensive col-
lections in that area and nearby localities (from early August to late September) (Andrews, 
1932; Granger, 1930). The place named “Camp Margetts” is a vital location, because it serves 
as an anchor locality from which other sites were named and distances and directions 
defined; however, the specific location of Camp Margetts and its related sites had been uncer-
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tain and controversial for many years (Radinsky, 1964; Qi, 1987). Based on the sketches of 
sections in CAE field books and lithological characters, Meng (1990) first correctly pointed 
out that “Camp Margetts” was located in Duheminboerhe, and the localities identified in the 
field books as 6 miles west, 7 miles west and southwest, and 10 miles southwest of “Camp 
Margetts” were located along the Huheboerhe escarpment. After more detailed fieldwork in 
recent years, Meng et al. (2007) and Wang et al. (2010, 2012) further demonstrated that the 
locality 6 miles west of Camp Margetts is Nuhetingboerhe, that 7 miles southwest of Camp 
Margetts is Wulanboerhe, and that 10 miles southwest of Camp Margetts is Huheboerhe, 
while the locality 5 miles east of Camp Margetts (described as an “overnight camp” in the 
field books) is Daoteyin Obo. Meng et al. (2007) also considered the locality 7 miles south-
west to be the same as that 7 miles west. By contrast, Wang et al. (2010, 2012) considered 
the locality 7 miles southwest and the one described as 7 miles west of Camp Margetts should 
be different localities, the former Wulanboerhe, and the latter a place in the north of 
Wu lanboerhe. Nevertheless, the exact location of Camp Margetts is not clear, and the dis-
tances between Nuhetingboerhe, Wulanboerhe, and Huheboerhe to Camp Margetts seem 
considerably less than 6 miles, 7 miles southwest, and 10 miles southwest, respectively, espe-
cially for the last two localities. The solution to these questions is essential, because many 
holotypes of mammalian fossils were discovered in these localities by CAE. 

Morris’s sketch (Morris, 1923: 76) shows that the section at 24.6 miles is on the west side 
and very close to a road (fig. 12). Eight years later, Granger’s sketch (1930: 22) showed that 
Camp Margetts is also very close to the same road from Iren Dabasu to Sair Usu (see also 
Meng, 1990: fig. 3), but somewhat farther to the west. Both of the sketches show that the 
road passes an angled profile between the northern lowland and southern upland, where it 
was labeled as 25 miles on Morris’s sketch (fig. 12). Such a road is probably near the road 
from Duheminhuduge to Erlian on the present topographic map (fig. 1). The sketch at 24.6 
miles by Morris is relatively steep and thick (Meng, 1990: fig. 4A), which is consistent with 
the stratigraphic section on west side of the present road. The sketch and the stratigraphic 
section are also similar in lithology. By contrast, the section becomes more gradual and much 
thinner on the south side of the road. Furthermore, on Morris’s sketch there is a prominent 
notch on the east of the angled profile, and another escarpment is about 5 miles east (fig. 12) 
(see also Morris, 1923, Book 2, p. 35). Such a notch is consistent with the lowland between 
Duheminboerhe and Daoteyin Obo, and the distance between them is also about 5 miles 
(fig. 1). This shows that today’s road from Duheminhuduge to Erlian is very close to the one 
mapped by Morris and Granger from Iren Dabasu to Sair Usu (figs. 1, 8). According to the 
field book of Granger (1930), it is clear that Camp Margetts is located on the west side of 
Morris’s “25 miles” locality. Furthermore, many fossils were collected from the west side of 
Camp Margetts (0.5 miles west, 1 mile west, and 1.5 miles west), whereas only one locality 
2 miles east of Camp Margetts was recorded, bearing only two field numbers (890 and 921), 
besides the Daoteyin Obo (overnight camp). We thus infer that Camp Margetts should be 
located on the west side of the point where the road intersects the upland, and closer to east 
than to west rim of the Duheminboerhe escarpment (fig. 1).
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Meng et al. (2007) considered that the locality 7 miles (235°) southwest of Camp Margetts 
is the same as the locality 7 miles west of Camp Margetts. We agree with their notation and 
consider the locality 7 miles southwest (235°) of Camp Margetts is more accurate. Only two 
specimens of Advenimus burkei (field no. 892) were listed from 7 miles, 235°, whereas the suc-
cessive pages of Granger’s field book in 1930 he recorded all fossils from “7 miles west.” At that 
locality, CAE conducted fieldwork for more than two weeks (about from Aug. 30–Sept. 16) and 
collected a large number of fossils. We think that the locality Granger named as “7 miles west” 
of Camp Margetts is actually the locality known as “7 miles, 235°” (agreeing with Meng et al., 
2007) but is Huheboerhe rather than Wulanboerhe (fig. 1) for the following reasons: (1) The 
distance between Huheboerhe and Camp Margetts is about 7 miles (11.3 km), while that of 
Wulanboerhe and Camp Margetts is only about 6 miles (9.7 km). (2) Granger’s sketch map at 
7 miles southwest (235°) of Camp Margetts (Granger, 1930, 38; Meng et al., 2007: fig. 6) has 
relatively thick “Houldjin” and “gray clays” of “Irdin Manha,” which bears many specimens of 
“Eudinoceras” (latter identified as Gobiatherium) from the basal strata. Meng et al. (2007) con-
sidered “Houldjin” equivalent to “Irdin Manha” and bed 12 of the section of Meng et al. (2004); 
“gray clays” of “Irdin Manha” correlated with basal Arshato Formation of Nuhetingboerhe; and 
the underlying “Red Clays” and “Gray and reddish clays” corresponded to the Nomogen For-
mation. However, Meng et al. (2007) did not distinguish the “gray clays” of “Irdin Manha” from 
the Wulanboerhe section. Actually, at Wulanboerhe bed 12 of Meng et al. (2004) should be the 
Arshanto Formation, which is relatively thinner at that site, whereas all the underlying beds 
are Nomogen Formation. (3) At 7 miles, 235°, of Camp Margetts, the CAE collected a large 
number of fossils both from “Irdin Manha” and “Houldjin” formations; however, none of the 
Paleogene mammals were recorded from there. In contrast, at Wulanboerhe the fossils were 
mainly from the Nomogen Formation and the basal Arshanto Formation that generated char-

FIG. 12. Sketch map of the locality later named as Camp Margetts (Moriss, 1923, vol. 2: 76).
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acteristic late Paleocene and early Eocene taxa, while the Irdinmanhan mammals were absent. 
Eudinoceras mongoliensis, Gobiatherium mirificum, “Helaletes medius”, Teleolophus primarius, 
Teleolophus? rectus, and Mesonyx uqbulakensis were reported from the basal Arshanto Forma-
tion at Wulanboerhe (Qi, 1987; Lucas, 2001; Bai, 2006; Jin, 2012; Mao and Wang, 2012). (4) 
One specimen of typical Arshantan Gobiatherium mirficum (AMNH FM 26637, field no. 910) 
was recorded from the “top of the red clays which underlies the upper gray clays” (Granger, 
1930: 46; Lucas, 2001; Bai, 2006), which is inconsistent with a correlation between the “red 
clays” and the Nomogen Formation at Wulanboerhe. 

As a result, we consider the locality dubbed 7 miles southwest (235°) of Camp Margetts is 
Huheboerhe instead of Wulanboerhe. Thus, all specimens collected by CAE from 7 miles west 
of Camp Margetts are actually from Huheboerhe. The “Houldjin” is equivalent to the Irdin 
Manha Formation, and all the underlying beds are Arshanto Formation. The “gray clays” bear-
ing lots of Gobiatherium mirificum is correlated with bed 8 of the section of Meng et al. (2007). 
Obviously, CAE did not recognize the Nomogen Formation, nor even the basal Arshanto For-
mation, at the base of the section.

In the year 2013, the present authors investigated another locality, Chaganboerhe, which 
is in the south of the Huheboerhe escarpment (fig. 1). The stratigraphy at this site is similar 
to that of Huheboerhe and also rich in fossil mammals (Meng et al., 2007, fig. 7). More 
importantly, its distance to Camp Margetts is approximate 10 miles southwest. We think the 
locality described as 10 miles southwest of Camp Margetts is actually Chaganboerhe, where 
CAE spent about one week for excavation (from Sept. 16 to Sept. 22) (Granger, 1930). 
Detailed comparisons between Chaganboerhe and “10 miles southwest of Camp Margetts” 
need further investigation. Granger (1930: 53) probably erroneously recorded the field no. 
923 specimen (AMNH FM 26414, brontothere) at 10 miles west of Camp Margetts; the real 
provenance is more likely from 10 miles southwest of Camp Margetts, because at 10 miles 
west of the latter there is no outcrop. 

Finally, Meng et al. (2007) considered the locality 6 miles west of Camp Margetts to be 
Nuhetingboerhe, and we generally agree with that assessment. It should be noted that only the 
last two days (Sept. 25–26) of the whole CAE were spent 6 miles west of Camp Margetts, and 
Eudinoceras mongoliensis (field nos. 934, 935, 937) and Litolophus gobiensis (field no. 936) were 
collected from there (Granger, 1930). More specifically, we think that the locality 6 miles west 
of Camp Margetts is closer to “chalicothere pit,” which is located a short distance south of the 
main Nuhetingboerhe section.
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APPENDIX 1

Taxa and Characters in the Phylogenetic Analyses

The following specimens and references were checked for the coding of the taxa. 

Outgroup
Homogalax protapirinus, AMNH FM 4460, 15371, Radinsky (1963)
Ingroup
Heptodon calciculus, AMNH FM 294, 4858, 14884, Radinsky (1963) 
Helaletes nanus, AMNH FM 11635, 13124, Radinsky (1963)
Thuliadanta mayri, CMN 30804 (cast AMNH FM 101525), Eberle (2005)
Desmatotherium intermedius, YPM−PU 10166 (cast AMNH FM 10639), AMNH FM 12672, Radinsky 

(1963), Schoch (1984)
Desmatotherium mongoliense, AMNH FM 19161, 20155, 81718, 81803, IVPP V 14692, Radinsky (1965a)
Paracolodon fissus, AMNH FM 20161, 81802, IVPP V 22640, Radinsky (1965a)
Paracolodon inceptus, AMNH FM 20355, 20357, Radinsky (1965a), Dashzeveg and Hooker (1997)
Colodon? keyi, Hough (1955), Radinsky (1963)
Colodon? woodi, USNM 20200 (cast AMNH FM 108356), UM 12569, 13943 (cast AMNH FM 108046), 

Gazin (1956), Radinsky (1963), Eaton (1985)
Plesiocolopirus hancocki, UOMNH 20377 (cast AMNH FM 99380), AMNH FM 99379 (cast), Radinsky 

(1963)
Hesperaletes, Colbert (2006)
Colodon occidentus, AMNH FM 1212, 9779, F:AM 42891, Radinsky (1963)
Colodon? cingulatus, AMNH FM 42897, 42898, 42899, Radinsky (1963)
Colodon stovalli, Wilson and Schiebout (1984)
Colodon orientalis, PIN 1442/99 (cast AMNH FM 21893), Radinsky (1965a)
Dilophodon minusculus, YPM−PU 10019 (cast AMNH FM 10638), AMNH FM 1634a, 13206, Radinsky 

(1963)
Heteraletes leotanus, CM 11992, AMNH F:AM 104713 (cast), Radinsky (1963)
Protapirus, YPM−PU 10900 (cast AMNH FM 10643), AMNH FM 661, Scott (1941)

Characters
Upper teeth
1. Diastema between canine and incisors: 0, short; 1, long.
2. Upper canine: 0, large; 1, small; 2, absent.
3. Postcanine diastema: 0, short; 1, long. If the postcanine diastema is shorter or equal to the length of 

P1−2, it is short (state 0). If the postcanine diastema is longer than the length of P1−2, it is long 
(state 1). 

4. P1 metacone: 0, absent; 1, rudimentary; 2, distinct. Radinsky (1963) interpreted a small cuspule dis-
tal to the paracone as the metastyle in Colodon occidentus and Heteraletes leotanus, but we consider 
the small cuspule as the metacone, and thus incipiently separated from the paracone.

5. P1 protocone: 0, absent or very weak; 1, distinct.
6. P2−4 parastyle: 0, low; 1, high.
7. P2 paracone and metacone buccal surface: 0, convex; 1, moderately convex and somewhat merged 

with ectoloph.
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8. P2−4 lingual cingulum: 0, absent; 1, present.
9. P2 metacone: 0, smaller than paracone; 2, as large as paracone.
10. P2 paracone and metacone: 0, close; 1, moderately separated; 2, widely separated. The separation of 

paracone and metacone is determined by the buccal groove between them. If the paracone and 
metacone are closely situated (state 0), the groove is rather narrow. If the paracone and metacone 
are moderately separated (state 1), the groove is relatively wide near the crown but not extended to 
the base of the crown. If the paracone and metacone are widely separated (state 2), the groove is 
relatively wide and extended to the base of the crown. 

11. P2 hypocone: 0, absent; 1, incipient separated from protocone by shallow lingual groove; 2, distinctly 
separated from the protocone by a deep lingual groove; 3, protocone incipient separated by a dis-
tinct mesiolingual groove.

12. P2 protoloph: 0, separated from ectoloph by a notch; 1, joining the ectoloph. 
13. P2 metaloph: 0, absent; 1, weak; 2, as prominent as protoloph.
14. P2 metaloph orientation: 0, toward protocone; 1, toward protocone; bypassing hypocone; 2, toward 

hypocone.
15. P3−4: 0, equidimensional or only slightly broader than long; 1, transversely elongate (from Dashzeveg 

and Hooker, 1997: char. 18).
16. P3 parastyle separation from paracone: 0, wide; 1, narrow.
17. P3 paracone and metacone: 0, close; 1, moderately separated; 2, widely separated.
18. P3 paracone and metacone buccal surface: 0, convex; 1, moderately convex and somewhat merged 

with ectoloph.
19. P3 hypocone: 0, absent; 1, protocone distally extended without lingual groove; 2, incipiently sepa-

rated from protocone by shallow lingual groove; 3, distinctly separated from the protocone by a 
deep lingual groove; 4, protocone incipient separated by an shallow mesiolingual groove.

20. P3 protoloph: 0, separated from ectoloph by a notch; 1, joining the ectoloph.
21. P3 metaloph: 0, absent; 1, weak; 2, as prominent as protoloph.
22. P3 metaloph orientation: 0, toward protocone; 1, toward protocone; bypassing hypocone; 2, toward 

hypocone.
23. P4 metacone position: 0, distal to paracone; 1, more lingually displaced.
24. P4 paracone and metacone: 0, close; 1, moderately separated; 2, widely separated.
25. P4 paracone and metacone buccal surface: 0, convex; 1, moderately convex and somewhat merged 

with ectoloph.
26. P4 hypocone: 0, absent; 1, protocone distally extended without lingual groove; 2, incipiently sepa-

rated from protocone by shallow lingual groove; 3, distinctly separated from the protocone by a 
deep groove; 4, protocone incipiently separated by a shallow mesiolingual groove; 5, completely 
separated.

27. P4 protoloph: 0, separated from ectoloph by a notch; 1, joining the ectoloph.
28. P4 metaloph: 0, weak, not distinct; 1, as prominent as protoloph.
29. P4 metaloph orientation: 0, toward protocone; 1, toward protocone; bypassing hypocone; 2, toward 

hypocone.
30. M1−3 parastyle: 0, separated from paracone; 1, closely appressed to paracone.
31. M1 metacone buccal surface: 0, slightly convex; 1, concave.
32. M1−2 protoloph and metaloph: 0, straight; 1, slightly convex mesially.
33. M1−2 metacone: 0, moderately long; 1, short; 2, very reduced.
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34. M1−2 metacone position compared with paracone: 0, slightly lingually depressed; 1, moderately 
lingually depressed; 2, strongly lingually depressed.

35. M1−2 distobuccal cingulum on the buccal side of metacone: 0, weak; 1, distinct.
36. M1−2 centrocrista: 0, directly connecting paracone and metacone; 1, curved buccally forming 

reverse U shape.
37. M1−2 metaloph and ectoloph connection: 0, mesiolingual base of metacone; 1, near the apex of 

metacone; 2, mesial to the apex of the metacone.
38. M2 metacone: 0, vertically situated; 1, curved distally at the apex.
39. M2 metacone buccal surface: 0, slightly convex; 1, concave.
40. M3 parastyle position compared with paracone: 0, strongly mesiobuccally; 1, slightly mesiobuccally; 

2, nearly mesially. Except for Homogalax and Heptodon, the character state can be determinated by 
the orientation of preparacrista. The slightly mesiobuccally displaced paracone is indicated by nearly 
mesially extended preparacrista (state 1). The nearly mesially displaced paracone is indicated by a 
slightly mesiolingually extended preparacrista (state 2).

41. M3 metacone buccal surface: 0, slightly convex; 1, concave.
42. M3 metacone position compared with paracone: 0, slightly lingually depressed; 1, moderately lin-

gually depressed; 2, strongly lingually depressed.
43. Orientation of M3 postmetacrista: 0, distally; 1, distobuccally.

Lower teeth
44. Lower canine: 0, large; 1, small; 2, absent.
45. Lower postcanine diastema: 0, short; 1, long. The short postcanine diastema refers to the diastema 

equal to or less than the length of p2−3 (state 0).
46. p1: 0, present; 1, absent.
47. p2 metaconid: 0, absent; 1, rudimentary; 2, prominent as protoconid.
48. p2 entoconid: 0, absent; 1, weak; 2, prominent.
49. p2−4 distobuccal cingulum: 0, present; 1, absent.
50. p3−4 cristid obliqua orientation: 0, mesolingually; 1, mesially toward protoconid.
51. p3 entoconid: 0, absent; 1, small and weak; 2, prominent; 3, as large as hypocone.
52. p3 protoconid and metaconid: 0, close; 1, widely separated.
53. p3 paraconid: 0, high and prominent; 1, low and indistinct.
54. p3 trigonid: 0, longer than wide or equal; 1, wider than long.
55. p3 talonid width compared with trigonid width: 0, equal; 1, slightly greater; 2, considerably greater.
56. p4 entoconid: 0, absent; 1, small and weak; 2, prominent; 3, as large as hypocone.
57. p4 trigonid: 0, longer than wide or equal; 1, wider than long.
58. p4 talonid width compared with trigonid width: 0, equal; 1, slightly greater; 2, considerably greater.
59. m1−3 paracristid: 0, distinct; 1, reduced.
60. m1−3 cristid obliqua: 0, distinct; 1, moderately reduced; 2, highly reduced.
61. m1−3 protolophid and hypolophid: 0, protolophid transversely extended, hypolophid slightly oblique; 

1, both oblique and parallel to each other; 2, both transverse. 
62. m1–3 endocristid (cristid extending mesially from the entoconid): 0, present; 1, absent.
63. m3 hypoconulid: 0, large; 1, small; 2, highly reduced.
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Cranium and mandible
64. Position of infraorbital foramen: 0, posterior border of P2; 1, posterior border of P3; 2, posterior end 

of P4.
65. The posterior end of incisor notch at the level of: 0, incisors; 1, postcanine diastema; 2, P3−4; 3, 

M1−2.
66. Anterior end of nasal at the level of: 0, premaxilla; 1, postcanine diastema.
67. Premaxilla and nasal contact: 0, present; 1, absent.
68. Lateral trough of ascending process of maxilla: 0, absent; 1, present.
69. The extension of the lateral trough of ascending process of maxilla: 0, restrict to the lateral side; 1, 

curving around the nasofrontal suture; 2, extending posteriorly over the supraorbital process of the 
frontal.

70. The relation between the lacrimal and the lateral border of the lateral trough: 0, lacrimal narrow and 
not forming the lateral border; 1, lacrimal forming part of lateral border.

71. Dorsal surface of frontal: 0, flat; 1, with medial trough.
72. Anterior sagittal ridge on the frontal: 0, absent; 1, present.
73. Posterior end of symphysis of mandible: 0, posterior to the first premolar; 1, anterior to the first 

premolar; 2, at the level of the anterior border of the first premolar.
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APPENDIX 2

Data Matrix

A = (0/1); B = (0/2); C = (1/2); D = (2/3); E = (0/4).

1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Homogalax 0 0 0 0 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0 0 - 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Heptodon 0 0 0 0 0 0 0 0 0 0 0 1 0 - 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1

Helaletes 1 1 1 1 0 0 0 0 1 0 A 0 1 0 0 1 0 0 1 1 1 0 1 1 0 C 1 1 0 0 0 0 0 1 0 0 1 0 1

Thuliadanta ? 1 1 0 0 0 1 1 1 0 0 0 0 - 0 0 0 1 1 0 1 0 1 1 1 1 0 0 0 0 1 0 1 1 0 0 1 0 1

Des. intermedius ? 0 1 ? ? 0 1 0 1 1 1 0 0 - 0 0 1 1 3 0 1 1 0 1 1 3 1 1 1 1 0 1 0 1 A 0 1 1 1

Des. mongoliense 0 0 1 1 0 1 1 0 1 0 1 0 1 2 0 1 A 1 2 0 1 2 1 0 1 3 1 1 2 1 ? A 1 2 0 0 1 1 1

Pa. fissus ? ? ? ? ? 1 0 0 1 0 D 0 1 1 1 1 0 0 3 0 C 1 1 0 0 3 0 A 1 1 1 0 1 2 1 0 1 0 1

Pa. inceptus ? ? 0 2 1 1 0 0 1 1 2 0 2 2 1 1 1 0 4 0 2 2 1 1 0 2 0 1 0 1 1 0 2 2 1 0 1 0 1

C.? kayi ? ? ? ? ? ? 0 2 ? ? ? ? ? ? 1 1 0 0 ? ? 2 2 1 0 0 3 0 1 2 1 1 1 1 1 1 0 1 0 1

C.? woodi ? ? ? 0 0 ? 0 2 1 0 ? ? ? ? 1 1 0 0 3 ? 2 2 0 0 0 3 0 1 2 1 1 0 1 1 1 0 1 0 1

Plesiocolopirus ? 1 0 0 0 ? 0 0 1 1 3 0 1 0 1 1 0 0 4 1 1 ? 1 0 0 4 1 1 0 1 0 0 1 2 0 0 1 0 0

Hesperaletes 1 0 1 0 0 ? 1 0 ? ? 0 0 A 0 0 1 ? 1 ? A 1 0 1 1 1 0 1 0 0 1 0 1 0 1 0 0 2 ? 0

C. occidentalis - 2 1 1 1 1 1 B 1 2 2 0 2 2 1 1 2 1 3 1 2 2 1 2 1 3 1 1 2 1 1 0 2 2 1 1 1 0 1

C.? cingulatus 0 1 0 1 1 1 1 2 1 0 A 0 1 2 1 1 1 1 0 1 2 0 1 1 1 0 1 1 0 1 0 0 0 2 0 1 1 0 0

C. stovalli ? ? ? ? ? 0 0 2 1 ? 3 ? 2 2 1 ? 0 0 4 ? 2 2 0 0 0 2 1 1 0 1 ? 0 1 0 ? 1 2 0 ?

C. orientalis ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 2 1 5 1 1 2 1 1 0 2 2 1 1 1 0 1

Dilophodon ? ? ? ? ? 0 1 0 0 ? 0 ? 1 0 0 ? ? 1 E ? A 0 1 ? 1 0 ? 0 ? 0 1 1 0 1 0 0 2 0 1

Heteraletes ? ? ? 1 0 1 0 2 1 1 0 0 0 - 0 1 1 0 2 0 1 1 0 1 0 2 1 0 1 0 0 1 0 1 0 0 2 0 1

Protapirus 0 1 1 ? ? 0 0 0 1 1 0 0 2 0 1 1 2 0 4 1 2 ? 1 2 0 2 1 1 0 1 0 1 1 1 0 0 1 0 0
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4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7 7

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3

Homogalax 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 A 0 0 0 0 - - 0 0 0

Heptodon 1 1 0 1 0 1 A 0 0 0 0 0 0 1 0 0 A 0 0 0 1 1 0 1 1 1 0 0 0 - - 0 0 0

Helaletes 1 1 1 0 1 1 1 1 0 0 0 1 0 1 0 1 1 0 0 0 2 1 1 1 2 2 0 1 1 0 0 0 0 1

Thuliadanta 2 1 2 0 ? ? 0 1 1 ? 0 2 0 1 0 1 2 1 1 0 1 ? ? 0 2 2 ? 1 ? ? ? ? ? ?

Des. intermedius 2 0 1 0 ? ? 1 1 0 0 1 2 0 1 0 2 2 0 2 0 2 0 1 2 2 ? ? ? ? ? ? ? ? 1

Des. mongoliense 2 1 2 1 1 ? 1 1 1 0 1 2 0 A 0 1 2 0 1 0 2 0 1 1 2 2 ? 1 1 ? 0 ? ? 1

Pa. fissus 1 1 1 1 ? 0 1 A A 1 1 C 0 0 0 1 C 1 1 0 2 0 ? 2 1 ? ? ? 1 2 1 1 1 2

Pa. inceptus 1 1 2 1 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 1 2 0 ? C ? ? ? ? ? ? ? ? ? ?

C.? kayi 1 1 1 1 1 0 1 2 2 0 1 2 1 1 1 2 2 1 2 0 2 2 1 ? ? ? ? ? ? ? ? ? ? ?

C.? woodi 2 1 1 1 ? ? ? ? ? 0 1 ? ? ? ? ? 2 1 1 0 2 1 1 0 ? ? ? ? ? ? ? ? ? ?

Plesiocolopirus 2 ? 1 0 1 0 1 1 1 0 0 2 0 1 0 1 2 1 2 0 2 1 1 1 1 ? ? 1 1 ? ? ? ? 1

Hesperaletes 2 0 1 0 0 1 0 1 0 ? 1 0 0 1 ? 1 1 ? 0 0 1 1 1 2 0 2 0 1 1 2 1 1 1 2

C. occidentalis 2 1 1 0 2 - 1 2 2 1 1 3 1 1 1 2 3 1 2 1 2 0 1 1 1 3 1 1 1 1 1 0 0 2

C.? cingulatus 1 0 1 0 1 0 1 2 ? 1 1 2 1 1 0 1 2 1 0 1 2 2 ? 0 2 2 ? 1 1 ? ? 0 0 2

C. stovalli ? ? 0 0 1 1 1 1 1 ? 1 2 0 1 1 2 3 1 2 1 2 2 ? 0 ? 2 ? 1 1 ? ? ? ? 2

C. orientalis 2 1 1 1 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?

Dilophodon ? ? ? ? 1 1 1 0 0 0 1 1 0 1 0 1 1 0 1 0 2 1 1 2 0 ? ? ? 0 - - 0 0 2

Heteraletes 2 1 1 1 ? ? ? ? 0 ? 1 1 0 1 0 1 1 0 1 0 2 1 1 2 ? ? ? ? ? ? ? ? ? ?

Protapirus 1 0 1 0 1 1 1 2 2 1 0 2 1 1 1 1 2 1 1 1 2 C 1 2 1 2 1 1 1 2 1 1 1 2

continued
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APPENDIX 3

Distribution of Unambiguous Synapomorphies (tree, fig. 11).

Numbers in parentheses correspond to character states; “-” precedes reversal characters. Nonhomoplastic 
synapomorphies are in bold; other characters are homoplastic. 

Node Characters and state

35 3(1), 7(1), 16(1), 18(1), 23(1), 25(1), 32(1), 34(1), 42(1), 50(1), 62(1), 67(1), 73(2)

34 44(1), 46(1), 58(1), 60(2)

33 9(1), 26(2), 64(2), -73(1)

32 4(1), 17(1), 22(1), 29(1)

31 11(1), 26(3), 28(1), 30(1), 38(1), -61(0)

30 2(1), -32(0), -50(0)

29 -7(0), 13(1), -18(0), 20(1), -25(0), 28(1),

28 15(1), 19(4), -24(0), 30(1), -64(1)

27 13(2), 21(2), 49(1), 59(1), 73(2)

26 14(2), 31(1), 35(1), 50(1)

25 8(1), 55(2), 58(2), -63(0)

24 -19(3), 26(3), 47(2), 48(2), 52(1)

23 4(1), 7(1), 18(1), 25(1),

22 40(2)

21 -27(0), 43(1), -49(0), -59(0),

20 -20(0), -27(0), 43(1)
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