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New material of the basal Thyreophoran Scutdlosaurus
lawleri
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As a basal member of the thyreophoran lineage of ornithisehian dinosaurs, Scutdlosaurus lawleri is important, yet
still incompletely known. Material recovered from the Lower Jurassic Kayenta Formation of Northern Arizona in
1983 reveals new details about its anatomy. Portions of the skull, ankle, forearm, and pelvis are particularly
important because they were incompletely preserved or missing in the holotype. The phylogeny of the Ornithischia
has been modified cladistically since Colbert's description, warranting a reassessment of the comparative morphol
ogy and phylogcnetic position of S. lawleri. Skull fragments indicate an emendation to the clade Thyrephora is
necessary. New limb material suggests that S. lawleri was not an obligate quadraped. Histological observations
indicate that S. lawleri'grew slowly throughout its life.

INTRODUCTION
Scutdlosaurus lawleri is a small ornithisehian dinosaur
known from the Kayenta Formation of Northern Arizona
(Colbert 1981). It is important not only because it is
thought to be a basal member of the thyreophoran lineage
of ornithisehian dinosaurs, but also because it is one of the
earliest relatively well known members of the Ornithischia.
Any information about S. lawleri can potentially elucidate
the origins and history of both of these groups.
The animal has been described so far only from the
holotype and the paratype specimens, both collected by
Douglas Lawler for the Museum of Northern Arizona
(MNA) (Colbert 1981). Expeditions to the Kayenta Formation by Harvard University in the late 1970s and early
1980s and by a joint Harvard-University of Texas team in
1 9 9 7 p r o c u r e d a d d i t i o n a l s p e c i m e n s t h a t are yet
undescribed (F.A. Jenkins Jr., personel
communication).
Colbert (1981) based his description of S. lawleri primarily
on comparisons to Lcsothosaurus diagnosticus, then thought
to be the most appropriate taxon against which to compare
a new basal ornithisehian, and he classified it with
I.esothosaiirusas a member of Fabrosauridae, the most basal
group of ornithischians then recognized. However, ornithisehian phylogeny has been modified cladistically since
Colbert's (1981) description. Sercno (1986) first recognized Scutdlosaurus
as the most basal m e m b e r of
Thyreophora, the group that contains the two major clades
Ankylosauria and Stegosauria and their relatives. In several
possible trees (many of which were published after Colbert's
monograph of ,S". lawleri), Hcterodontosaurus tucki would
be at least as good a comparative specimen as L. diagnosticus
(Benton 1990), because the latter is among the earliest
members of the Ccrapoda, the sister taxon to Thyreophora
(Sercno 1986). In cladograms constructed by Norman
( 1 9 8 4 a , b ) , C o o p e r ( 1 9 8 5 ) , and S e r c n o ( 1 9 8 6 ) ,
Hcterodontosaurus is a member of the sister group t o the
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Thyreophora. In Weishampel and Witmer's (1990) tree, H.
tucki is considered the earliest member of Ccrapoda (the
sister taxon to Thyreophora) and a basal member of the
sub-clade Ornithopoda. This paper introduces new anatomical comparisons to H. tucki, and reevaluates many of
Colbert's comparisons in this light.
James M. Clark collected the six specimens described in
this paper in 1981 and in 1983 for the University of
California Museum of Paleontology at Berkeley ( U C M P ) ,
from localities along the Adeci Fxchii Cliffs in northern
Arizona on the lands of the Navajo Nation. Only sparse
fragments represent four of the six individuals. The remaining two specimens were disarticulated. The less complete of
these two ( U C M P 170829) is represented by fragments,
many of which appear t o be distorted, but enough pieces
are present and recognizable that the specimen does have
comparative value. Unfortunately, in the most complete
specimen ( U C M P 130580) nearly all of the bones are
extensively fragmented. Most of the fragmentation probably occurred relatively recently, however, because the fragments often fit together very well, and d o not show much
wear on the break facets.
SYSTEMATIC P A L E O N T O L O G Y
ARCIIOSAURIA: DINOSAURIA: ORNITHISCHIA: THYRKOPHORA.

Genus: Scutclhsaurus
SPECIES: Scutdlosaurus lawleri Colbert 1981
Holotype—MNA P I . 175, a relatively complete skeleton.
Paratype—MNA P I . 1752, incomplete material of an
individual somewhat larger than the holotype.
Referred S p e c i m e n s - U C M P 130580, U C M P 170829,
U C M P 130581, U C M P 175166, U C M P 175167, U C M P
175168.
Locality—All six LJCMP specimens were recovered from
the Kayenta Formation in northern Arizona (Locality number V85010). Locality information and field notes are on
file at U C M P .
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DescriptionSkull: The skull bones of U C M P 130580 are mostly
missing. However, portions of both frontals, both quadrates, an off-center portion of the parietal, the right jugal,
and both dentaries are present (Figs. 1, 5A-G, 6 A - G ) .
Additionally, the basioccipital is nearly complete (Figs. 1G,
5F, 6F). The left frontal is missing only its most rostral
portion (Fig. I F ) . The right frontal, however, is missing all
but the most rostral process. The frontal is roughly triangular; the longest side forms the dorsal margin of the orbit,
and the shortest side abuts the parietal caudally. The parietal fragment articulates with the left frontal. The suture is
not fused, however. The small fragment of the parietal
shows the beginning of ridges along its sides that meet
posteriorly (Fig. 1 H ) . The shapes of the parietal and the
frontals are reminiscent of the skull of Hypsilophodon (Sues
and Norman 1990). The jugal is an inverted T-shape, with
the horizontal bar thickening towards the junction with the
vertical process. On it's medial side (which faces the interior of the skull), the rostral process has a small pinched
peak. The vertical process has a groove on its rostral side.
This groove likely held another bone in place, as it does in
Emausauriis (Haubold 1990). The condyles of both the
left and right quadrate are present, and they arc thicker
medially than laterally (Figs. 1 C - D , 5E, 5 G , 6E, 6G).
Numerous small fragments are probably cranial, but are too
fragmentary for identification. U C M P 175168 also has a
large portion of the left frontal, and U C M P 175166 has the
condyle of the left quadrate.
Axial Skeleton: U C M P 130580 preserves 33 complete
centra (five cervical, eight thoracic, two sacral, 18 caudal)
(Fig. 61.). Additionally, thirty centra fragments are less
reliably identifiable. Only the caudal vertebrae have neural
arches fused to the centra, and this fusion becomes more
pronounced caudally. There are numerous neural arch fragments, nearly all of which are fragmentary. Only one prccaudal arch is still associated with a centrum. Two of the
more anterior caudal vertebrae retain relatively simple, nonelaborated neural arches. The more posterior (and smaller)
centra of the caudal series also retain a very simple arch. Of
special note are the atlas intercentrum, the axis neural arch,
and the odontoid (Figs. 5 H - J , 6 H - J ) .
U C M P 130580 also has innumerable rib fragments, but
there is a complete sacral rib (Fig. 4G) that is substantially
wider than the thoracic ribs. It is robust at its proximal
articulation with the sacrum and bears complex articulation
facets. It narrows to a short neck, and then immediately
broadens at its distal end, giving the entire bone an overall
shape like a flattened anvil.
S h o u l d e r Girdle a n d F o r e l i m b : The incomplete scapulae of U C M P 130850 are crushed and slightly flattened,
but retain much of their original shape (Figs. 4A-B). The
left scapula is more complete than the right. Both bones
lack most of the margins, so it is impossible to determine
the full dimensions of the bone. Neither coracoid is present
except for tiny fragments.

The humeri of U C M P 130850 are highly fragmented
and possibly distorted, but mostly complete (Figs. 4 C - D ) .
It is not possible to measure the length of the humeri with
absolute certainty; however, they are complete enough that
estimates can be made with a good degree of reliability
(Table 1). The humeral shafts of U C M P 130580 seem to
have slightly more torsion than those of MNA P I . 1 7 5 , but
this difference may be more taphonomic than morphologic.
The right radius is distorted, but complete. The left radius,
however, is preserved in its entirety, with no apparent
distortion (Fig. 4 E ) . This provides the length of the forearm relative to other limb bones, which was heretofore only
estimable (Table 1). Neither ulna is complete, but the
proximal and distal ends of both the left and right ulna arc
present (Fig. 4 F ) . The distal end of the radius of U C M P
170829 is preserved.
Two very small bones, one cuboidal and the other
roughly pyramidal, are the only preserved bones of the
carpus (Fig. 5 H ) . O n e metacarpal is present, probably
number 3 or 4 (Fig. 51). Neither the carpals nor the
metacarpals can easily be assigned to the left or right side
because of the dearth of adequate comparative material.
This same problem holds for the phalanges. There is one
ungual and one proximal phalanx, and three phalangeal
fragments, which are all quite small. The proximal articular
surface of the phalanx is concave, and the phalanx tapers
distally. At about the midline, the phalanx broadens into a
trapezoidal shape, which is round on its articular surface. It
is unclear whether the phalanx is the most proximal of its
digit.
Pelvic Girdle and Hindlimb: The pelvis of U C M P
130850 is mostly absent, but the few fragments that remain
are quite well preserved. Two long, flat, slightly sigmoidal
bones represent the shafts of the left and right ischia (Figs.
2B, 4 L - M ) . These shafts are strikingly similar to the ischia
of Lesotbosanrus diajjnostiais (Thulborn 1972). The proximal portion of the left ischium, including its articulations
with the ilium and pubis, is also present (Figs. 3B, 41,).
Again, it is very similar t o the same bone in /.. dinijnostkus
(Thulborn 1972), with a broad, thick process ventrally, and
a smaller, peg-like articulation dorsal t o it. There is a very
small fragment from the central portion of the right ilium,
as well as a much larger portion of the left ilium. The
fragment of the left ilium retains most of the slender
anterior process (Figs. 2A, 4 H ) . The process tapers toward
its cranial end, where it expands again, and ends in a
squared-off process of bone. U C M P 170829 also has a
small fragment of the ilium.
The femora of U C M P 130850 are both crushed. The
right femur is only represented by a few small fragments,
including a small portion of the distal end and what is
possibly the lesser trochanter. The entire proximal end of
the left femur is present, albeit substantially crushed and
distorted (Fig. 41). The distal end of the left femur is intact
and undistortcd (Fig. 4 N ) . U C M P 170829 includes the
distorted distal end of a femur.
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Fig. 1. ScutcttosauruslawleriskaH fragments, UCMP 130580. 3x. A. Right jugal, external lateral view. B. The same, internal lateral view.
C. I-cft quadrate, caudal view. D. The same, ventral view (condyle). E. Left frontal in dorsal (above) and ventral (below) views. Caudal
end at left. The caudal end of the frontal forms the suture with the parietal (Fig. 1 J), and the medial side forms the suture with the right
frontal (Fig. IF). F. Right frontal in dorsal (above) and ventral (below) views, caudal end at right. The medial edge forms the suture
with the left frontal (Fig. IK). G. Basioccipital in internal (dorsal) and external (ventral) views. H . Parietal, external (left) and internal
(right) views, rostral end at top. The rostral edge forms a suture with the left frontal (Fig. IE).

