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ABSTRACT.  Multituberculates are an extinct order
of nontherian mammals commonly represented by
teeth in late Mesozoic and early Tertiary terrestrial
deposits. They are generally regarded as the first
major mammalian group to have been predomi-
nantly herbivorous. The dentition of multitubercu-
lates is well known, but studies of their skeletons have
been limited by the rarity of associated remains. In
this study we describe a posteranial skeleton of Ptil-
odus kummae, the most complete known for a North
American multituberculate. In addition, we review
other North American multituberculate postcranial
materials in an effort to identify the major structural
and functional characteristics of the group.

Despite their diversity in size and in dental spe-
cializations, multituberculates as far as known exhib-
it little variability in their postcranial skeleton. This
conclusion is based on a comparison of the specimens
of Ptilodus with material representing or referable
to the following genera: Catopsalis, Cimexomys,
Cimolodon, Ectypodus, Eucosmodon, Meniscoes-
sus, Mesodma, Stygimys, and Taeniolabis.

Multituberculates possess a number of tmusnal and
even unique postcranial features. These include a
scapulocoracoid with a reduced coracoid but withont
a supraspinons fossa, an enlarged prepollex, a dor-
sally emarginate acetabulum, a postobturator fora-
men within the ischiopubic symphysis, a large para-
fibula, a slender, ventrally directed lateral flange on
the proximal end of the fibula, a deep excavation
posteriorly beneath the proximal articular surface of
the tibia, a specialized tarsal structure (particularly
that of the astragalus and calcaneum), and thoracic
centra with the anterior epiphysial surface recessed
ventrally and bulbous dorsally.

Ptilodus and Eucosmodon, the only two genera
for which articulated foot bones are known, possess
distinctive tarsal adaptations for a range of pedal
mobility (especially abduction) characteristic of ar-
boreal mammals that descend trees headfirst. The
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hallux is divergent, and the entocuneiform-metatar-
sal I joint permitted considerable hallucal abduction
and adduction for prehension in a plane independent
of the remaining digits. The long, robust tail of Ptil-
odus possessed musculoskeletal features that, in mod-
ern mammals, are present in prehensile-tailed forms.
We conclude that at least some multituberculates
were arboreal.

INTRODUCTION

Multituberculates are an extinct group
of nontherian mammals that have been
recovered from North America, Europe,
and Asia, and whose known range in geo-
logic history extends from the Late Juras-
sic to the Oligocene (or possibly from the
Late Triassic, if the Haramiyidae are mul-
tituberculates [Hahn, 1973]). Although
multituberculate teeth are common in
Late Cretaceous and Paleocene local fau-
nas of North America, jaws and especially
skulls are rare. Postcranial bones are also
relatively rare, and the postcranial struc-
ture of multituberculates is therefore not
well understood.

Several partial skeletons and isolated
postcranial bones of multituberculates
have been described within the past cen-
tury. In 1973 a well-preserved and nearly
complete skeleton of Ptilodus kummae
was discovered in the Paleocene Ravens-
crag Formation of Saskatchewan, a dis-
covery that provided the impetus for this
study of the postcranial skeleton of North
American multituberculates. Our descrip-
tion centers largely on the specimen of P.
kummae because of its unusual complete-
ness. We have also reviewed previously
published specimens, as well as additional
multituberculate elements (some of which
are of uncertain generic or specific iden-
tity) in order to provide a comprehensive
account and a basis for assessing postural,
locomotor, and other adaptations.

PREVIOUS WORK ON
MULTITUBERCULATE POSTCRANIAL
SKELETONS

Multituberculate postcranial bones are
at present known only from North Amer-

Bulletin Museum of Comparative Zoology, Vol. 150, No. 4

ica and Asia. A synopsis of published work
is given below.

NORTH AMERICA

In 1909 Gidley reported the discovery
of an incomplete skeleton associated with
the skull and lower jaws of Ptilodus mon-
tanus from the middle Paleocene of Mon-
tana. Preserved were a nearly complete
cervical vertebra and some fragmentary
caudal vertebrae, and parts of a humerus,
radius, ulna, femur, tibia, fibula, pelvis,
metapodials, and an ungual phalanx. On
the basis of this material, Simpson (1926)
attempted a reconstruction of multituber-
culate locomotor and feeding habits, and
Jerison (1973) provided estimates of the
body length and weight of Ptilodus (which
have been criticized by Radinsky [19753]).

A well-preserved specimen of the hind
limbs and pelvis of an undetermined
species of Eucosmodon was recovered
from early Paleocene deposits in New
Mexico and was referred to in several re-
ports (Granger, in Broom, 1914; Granger,
1915; Simpson, 1928a). Simpson and Elft-
man (1928) reconstructed the hind limb
and pelvic musculature and made infer-
ences concerning the habits of Eucosmo-
don. Granger and Simpson (1929) added
a detailed osteological description of the
specimen. Simpson (1937a) briefly com-
pared the postcranial osteology of Ptilo-
dus and Eucosmodon.

The less complete skeletons and isolated
bones of North American multitubercu-
lates that have been described are:

1) Cope (1882a): an astragalus and cau-
dal vertebrae of Taeniolabis tacensis.
The astragalus, redescribed and fig-
ured by Cope in 1884a, was later
shown by Matthew (1937) to proba-
bly belong to a condylarth (it is, at
least, undoubtedly therian). Cope
(1884a: pl. XXllle, figs. 3 and 4;
1884b: fig. 4b,c) also described and
figured a humerus and ulna of T.
taoensis. The ulna exhibits an artic-
ulation of the condylar type possessed
by multituberculates (Jenkins, 1973).
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Sloan (1981: 158), however, is of the
opinion that the humeral fragments
“are from some indeterminate pla-
cental mammal.”

Cope (1882b): the distal extremity of
a humerus of Meniscoessus conquis-
tus (figured by Cope, 1884b: fig. 7g;
1888: fig. 9g).

Marsh (1889): a scapulocoracoid, the
type of Camptomus amplus, together
with an interclavicle, astragalus, and
calcaneum provisionally referred to
the same taxon. Serious doubts have
been raised about the association and
identification of these specimens
(Simpson, 1928a.b; McKenna, 1961).
Although McKenna (1961) accepted
the astragalus and calcaneum as being
those of a multituberculate, he re-
garded the interclavicle as problem-
atical and provisionally referred the
scapulocoracoid, the type specimen,
to the Marsupialia.

Marsh (1889) also figured the distal
end of a humerus of “Dipriodon lun-
atus,” a left semilunar, probably of
“Dipriodon” robustus, and the prox-
imal end of a femur of “Halodon
sculptus.” All three species are now
referred to Meniscoessus robustus (see
Clemens, 1963). The humerus and fe-
mur are undoubtedly from a multi-
tuberculate; the semilunar does not
resemble the bone tentatively identi-
fied as a semilunar of Ptilodus kum-
mae.

Granger and Simpson (1929): several
skeletal fragments of Stygimys teil-
hardi including fragments of both ul-
nae and femora, the right humerus
and ilium, the left tibia, a phalanx,
and thoracic, sacral, and caudal ver-
tebrae.

Simpson (1937b: 737): “Skull . . . with
associated femur, ulna, and some oth-
er fragments” of Ptilodus montanus.
The postcranial remains include left
and right femora, a lumbar vertebra,
a proximal fragment of a phalanx, and
the distal end of a left humerus; no
ulna is present. The femora are defi-
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nitely those of a multituberculate, the
phalangeal fragment is much too large
to belong to the same individual, and
the humeral fragment, as Deischl
(1964) previously noted, belongs to a
therian.

McKenna (1961): two partial scapu-
locoracoids from the Upper Creta-
ceous Lance Formation of Wyoming,
designated as “Lance Type 17 and
“Lance Type 2.” Clemens (1963) pro-
visionally allocated the Lance Type 1
and Type 2 scapulocoracoids on the
basis of size and frequency to Mesod-
ma formosa and Cimolodon nitidus,
respectively.

Deischl (1964): Scapulocoracoids, hu-
meri, ulnae, radii, pelves, femora, tib-
iae, calcanea, and astragali from the
Upper Cretaceous Bug Creek Anthills
locality, Hell Creek Formation, Mon-
tana; these bones were variously as-
signed, on the basis of size and fre-
quency data, to Mesodma thompsoni,
Mesodma formosa, Cimexomys mi-
nor, Cimolodon nitidus, Stygimys
kuszmauli, and Catopsalis joynersi.
Sloan and Van Valen (1965) recon-
structed the skeleton of Mesodma
thompsoni.

Sahni (1972): calcaneum and frag-
mentary humerus and femur of ?Me-
sodma primaeva and calcaneum of
Meniscoessus major.

Jenkins (1973): a left ulna (unidenti-
fied) and a right humerus referred to
?Catopsalis, both from the Bug Creek
Anthills locality.

Jenkins and Weijs (1979): a composite
reconstruction of an unidentified
multituberculate scapulocoracoid
from the Bug Creek Anthills locality.
Krause and Baird (1979): left femoral
fragment of an unidentified multitu-
berculate from the Mount Laurel
Formation, New Jersey.

ASIA

References to published work on Asiat-

ic multituberculate postcranial material
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see Fig. 4

Figure 1. Left side of postcranial skeleton of Ptilodus kummae (UA 9001). A key to stereophotographs of specific regions is

shown. X 1.28.

are included in this study because these
materials offer additional and important
insights.

Simpson (1928c¢: 9) described “several
associated foot bones, five fragmentary
vertebrae, the lower end of a scapula, a
large part of a humerus, ribs and several
other fragments™ associated with the type
skull of Djadochtatherium matthewi
(AMNH 20440) from the Upper Creta-
ceous Djadokhta Formation of Mongolia.
Djadochtatherium Simpson, 1925 is now
considered to be a junior synonym of Ca-
topsalis Cope, 1882¢ (Kielan-Jaworowska
and Sloan, 1979). McKenna (1961) rede-
scribed the fragmentary scapulocoracoid

in his review of the multituberculate
shoulder girdle.

Recent discoveries by the Polish-Mon-
golian Palaeontological Expeditions to
Mongolia include postcranial materials of
at least four species of multituberculates
from the Upper Cretaceous Djadokhta and
Barun Goyot formations: a nearly com-
plete skeleton of Chulsanbaatar vulgaris
and partial skeletons of Kryptobaatar
dashzevegi, Nemegthaatar gobiensis, and
Sloanbaatar mirabilis (Kielan-Jaworow-
ska, 1970, 1974; Clemens and Kielan-Ja-
worowska, 1979). With the exception of
accounts of the pelvis in K. dashzevegi
(Kielan-Jaworowska, 1969, 1979) and the
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see Fig.7

Figure 2. Right side of postcranial skeleton of Ptilodus kummae (UA 9001). A key to stereophotographs of specific regions is

shown. X 1.28.

partial humeri and left ulna of Tugrig-
baatar saichanensis from the Toogreeg
beds (Kielan-Jaworowska and Dashzeveg,
1978), the material is as yet unpublished.
However, Clemens and Kielan-Jaworow-
ska (1979) provided some information on
the Mongolian forms (studied by Kielan-
Jaworowska) in their brief review of the
multituberculate postcranial skeleton. The
specimen of T. saichanensis is housed in
the Institute of Geology of the Mongolian
Academy of Sciences in Ulan Bator; all of
the rest of this important Asiatic material
is in the Institute of Paleobiology (Zaklad
Paleobiologii) of the Polish Academy of
Sciences in Warsaw.

ABBREVIATIONS

Abbreviations used for the names of
museums:

AMNH—American Museumn of Natural
History, New York

MCZ—Museum of Comparative Zoology,
Harvard University, Cambridge, Mas-
sachusetts

PU—Princeton University Museum,
Princeton, New Jersey

UA—University of Alberta, Edmonton,
Alberta

UCMP—Museum of Paleontology, Uni-
versity of California, Berkeley, Califor-
nia
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Figure 3. Stereophotographs of anterior portion of left side of postcranial skeleton of Ptilodus kummae (UA 9001). The area

referenced to Figure 16 contains the ?right carpus. X 1.25.

Abbreviations: Cd20, ?twentieth caudal vertebra; L1, presumed first lumbar vertebra.

UM—University of Michigan Museum of
Paleontology, Ann Arbor, Michigan

UMVP—University of Minnesota, Min-
neapolis, Minnesota

USNM —United States National Museum,
Washington, D.C.

YPM—Peabody Museum of Natural His-
tory, Yale University, New Haven, Con-
necticut

MATERIALS

TYPE SPECIMEN OF PTILODUS KUMMAE
(UA 9001)

This specimen was discovered at a late
Paleocene (Tiffanian) locality (UAR2g; see
Krause, 1977) in the Ravenscrag Forma-
tion of Saskatchewan. Prior to discovery,
the skull, both lower jaws, several anterior
vertebrae, the pectoral girdle, most of the
forelimbs, and some caudal vertebrae had
eroded from the rock. Fragments of these

elements were recovered by surface col-
lecting and by washing and screening the
surrounding matrix. The fragments thus
obtained include several teeth (left I, and
P*; right P,, M,, and P*>*), the distal end
of the right scapulocoracoid, fragments of
the right humerus, proximal parts of both
radii, a proximal segment of the right ulna,
ten manual phalanges, and three caudal
vertebrae. Association of these isolated
elements with the articulated specimen is
confidently established by the close prox-
imity in which they were found, the vir-
tual absence of bone in the immediately
adjacent area, the anatomical correspon-
dence to known allotherian skeletal ele-
ments (especially those of Ptilodus mon-
tanus described by Gidley [1909)), the
absence of duplication of individual bones,
and the close fit of some complex articular
surfaces (for example, the humerus and
ulna).
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Figure 4.
of the right tarsal bones, see Figure 27B. X 1.25.

Stereophotographs of central portion of left side of postcranial skeleton of Ptilodus kummae (UA 9001). For details

Abbreviations: I, left; r, right; ast, astragalus; cal, calcaneum; Cd8, eighth caudal vertebra; fem, femur; fib, fibula; L1, presumed
first lumbar vertebra; m phal, manual phalanges; met V, fifth metatarsal; p phal, pedal phalanges; tib, tibia.

The specimen as preserved in situ lay
on its right side. This side was prepared
first, and then covered with a white mold-
making rubber (Silastic A RTV, Dow
Corning Corp.). The specimen was then
inverted and the left side prepared, a mold
made, and finally embedded in clear Bio-
plastic (Ward’s Natural Science Establish-
ment, Inc.). This technique firmly secured
the fragile, delicate bones and permits ob-
servation of both sides of the specimen.
During preparation, the following bones
were removed because they prevented ex-
posure of critical areas of the skeleton: left
calcaneum, left ectocuneiform, left meta-
tarsal V, three phalanges of the left pes, a
parafibula, and several smaller fragments,
primarily pedal sesamoids.

The articulated portion of the skeleton

is virtually complete posterior to the an-
terior part of the rib cage (Figs. 1-8). The
only portions of the pectoral limbs re-
maining intact are a poorly preserved dis-
tal segment of the Pright Pradius, most of
the Pright carpus (with attached metacar-
pal and complete digit I, and the proximal
portion of metacarpal 1I), and some mid-
dle and distal phalanges of the ?left ma-
nus. The long tail had curled around the
anterior part of the body. A middle seg-
ment of the tail, containing approximately
eight vertebrae, had weathered out prior
to discovery.

OTHER MATERIAL

All known articulated postcranial re-
mains as well as various disarticulated and
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Figure 5. Stereophotographs of posterior portion of left side of postcranial skeleton of Ptilodus kummae (UA 9001). x1.25.

Abbreviations: 1, left; r, right; Cd1, Cd7, first and seventh caudal vertebrae; epi, epipubic bone; fem, femur; fib, fibula; h sp,
haemal spine; isc, ischium; L6, sixth lumbar vertebra; paf, parafibula; pob, postobturator foramen; S4, fourth sacral vertebra;

tib, tibia.

fragmentary bones of North American
multituberculates were studied. These
were used primarily to describe features
that are poorly preserved or missing in the
specimen of P. kummae (UA 9001). This
procedure, however, does not imply that
the postcranial elements of different mul-
tituberculate taxa were identical in every
detail; rather, it provides an outline of ba-
sic features, at least for ptilodontoids and
taeniolabidoids. On present evidence,
structural variability among ptilodontoeid
and taeniolabidoid posteranial bones is not
so great as to diminish the utility of de-
scribing and making functional interpre-
tations of a basic plan.

Definite generic and specific assign-
ments of postcranial elements are possible
only on the basis of associated dental ma-
terial. Accordingly, we preface with a
question mark all taxonomic allocations of
isolated elements or partial skeletons that

lack dental remains. Materials of the fol-
lowing taxa, grouped according to locali-
ty, were available for this study:

1) Irvine locality, Late Cretaceous (Ju-
dithian), Judith River Formation, Al-
berta. Isolated elements (UA collec-
tions) not assigned to specific taxa.

2) Clambank Hollow locality, Late Cre-
taccous (Judithian), Judith River For-
mation, Montana. Isolated elements
(AMNH collections) assigned by Sahni
(1972) to ?Mesodma primaeva and
Meniscoessus major.

3) Upper Hop Brook locality, Late Cre-
taceous, Mount Laurel Formation,
New Jersey. Isolated femoral frag-
ment (PU 21451) of an unidentified
multituberculate (Krause and Baird,
1979).

4) Lull 2 Quarry (UCMP locality V-
5620) and localities of uncertain lo-
cation (Marsh, 1889; McKenna, 1961),
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Figure 6. Stereophotographs of anterior portion of right side of postcranial skeleton of Ptilodus kummae (UA 9001). < 1.25.
Abbreviations: ?r carp, ?right carpus; Cd20, ?twentieth caudal vertebra; L1, presumed first lumbar vertebra.

6)

Late Cretaceous (Lancian), Lance
Formation, Wyoming. Isolated ele-
ments in AMNH and YPM collections
tentatively allocated to Mesodma for-
mosa, Cimolodon nitidus, and Men-
iscoessus robustus (Clemens, 1963).
Type locality of Meniscoessus con-
quistus, Late Cretaceous (Lancian),
“Laramie Formation,” South Dakota.
Humeral fragment (AMNH 301 1a) of
Meniscoessus conquistus (Cope,
1882b).

Bug Creek Anthills locality, Late Cre-
taceous (Lancian), Hell Creek For-
mation, Montana. Many isolated ele-
ments in AMNH, MCZ, UA, UCMP,
and UMVP collections. The UMVP
collections include bones referred to
Mesodma thompsoni, Mesodma for-
mosa, Cimexoniys minor, Cimolodon
nitidus, Stygimys kuszmauli, and
Catopsalis joyneri by Deischl (1964).
In a study of intrageneric variation of

Mesodma, Novacek and Clemens
(1977) found that M. thompsoni and
M. formosa at the Bug Creek Anthills
locality could not be distinguished on
the basis of dentitions; our referrals of
postcranial elements to this taxon are
therefore designated as ?Mesodma sp.

7) Mantua Quarry, early Paleocene

8)

(Puercan), Fort Union Formation,
Wyoming. Isolated calcaneum (PU
14487) of an unidentified multituber-
culate.

Uncertain locality in San Juan Basin,
early Paleocene (Puercan), Naci-
miento Formation, New Mexico. Ul-
nar fragment (AMNH 3036) of ?Tae-
niolabis taoensis (Cope, 1882a).
Locality 3 miles east of Kimbetoh, San
Juan Basin, early Paleocene (Puer-
can), Nacimiento Formation, New
Mexico. Nearly complete hind limbs
and pelvis (AMNH 16325) of ?Eucos-
modon sp. (Granger, 1915; Simpson
























































































































