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ABSTRACT

Tombaatar sabuli, a new taxon from the re-
cently discovered Upper Cretaceous locality of
Ukhaa Tolgod, Mongolia is a large multitubercu-
late, similar to Catopsbaatar catopsaloides and
Djadochtatherium matthewi. A preliminary cla-
distic analysis employing a modified version of
Simmons' (1993) matrix, of 67 characters and 50
taxa, yielded 20,000 equally most parsimonious
trees before exhausting the available computer
memory. The large amount of missing data (10
taxa are less than 25% complete) probably ac-
counts for the high number of trees and the rela-
tively poor resolution of the strict consensus tree.
A monophyletic group formed by Tombaatar, and
Catopsbaatar, with Djadochtatherium, Nemegt-
baatar, Bulganbaatar, Kryptobaatar and Chul-
sanbaatar, as successive sister groups is support-

ed in the strict consensus tree of this heuristic run.
The remaining Late Cretaceous multituberculates
from Mongolia and Pentacosmodon (Paleocene of
North America) join this group in the 50% ma-
jority rule consensus tree. In all cases, this group
falls outside Cimolodonta (ptilodontoids + tae-
niolabidoids). The topologies of the recovered
trees suggest that most of the Late Cretaceous
Mongolian multituberculates form an endemic
monophyletic group. This idea, however, has to
be considered provisional until a full review of
multituberculate relationships is completed. Most
multituberculates, including Tombaatar, have a
notably large maxillary sinus, nasal cavity, and
olfactory lobes. The peculiar shape of the multi-
tuberculate rostrum reflects the unique morphol-
ogy of their nasal region.
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INTRODUCTION

Fossil remains of multituberculates range
in age from probably Late Triassic (Hahn et
al., 1987) to Late Eocene (Kristhalka et al.,
1982; Prothero and Swisher, 1992) and their
durable teeth and jaws are known from all
major landmasses with the exception of Aus-
tralia and Antarctica. Despite the wide tem-
poral and geographical range of this group,
most taxa are known by isolated teeth and
fragmentary upper and lower jaws. Multitu-
berculates are the most abundant and diverse
mammal fossils from the continental Late
Cretaceous Formations of Mongolia (Kielan-
Jaworowska, 1974; Dashzeveg et al., 1995)
and they are frequently represented by nearly
complete skulls. Because of the high quality
and abundance of specimens, the Mongolian
multituberculates are central to our under-
standing of the morphology and relationships
of this group (Kielan-Jaworowska, 1970,
1974; Kielan-Jaworowska et al., 1986; Gam-
baryan and Kielan-Jaworowska, 1995). The
new, extraordinarily large sample of multi-
tuberculate skulls collected in the last five
years by the Mongolian Academy of Sci-
ences-American Museum expeditions, in ad-
dition to significant collections previously
amassed by Mongolian, Russian and Polish
expeditions, will allow a comprehensive as-
sessment of the group. Mongolian multitu-
berculates have been collected in traditional
areas made famous by dinosaurs remains,
such as the Flaming Cliffs (Andrews, 1932;
Kielan-Jaworowska and Barsbold, 1972), or
in newly found localities, such as Ukhaa Tol-
god (Dashzeveg et al., 1995) which has
yielded an unparalleled concentration of
mammals, dinosaurs, and other vertebrates.
Some Mongolian multituberculates (Kryp-

tobaatar and Chulsanbaatar among others)
are known from scores of skulls and occa-
sionally by associated postcrania (Simpson,
1928; Kielan-Jaworowska, 1969, 1979; Kie-
lan-Jaworowska and Gambaryan, 1994;
Dashzeveg et al., 1995). Two taxa of rela-
tively large size, Djadochtatherium matthewi
(Simpson, 1925) and Catopsbaatar catopsa-
loides (Kielan-Jaworowska, 1994; = Dja-
dochtatherium catopsaloides Kielan-Jawo-
rowska, 1974) are less abundant in Mongo-
lian collections. The former is known only

by the type specimen, an incomplete skeleton
(Simpson, 1925, 1928), and the latter is rep-
resented by three skulls and several lower
jaws, plus a few postcranial elements. The
specimen we describe in this paper represents
a new taxon; it is of large size for the average
dimensions of most Mongolian multituber-
culates, but similar to those previously men-
tioned and probably closely related to them.
The systematic assignments of both Dja-
dochtatherium and Catopsbaatar have varied
considerably. Catopsbaatar catopsaloides
(Kielan-Jaworowska, 1994) has been attrib-
uted successively to Djadochtatherium, Ca-
topsalis, and finally to a genus of its own
(Kielan-Jaworowska, 1974, 1994; Kielan-
Jaworowska and Sloan, 1979). On the other
hand, Djadochtatherium matthewi was at one
time transferred to Catopsalis (Kielan-
Jaworowska and Sloan, 1979), but later re-
turned to the original genus (Simmons and
Miao, 1986). The new material warrants the
reevaluation of these taxa based in a prelim-
inary cladistic analysis.

MATERIAL AND LOCALITY

The type and only known specimen of the
new taxon we describe here, a partial skull
(PSS-MAE 122), was collected in Ukhaa
Tolgod, Nemegt Basin, Gobi desert (Dash-
zeveg et al., 1995) during the 1993 field sea-
son by members of the Mongolian Academy
of Sciences-American Museum of Natural
History expedition. Nevertheless, there are
several skulls that likely represent the same
taxon among the numerous-still only par-
tially prepared-specimens from Ukhaa Tol-
god. A large sample of complete skulls of
Kryptobaatar have also been recovered (No-
vacek et al., in prep.) from the same part of
the sequence of Ukhaa Tolgod.
Ukhaa Tolgod is a small amphitheater in

the eastern Nemegt Valley about 300 km
southwest of the famous Flaming Cliffs, or
Bayn Dzak, locality (see Dashzeveg et al.,
1995). The terrain consists of low hills,
buttes, cliffs, and broad flat slopes that sur-
round a shallow wash. The primary collect-
ing area is only about 4 kM2, but some 20
sublocalities have been found and mapped
within that area. These sites together account
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for an unprecedented wealth of high-quality
specimens representing a diversity of Meso-
zoic vertebrate groups--including over 150
skeletons of theropod, protoceratopsian, and
ankylosaurian dinosaurs; 240 and 300 skulls
(many with skeletons) of mammals and liz-
ards, respectively; numerous nests with di-
nosaur eggs; embryonic, juvenile, and adult
theropods associated with nests; and several
skeletons of the flightless bird Mononykus
(Perle et al., 1994; Norell et al. 1994, 1995;
Dashzeveg et al., 1995; Novacek et al.,
1996).
The section at Ukhaa Tolgod bears a strik-

ing resemblance to the type section of the
Djadokhta Formation at Bayn Dzak (Dash-
zeveg et al., 1995; Dingus et al., in prep.). It
comprises a basal section of red sandstone
with concretionary sheets; a middle section
of thick cross-bedded units of cliff-forming
red sandstones; and an uppermost fluvial se-
quence of interbedded red sandstones, brown
and maroon mudstones, and conglomerates.
Fossils occur throughout the section but the
highest concentrations of vertebrates are in
the basal and middle sandstones. It is note-
worthy that multituberculate and lizard fos-
sils are common, but larger skeletons of di-
nosaurs are rare in the upper fluvial se-
quence. Many skeletons at Ukhaa Tolgod are
articulated and nearly complete and show lit-
tle surface pitting or destruction. It is sug-
gested that the preserved animals were rap-
idly buried in sand soon after or even at the
time of death, but the taphonomic factors
bearing on this case are under investigation
(Dashzeveg et al., 1995; Novacek et al., in
prep.). A similar scenario has been suggested
for the Djadokhta-like strata at Bayan Man-
dahu in northern China (Jerzykiewicz et al.,
1993).

METHODS

We included the new taxon and employed
the matrix presented by Simmons (1993) as
a source for characters and taxa in the cla-
distic analysis. Character coding for Kryp-
tobaatar was revised based on recently col-
lected skulls from Ukhaa Tolgod (PSS-MAE
101) and Tugrugeen Shireh (PSS-MAE 113).
Character coding for Djadochtatherium mat-
thewi, Catopsbaatar catopsaloides, and Ne-

megtbaatar gobiensis was altered to reflect
our reinterpretation of the available speci-
mens. The purpose of this analysis is not to
present an extensive survey of the relation-
ships of all the major taxa of multitubercu-
lates, but to offer a preliminary hypothesis of
the relationships of the new taxon. Thus,
with few exceptions, the coding has been
taken directly from Simmons study for those
taxa not mentioned above. The exceptions
pertain to changes suggested by Dr. Zofia
Kielan-Jaworowska when she reviewed an
earlier version of this paper.
Many of the 50 taxa included have a very

low percentage of completeness: 10 of them
are 25% complete or less, and 23 are below
50%. The proliferation of trees resulting
from the numerous missing data is likely to
obscure the underlying hierarchical structure
present in the most parsimonious trees when
a consensus tree is computed (Swofford,
1991; Novacek, 1992). To cope with the ef-
fects of the missing data, Taxonomic Equiv-
alent Taxa (TET) were identified following
the rules proposed by Wilkinson (1995) for
consistent taxonomic reduction. Four TET
were removed from the original matrix: Gui-
marotodon, Mesodma, Mimetodon, and
Baiotomeus; they are TET of the more com-
plete taxa Ctenacodon, Paraectypodus, Neo-
plagiaulax, and Ptilodus respectively. Two
pairs, Mimetodon-Neoplagiaulax and Baio-
tomeus-Ptilodus, did not fully meet the sec-
ond rule of Wilkinson (1995), because, in
both cases, the less complete member of each
pair had one character coded as polymorphic
(uncertainty), while the more complete tax-
on, or index, had only one of the two pos-
sible states. When the polymorphic condition
was changed to conflict with that of the index
taxon, the topology of the consensus tree did
not change. Thus, the taxonomic difference
between these taxa, if any, appeared to be
minimal. Operationally, we assumed that Mi-
metodon and Baiotomeus are TET of Neo-
plagiaulax and Ptilodus respectively. Taxa
deleted from the original analysis were a
posteriori placed manually in the consensus
trees in a trichotomy between the index taxon
and its sister group (fig. 6B). This was pos-
sible because in each case the TET were
equivalent to only one of the index taxa and
consequently their position in the tree was
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unequivocally determined by the index taxon
(Wilkinson, 1995).

Tugrigbaatar, from Tugrugeen Shireh,
originally included in Simmons (1993) study
is considered by us to be a junior synonym
of Kryptobaatar and consequently is re-
moved from our matrix (see below). The
multistate characters considered as ordered
by Simmons were treated in the same way
here. The matrix was subjected to analysis
by PAUP 3.1.1 (Swofford, 1993), and poly-
morphism was treated as uncertainty.
The anatomical nomenclature follows in

most cases Kielan-Jaworowska (1971), Kie-
lan-Jaworowska et al. (1986), Miao (1988),
Hurum (1994), and Gambaryan and Kielan-
Jaworowska (1995). The systematic termi-
nology follows Simmons (1993), whenever
possible, but more traditional terms are also
applied.

Institutional abbreviations are as follow:
AMNH, American Museum of Natural His-
tory, Vertebrate Paleontology; PSS-MAE,
Paleontological and Stratigraphic Section
(PSS) of the Geological Institute, Mongolian
Academy of Sciences, Ulaan Baatar, Mon-
golia, and collections of the joint Mongolian
Academy of Sciences-American Museum
of Natural History Paleontological Expedi-
tions (MAE); ZPAL, Institute of Paleobiol-
ogy of the Polish Academy of Sciences, War-
saw.

SYSTEMATICS

CLASS MAMMALIA

SUBCLASS ALLOTHERIA

INFRACLASS MULTITUBERCULATA

FAMILY INCERTAE SEDIS

Tombaatar, new genus (figs. 1-5)

TYPE AND ONLY SPECIES: Tombaatar sa-
buli, new species.
ETYMOLOGY: Tom, transliteration from the

Mongolian, big; and baatar, transliteration
from the Mongolian for hero, a common suf-
fix for Mongolian multituberculates. sabuli,
Latin, from the sand, referring to the sand
dunes and related terrain of the Gobi desert
at present and also when Tombaatar lived
during the Late Cretaceous.

HOLOTYPE: PSS-MAE 122, a partial skull

with fragmentary rostrum and anterior por-
tion of the braincase, with both 12, right 13,
left P1, P3, and left and right P4, M1-2.

LOCALITY: Ukhaa Tolgod, unnamed for-
mation (Djadokhta Formation equivalent?),
Upper Cretaceous (see also above).

DIAGNOSIS: Large size multituberculate,
with palate length (measured from the pos-
terior margin of the I2) of 30.4 mm and a
M1-M2 length of 9.5 mm. Palatal torus is
notably strong, more than in any other pres-
ently known multituberculate, with an elab-
orated, stout, crescent-shaped process that
projects ventrally on either palatine (as in the
weaker torus of Kryptobaatar). MI cusp for-
mula (4:5:2) and size, differentiate Tombaa-
tar from all Mongolian multituberculates.
Skull of Tombaatar is similar in dimensions
to those of Djadochtatherium matthewi
(Simpson, 1925) and Catopsbaatar catopsa-
loides (Kielan-Jaworowska, 1974, 1994; Kie-
lan-Jaworowska and Sloan, 1979), but differs
from these taxa in having the 13 alveolus
formed by both the premaxilla and maxilla;
a slender, posteriorly tapering process of the
premaxilla on the rostrum; a high skull with
a deep orbit (flat rostrum, and palate wider
and shorter in Djadochtatherium and Ca-
topsbaatar); and a proportionately short and
slender anterior process of the frontal on the
skull roof (long and wide in Djadochtather-
ium, but not preserved in Catopsbaatar). P2
absent and rounded premaxillary-maxillary
suture in rostrum of Tombaatar and Catops-
baatar (P2 present and suture not rounded in
Djadochtatherium; suture rounded in Ne-
megtbaatar, Kryptobaatar, and Chulsanbaa-
tar, but not in Sloanbaatar, Kamptobaatar,
Ectypodus, or Lambdopsalis). Tombaatar
and Djadochtatherium are distinguished
from Catopsbaatar in having large P1 and
P3 (?plesiomorphic) and MI with only two
cusps on the lingual row which form a lobe
in the posterior half of the molar of Tom-
baatar. Four lingual cusps cover the poste-
rior two-thirds of the labial margin of the MI
in Catopsbaatar. Some additional characters
are present in other multituberculates but are
rendered autapomorphies of Tombaatar by
their distribution on the most parsimonious
trees. These are: base of zygomatic arch dor-
sal or anterior to P3/P4 embrasure, incisive
foramina of medium size and elongated, and
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A B
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Fig. 1. Photograph (A) and drawing (B) of the type specimen of Tombaatar sabuli PSS-MAE 122
in ventral view. Abbreviations: af, articular facet for the maxilla; if, infraorbital foramen; inf, incisive
foramina; mpf, major palatine foramen; mipf; minor palatine foramen, mx, maxilla; pal, palatine; pmx,
premaxilla; ppt, postpalatine torus; tp, thickening of premaxilla.

posterior margin of palate medial to middle
of M2.

DESCRIPTION

Skull
Figures 1-3

The type and only specimen, PSS-MAE
122, is a fragmentary rostrum and anterior
portion of the braincase (figs. 1-3). The skull
has a well preserved dentition, palate, and
orbital wall, but most, or all, of the right pre-
maxilla, maxilla, nasal, lacrimal, and frontal
are not preserved. The partial loss of the wall
of the nasal cavity has exposed the large
maxillary sinus and infraorbital canal, allow-
ing their preparation and description.

PREMAXILLA: For descriptive purposes, the
premaxilla is composed of two processes, a
fairly horizontal palatal process, or processus

palatinus, and a rather vertical nasal process,
processus nasalis or facialis. The premaxilla
constitutes the lateral and ventral wall of the
anterior portion of the nasal cavity which is
at the same time the roof of the oral cavity
(figs. 1-3). This bone lodges the large 12,
forms most of the alveolus for the I3, and
articulates with the maxilla and the nasal.

In ventral view (fig. 1), the palatal process
is incomplete anteriorly between the alveoli
for 12. The preserved portion has an arched
outline and is moderately concave dorsally.
A blunt ventral ridge marks the labial margin
of the palate, extending from the premaxilla-
maxilla suture to the anteriormost extent of
the premaxilla. Both premaxillae are in con-
tact sagittally through a straight and smooth
suture. The suture with the maxilla is more
complex; it runs posteromedially from the la-
bial margin until it reaches the caudal rim of
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Fig. 2. Photograph (A) and drawing (B) of the type specimen of Tombaatar sabuli PSS-MAE 122
in lateral view. Abbreviations: etf, ethmoidal foramen; fr, frontal; if, infraorbital foramen; lac, lacrimal;
mx, maxilla; mxf, maxillary foramen; na, nasal; op, orbital pocket; or, orbital ridge; pmx, premaxilla;
sph, sphenopalatine foramen.

the alveolus for 13. At that point, the suture
turns abruptly posteriorly and then antero-
medially. The alveolus for I3 is circular and
displaced medially from the labial margin,
roughly in line with the 12 alveolus, a uni-
versal condition in the Late Cretaceous Mon-
golian multituberculates. The I3 alveolus is
formed by both premaxilla and maxilla. A
slender process of bone separates the 13 al-
veoli from the more medial incisive forami-

na. The foramina are similar in size to the 13
alveoli, oval and medially bounded by stout
palatine processes.

Rostral to the incisive foramen, the palatal
process of the premaxilla displays a conspic-
uous boss, or raised area, similar to the struc-
ture present in Kryptobaatar and Chulsan-
baatar. This is the thickening of the premax-
illa of Kielan-Jaworowska et al. (1986). Sev-
eral small foramina and pits are present on
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Fig. 3. Photograph (A) and drawing (B) of the type specimen of Tombaatar sabuli PSS-MAE 122
in dorsal view. Abbreviations: fr, frontal; lac?, lacrimal?; na, nasal; naf, nasal foramen; mx, maxilla;
mxs, maxillary sinus (floor); pmx, premaxilla.

the palatine process in front of incisive fo-
ramina. In lateral view, the alveolus for 12 is
fully exposed on the right side by breakage
of the alveolar wall; it extends back to the
level of 13.
The nasal or facial process of the premax-

illa (fig. 2) is extensive, very tall, and is in
contact with the nasal and the maxilla exclu-
sively; there is no evidence of a septomax-
illa. The anterior margin of the nasal process
is incomplete, exposing both 12 in their al-
veoli. The existence of an internarial process
of the premaxilla, as occurs in Lambdopsalis
(Miao, 1988), can neither be confirmed nor
denied in Tombaatar due to poor preserva-
tion. The left premaxilla shows a faint indi-
cation of a depression running parallel to the
labial margin. In some other better-preserved
multituberculate skulls, like Kryptobaatar
(PSS-MAE 101), a conspicuous groove par-
allel to the edge of the premaxilla is present.

The same structure is likely to have been
present in Tombaatar.
The suture between the nasal and premax-

illa is irregular with small interdigitating pro-
jections from both elements. The more dam-
aged right side of the specimen reveals that
the maxilla extensively overlaps the premax-
illa laterally. The external contact between
these two elements is a smooth rostrally con-
vex suture preserved on the left side of the
skull (fig. 2). A very long and slender pos-
terior process of the premaxilla wedges be-
tween the maxilla and nasal, extending dor-
sally and posteriorly to the roof of the skull
above P1.

MAXILLA: The maxilla is well developed
in most multituberculates, being a primary
component of the rostrum, zygomatic arch,
and orbital mosaic. It has a horizontal palatal
process, and subvertical facial and orbital
processes. The maxilla contacts the premax-
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illa anteriorly, with the nasal, frontal and
probably lacrimal dorsally, and finally, with
the palatine posteriorly in the palate. Only
the contact with the frontal is preserved in
the orbit. The maxilla also forms the dental
arcade for P1, P3-4, and M1-2. The maxilla
forms the posterior part of the nasal cavity,
the anterodorsal portion of the cranial cavity,
and the floor of the choanal passage. The zy-
gomatic process and sizable portions of the
facial and orbital process are missing. On the
right maxilla, only the palatal process and
portions of the facial process delimiting the
maxillary sinus are preserved.
The palatal process of the maxilla (fig. 1)

is broad, concave dorsally, and without pal-
atal vacuities. Slightly compressed, the pal-
atal processes of the maxillae are broken in
four somewhat displaced pieces. The suture
with the palatine has a transverse and a lon-
gitudinal section. The former is just posterior
to the anterior margin of the M1 and it is
notched near its most lateral point by the ma-
jor palatine foramen for the nerve of the
same name and accompanying vessels. A
very faint groove continues anteriorly on the
maxilla a short distance from the anterior
edge of the major palatine foramen. The long
longitudinal suture of the maxilla with the
palatine limits medially a narrow process of
the maxilla between the palatine and the mo-
lars. In this area, at the level of the M2 and
very close to the maxilla-palatine suture, but
completely encompassed by maxilla, is a slit-
like foramen, the minor palatine foramen.
The extent of the maxilla posterior to the

last molar cannot be ascertained because of
breakage. However, in most Mongolian mul-
tituberculates the alisphenoid extends for-
ward nearly to the palate. Therefore, it seems
likely that not much of the maxilla in this
region of PSS-MAE 122 is missing.
The facial process of the maxilla (fig. 2)

shows a curved, serrated suture with the na-
sal. On the left side, the infraorbital canal
opens anteriorly via the infraorbital foramen
at the level above the small diastema be-
tween P1 and P3; the foramen is distinctively
depressed dorsoventrally, a derived feature of
some Mongolian multituberculates such as
Kryptobaatar. A prominent shelf separates
the medial rim of the foramen from the den-
tal arcade. As preserved, the infraorbital ca-

nal lacks a roof and is confluent with the
maxillary sinus. This, however, is likely an
artifact of incomplete preservation.
The broken right maxilla has been pre-

pared to expose the maxillary sinus (fig. 3).
This sinus is notably large and seems to have
been connected to the nasal cavity by a large
fenestra. In the rostral part of the sinus, a
thick anteroposterior crest that houses the
root of the premolars protrudes dorsally and
divides the sinus into medial and lateral cav-
ities. The lateral cavity extends rostrally in-
side the process of the maxilla that overlaps
the premaxilla laterally.

In lateral view (fig 2), the orbital process
is exposed on the right and left side because
of the absence of the zygomatic processes.
The orbital process is a large bony lamina
extending from the vicinity of the maxillary
foramen anteriorly to the sphenorbital fissure
posteriorly. The position of the latter fissure
can only be approximated in this specimen.
The circular posterior aperture of the infra-
orbital canal, the maxillary foramen, is en-
closed by the base of the zygomatic process
and the anterior portion of the orbital lamina.
Consequently, as in all the previously de-
scribed multituberculates from the Late Cre-
taceous of Mongolia, the infraorbital canal is
formed entirely by the maxilla. In a poorly
preserved area, inside the infraorbital canal
and slightly anterior to the rim of the max-
illary foramen, there is a deep notch directed
medially toward the nasal cavity. This notch
was probably a foramen when the bone was
complete. The morphology of the area
around the maxillary foramen resembles that
of the specimen referred to Djadochtather-
ium by Gregory and Simpson (1926; see be-
low).

Dorsally, the orbital lamina contacts the
very incomplete orbital contribution of the
lacrimal and possibly also the frontal, but the
relevant portions of the latter bone are not
preserved in the anterior part of the orbit.
The posterior contact of the maxilla with the
frontal runs obliquely ventroposteriorly in
the orbit, ending at a point above M1-M2 in
the probable region of the sphenopalatine fo-
ramen, where there is some damage. Most of
the missing bone is probably maxilla, and the
sphenopalatine foramen was placed between
maxilla and frontal at the posterior edge of
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this area. It is possible, although unlikely,
that the orbitosphenoid formed a small por-
tion of the caudal margin of the foramen. A
broad sulcus continues posteromedially from
the region of the sphenopalatine foramen in
the direction of the region in which the
sphenorbital fissure was present. The maxilla
in this area is virtually a horizontal shelf that
floors the sulcus.

PALATINE: According to Miao (1988), con-
trary to the condition present in most mam-
mals, the multituberculate palatine is ex-
posed only in the palate and it lacks an or-
bital process (Miao, 1988; contra Hurum,
1994). The palatine does not contribute to the
orbital mosaic in Tombaatar. The nature of
the suture with the maxilla already described
gives this bone a subrectangular outline (fig.
1). The palatine is a horizontal lamina with
medial and posterior ridges. The medial
ridge, at the intrapalatine suture, forms a
very sharp and raised crest which increases
in relief posteriorly, where it meets the post-
palatine torus. Massive and crescent-shaped,
the postpalatine torus marks the posterior
limit of the hard secondary palate with its
strong ventral projection. The torus reaches
ventrally almost to the level of the occlusal
surface of M2. The bilateral arms of the torus
meet at the midline to form a strong, blunt
posterior process.

NASAL: As Simpson (1937) remarked, the
nasal is very large in multituberculates. In
Tombaatar, it is a long laminar bone which
becomes broader and slightly lateromedially
convex posteriorly. The nasal articulates with
the premaxilla, maxilla, frontal, and probably
also with the lacrimal.
The suture with the premaxilla (fig. 2, 3)

is virtually parasagittal and irregular, but not
serrated, as is the arched maxilla-nasal su-
ture. Posteriorly (fig. 3), the nasal is over-
lapped in the midline by a short, wedge-
shaped medial process of the frontal; lateral
to this process, the suture is arch-shaped. Se-
vere breakage of the bone in the region of
the once-present orbital rim precludes an ab-
solute identification of the relationships in
this area. Nevertheless, the posterolateral
sector of the nasal seems to be in contact
with a separate, roughly rectangular bone. If
this is correct, the bone in question can only
be the lacrimal.

The anterior half of the nasal is narrow
and perforated by two sizable nasal foramina
anteroposteriorly aligned in a common sul-
cus.

LACRIMAL: A small, elongated fragment of
bone contacting the orbital process of the
maxilla is almost certainly part of the lacri-
mal (fig. 2). It seems to be continuous with
the subrectangular element of the roof of the
skull already mentioned in connection with
the nasal (fig. 3, lac?). The lacrimal likely
has both an orbital wing and a substantial
exposure in the cranial roof, as is the case in
other Mongolian multituberculates where
this element is well preserved (Kielan-Ja-
worowska et al., 1986; Hurum, 1994).

FRONTAL: The limits of the frontal on the
cranial roof and within the orbit have been
described above; both the posterior and or-
bital margins of this bone are incomplete.
The preserved portion of the orbital process
of the frontal (fig. 2) is directed ventrally and
is divided in two portions by a strong, ver-
tical, orbital ridge (Gambaryan and Kielan-
Jaworowska, 1995). In front of the ridge, and
partially covered laterally by it, a deep pock-
et is found, the orbitonasal fossa (Kielan-Ja-
worowska et al., 1986) or orbital pocket
(Gambaryan and Kielan-Jaworowska, 1995).
In Catopsbaatar this anterolaterally trending
ridge is continuous with the orbital margin
and was likely so in Tombaatar, implying a
large roof for the orbit as in all known late
Cretaceous multituberculates from the Gobi.
Behind the orbital crest, another depression,
which is much broader and more open than
the orbitonasal fossa, is directed toward a
notch in the posterodorsal area of the frontal.
The edges of this notch are natural, and the
feature is here interpreted as the dorsal mar-
gin of the ethmoidal foramen, for the eth-
moidal nerve (a branch of V,) and vessels.
The frontal contribution to the cranial roof

is slightly convex dorsally from front to
back, and its posterior margin probably is
close to representing the fulf length of this
bone. No other characters can be described
from this nearly featureless and broken sur-
face (fig. 3).

Dentition
Figures 4, 5

The morphology of the dentition can be
confidently interpreted despite some break-
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Fig. 4. Stereophotograph of the upper dentition of Tombaatar sabuli PSS-MAE 122 in occlusal
view.

age or loss of some teeth. As a whole, the
teeth do not show evidence of extensive
wear, but distinctive facets crown each cusp.
The formula of the upper dentition of Tom-
baatar is 12, CO, P3, M2.

INCISORS: As in cimolodontids, only I2 and
13 are present. 12 is broken on both sides at
the level of the alveolus and the left 13 has
been lost. 12 is a narrow and strong tooth
with a long, curved root which extends pos-
teriorly and dorsally inside the premaxilla to
the contact of this bone with the maxilla. Part
of the enamel preserved on the left 12 shows
it was limited to a very thin band covering
the anterolateral portion of the tooth.

13 is a perfectly cylindrical tooth, slightly
curved posteriorly and housed in an alveolus

formed by the premaxilla and maxilla. This
tooth is medially displaced from the margin
of the premaxilla. There is no trace of enamel
on 13, but this may be due to weathering,
because the naturally exposed portions of 12
have also lost all traces of enamel, which is
preserved on the surfaces of the tooth that
was not exposed originally. 13 shows a flat
surface with extensive wear, so that the orig-
inal number of cusps cannot be ascertained.

PREMOLARS: Tombaatar has three premo-
lars identified as P1, P3, and P4 respectively.
Between the P1 and P3 there is a short dia-
stema, shorter than P3, indicative of the ex-
pected position of the absent P2. P1 and P3
are known only in the left dentition.

P1 is doubled-rooted, with the anterior
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Fig. 5. Upper dentition of the type of Tom-
baatar sabuli PSS-MAE 122 in occlusal view.
Cross hatching denotes missing enamel or broken
surfaces.

root slanting anteriorly from the crown and
somewhat compressed, as is usual in the P1
of multituberculates. The posterior root, in
contrast, is broad transversely. The crown
has three main conical cusps arranged in a

triangle. Two of the cusps are aligned me-

siodistally on the lingual side of the tooth,
and a small rise is positioned labial to the
anterior cusp. This prominence gives a sub-
rectangular aspect to the crown in occlusal
view. Details of the labial side are difficult
to establish, because part of the enamel has
been chipped away in this area.

P3 is also double-rooted, with a slightly
posterior inclination. The crown is low and

has four conical cusps arranged in two me-
siodistal rows of two cusps each. Those of
the lingual row are higher than the labial
cusps.
P4 has two long, lateromedially com-

pressed roots. The narrow, elongate crown is
dominated by a row of five cusps that run
along the anteroposterior axis of the lingual
half of the crown. The third cusp in this row,
occupying a central position in the crown, is
the most robust. Labial to the three anteri-
ormost cusps in this row are two cusps that
form a partial second row. Both are very
small and indistinct, especially the posterior
one. A broad wear facet extends lingually
from the principal row of cusps in the pos-
terolingual portion of the tooth. It is probable
that one or more small, lingual cusps occu-
pying this position have been worn away. As
in other multituberculates, the main row of
cusps of P4 is continuous with the outer row
of cusps in MI.

MOLARS: There are two molars in Tom-
baatar; those of the left side have been less
exposed to weathering and are better pre-
served. The cusps in both molars are sub-
hexagonal and very broad; no crescent cusps
are present. Ml has a long, compressed, an-
terior root (the only one exposed), and a cusp
formula of 4-5-2. In the labial row, the cusps
become slightly larger from the first to the
third, the fourth being smaller than the third.
A conspicuous crest links the second and
third cusp of the labial row, and consequent-
ly, there is almost no embrasure between
these cusps, a condition not occurring else-
where in the dentition. Cusp size increases
posteriorly in the middle row, from the first
to the fourth cusp, the largest of the tooth.
The fifth is much smaller than the fourth and
subequal to the second of the same row. The
cusps of the lingual row form a distinctive
lobe, extended from the level of the embra-
sure of cusps 3-4 of the middle row to the
posterior margin of the tooth. The valleys be-
tween cusps are very narrow and angular due
to the intercalation of the cusps of the central
and labial rows, and the roughly hexagonal
bases of the cusps.
M2 is double-rooted with two stout, pro-

cumbent, and columnar roots. The crown
faces anteroventrally; this attribute, together
with the ventral projection of the premaxilla,
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confers (in lateral view) the characteristic
concave outline of multituberculate dentition.
The crown has a labial ridge and two more
lingual rows with the cusp formula 2-3. The
labial ridge is slender and moderately con-
stricted at the level of the anterior cusp of
the central row, without forming independent
cusps. The two cusps in the middle row are
very large, especially the first one that oc-
cupys an almost central position. The three
lingual cusps are subequal, relatively acute,
and tall.

DISCUSSION

Comments on Djadochtatherium

In the course of study of Tombaatar, the
referred specimen of Djadochtatherium
(AMNH 21703) was further prepared and
some new features were exposed. Although
this specimen was assigned to Djadochtath-
erium by Gregory and Simpson (1926), it is
not, in our opinion, congeneric with the type
of Djadochtatherium matthewi (AMNH
20440), supporting earlier doubts raised by
Kielan-Jaworowska (1970: 45). The maxilla
in the referred specimen is representative of
an adult specimen, because P1, the last re-
placed premolar in multituberculates (GWR
personal obs.), is freshly erupted while P2
already shows evidence of extensive wear.
The maxilla and the premolars are, however,
too small to pertain to Djadochtatherium.
Additionally, the referred and type specimen
differ in the shape and size of the anterior
zygomatic crest (Gambaryan and Kielan-Ja-
worowska, 1995), which is low, anteriorly ta-
pered, and small in AMNH 21703, while it
is very broad and ends abruptly anteriorly in
Djadochtatherium. Djadochtatherium shares
the presence of a horizontal shelf, or cheek,
forming the floor of the infraorbital canal
with Catopsbaatar and Tombaatar, whereas
such a structure is absent in the specimen
referred to Djadochtatherium. AMNH 21703
has a constriction in front of the root of the
zygomatic arch, but in Djadochtatherium the
arch and the rostrum are confluent. AMNH
21703 could be a new taxon but it is too
poorly preserved to warrant a name. It is
considered here as an indeterminate multi-

tuberculate which resembles Nemegtbaatar,
but is larger.

Comments on Tugrigbaatar saichanensis

Kielan-Jaworowska and Dashzeveg (1978)
reported on a new taxon from the Upper Cre-
taceous locality, Tugrugeen Shireh, Mongo-
lia. The type and only known specimen of
this taxon, Tugrigbaatar saichanensis, is an
incomplete skull and lower jaw with associ-
ated partial humerus and ulna. Kielan-Jawo-
rowska and Dashzeveg compared Tugrigbaa-
tar directly with Kryptobaatar because of
their obvious similarities and discussed a
number of differences between them. Ac-
cording to these authors, the most substantial
difference between the two genera is the
structure of the basioccipital (Kielan-Jawo-
rowska and Dashzeveg, 1978), namely the
presence of a basioccipital box in Krypto-
baatar which is absent in Tugrigbaatar. This
structure in Kryptobaatar later proved to be
an artifact (Kielan-Jaworowska et al., 1986).
Direct comparison of the specimens reveals
that other purported distinctions, such as the
different proportions of the premaxillae, gle-
noid, squamosal portion of the zygomatic
arch and tooth size, do not appear to be sub-
stantially different from those of some other
Kryptobaatar specimens. The foramina in
the premaxilla present in Tugrigbaatar are,
however, not found in any of the specimens
of Kryptobaatar available to us. The peculiar
shape of the skull of Tugrigbaatar in lateral
view, particularly the proportionally inflated
nasal cavity (Kielan-Jaworowska and Dash-
zeveg, 1978:fig. 2), is a consequence of the
fact that the back part of the skull roof is
missing, and the reconstruction has not been
corrected to reflect the missing bone.
The slightly larger tooth and skull sizes of

Kryptobaatar specimens from Tugrugeen
Shireh (PSS-MAE 113, for example) relative
to those from Bayn Dzak and Uhkaa Tolgod,
and the foramina in the premaxilla in the
type specimen of Tugrigbaatar, do not pro-
vide enough basis for recognition of a dis-
tinct genus. Consequently, we propose to
make Tugrigbaatar a junior synonym of
Kryptobaatar. The status of the species is in
our opinion uncertain with the material avail-
able. Kielan-Jaworowska et al. (in press) also
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raise doubts about the validity of Tugrigbaa-
tar saichanensis and consider it to be a valid
species of Kryptobaatar.

Cladistic Analysis

Several recent studies of multituberculate
relationships (cf. Rowe, 1988, 1993; Wible
and Hopson, 1993; Wible et al., 1995; Meng
and Wyss, 1995; Sereno and McKenna,
1995; Rougier et al., 1996) either lack a com-

prehensive analysis of interrelationships
among multituberculate groups or offer only
an analysis of a subset of taxa (Simmons and
Miao, 1986; Stevens, 1988; Hahn, 1993).
Simmons' (1993) study is the only cladistic
analysis available that includes a comprehen-
sive attempt to resolve the relationships of
most multituberculate groups. Accordingly,
Simmons' (1993) matrix and taxa were used
to establish the relationships of Tombaatar
through the use of PAUP and the assump-

tions and procedure outlined under Material
and Methods.

This preliminary assessment is focused on

the placement of Tombaatar. It does not pre-

sume to be a review of all the characters and
coding proposed by Simmons (1993). Only
the coding of Catopsbaatar, Nemegtbaatar,
Djadochtatherium, and Kryptobaatar have
been fully inspected. A revision of the taxa
and characters in this matrix is in progress as

part of larger project on multituberculate
phylogeny. The changes are justified below
following the character numeration of Sim-
mons, 1993, given here in appendix 1:

9) p4 cusp count: The coding for Dja-
dochtatherium is changed from 0 to ?. p4 of
the type is now lost, and due to its poor pres-

ervation, Simpson (1925) was unable to de-
scribe any feature of the occlusal portion of
the premolar.

13) ml cusp formula: Djadochtatherium,
change from 1 to ?. The preservation of the
molars is insufficient to warrant the coding
of this character, especially when one more

cusp, or less, can change the character state
for the taxon.

16) m2 length: Djadochtatherium is
changed from ? to 1. Although m2 is un-

known for Djadochtatherium, the distance
between the alveoli for the anterior and pos-
terior root is 3.7 mm. This falls in the middle

of the interval 3.0-4.4 mm, which is as-
signed the condition 1.

17) Central basin on m2: The coding for
Djadochtatherium is changed from 1 to ?. As
stated above, m2 is not known for this taxon.

19) Number of cusps of I2: Catopsbaatar
is changed from ? to 1. Fewer than four
cusps, probably a single cusp, is character-
istic of Catopsbaatar.

20) Enamel covering of the 12: Krypto-
baatar is changed from 0 to 1. The enamel
is thicker on the labial side of the incisor than
on the lingual side (state 1) in the specimen
PSS-MAE 113.

21) Number of cusps of I3: Djadochta-
therium and Catopsbaatar are changed from
0 to ?. In both taxa they are broken or heavily
worn.

28) P1 cusp count: Catopsbaatar is
changed from 1 to ? . According to Kielan-
Jaworowska (1974), the number of cusps in
P1 is not known for this taxon.

33) P3 cusp formula: Djadochtatherium
and Catopsbaatar are changed from 1 to ?.
The crown features of P3 are unknown in
these multituberculates.

44) Position of aperture of infraorbital ca-
nal: The coding for Djadochtatherium is
changed from ? to 1. In the very incomplete
rostrum of the type, the infraorbital canal is
not very well preserved, but the position of
the anterior aperture can be established with
confidence.

46) Length of facial process of maxilla
(measured from root of zygomatic process):
Kryptobaatar is changed from 1 to 0. The
skulls PSS-MAE 101 and PSS-MAE 113 of
Kryptobaatar show the primitive condition.

47) Bony roof over anterior orbital space:
Djadochtatherium is changed from 0 to 1.
The miscoding of this trait stems from Simp-
sons (1925) restoration of the skull. What he
interpreted as the orbit is actually a missing
portion of the lateral wall of the nasal cavity.
Fragments of the maxilla and probably lac-
rimal are missing from this sector of the
skull. The orbit -in fact is placed more pos-
teriorly and only the most anterior wall of it
is preserved in Djadochtatherium. A distinct
suture between the maxilla and another ele-
ment, probably the lacrimal, is visible in the
orbit. What is preserved of this anterior wall
of the orbit inclines posteriorly, as in other
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multituberculates in which there is a bony
roof over the anterior part of the orbit.

48) Snout confluent with zygomatic arch:
Nemegtbaatar is changed from 1 to 0. In our
opinion, the rostrum is not confluent with the
zygoma.

50) Zygomatic ridge: Catopsbaatar is
changed from 0 to 1. The zygomatic ridge is
well developed in Catopsbaatar (Gambaryan
and Kielan-Jaworowska, 1995).

51) Size of postorbital process: Krypto-
baatar and Catopsbaatar are changed from
0 to 1. The postorbital process is large in
Kryptobaatar (PSS-MAE 113); previous re-
ports of small processes (Kielan-Jaworows-
ka, 1974; Kielan-Jaworowska and Dashzev-
eg, 1978) were based on incomplete material.
Catopsbaatar also has very large postorbital
processes (Kielan-Jaworowska, 1974, plate
XIX, Ic).

53) Shape of frontoparietal suture: Dja-
dochtatherium is changed from 0 to ?, and
Kryptobaatar, from 0 to 1. The posterior por-
tion of the frontals is not present in the type
of Djadochtatherium and the suture is dis-
tinctively U-shaped in Kryptobaatar (PSS-
MAE 113).

54) Contact between nasals and parietals:
Djadochtatherium is changed from 1 to ?,
and Kryptobaatar, from ? to 0. The miscod-
ing of this feature probably follows Simp-
sons (1925) restoration of the parietal contact
with the nasals. No such contact is present in
the type. In Kryptobaatar the parietal does
not reach forward beyond the middle point
of the orbit, and thus it does not approach
the nasals.

55) Lacrimal size: Kryptobaatar is
changed from ? to 0 and Catopsbaatar from
0 to 1. The problem with the condition in
Djadochtatherium is again related to the
original interpretation of the orbit by Simp-
son (1925), which Simmons followed in her
analysis. In fact, the missing bone in the lat-
eral wall of the nasal chamber may have
been mostly lacrimal. The rostral extension
of the lacrimal in Djadochtatherium cannot
be determined precisely with the specimen
available, but enough remains to establish
that the facial process was extensive, similar
to the condition of other Mongolian multi-
tuberculates, which are coded as 1.

56) Thickenings in palatal process of the

premaxilla: Djadochtatherium and Catops-
baatar are changed from 0 to 1. In Djadoch-
tatherium, a distinct, elongated prominence
is present on the left premaxilla of the type,
occupying the same position as in other mul-
tituberculates with a thickened premaxilla.
The thickening is also present in Catopsbaa-
tar (ZPAL-MgM 1/79).

58) Palatal vacuities: Djadochtatherium
and Kryptobaatar are changed from 1 to ?
and 0, respectively. The preservation of the
palate in Djadochtatherium does not warrant
the recognition of palatal vacuities; the type
even suggests that the vacuities were absent.
Until better skulls are available, a decision
on this matter seems premature. Specimens
better preserved than the type of Kryptobaa-
tar (Kielan-Jaworowska. 1970) available to
Kielan-Jaworowska and Dashzeveg (1978)
show that the previously reported palatal va-
cuities in this taxon are artifacts. This is con-
firmed by our specimens.

59) Position of posterior border of palate
with regard to M2: Nemegtbaatar and Ca-
topsbaatar are changed from 1 to 2. In both,
the palate extends posteriorly up to the em-
brasure between MI and M2 (Kielan-Jawo-
rowska, 1974; Kielan-Jaworowska et al.,
1986).

60) Ethmoid foramen present: Kryptobaa-
tar is changed from ? to 0. The foramen is
present in the skulls collected by the new
Mongolian-American Museum Expeditions
(PSS-MAE 101 and 113).

64) Position of the internal carotid fora-
men; 65) presence of condylar foramina; and
66) number of condylar foramina: Krypto-
baatar is changed from ? to 1 based on the
new specimens.

PAUP Results

Only heuristic searches were conducted
because of the large amount of missing data
and the high number of taxa. The number of
trees produced, even after the deletion of the
taxa considered to be taxonomically equiva-
lent (Wilkinson, 1995), was so large that
none of the searches were completed. After
some runs, the MAXTREES option of PAUP
was set at 20,000, which approximates the
maximum number of trees that could be
stored in memory by the available computer.
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The topology of the consensus of the 20,000
does not differ from the topology of the con-
sensus of 10,000, the latter being the number
of trees considered in Simmons (1993) study.

Comparison of the strict consensus tree
(fig. 6A) to the tree presented by Simmons
(1993) reveals that the changes introduced in
the coding and the additional taxa decreased
resolution. Despite the numerous trees and
the insensitivity of the strict consensus meth-
ods for recovering recurrent structure among
the most parsimonious trees (Mickevich and
Platnick, 1989; Funk and Brooks, 1990), a
fair number of nodes are still present in the
strict consensus tree (fig. 6A). Recent ad-
vances in our knowledge of multituberculates
justify a revision of the taxa and characters
included in the matrix presented here (ap-
pendix 2), but that is beyond the scope of
this paper. Accordingly, only a few major is-
sues emerging from the results of this study
are considered.

Relationships of Tombaatar

A monophyletic assemblage formed by
Tombaatar, Catopsbaatar, Djadochtather-
ium, Nemegtbaatar, Bulganbaatar, Krypto-
baatar, and Chulsanbaatar as successive sis-
ter groups is recovered in the consensus tree
(fig 6A, node 3). This arrangement for Ca-
topsbaatar and Djadochtatherium is similar
in some regards to the traditional view (e.g.,
Clemens and Kielan-Jaworowska, 1979;
Hahn and Hahn, 1983) that these taxa are
closely related. Instead, Simmons (1993)
proposed a closer relationship of Djadoch-
tatherium with taeniolabidids than with any
other Late Cretaceous multituberculate from
Mongolia. She remarked, however, that the
position of Djadochtatherium (forming a
monophyletic group with the Taeniolabidoi-
dea) was one of the weakest supported nodes
in her cladogram. The relationships proposed
here for Tombaatar contradict Simmons ar-
rangement in that Djadochtatherium, Ca-
topsbaatar, and the new taxon are not closely
related to Taeniolabididae, but form a group
outside ptilodontoids and taeniolabidoids (all
multituberculates more closely related to
Taeniolabididae than to Ptilodontidae). The
tree topology of Simmons study is five steps
longer than the consensus tree presented

here. In general, our study recognizes Tom-
baatar as another lineage of the diverse
monophyletic clade of mostly Asiatic multi-
tuberculates (fig. 6A, node 1). These Late
Cretaceous multituberculates show a general
increase in body size, a reduction of the an-
terior premolar elements and, in the most
specialized cases, a loss of P2 ( Kielan-Ja-
worowska, 1974; Clemens and Kielan-Ja-
worowska, 1979), features apparently ac-
quired convergently with those in Taeniola-
bididae, as also implied by Simmons' (1993)
cladogram.
A monophyletic assemblage of the Late

Cretaceous multituberculates from the Dja-
dokhta and Barun Goyot Formations, in ad-
dition to Pentacosmodon (Jepsen, 1940)
from the Paleocene of North America, is sup-
ported by the 50% majority rule consensus
tree (fig. 6C) as well as cladograms based on
successively more complete taxa (e.g., 30%
or more complete, 35%, 45%), although the
internal structure of the basal members of
this clade is left unresolved in the strict con-
sensus tree. This primarily Mongolian group
consistently falls outside the monophyletic
assemblage comprising ptilodontoids and
taeniolabidoids. This conclusion does not
contradict Simmons' (1993) tree, because her
group X (including most of the Late Creta-
ceous multituberculates and Pentacosmodon)
was included in a polytomy involving ptilo-
dontids, taeniolabidoids, Sloanbaatar, Bul-
ganbaatar, Hainina, and Paracimexomys.
Nonetheless, Simmons applied the name
Cimolodonta (McKenna, 1975; Stucky and
McKenna, 1993) to this node and redefined
the group as the last common ancestor of
Ptilodus and Taeniolabis plus all its descen-
dants. The resolution of that polytomy in the
tree herein indicates that the Late Cretaceous
multituberculates from Mongolia should not
be considered cimolodonts sensu Simmons
(1993). Eucosmodontidae is also inappropri-
ate for this clade of mostly Mongolian mul-
tituberculates, because applying the tradition-
al concept of membership (Clemens and Kie-
lan-Jaworowska, 1979; Hahn and Hahn,
1983) renders the group paraphyletic (Ste-
vens, 1988; Simmons, 1993). Hence, a new
name for this group is warranted, pending a
more complete review of the data set em-
ployed here. In recognition of our current un-
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certainty about the relationships of the mul-
tituberculates from the Late Cretaceous of
Mongolia, we refer Tombaatar and its rela-
tives to a family incertae sedis.
As in Simmons' (1993) tree, the core of

both Ptilodontoidea and Taeniolabidoidea is
also recovered in this analysis (fig. 6), but,
as mentioned above, these groups form a
monophyletic assemblage excluding the Asi-
atic Late Cretaceous multituberculates, with
the possible exception of Buginbaatar (Kie-
lan-Jaworowska and Sochava, 1969). The
age of Buginbaatar is somewhat uncertain;
it could be either Late Cretaceous or Paleo-
cene (Clemens and Kielan-Jaworowska,
1979). Jerzykiewicz and Russell (1991),
however, correlated the strata bearing Bug-
inbaatar (Khaichin Ula, in the Bugin Cav re-
gion) with those of the Nemegt Formation.
If so, Buginbaatar would be the only known
mammal of the Nemegt Formation repre-
senting a younger interval than that repre-
sented by the Djadokhta and Barun Goyot
Formations. Consequently, no other mam-
malian taxa can be utilized to establish
whether the Gobi mammalian fauna during

"Nemegt times" was basically endemic or
closely linked with faunas from other conti-
nents. A greater affinity between multituber-
culate faunas of North America and Asia is
seen in the case of late Paleocene multitu-
berculates such as Catopsalis (Sloan and
Kielan-Jaworowska, 1979; Simmons and
Miao, 1986), Sphenopsalis (Matthew et al.,
1928), Prionessus (Matthew and Granger,
1925; Matthew et al., 1928) and Lambdop-
salis (Chow and Qi, 1978; Miao, 1988).

Additional important differences between
our tree and that of Simmons (1993) are the
collapse of her node Y of taeniolabidoids
into a series of paraphyletic groups and in-
dividual taxa; the removal of Cimolodon
from Ptilodontoidea to Eucosmodontidae (at
least in the 50% majority rule consensus);
and the transfer of Cimolomys from Sim-
mons' group Z to a basal position in Tae-
niolabidoidea.

Noteworthy is the distinctiveness of some
of the mammals from the new locality,
Ukhaa Tolgod (Novacek et al., 1994; Dash-
zeveg et al., 1995), which includes several as
yet undescribed taxa of multituberculates and
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Fig. 6. Continued. (A) Strict consensus tree of 20,000 equally most parsimonious trees produced by
heuristic search by PAUP Four taxa scored in the matrix, Guimarotodon, Mesodma, Mimetodon, and
Baiotomeus, have been considered TET and omitted. The strict consensus tree has the following param-
eters: tree length = 284; CI = 0.38 and the RI = 0.652. The same parameters for the individual trees
are tree length = 242; CI = 0.446; RI = 0.735. Numbers relate to the nodes diagnosed in appendix 3.
(B) Strict consensus tree of 20,000 most parsimonious trees with the TET added. (C) 50% majority rule
of the 20,000 equally most parsimonious trees. This tree, with minor differences, is also recovered in
the strict consensus of trees that considered successively more complete taxa (30%, 35%, 40%, 45%
and 50% or more complete).
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therians in addition to Tombaatar. In a more
general framework, the similarities between
the Late Cretaceous mammals from Mongo-
lia and those from other continents are very
vague, especially in light of the unsettled sta-
tus of the higher-level systematics of Multi-
tuberculata and the uncertain affinities of
Asioryctes and Kennalestes (Novacek, 1986;
MacPhee and Novacek, 1993). All mamma-
lian genera from the Late Cretaceous of
Mongolia are endemic forms. No member of
Zalambdalestidae (Gregory and Simpson,
1926; Nessov and Kielan-Jaworowska, 1991;
Averianov and Nessov, 1995), or of the var-
ious multituberculate families recognized by
Kielan-Jaworowska (1971, 1974), is known
outside Mongolia and the former Soviet Mid-
Asia. Deltatheridiidae are possibly represent-
ed in North America by isolated molars (Fox,
1974; Cifelli, 1990), but the ptilodontoids,
abundant in North America, are altogether
absent from Mongolia (Kielan-Jaworowska,
1975, 1980; Kielan-Jaworowska and Sloan,
1979; Bonaparte and Kielan-Jaworowska,
1987).
To sum up, this preliminary analysis sug-

gests that most or all of the Late Cretaceous
multituberculates from Mongolia form an in-
digenous group without close relationships
with those from other continents. Pentacos-
modon from the Paleocene of North America
may be a later branch of that Mongolian
group. This group could be the sister group
of Cimolodonta (ptilodontoids + taeniolabi-
doids). The presence of other endemic Mon-
golian mammals makes this scenario possible
but its definitive test will be provided by a
comprehensive revision of multituberculate
relationships in progress.

The infraorbital canal and
nasal cavity in multituberculates

The presence of multiple exits of the in-
fraorbital foramen in non-mammalian Mam-
maliamorpha and basal mammals is well
documented (Kermack et al., 1981; Hahn,
1985; Rowe, 1988, 1993; Lillegraven and
Krusat, 1991; Rougier, 1993). Following re-
marks by Kemp (1983) and Hahn (1985),
characters of the infraorbital canal, including
number, size, and relationships of the aper-
tures have been included in different phylo-

genetic studies (Rowe, 1988, 1993; Wible,
1991; Rougier, 1993). The importance of the
distinction of the number of exits for the
branches of the maxillary branch of the tri-
geminal nerve and accompanying vascular
structures has been questioned by Miao
(1988). The discrepancies cited by Miao
have, however, no bearing in a major phy-
logenetic framework, because the variation
he noted occurs in only a few very disparate
groups. The infraorbital canal transmits the
major vessels and nerves that supply the ros-
trum, including the lips and rhinarium, which
are both characteristic mammalian features.
For that reason, further analysis of the canal
and associated structures is warranted.

All the Late Cretaceous multituberculates
from Mongolia have a single aperture for the
infraorbital canal, supposedly foramen 1
(Hahn, 1985). Hurum (1994), in his study of
the multituberculate rostrum using transverse
sections, observed that in the available spec-
imens the infraorbital canal was open medi-
ally into the nasal cavity. He cautioned, how-
ever, that this condition could be caused by
defects of preservation. The same precau-
tions are needed in evaluating Tombaatar,
whose maxilla has the infraorbital canal con-
fluent with the nasal cavity, although the
whole area is badly preserved. The infraor-
bital canal is confluent with the nasal cavity
in non-mammaliamorph synapsids (Kemp,
1982, 1983) and also in the docodont Hal-
danodon (Lillegraven and Krusat, 1991), but
it is separated in a closed canal in tritylodon-
tids (Kyhne, 1956) and Morganucodon (Ker-
mack et al., 1981). However, other Creta-
ceous multituberculates from Mongolia have
the infraorbital canal completely separated
from the nasal cavity, as in Kryptobaatar
(PSS-MAE-1 13) and the specimen originally
attributed to Djadochtatherium (AMNH
21703). Consequently, regardless of the
primitive condition for this character in Mul-
tituberculata, the separation of the infraorbit-
al canal from the nasal cavity seems to be a
homoplastic trait in mammaliamorphs.
One foramen in the fragmentary maxilla

AMNH 21703 (the specimen originally re-
ferred to Djadochtatherium) and two foram-
ina in Kryptobaatar (PSS-MAE 113) pierce
the medial wall of the infraorbital canal to
communicate either with the nasal cavity or
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the maxillary sinus. In AMNH 21703, the
single aperture is quite large and opens very
close to the posterior aperture of the infra-
orbital canal. Additional preparation of the
specimen shows that this foramen penetrates
the substance of the maxilla. It may connect
with a maxillary sinus, which does not com-
municate, at least in the portion preserved,
with the nasal cavity. The two medial aper-
tures of the infraorbital canal in Kryptobaa-
tar probably have a similar relationship with
respect to the maxillary sinus. The presence
of maxillary sinuses seems to be a wide-
spread feature among the multituberculates
from the Late Cretaceous of Mongolia, being
present not only in Chulsanbaatar, Nemegt-
baatar, and Tombaatar (Hurum, 1994; this
study), but also in many unidentified skulls
in which portions of the nasal cavity are ex-
posed. Maxillary sinuses are absent in mon-
otremes and Didelphis and are variably de-
veloped among placentals (Paulli, 1900;
Moore, 1981; Novacek, 1993). In some liv-
ing mammals, as in Canis (Evans and Chris-
tensen, 1979), small foramina open inside the
infraorbital canal. They lead through the al-
veolar canals to the apex of each alveolus
and transmit branches of the V2 and blood
supply. It is possible that some of the small
foramina in the infraorbital canal of multi-
tuberculates can be explained as the apertures
of the alveolar canals.
We emphatically agree with Simpson's

(1937) remark that the nasal bone in multi-
tuberculates was extraordinarily developed.
The nasal cavity of multituberculates, es-
pecially those from the Late Cretaceous from
Mongolia, is very large when compared to
those of most living mammals. In fact, the
so-called sphenoidal sinuses in Nemegtbaa-
tar and Chulsanbaatar (Kielan-Jaworowska
et al., 1986; Hurum, 1994) lack a septum
separating them from the nasal cavity; they
are continuous in the transverse sections
shown by those authors. Fragments of bone
are preserved inside the cavity; but these do
not allow distinction of any kind of separa-
tion between the nasal cavity and each sphe-
noidal sinus. The fragments illustrated can be
equally explained as parts of turbinals or
remnants of a septum. Considering the enor-
mous size of the anterior portion of the nasal
cavity and associated paranasal sinus system,

in addition to the dorsal position of the fron-
tal lobes (Kielan-Jaworowska, 1983, 1986),
it is possible that the so-called sphenoidal si-
nus of multituberculates is, in fact, a poste-
rior expansion of the nasal cavity. This
agrees with the consistently large olfactory
bulbs of available multituberculate endocasts
(Simpson, 1937; Kielan-Jaworowska, 1983,
1986; Krause and Kielan-Jaworowska,
1993).
Tombaatar and the new specimens of

Kryptobaatar available to us support Miao's
(1988) claim that the absence of an orbital
process of the palatine can be considered
synapomorphic for those Multituberculata in
which this area of the skull is known (i.e.,
cimolodonts plus Mongolian multitubercula-
tes). Hurum (1994) has recently disputed this
idea based on a serially sectioned skull of
Nemegtbaatar purportedly showing an orbit-
al process of the palatine. However, the sec-
tions illustrated are ambiguous, and the bone
in that sector might be maxilla, as in com-
parable sections of Chulsanbaatar (cf. fig. 9
and 16 of Hurum, 1994).

ACKNOWLEDGMENTS

We are very grateful to Dr. Zofia Kielan-
Jaworowska and Mr. J0rn Hurum for per-
mission to study material under their care
and great hospitality while at the Paleonto-
logisk Museum, Universitet I Oslo. We also
thank Ed Heck for the photographs and Dr.
Mark Norell for allowing us to use (and
abuse) his computer. For comments and im-
provements on an earlier version of the
manuscript, we acknowledge James Hopson,
Zofia Kielan-Jaworowska, and John Wible.
This research was supported by NSF Grant
DEB 930070 to M. J. Novacek and DEB
9527811 to Novacek et al. G. W. Rougier's
research was funded by the latter grant from
NSF, a Frick Research Fellowship from the
AMNH, and by the Museo Argentino de
Ciencias Naturales Bernardino Rivadavia,
CONICET, Argentina. Additional support to
the Mongolian Academy Sciences-American
Museum of Natural History Expedition has
been provided by the Jaffe Foundation, the
Eppley Foundation, IREX, the National Geo-
graphic Society, and the Phillip McKenna
Foundation.

191997



AMERICAN MUSEUM NOVITATES

REFERENCES

Andrews, R. C.
1932. The new conquest of Central Asia.

New York: Am. Mus. Nat. Hist.
Averianov, A., and L. Nessov

1995. A new Cretaceous mammal from the
Campanian of Kazakhstan. N. Jahrb.
Geol. Palaeontol. Mh. 2: 65-74.

Bonaparte, J. F, and Z. Kielan-Jaworowska
1987. Late Cretaceous dinosaur and mammal

faunas of Laurasia and Gondwana. IV
Symp. Mesoz. Terrest. Ecos. Abstracts
1: 24-29.

Chow, M., and T. Qi
1978. Paleocene mammalian fossils from

Nomogen Formation of Inner Mongo-
lia. Vertebr. PalAsiat. 16: 77-85.

Cifelli, R. L.
1990. Cretaceous mammals of southern Utah.

III. Therian mammals from the Turo-
nian (Early Cretaceous.) J. Vertebr. Pa-
leontol. 10: 332-345.

Clemens, W. A., and Z. Kielan-Jaworowska
1979. Multituberculata. In J. A. Lillegraven,

Z. Kielan-Jaworowska, and W. A.
Clemens (eds.), Mesozoic mammals:
the first two-thirds of mammalian his-
tory, pp. 99-149. Berkeley: Univ. Cal-
ifornia Press.

Dashzeveg, D., M. J. Novacek, M. A. Norell, J.
M. Clark, L. M. Chiappe, A. Davidson, M. C.
McKenna, L. Dingus, C. Swisher, and A. Perle
1995. Extraordinary preservation in a new

vertebrate assemblage from the Late
Cretaceous of Mongolia. Nature 374:
446-449.

Evans, H. E., and G. C. Christensen
1979. Millers anatomy of the dog. Philadel-

phia: W. B. Saunders.
Fox, R. C.

1974. Deltatheroides-like mammals form the
Upper Cretaceous of North America.
Nature 249: 392.

Funk, V. A., and D. R. Brooks
1990. Phylogenetic systematics as the basis of

comparative biology. Smithson. Con-
trib. Bot. 73: 1-45.

Gambaryan, P. P., and Z. Kielan-Jaworowska
1995. Masticatory musculature of Asian tae-

niolabidoid multituberculate mammals.
Acta Palaeontol. Pol. 40: 45-108.

Gregory, W. K., and G. G. Simpson
1926. Cretaceous mammal skulls from Mon-

golia. Am. Mus. Novitates 225: 20 pp.
Hahn, G.

1985. Zum Bau des Infraorbital-Foramens bei
den Paulchoffatiidae (Multituberculata,

Ober-Jura). Berliner geowiss. Abh. (A)
60: 5-27.

1993. The systematic arrangement of the
Paulchoffatiidae (Multituberculata) re-
visited. Geol. Palaeontol. 27: 201-214.

Hahn, G., and R. Hahn
1983. Multituberculata; Fossilium Catalogus

1: Animalia 1, 127: 1-409.
Hahn, G., J. C. Lepage, and G. Wouters

1987. Ein Multituberculaten-Zahn aus der
Ober-Trias von Gaume (S-Belgien).
Bull. Soc. Belge Geol. 96: 39-47.

Hurum, J.
1994. Snout and orbit of Cretaceous Asian

multituberculates studied by serial sec-
tions. Palaeontol. Pol. 39: 181-221.

Jepsen, G. L.
1940. Paleocene faunas of the Polecat Bench

Formation, Park County, Wyoming.
Proc. Am. Philos. Soc. 83: 217-341.

Jerzykiewicz, T., and D. A. Russell
1991. Late Mesozoic stratigraphy and verte-

brates of the Gobi Basin. Cretaceous
Res. 12: 345-377.

Jerzykiewicz, T., P. J. Currie, D. A. Eberth, P. A.
Johnston, E. H. Koster, and J-J. Zheng
1993. Djadokta Formation correlative strata

in Chinese Inner Mongolia: an over-
view of the stratigraphy, sedimentary
geology, and paleontology and compar-
isons with the type locality in the pre-
Altai Gobi. Can. J. Earth Sci. 30:
2180-2195.

Kemp, T. S.
1982. Mammal-like reptiles and the origin of

mammals. London: Academic Press.
1983. The relationships of mammals. Zool. J.

Linn. Soc. 77: 353-384.
Kermack, K. A., F. Mussett, and H. W. Rigney

1981. The skull of Morganucodon. Zool. J.
Linn. Soc. 71: 1-158.

Kielan-Jaworowska, Z.
1969. Discovery of a multituberculate mar-

supial bone. Nature 222: 1091-1092.
1970. New Upper Cretaceous multitubercu-

late genera from Bayn Dzak, Gobi Des-
ert. Palaeontol. Pol. 21: 35-49.

1971. Skull structure and affinities of the
Multituberculata. Ibid. 25: 5-41.

1974. Multituberculate succession in the Late
Cretaceous of the Gobi Desert (Mon-
golia). Ibid. 30: 25-44.

1975. Evolution and migrations of the Late
Cretaceous Asian mammals. Colloq.
Int. Cent. Natl. Rech. Sci. 218: 573-
584.

20 NO. 3191



ROUGIER ET AL.: NEW MULTITUBERCULATE FROM MONGOLIA

1979. Pelvic structure and nature of reproduc-
tion in Multituberculata. Nature 277:
402-403.

1980. Absence of ptilodontoidean multituber-
culates from Asia and its palaeogeo-
graphic implications. Lethaia 13: 169-
173.

1983. Multituberculate endocranial casts. Pa-
leovertebr. 13: 1-12.

1986. Brain evolution in Mesozoic mammals.
Contrib. Geol. Univ. Wyoming. Spec.
Pap. 3: 21-34.

1994. A new generic name for the multitu-
berculate mammal Djadochtatherium
catopsaloides. Palaeontol. Pol. 39:
134-136.

Kielan-Jaworowska, Z., and R. Barsbold
1972. Narrative of the Polish-Mongolian Pa-

laeontological Expeditions 1967-1971.
Palaeontol. Pol. 27: 5-13.

Kielan-Jaworowska, Z., and D. Dashzeveg
1978. New Late Cretaceous mammal locality

in Mongolia and a description of a new
multituberculate. Palaeontol. Pol. 23:
115-130.

Kielan-Jaworowska, Z., and P P. Gambaryan
1994. Postcranial anatomy and habits of

Asian multituberculate mammals. Fos-
sils Strata 36: 92 pp.

Kielan-Jaworowska, Z., M. J. Novacek, B. A. Tro-
fimov, and D. Dashzeveg
In press. Mammals from the Mesozoic of Mon-

golia. In M. J. Benton, P. Kurotchkin,
M. Shishkin and D. M.. Unwin (eds.);
The age of dinosaurs in Russsia and
Mongolia. London: Cambridge Univ.
Press.

Kielan-Jaworowska, Z., R. Presley, and C. Poplin
1986. The cranial vascular system in taeniol-

abidoid multituberculate mammals.
Phil. Trans. R. Soc. London B313:
525-602.

Kielan-Jaworowska, Z., and R. Sloan
1979. Catopsalis (Multituberculata) from

Asia and North America and the prob-
lem of taeniolabidid dispersal in the
Late Cretaceous. Palaeontol. Pol. 24:
187-197.

Kielan-Jaworowska, Z., and A. V. Sochava
1969. The first multituberculate from the Up-

permost Cretaceous of the Gobi Desert
(Mongolia). Palaeontol. Pol. 14: 355-
367.

Krause, D. W., and Z. Kielan-Jaworowska
1993. The endocranial cast and encephaliza-

tion quotient of Ptilodus (Multituber-
culata, Mammalia). Paleovertebr. 22:
99-112.

Kristhalka, L., R. J. Emry, J. E. Storer, and J. F
Sutton
1982. Oligocene multituberculates (Mamma-

lia: Allotheria): youngest known rec-
ord. J. Paleontol. 56: 791-794.

Kuhne, W. G.
1956. The Liassic therapsid Oligokyphus.

London: Br. Mus. Nat. Hist.
Lillegraven, J. A., and G. K. Krusat

1991. Cranio-mandibular anatomy of Haldan-
odon exspectatus (Docodonta; Mam-
malia) from the Late Jurassic of Por-
tugal and its implications to the evolu-
tion of mammalian characters. Contrib.
Geol. Univ. Wyoming 28: 39-138.

MacPhee, R. D. E., and M. J. Novacek
1993. Defintion and relationships of Lipo-

typhla. In F S. Szalay, M. J. Novacek,
and M. C. McKenna (eds.), Mammal
phylogeny: placentals, pp. 13-31. New
York: Springer-Verlag.

Matthew, W. D., and W. Granger
1925. Fauna and correlation of the Gashato

Formation of Mongolia. Am. Mus.
Novitates 189: 12 pp.

Matthew, W. D., W. Granger, and G. G. Simpson
1928. Paleocene Multituberculates from

Mongolia. Am. Mus. Novitates 331: 4
PP.

McKenna, M. C.
1975. Towards a phylogenetic classification

of the Mammalia. In W. P. Luckett and
F. S. Szalay (eds.), Phylogeny of the
primates: a multidisciplinary approach,
pp. 21-46. New York: Plenum Press.

Meng, J., and A. R. Wyss
1995. Monotreme affinities and low frequen-

cy hearing suggested by multitubercu-
late ear. Nature 377: 141-144.

Miao, D.
1988. Skull morphology of Lambdopsalis

bulla (Mammalia, Multituberculata)
and its implications to mammalian evo-
lution. Contrib. Geol. Univ. Wyoming
Spec. Pap. 4: 1-104.

Mickevich, M. F, and N. I. Platnick
1989. On the information content of clado-

grams. Cladistics 5: 33-47.
Moore, W. J.

1981. The mammalian skull. London: Cam-
bridge Univ. Press.

Nessov, L., and Z. Kielan-Jaworowska.
1991. Evolution of the Cretaceous Asian

Therian mammals. V Symposium on
Mesozoic Terrestrial Ecosystems and
Biota. Extended Abstracts. Cont. Pa-
leontol. Mus., Oslo Univ. 364: 51-52.

Norell, M. A., J. M. Clark, D. Dashzeveg, R.

1997 21



AMERICAN MUSEUM NOVITATES

Barsbold, L. M. Chiappe, A. Davidson, M. Mc-
Kenna, A. Perle, and M. J. Novacek
1994. A theropod dinosaur embryo and the

affinities of the Flaming Cliffs dinosaur
eggs. Science 266: 779-782.

Norell, M. A., J. M. Clark, L. M. Chiappe, and
D. Dashzeveg
1995. A nesting dinosaur. Nature 378: 774-

776.
Novacek, M. J.

1986. The skull of leptictid insectivorans and
the higher-level classification of euther-
ian mammals. Bull. Am. Mus. Nat.
Hist. 183: 1-112.

1992. Fossils, topologies, missing data, and
the higher level phylogeny of eutherian
mammals. Syst. Biol. 41: 58-73.

1993. Patterns of diversity in the mammalian
skull. In J. Hanken and B. K. Hall
(eds.), The skull, vol. 2. Patterns of
structural and systematic diversity, pp.
438-545. Chicago: Univ. of Chicago
Press.

Novacek, M. J., M. Norell, M. C. McKenna, and
J. M. Clark
1994. Fossils of the Flaming Cliffs. Sci. Am.

271: 60-69.
Novacek, M. J., M. Norell, L. Dingus, and D.

Dashzeveg
1996. Dinosaurs, mammals, birds and lizards

from the Late Cretaceous Ukhaa Tol-
god fauna, Mongolia. J. Vertebr. Pa-
leontol. 8: 56A.

Paulli, S.
1900. Uber die Pneumaticitat des Schadels

bei den Saugetieren. I. Uber den Bau
des Siebbeins. Uber die Morphologie
des Siebbeins der Pneumaticitat bei den
Monotremen und den Marsupialern.
Morphol. Jahrb. 28: 147-178.

Perle, A., L. M. Chiappe, R. Barsbold, J.M. Clark
and M. Norell
1994. Skeletal morphology of Mononykus

olecranus (Theropoda: Avialae) from
the Late Cretaceous of Mongolia. Am.
Mus. Novitates 3105: 29 pp.

Prothero, D. R., and C. C. Swisher III
1992. Magnetostratigraphy and geochronolo-

gy of the terrestrial Eocene-Oligocene
transition in North America. In D. R.
Prothero and W. A. Beggren (eds.), Eo-
cene-Oligocene climatic and biotic
evolution, pp. 46-73. Princeton, NJ:
Princeton Univ. Press.

Rougier, G. W.
1993. Vincelestes neuquenianus Bonaparte

(Mammalia, Theria) un primitivo
mamffero del Cretacico Inferior de la

Cuenca Neuquina. Diss. Univ. of Bue-
nos Aires, 720 pp.

Rougier, G. W., J. R. Wible, and M. J. Novacek
1996. Middle-ear ossicles of the Multituber-

culate Kryptobaatar from the mongo-
lian Late Cretaceous: implications for
mammaliamorph relationships and the
evolution of the auditory apparatus.
Am. Mus. Novitates. 3187: 43 pp.

Rowe, T
1988. Definition, diagnosis and origin of

Mammalia. J. Vertebr. Paleontol. 8:
241-264.

1993. Phylogenetic systematics and the early
history of mammals. In F S. Szalay, M.
J. Novacek, and M. C. McKenna (eds.),
Mammal phylogeny: Mesozoic differ-
entiation, multituberculates, mono-
tremes, early therians, and marsupials,
pp. 129-145. New York: Springer-Ver-
lag.

Sereno, P. C., and M. C. McKenna
1995. Cretaceous multituberculate skeleton

and the early evolution of the mam-
malian shoulder girdle. Nature 377:
144-147.

Simmons, N. B.
1993. Phylogeny of Multituberculata. In F S.

Szalay, M. J. Novacek, and M. C. Mc-
Kenna (eds.), Mammal phylogeny: Me-
sozoic differentiation, multitubercula-
tes, monotremes, early therians, and
marsupials, pp. 146-164. New York:
Springer-Verlag.

Simmons, N. B., and D. Miao
1986. Paraphyly of Catopsalis (Mammalia,

Multituberculata) and its biogeographic
implications. Contrib. Geol. Univ. Wy-
oming Spec. Pap. 3: 87-94.

Simpson, G. G.
1925. A Mesozoic mammal skull from Mon-

golia. Am. Mus. Novitates 201: 11 pp.
1928. Further notes on Mongolian Cretaceous

mammals. Am. Mus. Novitates 329: 14
pp-

1937. Skull structure of the Multituberculata.
Bull. Am. Mus. Nat. Hist. 73: 727-763.

Stevens, W. P.
1988. Phylogeny of taeniolabidoid multitu-

berculates. J. Vertebr. Paleontol. 8:
26A.

Stucky, R. K., and M. C. McKenna
1993. Mammalia. In M. J. Benton (ed.), The

fossil record 2., pp. 739-771. London:
Chapman & Hall.

Swofford, D. L.
1991. When are phylogeny estimates from

molecular and morphological data in-

22 NO. 3191



ROUGIER ET AL.: NEW MULTITUBERCULATE FROM MONGOLIA

congruent? In M. M. Miyamoto and J.
Cracraft (eds.), Phylogenetic analysis
of DNA sequences, pp. 295-333. New
York: Oxford Univ. Press.

1993. PAUP: phylogenetic analysis using par-
simony, version 3.1.1. Washington, D.
C.: Smithson. Institution.

Wible, J. R.
1991. Origin of Mammalia: the craniodental

evidence reexamined. J. Vertebr. Pa-
leontol. 11: 1-28.

Wible, J. R., and J. A. Hopson
1993. Basicranial evidence for early mam-

mal phylogeny. In F. S. Szalay, M. J.
Novacek, and M. C. McKenna (eds.),

Mammal phylogeny: Mesozoic differ-
entiation, multituberculates, mono-
tremes, early therians, and marsupials,
pp. 45-62. New York: Springer-Ver-
lag.

Wible, J. R., G. W. Rougier, M. J. Novacek, M.
C. McKenna, and D. Dashzeveg
1995. A mammalian petrosal from the Early

Cretaceous of Mongolia: implications
for the evolution of the ear region and
mammaliamorph interrelationships.
Am. Mus. Novitates 3149: 19 pp.

Wilkinson, M.
1995. Coping with abundant missing entries

in phylogenetic inference using parsi-
mony. Syst. Biol. 44: 501-514.

TABLE 1
Measurements of Premolars and Molars of Tombaatar (mm)

Length

Left
I.

Length

Right

Max. width Mm. Width Max. width Mm. width

p1 1.45 1.61 _ _I? I? I?

P3 1 .92 1.41 ? ? I? ?

P4 3.73 1.69 _3 .52* 1_.50* ?
M 1 5.46 3.35 2.43 5.51 3.24 22.40*
M2 3.7 3.53 ? 3.75 3.48 ?
* Estimated measurement.

Appendix 1

Character List

Dental characters
1. Enamel ultrastructure preprismatic (0), gigan-

toprismatic (1), or small prismatic (2). Unor-
dered.

2. Root of lower incisors does not extend pos-
teriorly under p3 and p4 (0), or does extend
under p3 and p4 (1).

3. Enamel covering of lower incisor of uniform
thickness (0), thicker on labial surface than
on lingual surface (1), or completely restrict-
ed to labial surface of tooth (2). Ordered.

4. Lower incisor not laterally compressed (0), or
laterally compressed (1).

5. pl present (0), or absent (1).
6. p2 present (0), or absent (1).
7. p3 present (0), or absent (1).
8. p3 cusp count 3-5 (0), or 1-2 (1).
9. p4 cusp count 3-4 (0), 5-7 (1), 8-10 (2), or

11-15 (3). Ordered.
10. p4 length 1.0-2.4 mm (0), 2.5-5.2 mm (1),

5.3-7.4 mm (2), or 7.5-15.0 mm (3). Or-
dered.

11. p4 in lateral view has straight anterior (lead-
ing) edge set at sharp angle to crown (0), or
has arcuate leading edge blending into arcu-
ate crown (1).

12. p4 diphyodont (0), or monophyodont (1).
13. ml cusp formula 4:3 or lower (0), 4:4 (1), 5:

4 (2), or 7:4 or higher (3). Ordered.
14. ml length 1.0-2.9 mm (0), 3.0-5.4 mm (1),

5.5-6.4 mm (2), 6.5-10.9 mm (3), 11.0-22.0
mm (4). Ordered.

15. m2 cusp formula 0:1 (0), or 2:2 or more (1).
16. m2 length 1.0-2.9 mm (0), 3.0-4.4 mm (1),

4.5-9.9 mm (2), 10.0-17.0 mm (3). Ordered.
17. m2 with central basin present (0), or absent

(1).
18. I1 present (0), or absent (1).
19. I2 cusp count 4 (0), or 3 or fewer (1).
20. Enamel covering of 12 of uniform thickness

(0), thicker on labial surface than on lingual
surface (1), or completely restricted to labial
surface of tooth (2). Ordered.

21. I3 with multiple cusps (0), or single cusp (1).
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22. 13 located on margin of palate (0), or in me-
dial position near sagittal midline (1).

23. Canine present in upper dentition (0), or ab-
sent (1).

24. Canine cusp count 4 (0), or 3 or fewer (1).
25. P0 present (0), or absent (1).
26. P0 cusp count 4 (0), or 2-3 (1).
27. P1 present (0), or absent (1).
28. P1 cusp count 4 (0), or 3 (1).
29. P2 present (0), or absent (1).
30. P2 cusp count 5-6 (0), 4 (1), or 3(2). Or-

dered.
31. P2 double-rooted (0), or single-rooted (1).
32. P3 present (0), or absent (1).
33. P3 cusp formula 1:2 (0), 2:2 (1), 2:4 (2), or

3:4 (3). Ordered.
34. P3 double-rooted (0), or single-rooted (1).
35. P4 cusp formula 0-5; 1-4; 0-5 (0); 0-5:5-

10:0-5 (1), or 0-5:5-10:8-12(2). Ordered.
36. P4 length 0.5-3.4 mm (0), 3.5-5.4 mm (1),

5.5-8.4 mm (2), or 8.5-11.0 mm (3). Or-
dered.

37. P4 double-rooted (0), or single-rooted (1).
38. Ml cusp formula 2-3:2-4:0 (0), 4-5:4-5:0-

1 (1), 5-7:5-8:2-5 (2), or 5-11:7-10:6-11
(3). Ordered.

39. Ml length 1.0-3.9 mm (0), 4.0-5.9 mm (1),
6.0-7.9 mm (2), 8.0-11.9 mm (3), or 12.0-
25.0 mm (4). Ordered.

40. M2 lingual cusp row absent (0), or present
(1).

41. M2 length 0.5-3.9 mm (0), 4.0-5.4 mm (1),
5.5-8.9 mm (2), or 9.0-17.0 mm (3). Or-
dered.

Cranial characters
42. Premaxilla with facial process height > an-

teroposterior length (0), or height s length
(1).

43. Number of infraorbital foramen foramina, 2
(0), or 1(1).

44. Primary infraorbital foramen (Fi I sensu
Hahn, 1985) opens anteriorly and laterally on
face, not visible in ventral view (0), or opens
ventrally (1).

45. Primary infraorbital foramen (Fi 1 sensu
Hahn, 1985) positioned dorsal to P1 (0), dor-
sal to P2 (1), or dorsal to P3 or P4 (2). Or-
dered.

46. Maxilla with facial process length (measured
from posterior edge of base of zygomatic
arch) > height (measured from same point)
(0), or length < height (1).

47. Bony roof over anterior orbital space absent
(0), or present (1).

48. Flare present in zygomatic arch, snout not
confluent with zygomatic arch (0), or flare ab-
sent, snout confluent with zygomatic arch (1).

49. Base of zygomatic arch (as marked by pos-
terior edge) directly dorsal or anterior to
P3/P4 embrasure (0), dorsal to P4 (1), or dor-
sal or posterior to P4/M1 embrasure (2). Or-
dered.

50. Zygomatic ridge absent or very faint (0), or
strongly developed (1).

51. Postorbital process absent or very small (0),
or large (1).

52. Snout length < 45% of total skull length (0),
or > 50% of skull length (1).

53. Frontal-parietal suture V-shaped (0), or
U-shaped (1).

54. Contact between nasals and parietals absent
(0), or present (1).

55. Lacrimal large, extends anteriorly as far as
frontals do (0), small, does not extend as far
as frontals (1), or absent from face (2). Unor-
dered.

56. Thickenings in palatal process of premaxilla
absent (0), or present (1).

57. Incisive foramina small, round to oval (0),
medium size, elongate (1), or very large with
palatal fossae (2). Unordered.

58. Palatal vacuities absent (0), or present (1).
59. Posterior border of palate medial or posterior

to posterior edge of M2 (0), medial to middle
of M2 (1), or medial to M1/M2 embrasure
(2). Ordered.

60. Ethmoid foramen present (0), or absent (1).
61. Foramen masticatorium (or subdivisions of

same) lateral and slightly anterior to foramen
ovale inferium (0), or anterior and slightly
medial to foramen ovale inferium (1).

62. Jugular fossa small and shallow (0), or large
and deep (1).

63. Sulcus medialis present (0), or absent (1).
64. Internal carotid foramen pierces basisphe-

noid, carotid canal enters pituitary fossa from
below (0), or foramen opens at junction of
basisphenoid, petrosal, alisphenoid, and pter-
ygoid; carotid canal enters pituitary fossa lat-
erally (1).

65. Condylar foramina present (0), or absent (1).
66. Condylar foramina paired (0), or single (1).
67. Angle of coronoid process relative to tooth

row, steep, > 55 degrees (0), or low, < 45
degrees (1).
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Appendix 2

Taxon-Character Matrix

Character number

Taxon
Ancestor
Paulchoffatia
Kuehneodon
Henkelodon
Kielanodon
Guimarotodon
Pseudobolodon
Ctenacodon
Psalodon
Plagiaulax
Morrison
Monobaatar
Eobaatar
Bolodon
Arginbaatar
Paracimexomys
Hainina
Cimolodon
Mesodma
Parectypodus
Ectypodus
Mimetodgn
Neoplaaiaulax
Prochetodon
Ptilodus
Baiotomeus
Cimexomys
C)jadochtatherium
KrDytobaatar
Pentacosmodon
Chulsanbaatar
Sloanbaata
Kamptobaatar
Bulganbaatar
Catopsbaatar
Nemegtbaatrar
Microcosmodon
Eucosmodon
SEycimyos
Liotomus
Neoliotomus
Boffius
Essonodon
Cimolomys
Buginbaatar
Meniscoessus
Catopsalis
Lambdopsalis
Taeniolabis
Tom baatar

1111111111222222222233333333334444444444555555555566666666
1234567890123456789012345678901234567890123456789012345678901234567

?000000??000?0?0?0?0?00?0?0?0?00?0?00?0?0?00?000?00000000?00?0000?0
00000000000?000000?000000000??001 000000000000000000??1 0??0??0???000
0100?000000000000?001?001?00000??000000?0?00010000?????0?0??0?0???0
?10010???0?0?0?0??00101?1?000000100001 0000???1 ????????????????????0
?9.?9999???9?99?????99?9999???????0020000??????????000?????????????????
?1000000100?00????????9?9????????????????????9?????????????9????????
?100000A?0???0?0?000?0010100020020000?????0000?010??????????0?00???
?1000000100?00??1?????1?01010200300001000?001??00?????????????????0
?100000?110?00???000001?0101020030000??????????????????????????????
?1001000210?00??l?????????????????????????????????????????????????0
11210000100?00101012100101010200200001010000011020?000OOOOA???????O
9?9?99999?9999??9????9?9??010102003000???10?101??000?????????????????
11201000210?00101???????01010100300000010?????????????????????????0
999????9???????????0??1?011?0101003000000??01?110??0?????????????????
11001001310?00??1?????OA01010020000000??00?001??010?????????????????
1??0????211?A0101???9999?99???9999????1010???????????????????
1???????211?00101?????????01010010100B010????9??9?????9999??9??????
11001101321?21101?????1?1?01??00101102110?102??010????????1???????0
21001101311?BO101?????????????????1002010??????0???????????????????
21001101311?BO101?????1?1?010200101002010?1020?01?????????????????0
21001101311?30101?10??1?1?010100101003010?1020101000002?21211011010
2???1101B1?30101?????1?1??????0001003010?1020?01?????????????????0
21001101311130101?????1?1?010200101003A10?10200010????????????????0
21001101331?30????????1?1?010C00202102110?102??????????????????????
21001101321?21101110001?1?01010020210301001020001000002021210011010
??????0?321?Bll0l?????????01???020210??????????????????????????????
11101101211?21101?????1?1?01020010100201011021????????????????????0
?1201101?1l??1?1?1???11?1?010200?0??0????111111111??????0?????????0
11211101211?00101111011?1?01020010100101011110111111100100001111110
1111111?101?00101?????????????????????????????????????????????????0
?1211101101?001011?0011?1?01020010100101011111101111?011001?11111?0
?11011??211?00101110011?1?0102001010010101111110110110200100011???0
11101101101?00???110011?1?01020010100101011?1110110110200000?1111?1
99?9?99???l???????1?1??1?1?010200101002010111111011?????0012????????
11201101011?12111112?11?1?0?1??0?01102211111111121111011002???1???0
11211101111?21101112011?1?0102001010021101111110111110010120011l1?1
?11111011?1?30101?00??????????????A0020???????????????????????????0
1121111?B31?21??1?00??????1?0210?11202110?1020?011????????????????1
1121111?311?31101?00011?1?010210111102110?1011?01l?????111????????l
2???????331?31101?????????0102001011?3110??????????????????????????
21211110?331?B3?????????????????0??13032????????????????????????????

llll????????????0??????????????0?0??0103200???????????????????????????1????????211?31111??????????????0?0??0032110????????????????l??????????1???????????21??1?????????????????11002110??????0???????????????????
11101101221?23121100001?1?010200?0A10331210011?02??????011????????1
?120111?01??23121??2?01?1?1?1??l??1113312?????????????????????????0
?120111?00?1231211?2001?1?1?1??1??0013312110?100200101201020?111010
1120111?02?133121?02?01?1?1?1??1??0213412010?10020010120100???????0
??9?99999?999999??112?11?1?011??010110?11011111??0????001101????????

Polymorphic characters (uncertainty): A=0&1, B=2&3, C= 1 &2

Compi

67.2
80.6
70.2
19.4
14.9
17.9
58.2
55.2
44.8
20.9
86.6
29.9
50.8
64.2
44.8
16.4
34.3
58.2
26.9
58.2
88.1
46.3
62.7
47.8
95.5
37.3
58.2
50.7
95.5
76.1
89.6
86.6
86.6
49.3
79.0
94.0
31.3
52.2
70.2
34.3
23.9
13.4
22.4
23.9
11.9
70.2
41.8
80.6
73.1
44.7
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Appendix 3

Diagnoses of Some Relevant Nodes
of the Consensus Tree (fig. 6A)

Nodes are diagnosed by listing the derived con-
dition for characters in appendix 1. Multistate
characters or reversals are depicted within paren-
theses following the character number. Asterisks
(*) denote equivocal characters. Characters are
optimized under an accelerated transformation
(ACCTRAN) assumption.

Node 1
9(1) p4 cusp count of 5-7
10(0) p4 length between 1.0 and 2.4 mm
65 Condylar foramina absent
58(0)* Palatal vacuities absent
61* Foramen masticatorium anterior and slightly
medial to foramen ovale inferium

Node 2
4 Lower incisor laterally compressed
51* Postorbital process large
55(0)* Lacrimal large, extends anteriorly as far as
frontals do
56* Thickening in palatal process of premaxilla
present
59(1)* Posterior border of the palate medial to
middle of M2

Node 3
3(2) Enamel covering of lower incisors complete-
ly restricted to labial surface of tooth

Node 4
10(1) p4 length between 2.5 and 5.2 mm

20(1) Enamel covering of the 12 thicker on labial
surface than on lingual surface
Node 5
38(2) MI cusp formula 5-7:5-8:2-5
59(2) Posterior border of the palate medial to
Ml/M2 embrasure
13(1)* ml cusp formula 4:4
14(1)* Mml length between 3 and 5.4 mm
58* Palatal vacuities present
61(0)* Foramen masticatorium anterior lateral and
slightly anterior to foramen ovale inferium
Node 6
20(2) Enamel covering I2 completely restricted to
labial surface of the tooth
39(1) MI length between 4 and 5.9 mm.
Node 7 (Djadochtatherium, Catopsbaatar, Tom-
baatar)
4(0) Lower incisor not laterally compressed
16(1) m2 length between 3 and 4.4 mm
48 Flare of the zygomatic arch absent, rostrum
confluent with zygomatic arch
9(0)* p4 cusp count of 3-4
36(1)* P4 length between 3.5 and 5.4 mm
58(0)* Palatal vacuities absent
Node 8 (Catopsbaatar + Tombaatar)
29 P2 absent
14(2)* ml length between 5.5 mm and 6.4 mm
Autapomorphies of Tombaatar
49(0) Base of zygomatic arch (as marked by the
posterior edge) directly dorsal or anterior P3/P4
embrasure
57(1) Incisive foramina medium size, elongated
59(1) Posterior border of palate medial to middle
of M2
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