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ABSTRACT

The actosaur Typothorax coccinarum in known from abundant material from the
Late Triassic Chinle Formation and Dockum Group of the American southwest,
particularly in Arizona, New Mexico, and west Texas. Redondasuchus reseri is a smaller
actosaur taxon with several similarities to Typothorax that may indicate it is a juvenile.
The purposes of this thesis are to provide a thorough, well-illustrated description of
Typothorax coccinarum, describe the ontogeny of the taxon, and to determine if
Redondasuchus is a valid taxon distinct from Typorhorax.

The Canjilon Quarry (Upper Petrified Forest Formation, Chinle Formation, north-
central New Mexico) Typothorax material includes three large concentrations of scutes
and skeletal material (probably representing individuals) and other isolated elements,
collected from two distinct stratagraphic layers. The original field maps and field
numbers recorded on the bones allow the association of much of the material to be
established. The Post Quarry (Cooper Canyon Formation, Dockum Group, west Texas)
yielded a subadult specimen of Typothorax (TTUP 9214). Although detailed quarry
maps and field notes for the Post Quarry are currently unavailable, the general
consistency in the material supports its assignment to a single, unusually small individual
of Typothorax. The Apache Canyon Quarry (Redonda Formation, Dockum Group,
eastern New Mexico) material of Redondasuchus consists entirely of isolated scutes
probably found in at least two different stratigraphic levels within the quarry.

The scutes of TTUP 9214 possess the diagnostic features of Typothorax
coccinarum, while its small size and the incomplete ossification of some elements
suggest it is a subadult. There are no major differences between the scutes of Typothorax
and Redondasuchus apart from size; arching is seen in the presacral as well as caudal
dorsal paramedian scutes of Typothorax, and the alleged down-turned laterat edge of the
holotype scute of Redondasuchus is in fact is the medial edge, placing arching at the

center of ossification as in Typothorax. Redondasuchus reseri is assigned to Typothorax,
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but kept as a separate, smaller taxon, Typothorax reseri, due to the absence of 7.
coccinarum material from the Redonda Formation.

The only axial skeletal material described here is from TTUP 9214, which
includes a squamosal, quadrate, braincase, dentary, and vertebrae from all regions of the
column except for posterior caudals. The braincase has an incompletely enclosed
trigeminal foramen and basal tubera that are deeply split by the basioccipital-
basisphenoid suture. The dentary is extremely shallow, with ten aveoli. The transverse
processes of the vertebrae grow extremely wide in the dorsal region. Appendicular
skeletal material is well represented, and many areas of muscle attachment present in
crocodilians can be plausibly inferred. The scapulocoracoid, clavicle, humerus, illium,
pubis, ischium, femﬁr, tibia, fibula, astragalus, calcaneum, metapodials, and phalanges
are all known from the Canjilon Quarry material and/or TTUP 9214. The dorsal
paramedian and lateral scutes of Typothorax are the best-known elements, and show
variation relating to their anteroposterior placement on the body. The ordering of these
scutes is inferred based on aetosaur specimens of other taxa with articulated scutes, and
two blocks of articulated Typothorax scutes from the pelvic and caudal region of one of
the Canjilon Quarry specimens. All dorsal paramedians have circular or oval
ornamentation in a random pattern, a raised anterior bar, and most have a thick ventral
keel and are extremely wide. The lateral scutes in the precaudal region are angulated,
have a triangular dorsal flange, and lack a horn. In the caudal region the lateral scutes are
flat plates with the flanges lying in roughly the same plane. Appendicular and ventral
scutes of Typothorax are known, but their arrangement on the body is not understood due
to the lack of articulated material.

Bivariate ontogenetic allometry was explored for the femur and tibia of
Typothorax coccinarum. The femur of Typothorax may have lengthened more rapidly
then the tibia. Log squared measurements of femur and tibia length were plotted against
each other, yielding a good correlation, but failing to pass the p-test (probably due to the
small sample size of individuals having both elements). Log-squared measures for the

femur and tibia were then plotted against size scores on the first principal component
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(PC1) to describe the relative growth of various dimensions of these bones. Several of
the femur measures for Typothorax coccinarum have good correlation coefficients that
pass the p-test for, generally indicating that the bone grew robust more rapidly distally
and at the midshaft then it lengthened. All tibia measures showed good correlation
coeflicients that passed the p-test, generally indicating that the robustness of the tibia
increased faster then its length in all areas of the bone, especially proximally and at the
midshaft.

Many ontogenetic changes in Typothorax coccinarum seera to represent
recapitulations, with likely plesiomorphic traits such as a less compact neck, slightly
narrower transverse processes on the vertebrae, femora that are not so long relative to the
crus, a narrower carapace, and a raised ridge on the dorsal paramiedian scutes being lost
with age and increase in size. The young of 7ypothorax may have been more active then
the older individuals. There is insufficient evidence that posture became more erect in
Typothorax ontogenetically, or between actosaur taxa phylogenetically, as a graviportal
adaptation. However, this possibility cannot be entirely ruled out for actosaurs as a
group, and it is possible that erect posture evolved in archosaurs in response to more then

one selective pressure.
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tt = triceps tubercle vr = ventral ramus of the opisthotic

4™ = 4™ trochanter of the femur V = embayment for the trigeminal nerve

VI = foramen for the abductens nerve
VII = foramen for the facialis nerve

XII = floor or foramen for the hypoglosseal nerve
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CHAPTER 1
INTRODUCTION

1.1. Stagonolepidids (aetosaurs)

Actosaurs were heavily armored herbivorous archosaurs that lived during Late
Triassic time (Carnian-?Rhaetian). Aetosaurs belong to the branch of crown-clade
Archosauria (sensu Gauthier, 1984) consisting of all archosaurs closer to crocodilians
than birds, properly called Pseudoscuhia’ (Gauthier and Padian, 1985; Gauthier, 1986;
Padian, 1997; Brochu 1997). They were common members of the herbivorous terrestrial
fauna during Late Triassic time, and varied in length from less than a meter up to 5
meters or more. Aetosaurs are characterized primarily by their extensive covering of
osteoderms.

Actosaur remains are known from the Chinle Formation, Dockum Group, and
related Upper Triassic strata of the American southwest (Long and Ballew, 1985; Long
and Murry, 1995), but they are aiso known from the Newark Supergroup of the east coast
of North America (Jepsen, 1948; Baird, 1986; Huber et al., 1993), and other Upper
Triassic deposits in Greenland (Jenkins et al., 1994), South America (Casamiquela, 1961;
Bonaparte, 1670, 1971, Rogers et al., 1993; Heckert and Lucas, 2002), Europe (Walker,
1961; Benton and Walker, 1985; Wild, 1989), Morocco (Lucas, 1998a), and India
(Chatterjee and Roy-Chowdhury, 1974; Kutty and Sengupta, 1989).

Aetosaurs were extremely common members of the terrestrial herbivorous fauna
across the world for most of Late Triassic time, and seem to have survived well enough
in both wetter and drier climes. The genus Stagonolepis is known from the Chinle
Formation (Long and Ballew, 1985), which was deposited in a climate that (at least

seasonally) experienced high precipitation {Dubiel et al., 1991). It is also present in the

! The name Crurotarsi was created by Sereno and Arcucei (1990) and Sereno (1991) as a node-
based definition for essentially the same group, largely over semantic issues. Although defined as a stem, the
name Pseudosuchia has priority over Crurotarsi since the membership of the clades is usually considered to
be identical due to the basal position of Parasuchia.
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Lossiemouth Sandstone of Scotland, which consists of eolian dune and interdune deposits
probably representing a drier environment in which aquatic vertebrates such as
phytosaurs and metoposaurs are unknown (Benton and Walker, 1985), However, the
Placerias Quarry near St. Johns, Arizona, where mass vertebrate mortality likely resulted
from drought conditions (Fiorillo et al., 2000), contains abundant actosaur material
belonging to Stagonolepis and Desmatosuchus (Long and Ballew, 1985; Long and Murty,
1995), suggesting that actosaurs were not immune to extremely dry environmental
conditions.

The osteoderms of actosaurs are considered to be highly distinctive at least to the
generic level, Scutes are the most frequently encountered and commonly used means of
identifying aetosaur taxa (e.g., Long and Ballew, 1985; Heckert and Lucas, 2000), and
probably have value as index fossils for Upper Triassic terrestrial deposits (e.g., Heckert
and Lucas, 1996; Lucas, 1998b). However, many taxa have long stratagraphic ranges
and/or limited geographic distribution, which reduce their biostratigraphic utility
(Lehman and Chatterjee, in prep).

1.2 Tvpothorax coccinarum

Typothorax coccinarum is an abundant aetosaur in the Upper Triassic deposits of
the American southwest, being known from the upper Petrified Forest and Owl Rock
Members (Chinle Formation) of the Colorado Plateau, and the Trujillo and Cooper
Canyon Formations (Dockum Group; sensu Lehman, 1994) of eastern New Mexico and
west Texas (Long and Murry, 1995). Elsewhere in the world, the taxon is unknown,
although material from the Maleri Formation of India may be referable to it (T. S. Kutty,
personal communication, 2000).

The dorsal paramedian scutes of Typothorax are generally distinguished from

those of other aetosaurs by the following combination of characters’, some of which are

% Actosaur scutes are rarely distinguished by autapomorphies, but rather by combinations of
characters which are usually shared individually with other aetosaur taxa (Mariz and Small, in prep).
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clearly illustrated by the incomplete holotype scute, USNM 2585 (Cope, 1887, plate I;
Huene, 1915, fig. 5.):

1. They are highly expanded mediolaterally, with a width/length ratio in the widest
scutes approaching or exceeding 4.0.

2. The dorsal surface is ornamented by random (non-radial) circular or subcircular
pitting.

3. A boss on the dorsal surface of the scute is either absent or fairly small.

4. There is a thick keel extending the width of the scute on the ventral surface.
5. There is a raised bar extending the width of the anterior edge of the scute on thé
dorsal surface (Long and Ballew, 1985; Long and Murry, 1995; Heckert and

Lucas, 2000).

6. Long and Ballew (1985) noted that the caudal dorsal paramedian scutes in the
UCMP collections (mostly from Canjilon Quarry) are transversely arched.
However, Long and Murry (1995) implied that in most dorsal paramedian scutes,

this arching was due to post-mortem distortion.

Discussions of the taxonomic history of Typothorax may be found in Gregory
(1953) and Long and Ballew (1985, pp. 61-62). Moreover, Long and Ballew (1985, pp.
58-64), Long and Murry (1995, pp. 215-220, 222, 234-235), and Hunt (2001, pp. 136-
137) provide extensive listings of specimens they assigned to Typothorax and the
localities from which they were derived. The more significant specimens, localities, and
publications are reviewed below.

Typothorax coccinarum was the first stagonolepidid named in North America.
Cope (1875) named the taxon for scrappy skeletal material (USNM 2585, later
designated the holotype by Long and Ballew, 1985} he collected during the summer of
1874 while accompanying the Geographical Survey led by Lt. G. M. Wheeler. This
material, excavated from the upper part of the Petrified Forest Member (Chinle

Formation) at what is now referred to as the Cerro Blanco locality near Gallina Creek, in
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Rio Arriba County, New Mexico (Cope, 1875; Camp, 1930, p. 143), consists of a jaw
fragment, scutes, a partial vertebra, and the proximal end of a femur. It was later figured
by Cope (1877, p. 29-30, pl. 22, figs 4, 5, 9) and in part by Huene (1915). Cope (1887)
later amended USNM 2585, removing scutes lacking the pitted ornamentation, as well as
the jaw fragment, which he recognized as probably being phytosaurian. Cope (1875) also
referred a second specimen from Cerro Blanco to 7. coccinarum. David Baldwin
recovered more material for Cope from the Cerro Blanco type locality in 1881, Cope
(1887) referred some of this material to 7. coccinartm (AMNH 2710; see Cope, 1887,
plate 1), and some to a new taxon, Episcoposaurus horridus (AMNH 2713). This new
Cerro Blanco material was later re-described by Huene (1915), who also refigured the
material assigned to 7. coccinarum (Huene, 1915, figs. 1, 5, 6) and referred additional
material to the specimen Cope (1887) had considered to be of uncertain association
(Huene, 1915, figs. 2, 4). Huene (1915, figs. 12-15, 18-27) also figured the
Episcoposaurus horridus material, though he doubted that all the material assigned to
that specimen betonged to the same animal. Gregory (1953) later recognized that the
type of Episcoposaurus horridus® probably represents a large individual of 7.
coccinarum. Lucas and Hunt (1992) referred several dorsal paramedian scute fragments
from Cope’s type locality at Cerro Blanco NMMNH P-18197, 18199, 18201) as
topotypes for the taxon.

In addition to the material collected by Baldwin, additional AMNH material
referred to Typothorax coccinarum was collected by J. Rak in the Chinle Formation in or
near Tucumcari in 1929, and by S.J. Olsen and A. Lewis in El Cobre Canyon of New
Mexico in 1954, The latter includes AMNH 7634, articulated serics of cervical and
dorsal vertebrae figured by Long and Murry (1995, figs. 102, 103).

3 Gregory (1953) also referred Episcoposaurus haploceros to Desmatosuchus, which is also
generally accepted. However, he continued to assign “Typothorax” meadei (Sawin, 1947) as a co-gener to
T. coccniaruny, this taxon is now generally considered to belong to a distinct genus, Longosuchus (Hunt and
Lucas, 1990).
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In 1933, Charles Camp of the University of California at Berkeley, with the
assistance of Robert Ariss, Howard Anderson, George Barrington, Natasha Smith, and
Samuel Welles, excavated Canjilon Quarry (UCMP locality V2816). This quarry is
located in the upper part of the Petrified Forest Member of Rio Arriba County, New
Mexico, not far from the famous Ghost Ranch Coelophysis (“Whittaker”) quarry (Fig.
1.1). This locality is best known for its spectacular collection of phytosaur skeletons
(Lawler, 1976), but it has also yielded excellent associated (though incomplete)
material of Typathorax coccinarum. Camp recovered the remains of at least four
individuals of that taxon, which include extensive associated and sometimes articulated
scutes, and excellent appendicular material. This material was described and illustrated
by Long and Ballew (1985) and Long and Murry (1995). Harvard University collected
the posterior portion of a Typothorax skeleton (MCZ, 1488, 1487) probably from the
vicinity of Canjiton Quarry, which received only a very brief description by Gregory
(1953, p. 13). The tarsus of the MCZ specimen was illustrated by Parrish (1986, fig. 28).
The nearby Snyder Quarry, at roughly the same level in the Petrified Forest Member of
Rio Arriba County, has yielded a similar but more diverse assemblage then that of
Canjilon Quarry, including considerable Typothorax material (Zeigler, 2002).

A considerable amount of 7. coccinarum material, mostly scutes, has been
recovered from Petrified Forest National Park in Arizona (Long and Ballew, 1985). This
material was found mostly in the northern part of the park, where the upper Chinle
Formation is better exposed. FMNH PR 1562, the most complete specimen of 7.
coccinarum recovered from the park (Long and Murry, 1995), consists of disarticulated
but associated material, mostly scutes in various states of completeness, and five or six
unarticulated vertebrae (Bill Simpson, personal communication, 2001). Long and Ballew
(1985, pp. 59-60) and Long and Murry (1995) referred several aetosaur lateral scutes
found in the park to the cervical region of T. coccinarum, although this assignment is

dubious (see below).
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The Post Quarry (Fig. 1.1), in the Cooper Canyon Formation of the Dockum
Group of Garza County west Texas, is one of the most productive vertebrate localities in
the Dockum Group (Chatterjee, 1985; Small, 1989a, b; Lehman and Chatterjee, in prep).
This site has produced excellent aetosaur material mostly referable to Desmatosuchus
(Small, 1985, 2002), but has also produced extensive material of a small specimen“'
(TTUP 9214) probably representing a sub-adult of Typothorax coccinarum (Small,
1989b). The Patricia Site (Fig. 1.1), a new locality in the upper Cooper Canyon
Formation in Garza County (Cunningham et al., 2002; Lehman and Chatterjee, in prep),
has also produced Typothorax material housed at the Texas Tech Museum.

Hunt et al. (1993), and Hunt (2001} also provided a preliminary description of an
almost complete and well-articulated specimen of Typothorax coccinarum from the |
Cooper Canyon Fortmatibn of eastern New Mexico (NMMNH P-12964). This specimen,
probably the finest ever recovered, includes a complete skull and mandible (the only
skull material known for this taxon other then TTUP 9214). The NMMNH collections
also include the most extensive collection of 7. coccinarum material outside of UCMP,
mostly consisting of scutes collected in the Cooper Canyon Formation (Long and Murry,
1995; Hunt, 2001). Hunt (2001) also mentioned possibly juvenile Typothorax specimens
in the NMMNH collections.

Typothorax has also been reported stratigraphically lower in the Dockum Group
than the Cooper Canyon Formation, although this material is not well described. Long
and Murry (1995) reported material from the “Garita Creek Formation” (=Tecovas
Formation, sensu Lehman, 1994) and the Santa Rosa Sandstone. A specimen from the
Los Esteros Member of the Santa Rosa Sandstone, possibly referable to a new species of
Typothorax, is being described by workers at NMMNH (Adrian Hunt, personal

communication 2001).

4 Small (1989b) erroneously gave the specimen number of this specimen as TTUP 9209, which
refers to two adult dorsal paramedian scutes of Typothorax from a dii’fe_rent locality.
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1.3 Redondasuchus reseri

Hunt and Lucas (1991a) and Heckert et al. (1996) reported a new aetosaur,
Redondasuchus reseri, from the Redonda Formation (Dockum Group) of Quay County,
eastern New Mexico. This material, consisting entirely of isolated scutes, was collected
from the Shark Tooth Hill locality for YPM by J.T. Gregory in 1947, and at nearby
Apache Canyon locality (Fig. 1.1) for YPM and UCMP (the UCMP locality number is
V6148) by Gregory or under his direction® between 1958 and 1961. A.P. Hunt collected
additional material at these localities for NMMNH during the late 1980s (Hunt and
Lucas, 1989; Hunt and Lucas, 1991).

The scutes of Redondasuchus reseri are very similar to those of Typothorax
coccinarum, though considerably smaller. Similarities between these two taxa identified
by Heckert et al. (1996) include a random pattern of pitted ornamentation on the dorsal
surface of the scute, the absence of a raised boss, and a pronounced ventral keel. They

also differentiated the scutes of the two taxa based on:

1. The presence of arching in the dorsal paramedians of Redondasuchus but its
claimed absence in Typothorax.

2. The ventral keel terminating at the line of arching in the dorsal paramedians of
Redondasuchus but allegedly being continuous across the ventral surface in
Typothorax.

3. The inferred absence of lateral scutes in Redondasuchus. This claim was based
on the edge of the scute they interpreted being lateral (which would make the
scute a left dorsal paramedian) showing “no trace of an articulation with a lateral
scute.” This edge is the one closest to the arching (at least in the holotype; see
Heckert et al., 1996, fig. 5C), and would give the scute a unique down-turned

lateral edge. They suggested “the marked downward flexure...and the apparent

* The 1961 field notes of J.W. Cosgriff, Gregory’s student, indicate that Cosgriff and S R. Leffler
actually collected most or all of the Apache Canyon Redondasuchus material in the UCMP collections.
Many of these scutes were identitified in the field ag “amphibian clavicles,” which they resemble.
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absence of lateral scutes may be related. With this flexure the paramedian scutes
may have given some of the lateral protection normally provided by the lateral
scutes” (Hunt and Lucas, 1991a, p. 733). Their interpretation as to which edge
was lateral would also place the discontinuous ventral keel medial to the line of

arching,

In explaining why the scutes of Redondasuchus do not belong to a juvenile
Typothorax, Hunt and Lucas (1991a, p. 732) claimed that “Redondasuchus scutes differ
from juvenile Typorhorax scutes in the same features that distinguish them from adult
scutes”, implying that the morphological differences could not be accounted for by
ontogeny. However, they did not cite any juvenile specimens of Typothorax to support
this claim. Long and Murry (1995) expressed the opinion that Redondasuchus does in
fact represent a juvenile of Typothorax coccinarum, suggesting that any arching in the

scutes of either taxon is the result of post-mortem distortion.

1.4 Methods and materials
With the exception of NMMNH P-12684 (Hunt et al., 1993), the UCMP Canjilon
Quarry specimens (Long and Murry, 1995) and the subadult TTUP 9214 (Smali, 198%b)

probably represent the most complete specimens known that have been assigned to

Typothorax coccinarum. The UCMP and TTUP specimens are re-described and

illustrated here, with several objectives in mind:

1. To provide a thorough and well-illustrated reference on Iypothorax coccinarum.
In spite of a widespread interest in archosaurs, and the proposed and extensively
published-on utility of actosaur scutes in Late Triassic biochronology (e.g.,
Heckert and Lucas, 1996, 2000; Lucas, 1998b), a truly detailed and thoroughly
illustrated description of the postcranial skeleton and osteoderms of 7.
coccinarum is lacking, Although Long and Ballew (1985) and Long and Murry
(1995) provided important diagnostic information and fine illustrations
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(particularly of the Canjilon Quarry material), ! feel that considerably more can

be said (and shown) on the anatomy of this taxon.

. To describe ontogenetic change in Typothorax coccinarum. This will be done

using quantitative bivariate allometry of the femur and tibia, and also examining
other less quantifiable morphologic differences, between TTUP 9214 and larger
(and presumably more mature) specimens of 7. coccinarum. The latter will
mostly consist Canjilon Quarry material, but other measurements of 7ypothorax
specimens not examined by me are also available (Cope, 1887; Huene, 1915;
Gregory, 1953). This work will be based on the assumption that TTUP 9214 truly

represents a subadult of 7% coccingrum; the evidence for this will be examined

below.,

. To evaluate the validity of Redondasuchus reseri as a taxon distinct from

Typothorax coccinarum. 1f TTUP 9214 is an immature specimen of 7.
coccinarum, it can be compared to R. reseri to determine if the latter is as well.
However, an alternative possibility is that TTUP 9214 represents a distinct taxon
from 7. coccinarum, possibly assignable to K. reseri. In this case, it would
provide a great deal of new information on the osteology of the latter taxon,
which is otherwise known only from isolated dorsal paramedian scutes. These
comparisons will be based primarily on the Apache Canyon Quarry material for
R reseri at UCMP, which has been examined.

10
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CHAPTER 2
THE GEOLOGIC SETTING

2.1, The Upper Triassic strata of the American southwest

The Chinle Formation and Dockum Group (Fig. 2.1) of the Western Interior of
North America consist of continental fluvial, paludal, lacustrine, and eolian sedimentary
deposits of Late Triassic (Carnian-?Rhaetian) age (e.g., Lucas, 1998b). The Chinle
Formation was deposited in two separate sedimentary depocenters, the largest of which
was centered around the Colorado Plateau, although outcrops also extend throughout
much of the Four Corners states of Utah, Colorado, Arizona, and New Mexico, and into
Nevada (e.g., Stewart et al., 1972; Blakey and Gubitosa, 1983; Dubiel, 1994). Deposits
also referred to the Chinle Formation are exposed in northwestern Colorado and
northeastern Utah; these were probably separated from the more southern Chinle
depocenter by the Ancestral Rocky Mountains and the Uncomphagre uplands (Stewart et
al., 1972; Dubiel, 1991). The Dockum Group (Figs. 1.1, 2.1) was deposited primarily in
west Texas and eastern New Mexico (McGowan ¢t al., 1980; Lehman, 1994b; Lucas et
al., 1994; Lehman and Chatterjee, in prep). Various deposits in parts of the four corners
states, Wyoming, and Idaho (the Ankareh, Popo Agie, Jelm and Dolores Formations) are
also of Late Triassic age (e.g., Dubiel, 1994). However, none of these latter formations,
or the northwestern Colorado-northeastern Utah Chinle Formation, will be discussed
further as Typothorax and Redondasuchus have not been reported from them.

Lucas (1993a) elevated the Chinle Formation to group status, and consequently
elevated its constituent members to formations (e.g., the Petrified Forest Formation, the
Rock Point Formation). However, Lucas’s usage of the term “Chinle” differs greatly
from its conventional usage in including not only those strata traditionally considered a
part of the Chinle Formation, but all Upper Triassic strata of the American southwest,
including the Dockum Group and other units such as the Dolores and Popo Agie

11
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Formations. The more traditional usage, maintaining the Chinle as a formation and
restricting its usage primarily to the Colorado Plateau is preferred here, for reasons

discussed by Lehman (1994a), Dubiel (1994), and Carpenter (1997).

2.1.1. The Chinle Formation of north-central New Mexico

The stratigraphy of the Chinle Formation in the eastern San Juan Basin in north-
central New Mexico, where Canjilon Quarry is located, was described by Stewart et al.
(1972), Dubiel (1989), and Lucas and Hunt (1992). From lowest to the highest, the five
members in the Chinle Formation (Fig. 2.1) are: the Agua Zarca Sandstone Member,
Salitral Shale Tongue, Poleo Sandstone Lentil, Petrified Forest Member, and “siltstone
member.” The latter is probably assignable to the Rock Point Member (Lucas and Hunt,
1992), and contains the famous Ghost Ranch Coelophysis (“Whittaker”) Quarry. The
Early Jurassic Entrada Sandstone caps the Chinle Formation here.

Canjilon Quarry lies near the top of the upper part of the Petrified Forest Member,
which is the thickest unit in the Chinle Formation at Ghost Ranch (and usually
elsewhere). The Petrified Forest Member is a particularly important unit within the
Chinle Formation, not only in being the most widespread geographically (Stewart et al.,
1972), but the best described in terms of vertebrate fossils (e.g., Long and Murry, 1995).
The member consists of fluvial and lacustrine variegated mudstones and sandstones with
minor conglomeratic lenses, deposited in wetlands with an extensive meandering river
system (Stewart et al., 1972; Blakey and Gubitosa, 1983; Dubiel et al., 1991). At
Canjilon Quarry, the upper part of the member consists of muddy sandstone beds
containing lenses of carbonate nodule conglomerate. The carbonate conglomerates and
the coarser sandstones contain small to medium scale trough and tabular-planar
crossbeds. The muddy interbedded sandstones, which are bentonitic and arkosic, were
deposited on large-scale scour and lateral accretion surfaces. These interfinger with thin-
bedded, ripple-laminated mudstones, bentonitic sandstones, and siltstones containing

abundant vertebrate and unionid bivalve fossils. Dubiel (1989) interpreted the strata as

13
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representing a high sinuosity fluvial system, with channel deposits (the basal lag
conglomerates, probably the coarse sandstones with planar or mild trough cross beds, and
muddy sandstones showing the large scour and lateral accretion surfaces) interfingering
with crevasse-splays grading into floodplain deposits (the ripple-laminated mudstones,

bentonitic sandstones and siltstones).

2.1.2. The Dockum Group

Controversy exists regarding the nomenclature of the Upper Triassic strata of
eastern New Mexico and west Texas (see particularly Lehman, 1994a, 1994b; and Lucas
et al., 1994), a debate filled with hyperbole, subjectivity, self-contradiction and double
standards as to the application of stratigraphic nomenciature. However, a thorough
review of these nomenclatural problems is outside the scope of this paper. For the
purposes of this thesis, I will use the traditional term “Dockum Group™ to describe the
Upper Triassic strata of this region, and Lehman (1994a, 1994b) and Lehman and
Chatterjee’s (in press) relatively simple nomenclature for the formations within the
Dockum Group. In ascending order, these are the Santa Rosa Sandstone, Tecovas
Formation, Trujillo Sandstone, Cooper Canyon Formation, and Redonda Formation (Fig.
2.1). The last is present only in eastern New Mexico; in west Texas, the Cooper Canyon
Formation is the uppermost unit of the Dockum Group.

The Post Quarry lies in the lower part of the Cooper Canyon Formation of Garza
county, west Texas. The Cooper Canyon Formation consists mostly of siltstone and
mudstone, with interbedded lenses and sheet-like layers of micaceous, lithic-rich
sandstones. These mostly consist of overbank deposits from meandering fluvial systems,
although channel deposits and those formed in small, localized ponds are also present
(Lehman et al. unpublished). The distribution of conglomerates and paleocurrent
measurements suggest that by the time of Cooper Canyon deposition, the Dockum river
system drained in a northerly direction, passing the Ancestral Rocky Mountains to the
east (Frehlier, 1987; May, 1988; Schnable, 1994; Lehman et al., unpublished), rather than

14
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through the Chinle Formation depocenter as during Santa Rosa deposition (e.g., Riggs et
al,, 1996). Ifthis is the case, then the Dockum and Chinle drainages were distinct during
Cooper Canyon deposition (contra Lucas 1991, 1993a).

In eastern New Mexico, the Cooper Canyon Formation has a gradational contact
with the overlying Redonda Formation (Fig. 2.1). In west Texas (where the Redonda
Formation is absent), the top of the Cooper Canyon Formation is probably
stratigraphically equivalent to it (Tom Lehman, personal communication, 2002). The
Redonda Formation consists of cyclically deposited, laterally extensive sandstone,
mudstone, and minor limestone beds deposited in a large, shallow lake. Laterally
continuous sandstone beds indicate that eolian processes may have been present in the

area (Hester, 1988; Lehman et al., unpublished).

2.2, Canjilon Quarry

2.2.1 The Berkeley collection

The most extensive collection of material from Canjilon Quarry resides in the
University of California (Berkeley) Museum of Paleontology. The UCMP locality
number for Canjilon is V2816, and the original field number was “70”. This material
was collected by Charles Camp, who first visited the site in 1928, and returned in 1930
and 1933 (Long et al., 1989). Although material was recovered in the earlier years, the
1933 excavation, lasting from May 23™ to July 27", was a larger scale undertaking that
recovered most of the UCMP material. This material can be referred almost entirely to
the phytosaurs Pseudopalatus buceros and P, pristinus, and the aetosaur Typothorax
coccinarum. Camp was assisted in this excavation by Howard Anderson, Robert Ariss,
George Barrington, and Natasha Smith; in addition Sam Welles arrived at the end of June
to participate. With the exception of Natasha Smith (whose notes, if any, are unknown),
the field notes kept by these individuals during the excavation are housed at UCMP,
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These are extremely informative, including inventories of the material collected
(arranged by field number), and fairly detailed field maps for several of the grid squares
making reference to the field numbers.

The 1933 excavation used a set of 20 grid squares, each 20 feet on a side (Fig.
2.2). These were given letters from A to X, omitting “I”, “O” and “V” (grid “W™ is also
referred to as grid “X” by Camp). Grids A through T were roughly arranged in west to
cast rows that increased to the north; grids U and X were apparently added as an
afterthought to two of the southern rows. The field maps make it clear that the eastern
and western borders of these squares were not aligned perfectly north to south, but a few
degrees to the west. At least some of these grid squares were further subdivided into
smaller squares of various sizes, though most are four-foot squares. Field maps (in
varying degrees of clarity) for squares B, C, F, H, J, K, L, and U are available in the field
notes. Additionally, there is a larger quarry map, drawn (unfortunately in pencil) on
rough brown paper in the UCMP collection. The “brown paper map” was apparently the
basis for the quarry maps used by Long et al. (1989, fig. 1) and Lucas (1993b, fig. 10),
and is also the basis for Fig. 2.2. The artist is unknown, but the map seems to be based at
least partially on the field maps. However, grid squares not illustrated in the field notes
are illustrated on the “brown paper map,” which includes additional details not recorded
on the field maps. Presumably, either the artist was present (and perhaps drew the map)
firsthand during the excavation, or had access to field drawings not found at UCMP. The
previously published versions of this map did not show several of the grid squares at the
north and south ends of the quarry, probably because they were relatively un-
fossiliferous. These squares have been added into the map presented here (Fig. 2.2).

The numbering system applied to the UCMP Canjilon Quarry material requires
some discussion. The original field numbers given to the material (and used in the field
notes and maps) give the locality number (70) over the grid squares the element was
found in, usually followed by a more specific number for the specimen (e.g., 70/U80,

70/H8). These specific field numbers are applied in a variety of ways. They refer either
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Figure 2.2  Map of the 1933 UCMP excavation of Canjilon Quarry. Revised and more
detailed maps of the idividual grid squares are given in the Appendix. Scale bar = 20 feet,
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to individual specimens and are applied roughly in the order they were found in the
squares (for example, Typothorax scute 70/H8 was the eighth specimen found in grid
square H), entire plaster blocks and all the material found within (70/U80 is applied to all
material that was extracted from the block given that number), or the numbered
subdivision of the grid square in which the element was found (phytosaur skull 34249
70/C31 was first uncovered in subdivision square 31 in the larger grid square C).

Axel Hungerbithler and I made a complete inventory of all the UCMP Canjilon
Quarry material in the winter of 2001. Each individual element in the collection was
identified to the best of our ability, and both the field number (usvally written on the
bone) and the specimen number were noted. The field numbers, combined with the field
notes and maps, have allowed the placement of much of the material in the collections
directly onto the field maps. This endeavor, supplemented by information in the field
notes, has proven extremely beneficial. It allows the association of elements with
particular concentrations of bone, and therefore (plausibly or probably) to individual
animals.

Unfortunately, the specimen numbers later applied to the Canjilon Quarry
material are considerably less informative. Generally speaking, specimen numbers have
been applied based on the type of element, regardless of its location in the quarry, For
example, 34227 contains almost exclusively scutes (mostly Typothorax) from all over the
quarry, while 35235 was originally applied exclusively to femora, again from all over the
quarry. Many individua! bones initially lumped under a single specimen number have
since been assigned their own numbers between 119338 and 137202, but this new
numbering is just as uninformative about the association of material. In the cases of
particular concentrations of bones, this has led to excessive specimen numbers applied to
what was probably the same individual; the worst example is the “Fa” specimen (Table
2.1), which includes /5 different specimen numbers applied to a single concentration of
bones! Therefore, the field numbers, rather then the specimen numbers, are consulted in

order to extract information about the layout of the quarry.

18




o o |/}, /3 3

s [ s S s NS s SN ovus [ S S SIS S R B G

Table 2.1. UCMP V2816 (Canjilon Quarry) Typothorax coccinarum material

Efements are ordered by: (1) concentration of skeletal material (6.g. the “Fa” specimen™) or grid square for
more isolated elements, (2) specimen number, and (3) field number. The word “unspecified” in parentheses following the
grid number [e..g‘, 70/G (unspecified)] indicates a specimen for which the field number is only specific as to the grid
square, so that its position cannot be determined on the maps. It should be noted that much of the unspecified material in
squares 70/F, 70/G, and 70/U likely go with the skeletons in those grid squares.

FOIC

FIELD # SPECIMEN # [PREVIOUS #|[ELEMENT

70/C17 34227 Dorsal paramedian and isteral scute fragments
70/C18 34227 Anterior caudal lateral acute

70/C1 122673

Femur (left, good condition); Long and Murry, 1995, fip. 110D-G

70/C (unspecified) 122677

Femar (right, badly mangted), probably the mate of 122673 70/C1

TO/E
FIELD # SPECIMEN # [PREVIOUS # [ELEMENT
Dorsal paramedian scute fragment, almost complete; Camp gave a
70/E17 34227 “phytosaur tibia” this field number, possibly 122099
70/E (unspecified) 34227 Dorsal paramedian scute
70/E (unspecified) 134240 Fibula
“Fa” specimen (in 70/F and 70/3}
FIELD # SPECIMEN # [PREVIOUS # [ELEMENT
70/Fa2 34227 Dorsal paramedian scutes (four, almost complete)
70/Fa% 34227 Caudal dorsal paramedian scuigs
70/Fal5 34227 Scute fragments
T0/Fa5( 34227 Posterior dotsal paramedian scutes and a veanitral scute
70/Fas2 34227 Posterior caudal dorsal paramedian scutes
70/Fa53 34227 Dorsal paramedian, lateral, possible ventral and appendicutar scutes
70/Fa54 34227 Several dorsal paramedian and fragmentary lateral scutes
70/Fa55 34227 Dorsal paramedian scutes and a lateral scute
70/Fas3 122228 Calcaneum
70/Fa51 122277 34229 Cervical vertebra centrum
70/Fas] 122306 Sacral vertghra centrum
70/Fa2 122676 34240 Femur (left)
70/Fa2 122680 Tibia (middle section is missing and the ends are glued together) |
70/Fa2 122682 34240 Fibula
70/Fa54 122683 Mliwm
Posterior caudal dorsal paramedian scute, pelvic lateral scute, and

70/Fas0 158668 34227 icaudal lateral scute ,
70/Fas2 158670 34227 Pelvic lateral scute and several ventral sc
70/Fa52 158670 34227 Pelvic lateral scute and several ventral scutes
70/Fa53 158673 34227 Appendicular and veniral scutes
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Table 2.1, Continued

“Fa” specimen (in 70/F and 7047}

70/F59 34227 | Anterior dorsal paramedian scute
70/53 34227 Scutes (three, incomplete)
70/14 34227 Dorsal paramedian scute, slightly warped, incipient boss
70/15 34227 Dorsal paramedians scute
70/18 34227 Dorsal paramedian scute, hemal arch on underside
‘T'wo partiat dorsal paramedian scutes (one apparantly broken almost
70/J9 34227 in half) and a lateral caudal (?) scute fragment
70/19 34240 Humerus (small); Long and Murry, 1995, fig. 105C.
704136 34240 Scalpulocoracoid
70/)51 122679 Tibia
70/170 34227 Dorsal paramedian scute
70/377 34239 Rib
70/J78 ? Proximal rib fragments
70/J83 158672 Clavicle (left, incomplete)
70/F material outside the “Fa specimen” concentration, or of uncertain placement
FIELD # SPECIMEN # [PREVIOUS # |[ELEMENT
TO/F (unspecified) [34227 Dorsal paramedian scute with boss and rib fragments
T0/F53 34259 Dorsal paramedian and laterals scutes and toe bone in a large jacket
T0/F (unspecified) [122255 34229 Cervical vertebra centrum
“G” specimen
FIELD # SPECIMEN # PREVIOUS # [ELEMENT
70/G6 34227 Lateral scute frapments and other bone fragments (smooth)
70/G3 34240 Humerus (distal end)
THGT 34240 Ulna (small)
Dorsal paramedian and ventral scutes (more or less articulated), a
chevron, and two caudal vertebrae, in a block; this is the main 70/G6
T0/G6 34248 block
70/G7 34248 Dorsal paramedian scutes in contact
T0/G7 34248 Dorsal paramedian scutes in a block; North arrow drawn
70/G7 34248 Tibia (right, proximal end)
T0/G6 34248 Fibula (left)
70/G6(?) 34248 Pubis (left), Long and Murry, 1995, fig. 108
70/Gb 122374 34229 Caudal vertebra centrum (small)
70/G6 122678 34248 Tibia (left), astragalus attached
Femur distal end, rib and possible skull fragments; the femur has an
T0/GT ? |arrow indicating it was oriented roughly N-§
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Table 2.1. Continued

70/G material outside the “70/G specimen” concentration, or of uncertain placement

FIELD # SPECIMEN # |[PREVIQUS # [ELEMENT
70/G8 34227 Dorsal paramedian scute, almost complete
70/G (unspecified) |34227 Dorsal paramedian scute fragments
70/G (unspecified) [34227 Dorsal paramedian scutes (two, overlapping each other)
70/G (unspecified) [34240 Humerus (small)
T0/H
FIELD # SPECIMEN # [PREVIOUS # [ELEMENT
Dorsal paramedian scute, almost complete and in good condition
70/H2 34227 Typothorax coccinarum
Daorsal paramedian scutes (two); only one is mentioned in the field
70/H& 34227 notes,
70/HY 34227 Dorsal paramedian scute, almost complete
70/H11 34227 Seute
70/H (unspecified) [34231 Scapula fragment
70/H (unspecified) (? Scute fragments

70/] material not part of the “Fa specimen” concentration, or of uncertain placement

FIELD # SPECIMEN #{PREVIQUS # [ELEMENT

704710 34227 Dorsal paramedian seute, in good condition

70/119 34227 Lateral scute fragment

70/337 34227 Dorsal paramedian scute, good conditign
Scapulocoracoid, incomplete; described as an “illinm” in the field

70/136 34230 inotes.

70146 122674 34240‘Femur {complete)

70/K

FIELD # SPECIMEN # [PREVIOUS # [ELEMENT

70/K12 34227 Dorsal paramedian scute; probably the best in the quarry

T70/L

FIELD # SPECIMEN # |PREVIOUS # [ELEMENT

70/L.2 34227 Dorsal paramedian scute fragment

70/L3 34227 Appendicular(?) scute, rounded

TO/L (unspecified) 112268 Fibula (distal end)

70/L. (unspecified) 34227 Incomplete lateral scute

70/L1A 34253 |Scute fragments (about a dozen)
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Table 2.1. Continued

70/Q
FIELD # SPECIMEN # [PREVIOUS # [ELEMENT
70/Q3 34227 Porsal paramedian scute fragments (two, both large), may go together
“U specimen”
FIELD # SPECIMEN #|PREVIOUS # [ELEMENT
7026 34227 Dorsal paramedian scute (incomplete)
Dorsal paramedian scutes (several large), lateral scutes, scule
70/U45 34227 fragments
rticulated distal tail section, including dorsal paramedian, lateral,
and ventral scutes, and some poorly exposed caudal vertebrae. There
70/U75 34255 are also isolated scute fragments and a possible ischium (left)
Articulated distal tail section, including dorsal paramedian, lateral,
and ventral scutes, and some poorly exposed caudal vertebrae. There
70/U75 34255 are also isolated scute fragments and a possible ischium (left)
Articulated series of partial dorsal paramedian, lateral, and possible
70/U80 34255 appendicular scutes, probably from the pelvic region.
Darsal paramedian (large) and articulated laterat seute fragments,
70/URQ 14227 ossible ventral and appendicular scutes, rib fragments.
70/U92 34227 Dorsal paramedian scote fragment, two articulated lateral scutes
70/U93 34240 Humerus fragment, distal end
70780 34255 Scapulocoracoid (left); Long and Murry, 1995, fig. 104, 105A-B
70/U80 34255 Mium (left); Long and Murry, 1993, fig. 1064, 107
70/UR0 34255 Femur (left)
70/Ug0 34255 Tibia (left); Long and Murry, 1995, fig. 111D
70/UB0 34255 Calcancum (left)
70/)94 34258 Dorsal paramedian scute fragments
7095 1 Scute fragment
Material recovered before 1933
FIELD # SPECIMEN # |[ELEMENT
71/5 27232 Scutes
75 ? Scute fragments
Material of completely uncertain placement
SPECIMEN # [PREVIOUS# _|ELEMENT
34240 Humerus (distal end)
34248 Femur
34248 Scute fragments
34248(7) Semi-articulated foot material; Long and Murry, 1995, fig. 109 (in part)
34259 Scute fragments
122229 34248 Catcaneum (left)
122679 34240 Tibia (left), Long and Murry, 1995, fig. 11la-c
? Sacrum {distorted)
22
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Even more unfortunately, most of the bones either lack field numbers (because
they were not written or subsequently removed) or (more commonly) identify the grid
square but lack a more specific number, For example, of the 109 elements recorded in
the inventory as having the field number “70/G”, only 47 had a more specific number
that could help place material more precisely. I refer to these specimens as “unspecified”
in Table 2.1 and the Appendix. Much material is mentioned in the field notes but was
not identified in the inventory, probably due to the removal of the field number from the
specimen. Most likely much or all of this material lies in the “unspecified” material.
Often the process of elimination using the field notes allowed elements to be placed on
the field maps, albeit with strong uncertainty.

The Appendix presents all the available information about the 1933 Canjilon
collection. It combines the 2001 inventory with the original field note inventories, and
presents new maps for the individual grid squares. The spatial and stratagraphic
distribution of the aetosaur and phytosaur material, as far as it can be discerned from the
field notes, field maps, and new inventory, are discussed there. Table 2.1 lists only the
Typothorax material identified in the 2001 inventory; all material from both Typothorax
and Pseudopalatus found in the inventory and mentioned in the field notes is listed in the

Appendix.

2.2.2, Stratigraphy of Canjilon Quarry

The field notes of Camp and his assistants indicate that the material in Canjilon
Quarry was found primarily in two distinct levels. The upper layer consisted largely or
entirely of blue-gray, gray-white, and pea-green carbonate conglomerate containing many
concretions, often referred to by Camp as “the upper mortar layer” or 1” . Presumably
this represented a channel lag deposit. Much of the material recovered from this level
seems to have consisted of scraps of scutes and other small bones; Camp describes the
material as “fresh-looking” but “soft and crumbly.” The only really important material

recovered from this layer were two excellent and largely articulated specimens,
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Pseudopalatus buceros (mostly UCMP V2816 34258) and Typothorax coccinarum
(UCMP V2816 34255, the “U” specimen), found and mostly excavated by Natasha
Smith, and possibly the Pseudopalatus pristinus skuli found in 70/L by Camp.

Underneath the upper “meortar layer” conglomerate was a layer of blocky reddish
mudstone (usually referred to in the field notes as “shale”) varying from about one to two
feet thick, containing common conglomeritic sandstone lenses (usually gray in color).
Camp referred to this layer as 2”, This mudstone layer probably represented one of
Dubiel’s (1989) crevasse splay and/or floodplain deposits. Bones were scattered
throughout the thickness of this layer, but the base is the most fossiliferous, and was the
primary bone producer in the quarry. Camp initially believed that this layer actually
consisted of two separate levels (which he referred to as 2” and 3”), but later recognized
they were part of a single continuous bone layer (2”). On the west side of the quarry, in
sections 70/A, 70/C, 70/H, and 70/J, this layer was apparently “purple green... which
contains much carbonaceous material.” The layer contained abundant impressions of
unionid clams and gypsum crystals according to Sam Welles, who expressed uncertainly
as to if the latter were syngenetic with deposition. The base of the lower mudstone was
described by Camp as “a blue-gray limestone concretionary,” likely representing another
channel lag. The main bone bed seems to have rested directly upon this lower
concretion.

Before excavation began, the upper conglomeratic level was uncovered by
plowing on 5/23/33 and 5/24/33 using mule teams on loan from Mrs. Stanley at Ghost
Ranch. Later, this layer was itself plowed on 7/11/33 and 7/12/33 to expose the richer
reddish mudstone layer underneath. However, the upper “mortar layer” was apparently
not removed in all grid squares during this second plowing, as excavations in the upper

conglomerate occur in some squares after the second plowing.
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2.2.3. Association of Typothorax material

As noted by Long and Murry (1995, p. 234) there seem to be three major
concentrations of Typothorax material in the quarry: one at the junction of grid squares
70/E, 70/F, and 70/J (referred to here as the “Fa” specimen), one in square 70/G (the “G”
specimen) and one in square 70/U (UCMP V2816 34255, or the “U specimen™). A more
detailed discussion of the distribution of material in these squares can be found in the
Appendix.

Both the “Fa specimen” and the “G specimen” lay in the lower bone level, at the
bottom of the reddish mudstone. The “U” specimen, the largest individual of Typothorax
in the quarry, was lying across the backside of a large Pseudopalatus buceros specimen.
It differs from most of the important material in the quarry in coming from the upper
“mortar layer,” and also in that most of the material was referred to a single specimen
number (34255). Good field maps are available for the “Fa” and “U” specimens, but not
unfortunately for the “G” specimen. All specimens were mostly removed in blocks,
although most of the material was subsequently separated from the jackets. The “Fa” and
“G” specimens were disarticulated but associated. However much of the “U” specimen
was in articulation, notably an excellent string of dorsal paramedian and lateral scutes
from the pelvic and caudal regions removed in two blocks.

Other Typothorax material found in the inventory, including much of the
“unspecified” material, consists mostly of isolated elements. It is likely that some or
most of this material belongs to the “Fa”, “G”, and “U” specimens, and was simply been
more widely dispersed. The complete lack of identified Typothorax skull material in the
quarry is disconcerting, and further scrutiny of the collection may identify some. Camp
and his assistants also found additional material, not recognized in the inventory, that
they suggested belonged to Typothorax or “Episcoposaurus”; this material is discussed in

the Appendix.
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2.3. The Post (Miller) Quarry
2.3.1. Material found in the Post Quarry

The Post Quarry, located in Garza County (Fig. 1.1) near the town of Post, was
first worked by the Dallas Museum of Natural History in the 19705, More extensive
excavation was undertaken in 1980 by Texas Tech University under the supervision of
Sankar Chatterjee, leading to an extensive collection of vertebrate material housed at the
Texas Tech Museum. The quarry, which lies in the lower part of the Cooper Canyon
Formation (Fig. 2.1), produced an extremely diverse collection of tetrapods, including a
variety of small vertebrates, a phytosaur, ravisuchians, poposaurs, and actosaurs (see
Small, 1989a, and Lehman and Chatterjee, in prep, for a more thorough discussion of the
history and fauna of the quarry). The aetosaur material is dominated by Desmatosuchus,
but the taxa Paratypothorax and Typothorax are also present (Small, 1985, 1989b).

The Post Quarry represents floodplain overbank deposits, which probably formed
some distance from the active river channel (Lehman and Chatterjee, in prep). The
material from the quarry was found in a singe layer about 30 cm thick. Small (19893, p.
147) reports “The bones of the larger specimens such as Postosuchus and Desmatosuchus
are disarticulated but associated. There are many disassociated bones of smaller animals
scattered throughout the quarry.” Parts of the quarry map showing the distribution of
material belonging to the rauisuchians Postosuchus and Charterjeea may be found in
Chatterjee (1985, fig. 22).

2.3.2. Association of Typothorax material
Material from TTUP 9214 includes parts of the cranium (including an almost
complete braincase), a dentary, several vertebrae, rib fragments, a left ischium, right
femur, right tibia and right astragalus, assorted toe bones, and extensive scute material.
The latter consists mostly of dorsal paramedian and lateral scutes, but also several small

odd osteoderms probably representing appendicular and ventral scutes.
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Unfortunately, few quarry maps or detailed field notes are available for the Post
Quarry showing the actosaur material, and it is possible that not all material referred to
TTUP 9214 comes from the same animal. However, Bryan Small (personal
communication, 2000} who collected TTUP 9214, recalls that the material was all found
within a very confined area. Moreover, examination of the material supports its
assignment to the same individual. The scutes are all of a similar size and morphology
suggesting they came from an unusually small specimen of Typothorax coccinarum. The
other skeletal material is also consistent in size and morphology with an aetosaur of the
same size, considerably smaller then any of the other actosaur material described from
the Post Quarry. It seems unlikely that so much aetosaur material of consistent
morphology and unusually small size for Typothorax would be together by chance,
although the possibility of more then one closely associated subadult specimens of 7.

coccinarum cannot be fully discounted.

2.4. The Pairicia Site

The “Patricia Site” is a newly discovered locality (Fig. 1.1) in the upper part of
the Cooper Canyon Formation stratagraphically higher then the Post Quarry, and is
currently being worked by Texas Tech University. The site was located by museum
volunteer Doug Cunningham (who has also prepared most of the phytosaur material
recovered there) on property belonging to the Kirkpatrick family in Garza County. The
Patricia Site has yielded an amazing quantity of isolated phytosaur skulls and postcranial
material referable to Pseudopalatus and Redondasaurus (Cunningham et al., 2002;
Lehman and Chatterjee, in prep).

Two anterior dorsal paramedian scutes, and a lateral scute articulated to the
posterior of the two, are referable to Typothorax coccinarum. A scapulocoracoid

identical to that of specimen “U” from Canjilon Quarry, and distinctly non-phytosaurian
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in possessing an enclosed coracoid foramen, was closely associated. The scutes and
scapulocoracoid likely belong to the same individual, and are all under the same

specimen number, TTUP 10070,

2.5. The Apache Canyon Quarry
2.5.1. Stratigraphy of the Apache Canyon Quarry
J.W. Cosgriff and S.R. Leffler collected the UCMP material of Redondasuchus
from J. Gregory’s Quarry 2 in north Apache Canyon in June and July of 1961. This
locality was divided into five square “quads,” each a meter square, lined up north to
south, with Quad 1 and the north end and Quad 5 at the south end. Three stratagraphic
units are suggested for the quarry in Cosgriff’s field notes. From bottom to top, these are:
a sandstone, a blue shale, and a brown pebble conglomerate. The thickness of these
layers is not given, but Cosgriff’s notes suggest that the conglomeratic layer was (at least
in places) 14” thick or more, Nearly all the material recovered seems to have come out
of the brown conglomeratic layer, and the upper few inches seem to have been the
richest. The blue shale was particularly productive only in spots, and nothing was

reported from the lower sandstone.

2.5.2. Association of Redondasuchus material

At least six specimens occur in the UCMP V6148 collections (Fig. 2.3; Table
2.2). By comparing his field notes with the specimen bag numbers provided for the
scutes in the collection, some information on the stratagraphic and spatial distribution of
the Redondasuchus scutes can be established. The Redondasuchus specimens collected
by Cosgriff and Leffler were well spread out in the quarry, being recovered from all
Quads except for Quad 5. Information on the stratigraphic position of the scutes is less
clear, but they seem to have been found in both the blue mudstone and the brown
conglomerate. Cosgriff is fairly explicit that UCMP V6148 65331 was collected in the

blue mudstone, and it is strongly implied that at least some, if not most of the other
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Figure 2.3

UCMP® V6148 (Apache Canyon Quarry) dorsa! paramedian scutes of "Redondasuchus”

reseri; right dorsal paramedian 65415 (holotype) in {a) dorsal, (b} veniral, and (¢} posterior

views; right dorsal paramedian 173838 in () dorsal, (e) ventral, and (f) anterior views;

toft dorsal paramedian 653 14 in (g) dorsal, (h) ventral, and (i) posterior views; left dorsal

paramedian 634 16-39 in (§) dorsal, (k) medial, and (1} ventra! views; right dorsal paramedian

63416 in (m) dorsal, and (n) ventral views; right (?) dorsal paramedian 65416-74 in (o} dorsat,

and {p) veniral views; possible cervical dorsal paramedian scute 65758 in (q) dorsal, {r) ventral,

and {s) medial (?) views; dashed lines are drawn along ihe fine of arching at the center of essification
and also indicate broken edges, shaded areas indicate broken bone surface. Scale bar = 10 cm.,
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scutes came from the conglomerate. No evidence exists that any of the Redondasuchus
scutes were associated with each other, and it seems likely, based at least on their spatial

distribution between quads and implied stratagraphic disparity, that none of them were.

Table 2.2. UCMP V6148 { Apache Canyon Quarry) Redondasuchus reseri scutes

All specimens listed here are dorsal paramedian scutes, and most are shown in Fig. 2.3, Scutes are ordered by
(1) quad number, and (2) field number. Field numbers were assigned by Leffler and Cosgriff to bags of material, usually
containing more then one specimen, collected in the same general arca. UCMP V6148 65416 includes more than one
scute fragment from different arcas of the quarry.

(3 1

.
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DATE

QUAD PBPECIMEN# |FIELD # COLLECTED COLLECTOR LEVEL

1 65416 74 7/9/61 ? Browa conglomerate?
1 65415 76 7/9/61 ? Biue “shale”?

2 65416 39 6/29/61 Cosgriff Brown conglomerate
2 173838 19 6/22/61 Cosgriff Brown conglomerate?
3 65331 56 7/3/61 [ effler Blue “shale”

4 65314 44 711161 [effler Brown conglomerate?
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CHAPTER 3
THE STATUS OF TTUP 9214 AND REDONDASUCHUS RESERI

3.1. TTUP9214
The dorsal paramedian scutes of both TTUP 9214 and the Canjilon Quarry

material have the diagnostic features of Typothorax coccinarum. The scutes have high
mediolateral expansion, pitted, sub-circular ornamentation, a dorsal boss which is absent
or present only in the posterior scutes, a thick ventral keel, and a raised anterior bar,
Several features in TTUP 9214 that support its identification by Small (1989b) as an

immature individual of Typothorax coccinarum:

1. TTUP 9214 is considerably smaller than the Canjilon Guarry material.

2. The neural arches are not compietely fused to the vertebral centra. They are
clearly separate in the anterior cervical vertebrae, and even in several more
postrior vertebrag, the suture is still visible. In modem crocodilians, closure
of the neurocentral sutures proceeds from the caudal vertebrae anteriorly, and
is not complete until maturity (Brochu, 1996).

3. The laterosphenoid is incompletely ossified, so that the opening for the
trigeminal (V) nerve is an embayment rather then an enclosed foramen, and
the basal tubera also seem to be largely unossified. Hans Larsson (personal
communication, 2002) indicates that in archosaurs, the laterosphenoid and

basal tubera both ossify late in ontogeny.

The scutes of TTUP 9214 exhibit several slight morphological differences from
the Canjilon Quarry material, which might best be explained as ontogenetic in nature.
Skull and vertebral material is described here only for TTUP 9214. Consequently, with
the exception of overall small size, the features in that specimen just listed that are most

suggestive of immaturity cannot be compared with adult material from Canjilon Quarry
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to determine if the braincase ossification and nuerocentral suture fusion is more
advanced in the latter, as would be expected.

Given the overall strong similarities between TTUP 9214 and adult material of
Typothorax coccinarum, the features suggestive of immaturity in the former, and the fact
that both occur in the Cooper Canyon Formation and equivalent strata (the upper
Petrified Forest Member), if seems most reasonable to conclude that TTUP 9214 is an
immature specimen of 7. coccinarum. Consequently, the Canjilon Quarry material and
TTUP 9214 will be discussed together in the description given below for the taxon,
However, it should be noted that this is based on a small sample size of specimens, and
must be considered tentative until more specimens of Typothorax are found to give a
more thorough picture of variation in the taxon. Further work may well find that the
differences between TTUP 9214 and other Typothorax material are taxonomic, and that

the former represents a distinct species from 7. coccinarum.

3.2. Is the arching in the dorsal paramedian scutesg
of Typothorax coccinarum real?

Long and Ballew (1985) identified transverse arching in the dorsal paramedian
scutes of the caudal region in Typothorax coccinarum. However, Long and Murry (1995)
suggested that the “flaring” seen in some of the dorsal paramedians from Canjilon Quarry
was due to post-mortem distortion, and that the scutes were naturally flat. Examination
of the Canjilon Quarry scutes does show that distortion occurs in many of the scutes.

However, with very few exceptions, arching almost always occurs at the cenfer of
ossification in most dorsal paramedians of both the Canjilon Quarry material and TTUP
9214 (Fig. 3.1a, b). The center of ossification in Typorhorax, as in most aetosaurs, is
considerably closer to the medial edge of the scute (in Redondasuchus, the arching
allegedly occurs closer to the lateral edge). Several morphological indicators show
where the center of ossification is located, though all may not be recognizable in the

same scute:
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Figure 1.1

Coayparison of dorssl paremecian seute arching bewont Jipothorav cocelmarum (TTUP 9214)

and "Redondasuchus™ veseri; (6) partially reconstrueted bt dorsal paramisdion scute of TTUP 9214
in dorsal viaw, () same scute in posterior view with mirrov image, lotoral scutes, and dossal vortebra
aliled 10 give partinl eross section thmwigh body, () "Redamdasnchus® reser) UCME V6148 65413
right dorsa] paramedisn seuto with niioros image. Lashed lines indicate broken bone edges.
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1. The pitting around this region is usually finer than on the surrounding dorsal
surface of the scute. This is also evident in the holotype of Redondasuchus
(UCMP 65413, see Fig. 2.3.a), and “Tecovasuchus™, a new taxon being
described by Martz and Small (in prep).

2. The dorsal boss, if present, is positioned there.

3. The ventral keel is usually thickest here, again as in Redondasuchus (Fig,
2.3.b). The keel flattens out gradually on the lateral side, and more abruptly

on the medial side in both taxa.

It seems unlikely that arching would occur in this location so consistently through
post-mortem deformation, especially considering the thickening of the ventral keel here.
This arching is also clearly present in the Cope’s (1887, plate I) and Huene’s (1915, fig.
3) tllustrations of the holotype of Typothorax coccinarum (USNM 2585). Weak arching
at the center of ossification (usually between about 15° and 30° in the Canjilon material,
and about 30° in TTUP 9214 as opposed to about 45° in Redondasuchus) is therefore a
natural feature of the dorsal paramedian scutes of 7. coccinarum, not only in the caudals,

but also in much of the pre-caudal region.

3.3 The status of Redondasuchus reseri
Hunt and Lucas (1991a) and Heckert et al. (1996) have described the morphology

of the dorsal paramedian scutes of Redondasuchus. As already noted, the scutes are

distinctly similar to Typothorax coccinarum. However, most of the alleged differences
between the taxa are considered to be dubious. Hunt and Lucas {(1991a) and Heckert et
al. (1996) interpreted the edge of the scute closest to the arching in the holotype scute
(UCMP V6148 65415) Redondasuchus as being the lateral edge; in other words, that the
scute is a left dorsal paramedian. In this orientation, the scute would have an unusual
downturned lateral edge (see Heckert et al., 1996, fig. 5c), which is an alleged diagnostic

character for this the taxon.
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However, the edges of UCMP V6148 65415 are not well preserved enough to be
certain which edge is medial and which is lateral (Fig. 2.3.a); the reason why Hunt and
Lucas (1991a) and Heckert et al. (1996) assumed the orientation they did is not clear.
However, if the scute is instead interpreted as a right dorsal paramedian scute, with the
arching being present at the center of ossification, closer to the medial edge (Fig. 2.3.¢),
it more strongly resembles the dorsal paramedian scutes of Typothorax coccinarum,
although with stronger arching (Fig. 3.1¢). As noted above, the pitting at the region of
arching is finer in UCMP V6145 65415, which is also often seen at the center of
ossification in 7. coccinarum. In narrower dorsal paramedian scutes of Redondasuchus
(Fig 2.3.d-i; Heckert et al., 1996, fig. 5), the relative distance of the arching from the
medial and lateral edges becomes more subequal. This is usual in actosaurs as the width
of the dorsal paramedians decreases posteriorly, including in the caudal dorsal
paramedian scutes of Typothorax coccinarum.

Hunt and Lucas (1991a) and Heckert et al. (1996) described the ventral keel of
the dorsal paramedians in Redondasuchus as being restricted to the medial side of the
arching and terminating abruptly at it as a difference from Typothorax. If the scute is
reoriented as a right dorsal paramedian, the keel is present on the lateral side, thickest
adjacent to the line of arching, and flattens immediately on the medial side of the arching
as in Typothorax,

Hunt and Lucas (1991a) and Heckert et al. (1996) also claimed that
Redondasuchus differs from all other actosaurs in lacking lateral scutes. This
interpretation was based partly on their erroneous interpretation that the lateral edges of
the dorsal paramedians are turned down, which they suggested was to compensate for the
absence of lateral scutes. There is therefore no evidence to suggest that Redondasuchus

lacked lateral scutes®.

¢ However, I strongly question Long and Murry’s (1995) identification of UCMP V6145 173838
(Fig. 2.3.q-s) as a lateral scute of Redondasuchus. The scute does not resemble the lateral scute of any
aetosaur, There is no sign of a raised ridge as in the lateral scutes of Typothorax, and if the odd,
discontinuous bar across one edge is the anterior bar, flexion in the scute oceurs perpendicular to its
direction in the lateral scutes of other aetosaurs. The scute somewhat more closely resembles a dorsat
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None of the scutes for Redondasuchus reseri possess pyramidal dorsal bosses, as
are seen in the posterior dorsal paramedians of Typothorax. However, as will be
discussed below, the bosses in TTUP 9214 are considerably more reduced than those
seen in the larger specimens of 7. coccinarum, and apparently more restricted as to which
region of the carapace they occur. The presence and size of these bosses and their
distribution between scutes is likely allometric,

In summary, all of the proposed differences between Typothorax coccinarum and
Redondasuchus reseri are either due to erroneous interpretation, or only matters of size

or degree:

1. Redondasuchus is smaller then Typothorax but otherwise similar.

2. Both taxa have arching at the center of ossification, although it is more
pronounced in Redondasuchus.

3. Both have a ventral keel that is reduced abruptly medial to the center of
ossification/arching, but it does so more sharply in Redondasuchus.

4. There is no reason to suspect that Redondasuchus lacked lateral scutes, which are

present in all other actosaurs.

On the basis of these similarities, it seems most reasonable to assign
Redondasuchus reseri to Typothorax, and it may well represent a juvenile of 7.
coccinarum, as suggested by Long and Murry (1995). Certainly, if “Redondasuchus”
scutes were found in the Cooper Canyon Formation or the Petrified Forest Member, 1
would have little doubt in assigning them to 7. coccinarum.

However, the fact that only the small scutes of “Redondasuchus” are known from
the Redonda Formation provides circumstantial evidence that “Redondasuchus” reseri
actually represents a distinct taxon from Typothorax coccinarum. Although many

“Redondasuchus” scutes have been collected from the Redonda Formation, no larger

paramedian, so Heckert et al.’s (1996) identification of the scute as a cervical dorsal paramedian may be
more reasonable, although the arching is still in the wrong direction.
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Typothorax coccinarum scutes are known from the same strata. It would seem odd for
the latter to be totally absent if it represented an adult of the same species. I therefore

tentatively retain “Redondasuchus” reseri as a separate, smaller species of Typothorax, T,

reseri.

3.4 Revised diagnosis of Typothorax

Typothorax: Aetosaur with dorsal paramedian scutes having a high width/length
ratio (as in Paratypothorax and “Tecovasuchus™), random sub-circular ornamentation
that is finer, more densely spaced, and shallower than in Desmatosuchus, arching about
15°-45° at the center of ossification in most of the post-cervical region, straight,
anterolaterally sloping lateral margins in the posterior dorsal (region) dorsal paramedian
scutes in adults (autapomorphy), a raised anterior bar, thick rounded ventral keel more
prominent lateral and immediately adjacent to center of ossification (as in
“Tecovasuchus”) and flattens out both sides of the line of arching, lack beveling of the

dorsal posterior margin (unlike Paratypothorax and “Tecovasuchus.”)

1. coccinarum: Larger size relative to 7. reseri, a higher width/length ratio of the
dorsal paramedian scutes (>4.0) as in Paratypothorax and “Tecovasuchus”, arching in
the dorsal paramedians usually 15°-30° less pronounced ventral keel, low, pyramidal
dorsal boss present in the posterior dorsal (region) and caudal dorsal paramedian scutes.
Other diagnostic features that cannot be assessed for 7. reseri; absence of premaxillary
teeth (as in Desmatosuchus), an extremely shallow dentary (autapomorphy) with ten
teeth, dorsal vertebrae with greatly expanded transverse processes, extremely gracile
humerus relative to Desmatosuchus and Longosuchus, humerus with enclosed
ectepicondylar foramen as in Desmatosuchus and Neoaetosauroides, illium with a greatly
elongate preacetabular process and strong constriction above the acetabulum
(autapomorphies), extremely shortened distal pubis (autapomorphy), angulated lateral
scutes with reduced dorsal flanges having pitted ornamentation as in Paratypothorax and

“Tecovasuchus”, dorsal flange triangular in adults (autapomorphy), raised ridge at the
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line of angulation, no lateral horn, large lateral flange bearing fine pitting

posterodorsally, but elongate grooves radiating from the region on rest of the flange.

T. reseri: Smaller size relative to 7. coccinarum, dorsal paramedian scutes with
greater degree of arching (45°), prominent ventral keel relative to size of scute, keel more
abruptly flattened medial to the line of arching, absence of dorsal boss in all dorsal

paramedian scutes.

3.5. The Otischalkian, Revueltian, and Apachean
land vertebrate faunachrons

Lucas (e.g., 1998b) and his colleagues (e.g., Lucas and Hunt, 1993, Heckert and
Lucas, 2000) have proposed and made extensive use of a system of biochronological
correlation using terrestrial vertebrates for strata of Late Triassic age. They have divided
Late Triassic time into four “land vertebrate faunachrons,” the Otischalkian, Adamanian,
Revueltian, and Apachean (Fig. 2.1), based on the representative vertebrate fossils,
especially phytosaurs and aetosaurs. Typothorax coccinarum and the phytosaur
Pseudopalatus are considered in this system to be index fossils of the Revueltian (which
is approximately equivalent to the Norian), and encompasses both the upper Petrified
Forest Member and the Cooper Canyon Formation. 7ypothorax reseri and the phytosaur
Redondasaurus are index fossils for the Apachian (which may be equivalent to the late
Norian and/or Rhaetian), which includes the Redonda Formation.

As discussed Lehman (1994b) and Lehman and Chatterjee (in prep), the
restriction of the Otischalkian fauna (which includes the phytosaur Paleorhinus and the
aetosaur Longosuchus) to strata older than that of the Revueltian is questionable. Strata
containing Paleorhinus (including the type Otischalkian locality and more northerly sites
currently being worked by Texas Tech University) have been identified using
lithostratagraphic correlation as being part of the Cooper Canyon Formation (Lehman,
1994b; Lehman and Chatterjee, in prep), which also contains a Revueltian fauna. The

Otischalkian fauna therefore occurs at the same stratigraphic level as faunas considered
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under Lucas’s system to be younger, although Paleorhinus at least probably does indeed
also extend downward into the Carnian (Hunt and Lucas, 1991b).

The recognition of the Apachean is also somewhat problematic, partly due to two
of its defining and diagnostic taxa, the phytosaur Redondasaurus, and the aetosaur

Typothorax reseri. T. reseri is of extremely dubious use as an index fossil, for two

reasons:

1. T reseriis much more similar to I. coccinarum then has generally been
acknowledged. Determining if a small Typothorax scute is referable to a juvenile
of 7. coccinarum or an adult of 7. reseri is problematic.

2. T reseriis so far known only from the Redonda Formation, which is restricted to
eastern New Mexico. It is certainly premature to consider a taxon with such a

(currently) restricted geographic range to be a useful index fossil, as it cannot be

used for correlation.

Additionally, the phytosaur Redondasaurus is now known from the upper Cooper
Canyon Formation, in association with both Pseudopalatus and Typothorax coccinarum
{Cunningham et al., 2002), so the Apachean fauna, like that of the Otischalkian, partly
overlaps stratigraphically with the Revueltian fauna. Moreover, stratagraphic units have
been assigned to the Apachean (such as the Los Colorados Formation of Argentina) often
due solely to the presence of prosauropod dinosaurs (Lucas, 1998b), even if they contain
none of the index fossils from the type locality of the Apachean (in the Redonda
Formation). This assignment is apparently based on an ad hoc assumption that Late
Triassic prosauropod dominated faunas must be younger worldwide than those of the
Revueltian, and not on genuine correlation using diagnostic index fossils. Even if this
assumption is true, there is no evidence that all strata assigned to the Apachean are
precisely the same age within the late Norian-Rhaetian, even if they are younger then the

Revueltian faunas.
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CHAPTER 4
DESCRIPTION OF TYPOTHORAX COCCINARUM

4.1, Introduction

The following description of Typothorax coccinarum is based almost entirely on
the Canjilon Quarry, Post Quarry, and Patricia Site specimens. Direct comparisons were
made primarily with Texas Tech’s Desmatosuchus haploceros material, although
UCMP’s and TMM’s fine collections of Desmatosuchus haploceros, Stagonolepis
wellesi, Longosuchus meadei, and Lucasuchus hunti were also examined by the author.
Other comparisons are mostly based on the literature, particularly Sawin (1947), Walker
(1961), Small (1985), Long and Murry (1995), and Heckert and Lucas (1999, 2000).

Recently, the terms “anterior” (referring to the “forward’ direction along the
midline axis of the skeleton toward the skull) and “posterior” (referring to the ‘backward’
direction toward the tip of the tail) have fallen into disfavor in the literature. The terms
“rostral” and “caudal” have been proposed as replacements for skull and mandible
description, and “cranial” and “caudal” for postcranial material, and are now commonly
applied. However, the modern day application of the terms “anterior” and “posterior” for
vertebrate anatomy are well understood and applied consistently, and the alleged
confusion caused by these terms is more imagined then real. Moreover, the proposed
replacement terms also carry unfortunate anatomical connotations, which can lead to
terminology more confusing then caused by the traditional terms. In particular, this is a
problem in the case of the paired rows of scutes running atong the dorsal midline in
aetosaurs, usually referred to as “dorsal paramedian scutes.” Using the terms “cranial”
and “caudal” leads to unfortunate anatomical concoctions such as “caudal cervical dorsal
paramedians” (which would refer to these scutes from the rear part of the neck region);
the substitution of the traditional terms gives the somewhat more manageable “posterior
cervical dorsal paramedians.” The traditional terms “anterior” and “posterior” will be

used here.
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“Dorsal,” “ventral,” “medial,” and “lateral” are used here conventionally. The
terms “proximal” and “distal” also carry their conventional meanings. Additionally, the
terms “internal” and “external” are occasionally used (especially for scutes) when
describing respectively the sides of an element facing towards or away from the mid-line
of the body.

4.2 Cranial skeleton

Good aetosaur skull material is relatively rare, but at least partial descriptions
have been provided for defosaurus, Stagonolepis (Walker, 1961; Gower and Walker,
2002), Desmatosuchus (Case, 1922; Small, 1985, 2002), Longosuchus (Sawin, 1947,
Parrish, 1994), and Coahomasuchus (Heckert and Lucas, 1999). Direct comparisons
were mostly made with Desmatosuchus and Longosuchus cranial material at TTUP and
TMM. It is important to remember the braincase and dentary descriptions given here for
Typothorax are based on TTUP 9214, which is immature and may differ ontogenetically
from adult material. NMMNH P-12964 (Hunt et al., 1993; Hunt, 2001) possesses the
only complete skull and mandible known for Typothorax coccinarum, and hopefully a
detailed description of this material will eventually clarify the adult cranial morphology
of this taxon.

4.2.1 Parietal
The roof of the parietal is not preserved, but the thick, ventrally descending
processes contacting the braincase laterally and forming much of the dorsal part of the
occipital face are still in place. The lateral processes thin as they descend to the
braincase, and their lateral surfaces are concave (Fig. 4.2.b). Ventrally, they meet the
prootic, and in life were probably wedged between that element and the (mostly
unossified) laterosphenoid. Parrish (1994) described this part of the parietal as being part

of the laterosphenoid in Longosuchus.
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On the occipital face of the braincase (Fig. 4.2.¢), the parietal contacts the dorsal
edge of the supraoccipital, and the suture between the two elements cannot be discerned.
Unlike Desmatosuchus and Stagonolepis (Walker, 1961, fig. 4d), this part of the occiput
does not seem to have been slightly concave in Typothorax. Like the supracccipital, the
element is mostly missing along the midline above the foramen magnum. The
posterolateral extent of the parietal (forming the dorsal border of the posterior temporal
fenestrate and contacting the squamosal) and the posterodorsal flanges that supported the

first dorsal paramedian scutes are also not preserved.

4.2.2. Squamosal
An incomplete element possibly representing the posterior end of a left squamosal
is known from the TTUP 9214 (Fig. 4.1a-c). The element is mediolaterally flattened,
though still fairly thick. The posterior end curves medially (Fig. 4.1c). The medial end
of this curved section is a smooth articular surface (indicated by an arrow in Fig. 4.1b),
which would have contacted the paroccipital process. On the dorsal side of the curved
region is a thin lamina which would have formed the ventral border of the supratemporal

fenestra (which faces laterally in aetosaurs).

4.2.3 Quadrate

TTUP 9214 preserves most of the right quadrate (Fig. 4.1d-h), missing the head
(which articulated with the squamosal and the paroccipital process) and the pterygoideus
ramus. The distal end articulated with the mandible, and is divided into two condyles
separated by a slight constriction (Fig. 4.1h). The medial condyle is much more inflated
and broadly rounded then the lateral condyle, and also relatively more inflated then in
Desmatosuchus. In posterior view the shaft of the quadrate curves gently medially (Fig.
4.1d), as in Desmatosuchus. The body of the bone is anteroposteriorly flattened, the
posterior side is faintly convex (Fig. 4.1d), and the anterior side is faintly concave (Fig.

4.1e). As with the condyles, the medial edge is thicker (Fig. 4.1g). About half way up
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Figura 4.1

Skull bones of Thpathorax cocclnarm (TTUP 9214); loft
squamosal in (a} lateral, (b}, medial, and {c) dorsal views; right
quadrate in (d) posterior, (e) anterior, (f} latersl, (g) medial,
and (h) distal views. Broken edges are indicated by dashed
lines, broken bone surface by shading. Scale bar= 5 cm.
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the preserved section of the lateral edge is a small, flat, anteriorly extending triangular
ramus (Fig. 4.1f), which articulated with the squamosal. The pterygoideus ramus (which
is broken off) would have extended off the thicker medial edge (Fig. 4.1g), and was
probably overlapped by the pterygoid (Small, 2002). The quadrate foramen cannot be
discerned on the posterior side of the bone in Typothorax and Desmatosuchus (Small,
1985).

4.2.4. Braincase

TTUP 9214 includes an excellent and almost complete braincase, including most
or all of the basioccipital, exoccipitals, parabasisphenoid, opisthotics, and prootics, and
part of the laterosphenoid (Fig. 4.2). During preparation, part of the left lateral wall of
the braincase broke away, allowing preparation and description of the inner surface. The
braincase is of similar size to the much less complete braincase of TTUP 545
(*“Tecovasuchus chatterjeei”; Martz and Small, in prep). The morphology of the internal
surface of the braincase is discussed separately from the descriptions of the individual

elements.

4.2.4.1. Basioccipital and parabasasphenoid

The basioccipital forms most of the occipital condyle, which is hemispherical in
posterior view (Fig. 4.2¢), Walker (1961, fig. 4d) shows it as being more circular in
Stagonolepis. The neck of the condyle is convex ventrally (Fig. 4.2b), smoothly merging
with the very broad, roughly vertical, occipital face of the basioccipital. On this face,
below the occipital condyle, weakly developed pillars connect the neck of the condyle to
the basal tubera. The posterior face of the basioccipital is not nearly as broad, and the
pillars are leading to the basal tubera are even less distinct (or absent), in
“Tecovasuchus,” Desmatosuchus, Postosuchus, and phytosaurs.

The basal tubera of the basioccipital are faintly rugose thickenings separated by a

smooth sulcus on the ventral edge of the occipital face of the basiocciptial (Fig. 4.2¢).
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Figure 4.2  Braincase of Tipathorax cocelnarun (TTUP 9214) in (a) anterior, (b) left lateral,
(c) posterior, (d) ventral views, and (e) the left inner surface. Dashed lines represent
broken bone edges, shaded areas broken bone surface, Scale bar=5 ¢m.
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The tubera face posteriorly and slightly ventrally (Fig. 4.2b); this is also the case in
“Tecovasuchus.” In both Desmatosuchus and “Tecovasuchus,” the tubera are more
closely spaced then in Typothorax. In Stagonolepis they form a “chevron shaped mass,
the apex of which points forward” (Walker, 1961, p. 124), which implies that they are
joined. This is not the case in any pseudosuchian braincases examined by the author.

Paired broad, crescentic facets border the parabasisphenoid-basioccipital suture
anteriorly on the ventrolateral surface of the parabasisphenoid (Fig. 4.2b). The posterior
surface of these facets, facing the suture, is slightly rugose. The same facets are present
and extremely rugose in “Tecovasuchus™ and were also described by Walker (1961) in
Stagonolepis. The facets may become part of the basal tubera at a later stage of
ontogeny. It is very common, and possibly the norm in archosauriformes, for both the
basiocciptial and parabasisphenoid to participate in the basal tubera, with the suture
between the two bones running through the middle of the tubera. This has been noted in
basal archosauriformes (e.g., Gower, 1997), phytosaurs (Chatterjec, 1978; Hungerbithler,
2002), Postosuchus (Chatterjee, 1985), and Desmatosuchus (Small, 1985, 2002). As
TTUP 9214 is probably immature, in life the basal tubera of the basiocciptial and the
crescentic facets may have been covered with a cartilage cap that ossified with maturity
into a single, massive pair of basal tuber spanning the two bones, as seen in
Desmatosuchus (Small, 2002). Hans Larsson (personal communication, 2002) indicates
that in archosaurs, the basal tubera usually ossify very late in ontogeny; this might
explain the unossified state of the tubera even in an animal approaching adult size.
Alternately, these separate basal tubera and crescentic facets may have been retained into
maturity, and have some phylogenetic significance.

On the ventral surface of the parabasisphenoid (Fig. 4.2d), directly anterior to the

basal tubera, and posterior to the basipterygoid processes, is a broad, shallow, roughly

7 Some of these authors describe the basal tubera as being part of the basioccipital and supported
by processes from the parabasisphenoid, others as being part of the parabasisphenoid and supported by a
process from the basioccipital. However, their descriptions and figures indicate that they are all describing
essentially the same condition.
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circular depression lying at the posterior end of a shallow trough leading anteriorly
between the basipterygoid processes. It is also present in Stagonolepis, Aetosaurus,
Desmatosuchus, Longosuchus, “Tecovasuchus,” and Coahomasuchus (Walker, 1961;
Small, 1985; Parrish, 1994; Heckert and Lucas, 1999; Martz and Small, in prep). This
depression was described as the “hemispherical sulcus” by Parrish (1994) and the
“hemispherical fontanelle” by Heckert and Lucas (1999) and Small (2002). The term
“medial pharyngeal recess” was proposed by Witmer (1997), who also noted that the
recess is filled by an (possibly pneumatic) outgrowth from the throat region, and certainly
not associated with the eustacian system as implied by Parrish (1994). Witmer’s term is
preferred here. The median pharyngeal recess is also very wide and shallow in
Desmatosuchus as in Typothorax, but in “Tecovasuchus™ (and possibly Stagonolepis; see
Walker, 1961, fig. 5a), it is a narrower but very deep pit®.

On the ventral surface of the braincase (Fig. 4.2d), the basioccipital-
parabasisphenoid suture 1s mostly closed but appears to run between the basal tubera and
the median pharyngeal recess. It moves dorsally and slightly posteriorty up the lateral
side of the braincase (Fig. 4.2b), passing posterior to the crescentic facets, toward the
stapedial groove (the deep depression under the paroccipital process shared by the
foramen ovale, meitotic foramen, and ventral ramus of the opisthotic).

The basipterygoid processes are elongate, project laterally and slightly ventrally
(Fig. 4.2a, ¢), and are slightly curved posteriorly. Contrary to Gower and Walker (2002),
who suggested that the basipterygoid processes in all actosaurs was roughly level with the
basal tubera, they descend slightly below the tubera in TTUP 9214. They have a

¥ Heckert and Lucas (1999) coded the presence or absence of the median pharyngeal recess as a
phylogenetically significant character among aetosaurs (their character 7), which is absent plesiomorphically.
However, it is probably present to some extent in most basal archosaurs {e.g., Chatterjee, 1978, 1985,
Gower, 1997, Witmer, 1997), and s therefore almost certainly plesiomorphic for aetesaurs. Contra Heckert
and Lucas (1999), it is also present in Aetosaurus according to Walker (1961), as well as the Typothorax
specimen described here, and is therefore present in all aetosaurs for which its presence can be determined;
only its exact form varies (Gower and Walker, 2002). Moreover, development of the recess shows
intraspecific variation in Desmatosuchus. The recess is therefore probably unreliable as phylogenetic
character (Small, 2002).
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dorsoventrally compressed neck and thicken distally, with convex, anteriorly facing
facets that contacted the pterygoid. The processes are also elongate in Stagonolepis
(Walker, 1961), but in Desmatosuchus (and in phytosaurs) they are shorter and thicker.
In lateral view, the basal tubera are very close to the basipterygoid processes in
Desmatosuchus (especially in UMMP and UCMP material, Small, 2002) as in
phytosaurs, but they are somewhat more widely separated in Typothorax.

A deep trough, which conducted the internal carotid artery, runs ventroanteriorly
from beneath the paroccipital processes behind the crista prootica on the lateral side of
the parabasisphenoid before tunneling medially into the hypophyseal fossa above the
basipterygoid processes (Fig, 4.2a, b). The hypophyseal fossa (or sella turcica), which
held the pituitary, is well concealed behind the base of the cultriform process. It is
bordered posteriorly by a tall, slightly concave wall, the dorsum sellae, which is
penetrated near its top by the paired openings for the abductens (V1) nerve (Fig 4.2a).

The cultriform rostrum of the parabasisphenoid arises between the anterior edges
of the basipterygoid processes, and projects anterodorsally (Fig. 4.2.b). Only the base is
preserved and it appears to be fused indistinguishably with the basisphenoid (hence the
combined term, “parabasisphenoid”). The process in more or less diamond-shaped in
cross section (Fig. 4.2a), with thin, sharp ventral and dorsal edges; this is also the case in

Desmatosuchus.

4242 BExoccipital

Both exoccipitals are partially preserved, though both are missing most of the
pillars forming the lateral borders of the foramen magnum. The left exoccipital is
slightly more complete then the right (which is missing most of its contact with the
opisthotic). The right exoccipital is more or less in its natural position, but part of the
left has been slightly broken loose from the basioccipital and displaced into the brain

cavity.
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The preserved bases of the exoccipital pillars form the dorsolateral corners of the
occipital condyle. The exoccipitals also overlap the condyie dorsally, cutting it off from
the medullary cavity, unlike Desmatosuchus (Small, 2002). The sutural union with the
basioccipital in this area is almost indistinguishably fused on the dorsal surface of the
occipital condyle, but further inside the foramen magnum the displaced left exoccipital is
partly telescoped over the right. One or two channels for the hypoglosseal (XII) nerve
passed laterally through the exoccipital in life, but these were mostly lost with the dorsal
parts of the bones. However, the bottom of the channel (its roof removed) is still present
on the displaced left exoccipital. Just inside the foramen magnum, the exoccipital sends
up a thin, dorsally rounded lamina partially overlapping part of the internal surface of the
opisthotic (visible in Fig. 4.2¢, ).

Lateral to the occipital condyle, the exoccipital forms part of the broad posterior
occipital face as a tall, thin wall that borders the meitotic foramen posteriorly. The
lateral edge of the lamina thickens and bifurcates ventrally (Fig. 4.2b) where it contacts
the basioccipital, sending a small process anteriorly beneath the meitotic foramen. On
the right side, the ventral suture with the basioccipital on the occipital face is
indistinguishable (Fig. 4.2c). However, the displaced left exoccipital apparently broke
loose along the suture, which is probably represented by a straight crack running

ventrolaterally along the occiput from the occipital condyle to the bifurcation (Fig. 4.2.¢).

4.2 .4.3. Supraoccipital

The supraoccipital in TTUP 9214 (Fig. 4.2¢) was probably roughly diamond
shaped or triangular, with the ventrai point of the bone forming the dorsal border of the
foramen magnum as in Longosuchus (Sawin, 1947), Stagonolepis (Walker, 1961), and
Desmatosuchus (Small, 1985, 2002). The dorsal point of the supraoccipital would have
been directed dorsally along the midline of the skull. However, the midline of the
occipital face above the foramen magnum is missing. Consequently, the middie of the

supraoccipital is also missing, and only the lateral apices and a bit of the ventral apex are
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preserved. The lower suture of each lateral contact with the opisthotic is a thin lamina
partially overlying that bone. This suture descends medially to the ventral apex, and then
curves slightly laterally again before contacting the foramen magnum. Contra Small
(2002), who was examining the more indiscernibly fused sutures of Desmatosuchus, the
buttresses for the proatlas are below the suture and consequently part of the opisthotic

rather then the supraoccipital.

4.2.4.4. Opisthotic

The opisthotic-prootic suture emerges dorsally from the foramen ovale and moves
out between the lateral wings of the bones forming the paroccipital process. The suture
is clearly visible on the process as a wide gap along both the dorsal (Fig. 4.2b) and
ventral edges (Fig. 4.2d) of the process. On the dorsal edge of the process, the suture
ends proximally at the parietal-opisthotic junction. The opisthotic contribution to the
process is thicker then that of the prootic (Fig. 4.2.b). The dorsal edge of the opisthotic
wing is sharp. The ventral edge is thicker, and also slightly embayed by the stapedial
groove. The ventral ramus of the opisthotic,” a thin lamina separating the foramen ovale
and meitotic foramen and connecting with the basioccipital (Fig. 4.2b, e), is preserved on
both sides. It is deeply recessed within the stapedial groove as in other aetosaurs, but the
foramen for the perilymphatic duct (Gower and Walker, 2002) cannot be discerned.

The occipital side of the opisthotic wing of the paroccipital process is not flat, but
separated into dorsally and ventrally inclined surfaces (see left process on Fig. 4.2¢). The
suture with the exoccipital probably would have been located somewhere on the latter.
Medial to the paroccipital process on the occipital face of the opisthotic, a smooth,
slightly beveled buttress, which contacted the proatlas, forms the dorsolateral border of

the foramen magnum.

® This ramus has been called the “crista paroccipitalis” by Chatterjee (1978) and the “crista
interfenestralis” by Chatterjee (1991) and Parrish (1994).
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4.2.4.5. Prootic and laterosphenoid

Anteriorly, the base of the prootic is thick along its suture with the
parabasisphenoid. The suture is open and runs across the top of the dorsum sellae (Fig.
4.2a). It then turns posteroventrally along the lateral surface of the braincase (Fig. 4.2b),
ending at the crista prootica. At the ventroanterior extremity of the prootic, resting on
the suture above the dorsum sellae, is a dorsally curving buttress that floored the exit for
the trigeminal (V) nerve.

Posteroventrally, the thin flange of the crista prootica overhangs part of the canal
for the internal carotid and the stapedial groove. The crista is thin edged and runs
posterodorsally at a steep angle of about 50° from the horizontal (Fig. 4.2b). The
external opening for the facialis (VII) nerve is concealed beneath. In at least some basal
archosaurs (Chatterjee, 1978, 1985; Gower, 1997; Hungerbohler, 2002), the opening for
the facialis (VII) nerve opens onto the crista rather then underneath it. However, the
facialis (VII) nerve opens underneath the crista not only in 7ypothorax TTUP 9214, but
apparently in Longosuchus (Parrish, 1994, fig. 5). This concealed opening for the facialis
nerve may therefore characterize some aetosaurs. However in at least one specimen of
Desmatosuchus (TTUP 9208), and apparently Stagonolepis (Gower and Walker, 2002),
the facialis opens on the outside of the crista as in most pseudosuchians.

Dorsally and posteriorly to the crista prootica, the prootic sends out laterally
extending wings that formed the anterior face of the paroccipital process. As with the
opisthotic, the dorsal edge of the wing is sharp. Only the right side preserves the distal
end of the wing (Fig. 4.2a), which seems to not have extended as far laterally as the
opisthotic, so the distal end of the process was probably formed entirely by the opisthotic.
The prootic wing is also markedly thinner than that of the opisthotic (Fig. 4.2b).

One of the more striking features of the TTUP 9214 braincase is that the notch for
the trigeminal (V) nerve is not entirely closed off anteriorly by the laterosphenoid. A thin
projection of that bone curves down from above, but does not touch the prootic buttress

below the trigeminal opening, leaving the latter as an embayment rather then an enclosed
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foramen as is typical of archosauriformes (Fig. 4.2b). This projection of the
laterosphenoid, extending from the anterodorsal edge of the prootic just below the
parietal suture, seems to represent the only part of the laterosphenoid that is ossified.
The rest of the laterosphenoid, which was presumably still cartilaginous at the time of
death, would have sat anterior to the ossified projection and anteroventral to the parietal.
Above this small ossification, what is interpreted as the anterior edge of the prootic is
thick, with an odd football-shaped tuber visible on both sides in anterior view (indicated
on the left side by a thick, un-labeled arrow in Fig. 4.2a). This surface probably
contacted the still unossified portion of the laterosphenoid. The incomplete ossification
of the laterosphenoid is likely due to the specimen’s immaturity. IHans Larsson (personal
communication, 2002) indicates that the laterosphenoid, like the basal tubera, ossifies
late in ontogeny in archosaurs. The notch directly above the trigeminal may represent the
opening for the middle cerebral vein (Fig. 4.2b) also seen in Stagonolepis and
Desmatosuchus™ (Walker, 1972; Small, 2002).

4.2.4.6. Internal surface of the braincase

The posterior floor of the braincase is slightly distorted by the displaced left
exoccipital. The meitotic foramen and the foramen ovale both enter at the floor just
anterior to the exoccipital, and the meitotic foramen is directly bordered posteriorly by
the thin, rounded flange of the exoccipital just inside the foramen magnum (Fig. 4.2¢).
The ventral end of the ventral ramus of the opisthotic, which contacted the basioccipital,
is not clearly visible. On the right side of the braincase, where the inner wall of the
prootic has been partially removed, the foramen ovale can be seen to open into a
posteriorly facing sulcus inside the prootic behind the facialis nerve, which presumably

contained part of the inner ear.

' Walker (1961) and Small (1985) initially identified this second opening as being for one of the
branches of the trigeminal nerve.
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Just above the meitotic foramen and foramen ovale are the three openings
interpreted as being for the joined ends of the semicircular canals and their associated
ampullae. The posterior of these openings is a posterolaterally-constricting funnel, the
internal opening of which is circular. The funnel is apparently contained entirely within
the opisthotic, directly above the descending ramus. This is interpreted as the posterior
ampullary recess, the combined opening for the ventral end of the posterior vertical
semicircular canal, the posterior ampulla, and the posterior end of the external
(horizontal) semicircular canal (Gower and Weber, 1998). The opening just anterior to
this is triangular, bordered anteriorly by the prootic and posteriorly by the opisthotic.
This is interpreted as the anterior ampullary recess, the combined opening of the ventral
end of the anterior vertical semicircular canal and anterior opening of the external
semicircular canal (Gower and Weber, 1998). On the right side, the anterior ampullary
recess can be seen to invade the prootic as a posteriorly facing embayment. This
contains a tiny, posteriorly pointed flange of bone. Ventrally, it is continuous with the
embayment in front of the foramen ovale. The third opening is slightly smaller then the
other two, and sits just dorsal and intermediate to the first two openings, at the junction
of the prootic, opisthotic, and supraoccipital. This is probably the osseous common crus,
opening of the joined dorsal ends of the vertical semicircular canals (Gower and Weber,
1998).

Just posterior to the embayment for the trigeminal (V) nerve on medial wall of the
prootic and just anterior to the anterior ampullary recess and the foramen magnum, is a
small, narrow foramen. This is probably the internal opening for the facialis (VII) nerve.
The facialis is also located between the trigeminal foramen and the foramen magnum in
Stagonolepis, though in that taxon it is reported as being “on the floor of the endocranial
cavity” (Gower and Walker, 2002, p.13). The nerve probably would have had to pass
through or near the inner ear to exit the braincase behind the crista prootica. Chatterjee

(1978) interpreted what may be the same foramen as a pit for the endolympbatic sac.
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425 Dentary

The lower jaw of Typothorax is described only for the right dentary of TTUP
9214 (Fig. 4.3a-c), which is almost complete, though lacking its posterior extremity. The
dentary is most distinctive in being extremely slender; Hunt et al. (1993) also described
the dentary of NMMNH P-12964 as being “shallow.” This is apparently a unique feature
of Typothorax (particularly compared to the relatively robust lower jaws of
Desmatosuchus, Longosuchus, and Neoaetosauroides), and the only proposed cranial
autapomorphy not involving the teeth proposed for an aetosaur taxon known to me.

The tip of the dentary is an edentulous beak, as is characteristic of aetosaurs. The
very tip is missing, so it is not clear how elongate it was in life; in Stagonolepis,
Desmatosuchus, and Longosuchus it extends into a long, sharp tip. The edentulous tip is
triangular in cross section as in other aetosaurs, with the lateral (external) side forming
the broad base of the triangle, and the apex pointing medially. The ventromedial edge of
the triangle is the mandibular symphysis, which is rugose in other aetosaurs but smoother
in TTUP 9214, probably due to overpreparation. The symphysis in TTUP 9214 is not
nearly as broad as seen in other aetosaurs due to the slenderness of the bone (Fig. 4.3b).
The dorsomedial side of the “triangle” forms dorsal surface of the beak. The lateral edge
of the beak (the dorsal corner of the “triangle™) is a raised sharp edge. Posteriorly, this
raised edge slightly borders the row of aveoli, partly concealing them from lateral view
(Fig. 4.3b), though not as strongly as in other actosaurs.

The lateral surface of the rostral end of the dentary is not preserved well enough
preserved to identify the nutrient foramina seen in other aetosaurs (Fig. 4.3a). The
anteroventral margin of the dentary (the “chin”), where the bone begins to rise
anterodorsally to taper to a beak, is unusual among aetosaurs in being a smoothly curving
surface (Fig. 4.3a, b). In Stagonolepis, the transition is more angular (Fig. 4.3¢), and in
Desmatosuchus, Longosuchus, and Neoaetosauroides, the “chin” is so pronounced that it
dips downward (Fig. 4.3f-h).
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Figure 4.3

Aetosaur mandibles; right dentary of Tvpothoray caccinarun
{TTUP 9214) in (a} lateral, (b medial, and {¢) dorsal views;
setosaur mandibles with the deniary shaded, (8) Tipothorax
coccinarum TTUP 9214 (largely reconsiructed),

(e) Stagonolepis robertsoni {after Walker, 1961, fig. 6a),

() Langosuchus meadel (afier Parrigh, 1994, fig, 6a),
{g)Neouelosauroides engaeus (aftec Bonaparte, 1971, fig. 34),
and (h) Desmatosuchus baploceros (after Small, 1985, fig. 6a).
Dashed lines indicate broken edges. Scale bar = 10 cm,
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The row of aveoli is complete, although none contain teeth. Ten aveoli seem to
be represented (Fig. 4.3¢), as was reported for 73ypothorax by Long and Murry (1995;
probably based on NMMNH P-12698). Ten aveoli are also present in Stagonolepis
(Walker, 1961). Seven aveoli are present in both Desmatosuchus (Small, 2002; Long and
Murry, 1995) and Longosuchus (Sawin, 1947, Parrish, 1994). The first two aveoli in
TTUP 9214 seem to be joined, but otherwise there are definite interdental septa, as in all
other aetosaurs for which the dentary is known. !

Just behind the symphysis, at the front of the Meckelian canal, is a deep nutrient
foramina (Fig. 4.3b), which was probably partly overlapped by the splenial as in
Stagonolepis (Walker, 1961), Longosuchus (Parrish, 1994), and Desmatosuchus (Small,
1985, 2002). The splenial is absent, so the Meckelian canal is fully exposed. The canal
originates about the level of the fourth tooth, farther posteriorly then in Stagonolepis
(Walker, 1961), and grows taller posteriorly. Due to the shallowness of the dentary, the
groove appears deceptively elongate compared to Stagonolepis.

Dorsally, above the Meckelian canal and behind the tooth row, the dentary
divides into medial and lateral processes enclosing the anterior end of the surangular, of
which only a tiny fragment is preserved (Fig. 4.3¢). The medial process is complete. It is
confluent with and basically and extension of the medial side of the dentary above the
Meckelian groove, extending farther posteriorly then in other actosaurs and maintaining
an almost constant thickness almost to its end, where it tapers abruptly as it contacts the
surangular (Fig. 4.3b). The dorsal lateral branch is much deeper (Fig. 4.3a), although part
of its ventral margin is not preserved, and in fact it is remarkably deeper then the process
in other aetosaurs. It also seems to extend further posteriorly then in other actosaurs,
well past the end of dorsal medial process. It is not clear if the mandibular fenestra

began below the preserved segment of the process, or more posteriorly (Fig. 4.3d).

1 Small (1989b) reported that the dentary of Paratypothorax (TTUP 9215) lacks interdental septa
and a median symphysis, However, the element he identified as a dentary is in fact the horn of a lateral
scute, which bears a strong resemblance to the dentary of Desmatosuchus. This is made clear by
examination of the more extensive Paratypothorax material from Post Quarry at DMNH (l.ong and Murry,
1995, fig. 113b-¢). The “tooth row™ lacking septa is the hollow on the posterior side of the horn,
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Ventrally, below the Meckelian groove, actosaurs also possess another process extending
posteriorly along the ventral margin of the dentary (Fig. 4.3e-h). The ventral process is
not preserved behind the Meckelian groove in TTUP 9214, but judging by how shallow
the dentary is below the groove, it was probably very delicate.

4.3. Vertebrae

TTUP 9214 has good vertebral material (Figs. 4.4-4.7, Tabies 4.1-4.2), though
almost none is recognized for the Canjilon Quarry material aside from a few incomplete
caudals identified as Typothorax mostly through association with the concentrations of
scute material. However, there are seven vertebrae for TTUP 9214 that are complete or
mostly complete, many vertebral fragments (including centra, zygapophyses, neural
spines, and fransverse processes), and at least three incomplete chevrons. All the
vertebrae are amphicoelous or slightly platycoelous (sensu Romer, 1954). Incomplete

ribs were also associated with TTUP 9214, but are too fragmentary to describe here.

4.3.1. Cervical vertebrac

The only part of the atlas-axis complex recognized is 2 right atlas neural arch
(Fig. 4.5a, b), which was not fused to the centrum. The element is mediolaterally
flattened. It consists of a strongly mediolaterally flattened base (which contacted the
atlas intercentrum), connected by a short neck to an elongate process. The base is
inclined medially and tapers posteriorly. The medial side of the base is deeply concave,
with an overhanging lip just below the neck (Fig. 4.5b). The posterior part of the
elongate process is longer then the anterior part. It is thicker along its ventral edge and
has a sharp dorsal edge. The posterior process is slightly inclined posteromedially, and
bears a zygopophyseal facet on the posterior end for articulating with the axis.

Parts of at least five cervical vertebrae are preserved, three of which are mostly

complete. These vertebrae can be identified as cervicals by the presence of both
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Figure 4.4  Vertcbrae measurements given in Tables 4.1-4.2; (8} anterior
view, (b) posterior view, (¢} left lateral view.
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Figure 4.5 Cervical venicbrae of Tipathorax cocoinaram (TTUP 9214); right ailas neural arch
in (a) lateral and (b) medial views; anlerior cervical vettebrn in (c) anterior, (d) posterior,
(e} ventral (anterior side up), and (f) right lateral views; mid-cervical vertebra in
(g} anterior, (h) posterior, and (1) right lateral views; posterior cervical vertebra in (§) anterior,
(k) posterior, (1) ventral (anterior side up) and {m) right lateral views, Dashed lines represent
broken bone edges, shading broken bene surfiace, and hatching reconstructed parts. Scale bar = 10 cnt.
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Figure 4.6  Dorsal and sacral vertebrae of Thpoethorax coccinarum (TTUP 9214); middic or posterior dorsal
vertebra in {a) anterior, {b) posterior, {c) left lateral, and {d) ventral views, {€) spine table in dosrsal
view; more posterior darsal vertebra in (f) anterior, (g) posterior, (h) right lateral, and (i) veniral views,
(i) spine table in dorsal view; in lower leRt hand comer insert, half a sacral vertebra centrum in (k) anterior?,
{1 dorsal, (m) ventral, and (n) left? tateral views; half another sacral vertebra centrum in (o) antevior?,
{p) ventral, and (q) right? lateral views. Dashed lines represent broken bone edges. Both scale bars = 10 em.
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Figure 4.7

Anterior caudal vertebrae and chevrons of Fupathorax coccinarum (TTUP 9214); first

or second caudal vertebra in (a) anterior, (b) posterior, (c) left lateral {the base of the ransverse
process Is cut back to show the side of the centrim), and (d) veniral views, (¢) spine table in
dorsal view; next caudal vertebra in (f) anterior, (g) posterior, (h) left lateral. and (i} ventral views;
“fat" chevron in (j} lateral, (k) posterior, and (1) proximal views; "slim" chevron in (in) left

lateral, {n) anterior, and (o) posterior views; incomplete “slim” chevron in (p) right lateral,

(q) posterior, and {r) proximal views, Healed breaks on neural spines indicated by arrows,
Dashed lines represent broken bone edges. Scale bar = 10 cm,
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Table 4.1. Cervical and dorsal vertebrae measurements for TTUP 9214

All measurements are in millimeters, and were rounded off to the nearest millimeter, “NA™ refers to
measurements that could not be taken due to the vertebra being incomplete. The measurements are explained graphically
in Fig. 4.4, numbered as below,

Anterior MMid- Posterior More anterior More posterior
cervical cervical cervical dorsal dorsal
(Fig. 4.5.d-¢) {Fig. 4.5.h-{) (Fig. 4.5 k-n) {Fig. 4.6.a-¢} (Fig, 4.5.a-¢)

1. Centrum length 14 16 17 31 26

2. Centrum width

(anterior face) 16 21 23 29 2

3. Centrum height

(anterior face) 15 14 {3 27 22

4. Centrum width

(posterior face) 17 19 19 30 22

5. Centrum height

{posterior face) 13 15 15 27 23

6. Vertebra height

(base of anterior face

to top of sping) NA NA NA 72 59

7. Width of

transverse

process NA 4] 50 70 76

8. Width of spine

table NA NA NA, 21 14
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Table 4.2. Anterior caudal vertebrae measurements for TTUP 9214

All measurements are in millimeters, and were rounded ofl to the nearest
millimeter. “NA” refers to measurements that could not be taken due to the vertebra being
incomplete. For the transverse process width of the first dorsal, the “>” indicates that the
measures process is not complete. The measurements are explained graphically in Fig. 4.4,
numbered as below.

TFirst 1Second
caudal caudal
(Fig. 4.7.a-¢) {Fig, 4.7.1-i)

1. Centrym lenpth 27 30

2, Centrum width

{anterior face) 30 28

3. Centrum height

{anterior fage) 28 27

4, Centrum widih

{posterior face) 30 26

5. Centrum height

{posterior face) 28 24

6. Veriebra height

(base of anterior face

to top of spine) 77 11

7. Width of

trangverse

process >67 NA

8. Width of spine

table 25 20

—/ 1 4 £

S R

) 1 .
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the parapophyses and diapophyses on the centrum and the absence of chevron facets.

The three best preserved are interpreted as being from the anterior, middle, and posterior
parts of the vertebral column based on their overall size and morphology (Fig. 4.5¢c-m).
The anterior cervical has a complete centrum, but the neural arch is poorly preserved and
the transverse processes, zygopophyses, and neural spine are not preserved at all (4.5¢-f).
The middle cervical also has an almost complete centrum, but only preserves one of the
parapophyses (the left); the other rib articulations have apparently been destroyed. It also
preserves parts of the neural arches, and the left transverse process and prezygapophysis
(4.5g-i). The posterior cervical is almost complete except that it lacks the top of the
neural spine and one of the postzygapophyses (Fig. 4.5j-m).

The anterior cervical has the smallest centrum of any of the vertebra, and the
articular faces are both roughly circular (Fig. 4.5¢, d). The more posterior cervicals have
larger, more dorsoventrally compressed, and slightly concave anterior articular faces
(Fig. 4.5g, j), while the posterior faces remain more circular and flattened (Fig. 4.5h, k).
However, the length of the centra does not increase significantly in the cervical series,
and the articular faces are wider then the length of the centra (Table 4.1), though not by
200% as in the Typothorax cervicals described by Long and Murry (1995). Some of the
articular faces are embayed on the dorsal surface by the neural canal (Long and Murry,
1995, p. 104, described them as “crescent shaped™). No ridge occurs on the bottom of
the centrum as reported by Long and Murry (1995), just a lip on the ventral edge of the
posterior articular face, which is present only in the anterior and middle cervicals.

Both sets of apophyses are situated closer to the anterior then posterior articular
face (Fig. 4.5f, i, m), and the bases of the parapophyses touch the anterior articular
surface. The parapophyses in the anterior and middle cervicals project distinctly laterally
and just slightly ventrally, and are slightly dorsoventrally compressed, with round rib
articulations. The parapophysis in the posterior cervical differ in being almost
indiscernible, extremely faint bumps on the anterior articular face (Fig. 4.5}, 1). The

diapophyses in both the anterior and posterior cervical are more strongly developed then
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the parapophyses, and are oriented somewhat more ventrally, though they are on a much
shorter stem than in the cervicals of Stagonolepis (Walker, 1961, fig. 7b) and
Desmatosuchus (Case, 1922, fig. 11a-d). In the anterior cervical, the diapophysis is
slightly dorsoventrally compressed with a round rib facet. However, in the posterior
cervical, the diapophyses are very different in being extremely anteroposteriorly flattened
flanges with elongate, lateroventrally facing facets level with anterior articular face, and
are dorsally confluent with the strut of the “T-beam” of the transverse process (Fig. 4.5j-
m). In the middle cervical, the diapophyses cannot be discerned, apparently having been
destroyed by the displacement of the neural arch.

In the anterior and middle cervicals, the neural arch is unfused to the centrum,
with the suture being clearly distinct all the way around. In the middle cervical, the
neural arches have been displaced slightly (Fig. 4.5.g). As noted by Long and Murry
(1995), the transverse processes of Typothorax are extremely wide compared to other
actosaurs, and this is clear even in the posterior cervical, the processes of which are
noticeably wider than in the middle cervical. They probably widened steadily into the
dorsal series. In the middle cervical, ridges arise from the anterior and posterior ends of
the neural arch and converge to support the base of process, which is roughly round in
cross section, and does not show a distinct “T-beam” described by Case (1922).
However, the “T-beam” does appear weakly in the posterior cervical, with the dorsal
edge of the process being flat with a rounded strut supporting it (Fig. 4.51, m).

All preserved cervical zygapophyses are oriented at about 45°. The
prezygapophyses do not appear as discrete processes (at least in the posterior cervical, the
only cervical preserving them), but are part of an “H”-shaped bridge of bone over the
neural canal (Fig. 4.5j). The shelf of bone forming the middle of the “H” covers the
neural canal dorsally. Descending laterally from this shelf to the anterior articular
surfaces along the neural arch are two laminae forming the lower arms of the “H”. Two
much larger laminae extend dorsolaterally from the sheif at about 45°, protruding slightly

above the transverse processes; these are the prezygapophyses. The only preserved
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postzygapophysis in the cervical series is the right on the posterior cervical (Fig. 4.5k).
There the horizontal shelf above the neural canal is present, but the descending laminae
are gone, and the postzygapophysis itself is a more stout, narrow processes.

The only cervical neural spine is also on the posterior cervical. The spine has
only its base, which appears to have not been nearly as long as the centrum, and in fact
not much longer then wide (Fig. 4.5.m; Long and Murry (1995) described it as “rod-like”
in their specimen, although in TTUP 9214 at least it is still slightly mediolaterally
compressed. The base of the neural spine is deeply cleft posteriorly (Fig. 4.5k).

A partial vertebra similar to, but larger then, the posterior cervical of TTUP 9214
is known from the isolated Patricia Site material, and likely belongs to an adult
Typothorax coccinarum. Meyer (1865, plate 27, fig. 1-3) figured a very similar vertebra
from the Stubensandstein of the German Keuper, currently housed at SMNS, which
differs primarily from the posterior cervical of TTUP 9214 in having the
anteroposteriorly flattened diapophyses positioned slightly higher, encroaching onto the
transverse process. Such a difference would be expected from a slightly more posterior
vertebra, as the apophyses move onto the transverse processes in the dorsal series. The

vertebra may belong to Paratypothorax.

4.3.2. Dorsal vertebrae

Two almost complete vertebrae (Fig. 4.6a-j) are referable to the dorsal region by
their extremely wide transverse processes (Table 4.1) bearing both the diapophyses and
parapophyses, and the absence of chevron facts. The more massive of the two is
presumed to be more posterior. Both dorsals are nearly complete, except that the anterior
of the two lacks all zygopophyses except for the left prezygapophysis.

In the dorsals, the articular faces are all platycoelous (sensu Romer, 1954), and
their dorsal surfaces are slightly flattened by the neural canal. The articular faces are

roughly circular in both vertebrae. However, in the anterior dorsal, the anterior face (Fig.
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4.6a) is very slightly laterally compressed. The anterior face of the more posterior dorsal
bears a trace of the notochordal pit (Fig. 4.6f).

The zygapophyses are very broad, and oriented at roughly 20° from the horizontal,
more shallowly then in the cervicals (Fig. 4.6a, f, g). The prezygapophyses are supported
ventrally by stout pillars flanking the neural canal on either side, which are roughly flush
with the anterior articular face of the centrum in lateral view (Fig. 4.6e, h). In contrast, in
lateral view a deep embayment occurs between the postzygapophyses and the centrum, so
that the former hang out over the latter. A deep cleft between the postzygapophyses cuts
into the back of the neural spine (as in the posterior cervical); this cleft is deeper in the
posterior vertebra (Fig. 4.6b, g).

The transverse processes are extremely elongate, much more so then in
Desmatosuchus (Case, 1922), Longosuchus (Sawin, 1947), or Stagonolepis (Walker,
1961), and oriented almost horizontally. The “T-beam” is well developed. The wide,
flat dorsal surfaces of the processes, forming the cross bar of the “T-beam,” are slightly
dorsally convex, and tilt slightly posteriorly. The ventral strut of the “T-beam” divides
the cross bar into an anterior and a posterior flange. The anterior flange of the “T-beam”
cross bar is broader then the posterior flange, and the difference is more pronounced in
the anterior dorsal. The ventral strut of the “T-beam” becomes thicker and more rounded
distally (Fig. 4.5d, 1). Both rib facets lie distally on the transverse process. The anterior
flange terminates sharply at the parapophysis (Fig. 4.5a, f), but a much thinner flange
continues past it to merge with the distal end of the process (which is the diapophysis).

In the more anterior dorsal, this thin flange curves ventrally so that it almost reaches the
underside of the distal end of the process (Fig. 4.5a; especially visible on the left side),
but in the posterior dorsal it stays in the same plane so that it merges with the top of the

process (Fig. 4.5f). The posterior flange of the “T-beam” also dies out distally,
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essentially leaving only the thickened strut of the “T-beam” to form the distal end of the
process. Shallow pockets that lie between the prezygapophyses and transverse processes
are deeper in the more posterior dorsal.'?

The neural spines are short dorsoventrally, but much more elongate
anteroposteriorly then in the cervicals, running the length of the centrum; as noted by
Long and Murry (1995), they are much more plate-like then the cervical neural spines.
The anterior edge is vertical, but the posterior edge slopes posteroventrally in lateral view
(Fig. 4.5¢, h). Both dorsals have wide spine tables, though they differ slightly in form. In
the anterior dorsal, the table is more heart-shaped in dorsal view, with the wider end
anterior (Fig. 45.e). Similar heart-shaped tables are observed in the dorsal vertebrae of
Desmatosuchus. In the posterior dorsal, the table is subrectangular (Fig. 4.5)).

4.3.3. Sacral vertebrae

Probably only two sacral vertebrae were present in 7ypothorax, as in most
pseudosuchians. TTUP 9214 preserves parts of both sacral centra, although neither is
complete (Fig. 4.6k-p). The centra are broken in the middle, and two of these broken
ends probably belong to a single sacral, though there is bone missing in between, while
the second larger sacral is represented only by one end of the centrum. The sacral ribs
and neural spines are missing, although two of the sacral fragments preserve the bases of
the neural arch (on is shown in Fig. 4.6k-n}. It is not clear how to orient these centra
(which end was anterior); examination of other pseudosuchian sacrals suggests that the
neural arches attach closer to the anterior side of the anterior sacral, and the posterior
side of the posterior sacral. However, it is unclear which half-centrum preserving the

arches is which.

2 Slightly shallower depressions are also seen in the dorsal vertebrae of Desmatosuchus. Gower
(2000) identified similar pockets in the dorsal vertebrae of basal archosauriformes and some pseudosuchians,
and suggested they indicated postcranial preumaticity. If correct, this is significant because it suggests that
pneumaticity is a plesiomorphic for crown-clade archosaurs, and that its absence in crocodilians is a
secondary loss; however, O’ Connor (2002) doubts that these depressions indicate true postcranial
pneumaticity based on his observations of extant archosaurs.
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The centra are extremely peculiar compared to the other TTUP 9214 vertebrae in
having flattened bottoms (Fig. 4.6m, p); this is also the case of the sacrals in phytosaurs
(Axel Hungerbithler, personal communication, 2002). The articular faces are
strongly dorsoventrally compressed then those of any of the other vertebrae (Fig. 4.6k,
0), though they are roughly as wide as the adjacent posterior dorsals and anterior caudals.
The bases of the neural arches extend far down the centrum, almost to the ventral edge.
The ribs appear to have been incompletely ossified to the centrum, leaving only part of

the arch and an extremely rugose suture behind (Fig. 4.6.1, n).

4.3.4. Caudal vertebrae

Two vertebrae are referable to the anterior caudal region (Fig. 4.7a-1; Table 4.2).
They articulate with each other well enough that they may have been adjacent in life,
probably representing the first and second or second and third caudals. The larger
vertebra is probably more anterior, and it is fairly complete excepi for the
prezygapophyses and the distal ends of the transverse processes (Fig. 4.7a-¢). The
smaller, more posterior caudal (Fig. 4.6f-1) lacks the postzygapophyses and most of the
transverse processes. They can be identified as caudals by the way the centra dip
posteriorly, with the posterior face set lower the anterior face; in the posterior dorsals, the
centra slope up (see Sawin, 1947, fig. 9.2, 9.6, Walker, 1961, figs. 10b, ¢). The caudals
can be identified as coming from the extreme anterior part of the caudal series due to the
absence of chevron articular facets in the more anterior caudal, and the weakly developed
ones of the more posterior caudal.

The articular faces of these vertebrae are almost circular (as in the dorsals),
although the anterior face in both shows subtle lateral bulges where the inflated neural
arches contact it (Fig. 4.6a, b, £, g). Although no chevron facets are vistble on the
anterior centrum, the posterior centrum shows a faint trace of chevron facets on the
ventral edge of the anterior articular surface, for the chevron wedged between it and the

more anterior dorsal, in addition to the chevron facets on the posterior articular surface.
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The base of the anterior face of the more posterior caudal appears flat due to the chevron
facets, making the articular face almost hexagonal (Fig. 4.7f). The underside of the more
anterior caudal centrum is fairly well rounded (Fig. 4.7d; this is hard to tell from the
figure due to distortion), but that of the more the posterior centrura has faint, paired
ridges leading anteriorly from the posterior chevron facets (Fig. 4.71).

The transverse processes curve strongly ventrolaterally (evident even in the
smaller of these vertebra, even though only the bases are present). The processes in the
more anterior vertebrae are slightly constricted proximally, but broaden slightly not far
from the centrum to about the same width as in the dorsal vertebrae (Fig. 4.7d). The “T-
beam” is still developed in the anterior caudals, but the posterior flange of the cross beam
of the transverse process is not very distinct from the strut, as can be seen in the broken
cross sections of the processes (Fig. 4.7¢, h). Distally, the strut is less thick than in the
dorsals, but proximally it becomes dramatically thickened, greatly inflating the base of
the neural arch, which extends almost half way down the sides of the centrum; the neural
arch is especially inflated in the more anterior vertebra (Fig. 4.7a, b). At least in the
larger vertebra, the suture of the arch is visible, and seems to be incompletely fused to the
centrum. The transverse processes and neural arch are both set slightly anteriorly on the
centrum (Fig. 4.7c., h). The neural canal slopes posteroventrally with the centrum.
Anteriorly, the opening is sub-circular (Fig. 4.7a, f); posteriorly, it is more dorsoventrally
elongate (Fig. 4.7b, g).

The prezygapophyses continue the shallowing angle trend seen in the cervicals
and dorsals, being set at about 10° from the horizontal (Fig. 4.7b, f}. In the more anterior
caudal, the postzygapophyses are considerably larger, and their articular surfaces are
slightly concave (Fig. 4.7b). As with the dorsals, the bases of the prezygapophyses are
confluent with the anterior face of the centrum (Fig. 4.7¢, h). In the posterior of the two
vertebrae, the prezygapophyses extend strongly anterodorsally. The anterior flange of the

transverse process merges smoothly with the prezygapophyses.
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The neural spines differ from those of the dorsals in being taller and not as
anteroposteriorly elongate as the centra (Fig. 4.7c, h). On the left lateral surface of both
neural spines is a rugose region less then half the distance up the spine (indicated with
arrows in Fig. 4.7¢, h), which is roughly level on both spines when the vertebrae are in
articulation. These rough areas are interpreted as being pathological, possibly
representing a healed break. The table of the anterior caudal is bester preserved; it is
subrectangular as in the posterior dorsal (Fig. 4.7¢), though wider then seen in that
vertebra, and it slopes posteriorly. One striking thing about the table is that the wings
seem to be unfused to the neural spine; in the more posterior dorsal, one of the wings is

partly displaced down the spine (Fig. 4.7f, g).

4.3.5. Chevrons

At least four chevrons are recognized, though they appear to be two distinct types.
It is possible that at least one of these types of chevrons does not belong with TTUP
9214. The best-preserved chevrons are referred to here as “stim” (Fig. 4.7n-r). The
articular branches are mediolaterally flattened (Fig. 4.7n, o, q). The facets pinch
anteriorly (Fig. 4.7r), and tilted just slightly medially (Fig. 4.7n, o0, q). The surfaces of the
facets are faintly concave. The distal ends of the chevrons are also laterally compressed,
and in lateral view are smoothly rounded, resembling the ends of a hockey stick (Fig.
4.7m). The chevrons of the Canjilon Quarry “U” specimen tail block (Fig. 4.24d) appear
to be similar, but are more flattened ventrally.

Some incomplete chevrons differ from the “slim” type and are described here as
“fat”. The articular facets are very wide, sub-circular in proximal view (Fig. 4.7.1), and
strongly inclined medially (Fig. 4.7k). The flattened necks are much broader
anteroposteriorly then the slim type in lateral view (Fig. 4.7j). Where the branches meet,
the anterior edge of the chevron is thicker then the posterior edge, which is sharp. The
“fat” chevron is also oriented posteroventrally, but the shape of the end of the blade is
unknown.

71




/] o /] o )y 3

4.4 Appendicular skeleton

The primary purpose of this paper is descriptive, but some discussion of myology
and functional morphology will be included where they seem to show variation within or
between taxa, or particular functional inferences for Typothorax might be made. Meers
(1999) described the myology and functional morphology for the crocodilian forelimb,
and his terminology and interpretations are applied here. Romer (1923), Rowe (1986),
and Brochu (1992) described the muscles of the hind limb in A/ligator and other
crocodilians, and their terms are likewise used. Additional insights of the functional
morphology of the hind 1imb in basal archosaurs, extrapolated largely from extant
crocodilians and birds, were provided by Charring (1972) and Parrish (1986). These
comparisons, made almost entirely with crocodilians, are extremely tentative, and should
be approached with caution given the morphological and probable functional differences
between crocodilians and other pseudosuchians (Parrish, 1986). Following Romer
(1954), the terms “anterior” and “posterior” (rather then “dorsal” and “ventral”) are used
as with the other elements to describe respectively the sides of the humerus and the

femur facing the skull and the tail.

4.4.1 Scapulocoracoid

An excellent Typothorax left scapulocoracoid is known for the Canjilon Quarry
“U” specimen (UCMP V2816 34255 70/U80; Fig.4.9a-¢), though no others are known
from either the Canjilon or Post Quarries. The Patricia Site left scapulocoracoid
associated with the scutes of TTUP 10070 is identical. Both are almost complete, clearly
non-phytosaurian in having an enclosed coracoid foramen, and distinctly aetosaurian in
the blade having an expanded apex (Long and Murry, 1995). The anterior edge of the
coracoid is migsing in both specimens. Measurements of the scapula of Typothorax and

Desmatosuchus are given in Table 4.3, and explained graphically in Fig. 4.8.
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Figwe 4.8 Appensdicalar skelelon tneasurements given in Tables 4.3-4.; seapubcoracoind nwasures (Table 4.3)
in (a} lateral, and () postotior views. humerus mweasures (Table 3.4) in {2) anetior, () laterst,
() proximal, and {1} distal views.
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Figure 49

e
Pectoral material of Typothorax coccinarum from Canjilon Quatry; left scapulocoracoid
UCMP V2816 34255 T0/US0 in (a) lateral, (b) medial, (¢) posterior views, (d) ventral
view of subglencid pillar (unlabelled arrow points to the rounded knob), (e) dorsal view
of scapular biade; left clavicie UCMP V2R16 158672 70/183 in (F) lateral, (g) medial, and
{h) dorsal views. Dashed lines indicate broken bone, cross hatching broken bone surface,
and haiching reconstructed arcas. Scale bar = 10 ¢m,
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Table 4.3. Acetosaur scapulocoracoid measurements

All measurements are in millimeters. “NA” refers to
measurements that could not be taken due to the scapulocoracoid being
incomplete. For height of the TTUP 10070, the “>" indicates that the
top of the blade is incomplete, so the actual height was larger then the
measured, The presence of a (I) or (r) after specimen number indicates
if the femur was left or right. The measurements are explained
graphically in Fig. 4.10, numbered as below.

Typothorax Desmatosuchus
UCMP V2816 TTUP 10070 (1) TTUP 9023 ()
34255 70/U80 (1) (Small, 1985, fig. 7)
(Fig. 4.9.a-¢)

1. Height of bone

from base of glenoid

pillar to apex of blade 203 >200 413

2. Lenpth of apex 119 NA NA

3. Length of blade at

triceps tubercle 38 40 9

4. Thickness of blade

at triceps tubercle 15 14 26

5. Length along scapulo-

coracoid suture NA NA 155

6. Height of glenoid 40 NA 76

7. Thickness of glenoid 24 27 42

8. Width of pillar 29 29 34
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The dorsal apex of the blade projects more strongly posteriorly then anteriorly
(Fig. 4.9a,b). The expanded anterior part of the apex is a gentty rounded crest that
extends some distance down the shaft, and is much thinner then the posterior edge. As
noted by Long and Murry (1995), the anterior apex appears to be more angular in lateral
view in Stagonolepis robertsoni (Walker, 1961, fig. 12a) and Neoaetosauroides
(Bonaparte, 1971, fig. 36). As in crocodilians, the anterior edge of this expansion may
have provided the attachment site of muscles that served as anterior rotators of the
scapula during locomotion (the m. levatator scapulae and m. trapezius). However, most
of the lateral surface of this anterior expansion was probably occupied by the m.
deltoideus scapularis, which in crocodilians serve primarily to stabilize the shoulder, and
also participates in humeral adduction (Meers, 1999).

The posterior edge of the scapula blade, including the apex, is much thicker in
Typothorax then the anterior edge (Fig. 4.9¢). This is the usual case in tetrapods (Romer,
1954), but not in Desmatosuchus and Longosuchus, where both the anterior and posterior
edges of the blade are sharp, and the shaft is thickest along its middle. The expanded
posterior apex of the scapula is oriented more or less horizontally and ends fairly acutely
in Typothorax (Fig. 4.9a, b). In Desmatosuchus, Longosuchus, and Lucasuchus, the
posterior apex is oriented more posterodorsally and is more broadly rounded (see Small,
1985, fig. 7a; Long and Murry, 1995, figs. 62A, 66D). Walker (1961) noted that larger
(and possibly male) specimens of Stagonolepis have a less acute posterior apex than the
smalier (and possibly female) specimens, which he suggested was due to an ossified
suprascapula in the former. The dorsal edge of the apex in UCMP V2816 34255 70/U is
faintly sulcate and rugose (Fig. 4.9¢), suggesting that an unossified suprascapula was
present, consistent with Walker’s suggestion. However, this sulcate and rugose dorsal
edge is also present in Lucasuchus (TMM 31100-2), which has a broader posterior apex,
indicating that the latter condition is not necessarily due to ossification of the
suprascapula. Both the medial and lateral surfaces of the posterior apex are strongly

striated in TTUP 10070. This is not apparent in the “1J” scapula, but the absence may be
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due to overpreparation. By comparison with crocodilians, the lateral surface of the
posterior apex was probably the attachment site of M. teres major, and the thickened
posterior edge of the blade below the apex was the attachment site: of the m.
scapulohumeralis caudalis. Both serve to elevate the humerus and flex and stabilize the
glenchumeral joint in crocodilians (Meers, 1999). However, the posterior edge of the
scapula is the attachment site of branches of the m. serratus ventralis, and so it is likely
that the posterior expansion served primarily to provide more attachment area for that
muscle. The function of m. serratus ventralis was not discussed by Meers (1999), but its
position opposite the m. levator scapulae and m. trapezius suggests it may also rotate the
scapula. The fact that the anterior and posterior edges of the apex of the scapular blade,
which are expanded in actosaurs, provide attachment sites for n;mscles that may serve in
rotating the scapula during locomotion in crocodilians (Meers, 1999) suggests that
rotation of the scapulocoracoid may also have taken place during locomotion in
aetosaurs.

A fairly smooth surfaced and barely discernible bump is located above the
glenoid on the posterior edge of the blade, less than a third of the distance between the
supraglenoid buttress (about 4 cm above it) and the tip of the posterior tip of the apex.
This may have been the triceps tubercle, the origin of a branch or branches of the M.
triceps brachii (Meers, 1999). In Desmatosuchus, this tubercle is sharp edged, like the
rest of the posterior edge.

A laterally projecting shelf extends anteriorly from the anterior base of the shaft
of the scapula. Brochu (1992) referred to this shelf in 4//igator as the “deltoid ridge,”
noting that its homology with the acromion process of mammals is doubtful (Fig. 4.9a).
The ridge is nearly as prominent (relative to the scapula) in Typothorax as it is in
Desmatosuchus. By analogy with crocodilians, the “deltoid ridge” and the lateraily
beveled anterior edge of the blade (below the apex) probably provided the origin of the
m. deltoideus clavicularis, and the concave area beneath the deltoid ridge probably

provided the origin of the m. coracobrachialis. Both the muscles are important in
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humerus protraction and stabilizing the shoulder joint in crocodilians (Meers, 1999). On
the medial side of the scapula, opposite the tip of the deltoid ridge is a tuberosity that
may have helped stabilize the clavicle (Fig. 4.9b).

The suture between the scapula and coracoid is discernible, and is conspicuously
thickened on both the medial and lateral sides. The suture runs roughly through the
center of the glenoid, so that the latter is almost evenly shared between the scapula and
coracoid. The “ridge” on the glenoid reported by Case (1922) and Walker (1961)
probably refers to the suture.

The coracoid foramen is roughly the same absolute size in 7ypothorax as in
Desmatosuchus in spite of the overall size difference between the bones. The foramen is
located just anterior to the lower lip of the glenoid, and runs ventrolaterally through the
bone, entering on the medial side of the coracoid, just below the medial swell of the
scapulocoracoid suture (Fig. 4.9b), and exiting slightly below this on the lateral side (Fig.
4.93).

The glenoid fossa in Typothorax faces posterolaterally as in other actosaurs. The
lower lip of the glenoid (on the coracoid) projects more strongly posteriorly than the
supraglenoid buttress (the upper lip, on the scapula). Viewed posteriorly (Fig. 4.9¢), the
lower lip of the glenoid does not project medially in Typothorax as indicated for
Stagonolepis by Walker (1961, fig. 12b).

The subglenoid pillar in Typothorax is about as prominent (relative to the overall
size of the scapulocoracoid) as in Desmatosuchus. The lateral surface of the pillar, just
below the glenoid, may have been the origin of the mm. costocoracoideus, which is
probably a rotator of the scapula in crocodilians (Meers, 1999). The pillar projects
backward as a tapering process (Fig. 4.9a, b), apparently more sharply then in most other
aetosaurs (Walker, 1961, fig. 12¢; Small, 1985, fig. 7a; Long and Murry, 1995, figs. 62a-
8, 66¢) except for Neoaetosauroides (Bonaparte, 1971, fig. 36), which has an extremely
well developed pillar. Viewed ventrally, (Fig.4.9d), the pillar in Typothorax is strongly
triangular. As noted by Long and Murry (1995, p. 104), it has a distinct “rounded knob

78




|

1 C3a .3

which flares laterally from the main body of the coracoid” rather then merging smoothly
with the rest of the lateral surface of the coracoid (the left comer of the “triangle”,
indicated by an unlabeled arrow in Fig. 4.9d). This “knob,” apparently absent in other
aetosaurs, may have provided additional surface area for the mm. costocoracoideus,
possibly assisting the rotation of the scapulocoracoid in aetosaurs during locomotion. In
ventral view the pillar is longitudinally grooved, also noted by Long and Murry (1995),
The ventromedial edge of the pillar has a striated site of tissue attachment, possibly to
bind the bone to the interclavicle (Fig. 4.9b).

442 Clavicle

UCMP V2816 34228 70/J83 is an enigmatic element found in “Fa” Typothorax
concentration in square 70/J. It resembles slightly a phytosaur clavicle (the only other
common vertebrate in Canjilon Quarry), but differs somewhat in being more flattened
(Axel Hungerbithler, personal communication, 2001). Based on this slight similarity, and
its association with material of the “Fa” specimen, the element is tentatively identified as
a left clavicle of Typothorax (Fig. 4.9f-h). However, some other material found in the
vicinity is clearly phytosaurian (see Appendix), so this identification is debatable.

The clavicle has a fairly straight and laterally compressed body, which is slightly
convex laterally, and slightly flatter medially (Fig. 4.9h). In lateral and medial views, the
end interpreted as being proximal tapers to a sharp point, with the dorsal edge being
straight and the ventral edge curving upwards to meet it (Fig. 4.9f, g). The curved ventral
edge would have rested on the deltoid crest. As in phytosaurs (Camp, 1930; Lawler,
1974), deep striations on the lateral side on the scapular end run parallel to the long axis
of the element. The ventral end of the element, which would have contacted the
interclavicle, is missing and it is difficult to know how much is gone. In both phytosaurs
and Stagonolepis, the only aetosaur for which the clavicle is described (Walker, 1961,
fig. 12a), the clavicle appears to be more continuously curved throughout its length, and

at least in phytosaurs, it is much thicker and not very laterally compressed.
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4.4.3 Humerus

The UCMP Canjilon Quarry material includes several partial and mostly
complete humeri, all under the specimen number 34240 (Tables 2.1, 4.4). Two fairly
complete and well-preserved right humeri are from the “Fa” (34240 70/J9"?; Fig. 4.10a-¢)
and “G” specimens (34240 70/G; Fig. 4.10f-)). Four other humerus fragments are also
referable to Typorhorax, a proximal end (34240 70/G3) and three distal ends (34240
70/E, 34240 70/U93, and a third 34240 without a field number). TTUP 9214 includes
the proximal end and most of the shaft of the right humerus (Fig. 4.10k-n), but is missing
its distal end. The humerus assigned by Cope (1887) to AMNH 2713 (the holotype of
“Episcoposaurus horridus”) appears phytosaurian as figured by Huene (1915, fig, 25),
and he was probably correct in removing it from “Episcoposaurus” (contra Gregory,
1953).

The proximal end of the humerus curves very slightly backwards (Fig. 4.10¢, d,
m, n), and the peak of the strongly convex proximal edge is greatly thickened where it
articulated with the glenoid of the scapulocoracoid, more notably so on the posterior side
(Fig. 4.10b, 1). Both conditions are typical of basal archosaurs (Romer, 1954). The
articular thickening is greater in 34240 70/J9 than in TTUP 9214 (measured as “head
thickness™ in Table 4.4), but is more pronounced still in Desmatosuchus. The surface of
the thickening is faintly rugose in TTUP 9214, but smooth in the Canjilon Quarry
humeri. The latter condition is almost certainly due to overpreparation, especially in
UCMP 34240 70/G, where the head has been largely re-shaped.

As noted by Long and Murry (1995), the anterior surface of the head of the
humerus of Typothorax is more or less flat (Fig. 4.10a, k), rather then broadly concave as
in Desmatosuchus, Longosuchus, and apparently Stagonolepis (Walker, 1961, fig. 14b).
In crocodilians, this region is the attachment site of the m. coracobrachialis brevis

ventralis (which partially extends onto the deltopectoral crest), a versatile muscle that

 Long and Murry, 1995, fig. 105C, Long and Murry, 1995, fig. 105D-E probably belongs to a
phytosaur.
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Table 4.4. Aetosaur humerus measurements

All measurements in millimeters, except for the ratio of length to proximal head width. “NA” refers
to measurements that could not be taken due to the humerus being incomplete. The presence of an (I} or (1)
after specimen number indicates if the humerus was left or right. Measurements for MCZ 1448 come from
Gregory (1953). The measurements are explained graphically in Fig. 4.8, numbered as below.

Typothorax
TTUF MCZ UCMP V2816 UCMP V2816 UCMP V2816
9214 () 1448 3424070439 (1) 34240 T0/G () 34240 70/G3
(Fig. 4.10.k-m) (Fig. 4.10.3-¢) (Fig. 4.10.f-k)
1. Length NA 175 158 157 NA
2. Head width 52 NA 68 NA NA
3. Head
thickness 15 NA 17 NA NA
4. Deltopectoral
crest thickness i6 NA 14 NA NA
5. Mid-shaft
width 14 NA 21 4 NA
6. Mid-shafl
thickness 15 NA 13 14 NA
7. Distal end
width NA NA 50 55 62
8. Medial
condyle thickness NA NA 15 13 15
9. Capitellum
(lateral condyle)
thickness NA NA 26 21 19
10. Trochlea
thickness NA NA 16 19 14
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Table 4.4. Continued

Typothorax Desmatosuchus

UCMP V2816 UCMP V2816 TTUP 9170 (1) UCMP A269 UCMP A269

34240 70/U93 7 25831 C63 32184 CrF48

{Smoail. 1985, fir. 8) L& M. 1995, fig. 8108
l.Length NA NA 323 223 232
2. Head width NA NA 156 128 141
3. Head
thickness NA NA 52 31 37
4, Deltopecioral
crest thickness NA NA 54 44 41
5. Mid-shaft
width NA NA 48 33 31
6. Mid-shaft
thickness NA NA 34 26 25
7. Distal end
width 63 55 123 96 99
8. Medial
condyle thickness 23 19 61 40 39
9. Capitellum
{lateral condyle)
thickness 34 28 48 42 30
10, Trochica
thickness 24 14 34 32 36
32
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Figure 4.10

Humeri of Tepothorax coceinarun; loft humerus UCMP V2816 34240 T0/19 in (a) anterior,

{b) posterior, (c) lateral, (d) medial, and (2) proximal {anterior side facing right) views;

distal end of right humerus UCMP V2816 34240 70/G in (f) anterior, (g) posterior, (h) lateral,
(i) medial, and (i) distal (anterior side facing left) views; right humerus of TTUP 9214 in

(k) anterior, (1) posterior, (m) lateral, and (n) medial views. Dashed lines represent broken
hone, cross hatching broken bone surface, and hatching reconstructed parts. Seale bar= (¢ om,
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may serve to flex, retract, or adduct the humerus in the various postures adopted by
crocodilians (Meers, 1999). This muscle may have been more weakly developed in
Typothorax than in other aetosaurs. However, since aetosaurs probably had a more
consistently upright posture then crocodilians (Parrish, 1986), it is unclear what the
primary function of this muscle was in Typorhorax.

The medial edge of the head is almost as robust as the articular thickening (Fig.
4.10c-e, n), and this is apparently what Romer (1956, p. 357) referred to as the “internal
tuberosity.” In Typothorax, the articular thickening and internal tuberosity are smoothly
continuous along the proximal edge of the head (Fig. 4.10a, k). In contrast, a pronounced
indentation separates them in Desmatosuchus (Small, 1985, fig. 8a), as in Alligator
(Brochu, 1992). The internal tuberosity protrudes anteriorly and posteriorly (Fig. 4.10¢),
more strongly in UCMP 34248 70/J9 than in TTUP 9214. The tuberosity is distinctly
cleft on its anterior side in Desmatosuchus and Longosuchus, though apparently not in
Typothorax.

The head of the humerus in Typorhorax appears asymmetric in anterior view, with
the medial side being distinctly more expanded then the lateral side. This is the typical
archosaur condition (Romer, 1956). This greater medial expansion is more pronounced
in TTUP 9214 (Fig. 4.10k) than in the Canjilon Quarry material (Fig. 4.10a, f), but this
may be partially due to the over preparation of the latter specimens. This asymmetry is
present in Stagonolepis (Walker, 1961, fig. 14), and at least one spacimen assigned to
Longosuchus (TMM 31185-84b; Long and Murry, 1995, fig. 62¢-d).

The thin and anteriorly curving deltopectoral crest is more imediolaterally
expanded in Desmatosuchus (Small, 1985, fig. 8; Long and Murty, 1995, figs. 89C and
90) and one specimen assigned to Longosuchus (TMM 31185-84 43'*; Long and Murry,
1995, fig. 62e-f), than in Typothorax, causing the head to appear more symmetrical in

 The other humerus referred to Longosuchus (TMM 31185-84b), not only lacks the enclosed
ectepicondylar foramen, but has a less laterally expanded deltopectoral crest (and therefore a more
asymmetric head). I suspect therefore that TMM 31185-84 43 may belong to a small individual of
Desmatosuchus rather then Longosuchus.
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former taxa. Since head symmetry is increased by lateral expansion of the crest, the ratio
of the total length of the humerus to the head (or proximal) width (1:hw) is tied to it. The
humerus of 34240 70/J9 has a I'hw of 2.3, and is as or more gracile in Coahomasuchus
(Lhw = 3.0), Aetosaurus, and Stagonolepis (Heckert and Lucas, 1999). It is more robust
in Longosuchus (Heckert and Lucas, 1999), although the degree of expansion of the
proximal end is variable in referred specimens (Long and Murry, 1995). The relative
proximal expansion is greatest in Desmatosuchus (I.pw = 2.0 or less), as noted by Long
and Murry (1995).

The deltopectoral crest itself is poorly preserved in the Canjilon Quarry
specimens, but is distinct in TTUP 9214, In the Canjilon Quarry Typothorax humeri, the
crest seems to be restricted to between the proximal 1/3 and 2/5 of the humerus, whereas
it extends farther distally in Desmatosuchus (Long and Murry, 1995), Longosuchus
{Sawin, 1947; Long and Murry, 1995), and Stagonolepis (Walker, 1961). The crest does
not curve as tightly in Typothorax as in Desmatosuchus and Longosuchus. The edge of
the crest 1s rugose in TTUP 9124, it is apparently smoother in the Canjilon specimens,
probably due to overpreparation. The base of the deltopectoral crest is beveled laterally
(Fig. 4.10¢, m), much more distinctly in the Canjilon Quarry material then in TTUP
9124. This beveled surface in crocodilians serves primarily as the insertion of the m.
deltoideus clavicularis and more distally the origin of the m. humeroradialis (which is
found only archosaurs), which are respectively a protractor of the humerus, and a fast
flexor of the forelimb during locomotion (Meers, 1999).

Distal to the deltopectoral crest, the lateral edge of the shaft is rounded and the
medial edge (distal to the internal tuberosity) seems to be slightly more pinched in some
specimens of Typothorax. The anterior side of shaft is flatter than the more convex
posterior side in both Typothorax and Desmatosuchus.

The distal end of the humerus is absent in TTUP 9214, but in the Canjilon Quarry
material it is well represented. The width of the distal end is about 1/3 of the shaft length
(contra Long and Murry, 1995, who claimed it was 2/5); it is slightly more in
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Desmatosuchus. Torsion between the distal and proximal end is not evident in any
aetosaur humeri examined by the author, though Walker (1961) claims it is present in
Stagonolepis.

As in most archosaurs, the two distal condyles are separated by a groove. The
lateral of these condyles, the capitellum, articulated with the radius. The groove, called
the trochlea, and the medial condyle articulated with the ulna (Romer, 1954). Both
condyles are very flattened anteroposteriorly in Typothorax relative to other aetosaurs.
The capitellum is notably thicker then the medial condyle, and it thickens medially where
it meets the trochlea. The trochlea is the thickest part of the distal end, actually
projecting anteriorly beyond the condyles (Fig. 4.10;), unlike Desmatosuchus. The
medial condyle is much more anteroposteriorly flattened then the capitellum, and
projects more strongly medially and distally (Fig. 4.10.a, f) as noted by Long and Murry
(1995), as well as curving slightly anteriorly (Fig. 4.10.j). Its anterior surface is concave,
also as noted by Long and Murry (1995); this concavity is much weaker in
Desmatosuchus.

A thin ectepicondylar flange is on the medial edge of the capitellum (Fig. 4.10f-
h). The flange was probably the origin of the m. supinator, as in modern reptiles (Romer,
1954; Meers, 1999). In most archosaurs, only an uncovered ectepicondylar groove is
present on the capitellum, but in Typothorax the flange is pieced by a true, roofed
ectepicondylar foramen that trends anteriorly and distally (Fig. 4.10f-h). Among
actosaurs, an enclosed ectepicondylar foramen is also present in Necaetosauroides
(Bonaparte, 1971), Desmatosuchus (Small, 1985) and Longosuchus(?) humerus TMM
31185-84 {(Long and Murry, 1995).

444 Nlivm
The UCMP Canjilon Quarry material includes two excellent Zypothorax illia
referable to the “Fa” specimen (122683 70/Fa54; Fig. 4.12a-¢) and “U” specimen (34255
70/U80; Fig. 4.11a; also see Long and Murry, 1995, figs. 106A, 107). Another illium
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Figure 4.11

Partial reconstructions of left hind timb of Depothorax
covcinarum in left lateral view; (a) adult specimen, illium,
femr, tibia, and calcancum based on UCMP V2816 34255,
fibula after UCMP V2816 12268 70/L (all U specimen),
pubis based on ICMP V2816 34248 70/G6 (enlarged),
ichium based on TTUP 9214 (enlarged}; (b} subadult TTUP
9214 (pelvis excluded). Scale bar = 10 cm,
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Figure 4.12

* et

Pelvic material of Tupothorax coccinarim; right illium UCMP V2816 122683 70/Fa54

in (a} ventrolateral, (b} dovsomedial, and {¢) anterior (in lifc orientation) views, d) articular
surfirce for pubis in anteroventral view, (¢) articular surface for ischium in posteroveniral view;
left pubis UCMP V2816 34248 in (f) anterior, (g) posterior, and (h) left {ateral views; left ischium
of TTUP 9214 in (i ventrolateral, {j) dorsomedial, (k) anterior (in natusal orientation) views,
Scate bar = 10 cm.
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with a sacral rib attached (UCMP V2816 15867) but lacking a field number is also
probably referable to Typothorax based on the shape of the blade, but is too badly
distorted to provide much information. The illia are not known from TTUP 9214, The
illium may be divided into the body (which includes the acetabulum and the articular
surfaces for the pubis and ischium) and a thinner and more dorsal blade connected by an
anteroposteriorly constricted neck.

The iliac blades of aetosaurs were strongly oriented horizontally so that the
acetabulum faced downwards as much or more then it faced laterally, an adaptation that
may have served to support the carapace (Parrish, 1986). This was especially
pronounced in Typothorax (Fig. 4.11a; 4.12¢; Long and Murry, 1995). This is important
to keep in mind when examining the illium, as in most other archosaurs (for example, in
dinosaurs) the blade is oriented roughly vertically. Therefore, what would be the lateral
side of the blade in dinosaurs is ventrolateral in actosaurs, and the medial side (facing
directly toward the sacrum in archosaurs with an upright blade) is dorsomedial. As
recognized by Long and Murry (1995), the illium of Typothorax differs in many ways
from those of other aetosaurs.

‘The preacetabular process of the blade is extremely elongated, much more so than
in other actosaur taxa (Long and Murry, 1995) and archosaurs in general (Romer, 1923),
and slightly curved medially and ventrally (Fig. 4.12.a, ¢). In birds, and probably among
other archosaurs with an erect posture, elongation of the anterior process of the blade
indicates the movement of the M. iliofemoralis (an important femoral protractor), and the
M. iliotibialis (a crural extensor), anterior to the acetabulum, reducing or eliminating
their role as rotators of the hind limb in sprawling reptiles (Parrish, 1986; Pettingil,
1985). The anterior process is flattened dorsoventrally, and thickens toward its lateral
edge (Fig. 4.12¢). The thin medial edge of the anterior process of the iliac blade was
probably continuous with the dorsal edge of the anterior sacral rib (see Walker, 1961, fig.
17). The branches of the M. iliotibialis attach all along the dorsolateral edge of the blade
in Alligator (Romer, 1923), and this edge is strongly striated in Typothorax (Fig. 4.12a).
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The striations are particularly rugose just before the posterior process, and this region
may have been the origin of the M. iliofibularis as in crocodilians (Brochu, 1992). The
iliac blade is thickened by two buttresses, which extend along its ventrolateral surface
from the dorsal rim of the acetabulum to the dorsolateral edge of the blade. The anterior
of these buttresses arises from the lateral rim of the supracetabular buttress, and the
preacetabular process of the iliac blade extends off of it.

The posterior process of the iliac blade in Typothorax does not project nearly far
posteriorly as in other aetosaurs (as noted by Long and Murry, 1995), and the posterior
tip ends very bluntly (Fig. 4.12a). The posterior buttress of the iliac blade runs along the
posterior process to its tip, thickening dorsolaterally. A slightly thinner flange behind the
posterior buttress forms the posterior edge of the blade, and was likely the origin of the
M. coccygeo-femoralis brevis as it is in Alligator (Romer, 1923; Brochu, 1992).

The ventrolateral face of the iliac blade between the buttresses is much more
deeply concave than in most other aetosaurs as noted by Long and Murry (1995), with the
concavity deepest on the neck just above the acetabutum (Fig. 4.12a). In AMligator, this
region is the site of attachment of the M. illiofemoralis (Romer, 1923). The neck of the
iliac blade, just above the acetabulum (the “supracetabular buttress” of Long and Murry,
1995), is much more strongly constricted anteroposteriorly in Typothorax than in other
actosaurs (Long and Murry, 1995). The bases of the buttresses on the blade form the
anterior and posterior edges of the neck.

The supracetabular buttress (the ridge of bone between the acetabulum and the
neck) is sharp edged. The acetabulum is deepest below the anterior buttress of the iliac
blade. The anterior part of the body of the illium, the “preacetabular buttress,” projects
more strongly anteriorly then in other aetosaurs, as far or farther then the preacetabular
process of the blade (Fig. 4.12a, b). The articular faces for the pubis and ischium are
similar in form, rugose-surfaced crescents, which taper toward each other (Fig. 4.12¢, d).

The medial side of the illium is not well preserved in 34255 70/U80, but it is in

122653 70/Fa65 where the sacral vertebrae seem not to have been fused to the illium and
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the sutures where the ribs attached are still visible (Fig. 4.12b). The sutures lie on the
body of the illium opposite the acetabulum, and did not extend onto the blade, where the
dorsal musculature probably attached (Romer, 1923). Judging by the size of the sutures,
the sacral ribs expanded broadly across the body of the illium.

445, Pubis

No pubis is known for TTUP 9214 except for a possible fragment, but Long and
Murry (1995) assigned a left pubis, UCMP V2816 34248 to Typothorax (Fig. 4.12f-h).
The specimen label identifies it as coming from square 70/G6. At first glance it
resembles a quadrate (though one too large to belong to Typothorax). However, what
would be the mandible articulation is not nearly a constricted as in. phytosaurs and
actosaurs, a distinct acetabular buttress can be identified, and the general form of more
flatiened part of the element is more consistent with a pubic apron then the dorsal part of
a quadrate. The element does not appear to be a phytosaur pubis (Axel Hungerbiihler,
personal communication, 2002), and the author therefore tentatively supports Long and
Murry’s (1995) assignment of the element as a pubis of Typothorax. If the field number
70/G6 is correct, the taxon assignment is strengthened, as that number refers to one of the
main blocks of the “G” specimen of Typothorax.

The proximal end of the pubis, which would have met the illium, is very thick and
has a rugose surface. A thick, posterolateralily facing lip, the acetabular buttress (Fig.
4.12g, h), formed the anteroventral border of the acetabulum. The acetabular buttress
appears to be somewhat more compressed in Stagonolepis (Walker, 1961, fig. 16). Just
above where the symphysis with the right pubis would héve been, the medial edge of the
proximal end curves posteriorly, forming a thin flange that would have run along the
ventral edge of the illium to contact the ischium. The region on this flange where the
pubic foramen or foramina would have been located is not preserved, so it is unclear if
there was a single foramen as in Longosuchus and Desmatosuchus (Sawin, 1947, Small,

1985), or two foramina as in Stagonolepis (Walker, 1961).
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As noted by Long and Murry (1995), the distal part of the pubis (including the
pubic apron) is extremely short, and their claim that the entire pubis is only about half the
length of the femur is probably accurate (Fig. 4.11a). The lateral edge is thicker then the
rest of the apron. In anterior view it curves slightly medially just ventral to the proximal
end then swells laterally again (Fig. 4.12f, g), ending in a modest pubic foot, which
differs from other aetosaurs in being an odd, posteriorly curving hook-like process (Fig.
4.12h). The distal surface of the foot is rugose, as in other aetosaurs (Walker, 1961;

Long and Murry, 1995).  The thin medial edge of the apron that formed the symphysis
with the right pubis is not preserved.

4.4.6. Ischium

TTUP 9214 has an almost complete left ischium (Fig. 4.12i-k), though none is
recognized for the Canjilon Quarry material. As with the illium, the ischium was
inclined dorsolaterally. This orientation is supported by the orientation of the symphysis
with that of the right ischium, which is vertical when the ischium is inclined at about 45°
(Fig. 4.12k).

The ischium includes the posteroventral part of the acetabulum. The rim of the
acetabulum is not sharp as in Stagonolepis (Walker, 1961, fig. 16), but this may be due to
damage. The articulation with the illium is rugose. In proximal view, the articulation is
wide posteriorly and tapers anteriorly, curving around the hollow of the acetabulum,
mirroring the shape of the articular surface on the illium (Fig. 4.12¢).

Posteriorly on the surface of the illium, just below the rim of the acetabulum, are
two deep sub-parallel scratches (Fig. 4.12i). These may have formed before burial,
possibly representing tooth marks, as they appear to have been filled with matrix. The
posterior edge of the ischium is thick, but the ischium thins anteriorly toward the pubis,
though the meeting with that bone is not preserved. The posterior process of the ischium
is broken off near the base, but seems to have been trended almost horizontally and was

laterally compressed (Fig. 4.11a). Just above the ventral edge, the ventrolateral surface
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of the ischium is distinctly concave (Fig. 4.12i). By analogy with Alligator (Romer,
1923), this region was likely the attachment site for the M. pubo-ischiofemoralis
externus.

The symphysis with the right ischium is preserved as a thick, rugose suture, which
is faintly concave and curves dorsally (Fig. 4.12j). It appears to have been much thicker
in Stagonolepis (Walker, 1961, fig. 15d). The ventrolateral surface of the ischium along
the edge of the suture is distinctly striated (Fig. 4.121),

4.4.7. Femur

‘The UCMP material includes several excellent femora: 34248 70/G7 (and another
from 70/G7 lacking a specimen number), 34255 70/U80, 122673 70/C1, 122674 70/146,
122676 70/Fa2, and 122677 70/C, most of which can be paired up using the field
numbers and similarities in size and morphology. Measurements are given in Table 4.5
and explained graphically in Fig. 4.13. 34248 70/G7 (Fig. 4.15) is probably the best-
preserved overall. The distal ends of 34255 70/U80 (Fig. 4.14; the largest Typorhorax
femur from the quarry) and TTU 9214 (Fig. 4.16) are badly crushed, but the proximal
halves are in somewhat better shape. This crushing has probably distorted the torsion
between the long axes of the proximal and distal ends measured for these femora, which
can be determined more reliably for most of the Canjilon material (measure 12 in Table
4.5).

All Typothorax femora show a distinct, medially developed head as is typical in
aetosaurs and other archosaurs with an erect posture (e.g., Charig, 1972; Parrish, 1986),
but its degree of development varies between specimens. The femoral head width/total
femur length ratio is 1.33-1.38 in Typothorax. Among the Canjilon specimens, the head
appears to be especially prominent in 34255 70/U80, but it is even more distinct in TTUP
9214. At the anterolateral corner of the articular head is a thickened buttress. This is
probably the “proximal condylar fold” of Brochu (1992), although tt is more robust then
seen in Alligator. The dorsal surface of the head is highly rugose (Figs. 4.15¢, 416.¢),
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Table 4.5. Actosaur femur measurements

All measurements are in millimeters, and were rounded off to the nearest millimeter, except for
torsion and the distal angle, which are in degrees. The presence of a (1) or (r) after a specimen number
indicates if the femur was left or right. Italicized measurements were reconstructed using the expectation
maximization method in order to calculate the femur PC1 (see Chapter 5). The measurements are explained
graphically in Fig. 4.13, numbered as below. Measurements for USNM 2585 and AMNH 2713 are from
Cope (1887) and Von Huene (1915). Measurements for MCZ 1488 are from Gregory (1953).

Typothorax
USNM AMNH MCZ  UCMP V2816 UCMF V2816 UCMP V2816
2585 2713 1488 122677 10/C (1) 122673 70/C1 (D) _ 7WGT )
1 Length 220 315 258 272 254 166
2, Distance
from head to
4% trochanter 60 76 NA 104 99 NA
3. Head width 60 50 NA 70 69 NA
4. Head le! 35 24 NA 34 36 NA
5. Thickness
across
4" ter NA NA NA 37 40 36
6. Mid-shaft
length 30 52 NA 28 25 25
7. Mid shaft
width 22 41 NA 37 35 22
8, Distal width 80 360 Na 98 79 74
9. Medial
condyle thickness 40 NA NA, NA 50 35
10. Lateral
condyle thickness 54 NA NA 39 55 51
11. Intercondylar
thickniess 34 NA NA NA 35 40
12. Torsion NA NA NA NA 66° NA,
13. Distal angle  NA NA NA NA 10° 24°
14. Size score
on PCl 7.1919 $4993 NA 71.5737 7.3163 6.9979
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Table 4.5. Continued

Typathorax
AMNH UCMPV2816  UCMPV2Bl6  UCMPV28l6é  UCMP V2816
2710 122676 T0/Fa2 34248 70/G7(r) 122674 70/146 (r) 34255 70/U80 (1)
{Fig, 4.15) (Fig. 4,16)
1. Length 220 248 NA 233 257
2. Distance from
from head to
4™ trochanter NA NA NA 96 101
3. Head width NA NA NA 59 77
4. Head length _ NA NA NA 36 43
5., Thickness
across
4 rochanter NA 36 NA 3] 40
6. Mid-shafl
length NA 27 NA 27 29
7. Mid shaft
width NA 34 NA 28 13
8 Distal width __ NA 92 NA 83 9]
9, Medial
condyle thickness NA NA NA 30 52
10. Lateral
condyle thickness NA NA NA 43 3l
11. Intercondylar
thickness NA NA NA 20 NA
12. Torsion NA NA NA 32° 38
13, Distal angle _ NA NA NA 20° 16°
14, Size score
on PC1 NA 7.4533 NA 7.2856 7.4669
95




[

—3

L1

L3

1

() o Co .3 Co 3 T 3

—3

{

— =3

Table 4.5, Continued

Typothorax Longosuchus Desmatosuchus

TTUP 9214 () T™MM 31185- TMM 31185- TTUP 9204 (1) UCMP V269

(Fig. 4.14) 84b 37 84b 88 27988 (1)
1. Length 178 29 32 490 377
2. Distance
from head to
4®trochanter 69 NA NA 202 153
3, Head width 54 9 86 121 101
4. Head 26 45 34 63 50
5. Thickness
ACTOsS
4™ trochanter 23 NA NA 64 57
6. Mid-shaft
length 22 39 40 67 36
7. Mid shaft
width 18 29 29 533 56
8. Distal width 37 39 92 i48 124
9. Medial
condyle thickness NA 60 53 83 NA
10. Lateral
condvle thickness  NA 69 55 76 NA
11. Intercondylar
thickness 20 40 38 50 NA
12. Torsion 3 NA NA 9 35°
13 Distal angle  20° NA NA 25° NA
14. Size score
on PCl 6.3175
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Table 4.5. Continued

Desmatosuchus Stagonolepis PCA loading
UCMP A269 UCMP V269 UCMP A269 UCMP V269
25911 CF1{l) 25907 C75W (1) 25916 CFE (1) 25912 CH2 (1)

s [ s [ i SO i RS wovuus Y S [ PUU B O R N s B (Rt [ USROS B SN S SHND I SNUUNS B SN

L Length NA NA 308 403 2449

2. Distance

from head to

4™ trochanter NA NA 123 120 NA

3. Head width NA NA NA B0 NA

4. Head length NA NA NA 49 NA

3. Thickness

across

4™ trochanter NA NA 49 51 NA

6, Mid-shaft

length NA NA 17 NA 3232

7. Mid shaft

width NA NA 36 NA 3419

8. Distal width 155 111 90 [04 8477

9. Medial

congdyle thickness 62 58 52 36 NA

10. Lateral

condyle thickness 89 72 71 68 NA

11. Intercondylar

thickiess NA 50 49 47 NA

12, Torsion 35¢ NA 51° 42° NA

13. Distal angle 10° 13° 16° 76° NA
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Figuee 4,11 Appoendicotar axusurements given in Tables 4.5-4.7; ferur measurvs in (Tablo 4.5)
in ) antevior, () medial, () peoximal, id) distal views, and (@) showing tasion (the proximal
and diztal eads are suponimposed as though viewod distally with fines deawn through e
long axvs): tibia mcasuns (Table 4.6) in (0) satenor, () modial, (h) proxinisl, amd
i) dinted viows: fibulo seasures (Table 4.7} in {3} aeddial, (k) anterior, {6 peoximal, aml
{my) distal views.
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Figure 4.4 Proximal end of left femur of Tipothiorar cocetarnm (UCMP V2R16
4255 T0/L%0 in (1) anterier, i) posterior, \c) luterud, apd /d) meddial views.
Seale har = [0cm.
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Figure 415 Right femur of Byporhorax cocclnariem (UCMP V2816 34248 70/G7); in (8) anterior,
(b) posterior, (¢) lateral, (d) medial, (¢) proximal, and () distal views. Dashed lines
represent broken bone, cross hatching broken bone surface. Scale bar = 10 ¢m.
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Figure 4.16  Right femur of Tipotharax coccinarum (TTUP 9214); (a} anterior, (b} posterior,
{c) Jateral, () medial, and (f) proximal views, Dashed lines represent broken bone
edges, cross hatching broken bene surface. Scale bar = 10 em.
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with a shallow sulcus running anteromedially along the long axis of the head, not quite
extending onto the obturator flange. In Alligator, a cartilage cap covers the entire
proximal end. A large knob, the trochlea, is present on the posteromedial side of the
head and confluent with its dorsal edge. The trochlea is most prominent in UCMP 34255
70/U80 (Fig. 4.14b, d). The posterior side of the head is swollen below the trochlea
down towards the 4™ trochanter (Figs. 4.15d, 4.16d).

The anterior side of the head has very faint striations running subparallel to the
long axis of the bone (Figs. 4.15c¢, 4.16a), though they are difficult to see in some
specimens {probably due to overpreparation). Laterally, the head is pinched into the
obturator flange. The top of the obturator flange is the greater trochanter, which is
indicated by a slight prominence (Fig. 4.16a, ¢) or at least coarse grooves (Fig. 4.15¢). In
Alligator, the rest of the obturator flange is the attachment site of the second branch of
the M. pubo-ischio-femoralis externus (sensu Romer, 1923).

Anterolaterally on the shaft is the roughened area noted by Long and Murry
(1995). This area i1sn’t well preserved in 34248 70/G7, but the rugosity can be discerned
in most of the other specimens (including TTUP 9214), and is marked by an extremely
prominent scar in 34255 70/U80 (clearest in Fig. 4.11a). This region is also slightly
swollen, not only in Tvporhorax, but also in Longosuchus and Stagonolepis {(Walker,
1961). As suggested by Long and Murry (1995) the region may be homologous to the
lesser trochanter of dinosaurs, as the M. pubo-ischio-femoralis internus pars dorsalis
(which is homologous with the muscle attaching at the greater trochanter in birds)
attaches in this region in crocodilians (Romer, 1923; Rowe, 1986; Brochu, 1992).
However, it is possible that this rugose region is instead homologous with the “proximal
dorsal tuberosity” of Brochu (1992).

The mid-shafts of all the femora of Typothorax are subtly compressed
mediolaterally, so that most they are relatively narrow in anterior and posterior views
compared to medial and lateral views. This compression is most pronounced below the

4™ trochanter. This is also true of Longosuchus, but not Desmatosuchus, which has a
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femur shaft that is thicker mediolaterally (Table 4.5). In lateral view, the shafts of the
femora from 70/G7 (Fig. 4.15c, d) and 122673 70/C1 are vaguely sinuous, with the
proximal and distal ends curving subtly anteriorly and posteriorly respectively. In the
case of the latter, the sinuosity seems to be the result of crushing, but it appears natural in
the former. Most of the other femora however are sfraight shafted relative to phytosaurs,
as noted by Lawler (1976). The shaft of TTUP 9214 is also fairly straight (Fig. 4.15c, d),
as noted by Small (1989), but is too badly crushed to determine if this is natural.

Below the 4% trochanter, the shaft becomes slightly “pinched” longitudinally
along both its anterior and posterior surface. In most of the Canjilon femora, the
longitudinal pinching on the anterior side of the shaft flattens out more distally. This
slight pinching or ridge probably represents the attachment for the M. iliofemoralis
(Romer, 1923; Brochu, 1992). In 34248 70/G7, the pinching is more broadly rounded
then in most of the femora. In 34255 70/U80, the pinching is extremely pronounced, so
that there is a very distinct ridge (Fig. 4.14a) that angies off proximally toward the scar
for the M. pubo-ischio-femoralis internus pars dorsalis (“lesser trochanter”). A
somewhat sharp ridge also lies here in Longosuchus. The condition cannot be
determined in TTUP 9214 due to crushing.

On the posterior side, the obturator flange is continuous with another longitudinal
pinching that weakens as it passes the fourth trochanter laterally, then tightens again and
becomes a pronounced ridge leading onto the lateral condyle. A much more distinct
ridge is present in 34255 70/U80 and apparently TTUP 9214 than in most of the Canjilon
femora (Fig. 4.14b; 4.16b, ¢). This pinching or ridge probably represents the “primary
adductor scar” of Brochu (1992), which separates the longitudinal insertions of the M.
Jfemoro-tibialais externus and the branches of the M. adductor femoralis (Romer, 1923).
In 34255 70/U80, a second distinct ridge is present medial to and paralleling the primary
adductor scar (Fig. 4.14b), leading distally from the fourth trochanter. This is probably
the “secondary adductor scar” of Brochu (1992), which separated the insertions of the M.

adductor femoralis from that of the M. femoro-tibialis internus. This secondary adductor
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scar cannot be discerned on any of the other Typothorax femora besides 34255 70/U80.
The “tertiary muscle scar” of Brochu (1992) cannot be discerned on any of the femora.

The fourth trochanter is located on the posterior side of the shaft, less then half
way down the shaft (Table 4.5). It is a mediolaterally compressed swelling in TTUP
9214 and most of the Canjilon femora (Figs. 4.15d, 4.16d). In 34255 70/U80, and even
more so in Desmatosuchus, the trochanter is more of a bulbous knob (Fig. 4.14b), a
morphology which may be attained with large size. The trochanter is also figured as
being somewhat bulbous in Neoaetosauroides by Bonaparte (1971, fig. 39). The surface
of the shaft immediately around the 4™ trochanter is rugose, and the areas on the medial
and lateral sides of the trochanter are, respectively, the insertion of the M. coccygeo-
femoralis (=caudifemoralis) longus and M. coccygeo-femoralis brevis (Romer, 1923;
Rowe, 1986; Brochu, 1992). When mediolaterally compressed, the trochanter runs
roughly parallel to the long axis of the shaft in Typothorax; in Longosuchus, it twines
slightly around the femur shaft.

The distal end of the femur is strongly expanded, particularly in larger individuals
(Table 4.5). The articular surface, like on the proximal end of the head, is rugose (Fig.
4.15f). A suture separating the rugose cap from the rest of the head is discernible in
TTUP 9214, 34248 70/G7, and several of the other Canjilon femora, although this region
is prone to overpreparation. The cap seems to extend far up the front of the distal end on
the medial condyle in TTUP 9214. Torsion of the distal end relative to the proximal end
and the angle between the long axis of the shaft and the distal end (measures 12 and 13 in
Table 4.5) are both often slightly more pronounced in Typothorax than in
Desmatosuchus, but this is not consistent.

The lateral condyle is thicker anteroposteriorly than the medial condyle, but more
pinched mediolaterally (Fig. 4.15f). The “primary adductor scar” continues onto its
ventral side as a highly pronounced ridge (Fig. 4.15b), which can be faintly discerned in
TTUP 9214 even as badly crushed as the distal end of that femur is. Unlike the lateral
condyle, which projects straight back, the medial condyle in Typothorax projects
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posteromedially. In Desmatosuchus and Longosuchus, the condyles appear to be more

similar to each other in size and morphology. The medial condyle projects straight back

and comes to a point as prominent as on the lateral condyle.

4.4.8. Tibia

Several tibiae are known from the Canjilon material, UCMP V2816 34248 70/G7,
34255 70/UB0 (Fig. 4.17), 122678 70/G6, 122679 (no field number; Fig. 4.18), 122679
70/J51, and 122680 70/Fa2; measurements are given in Table 4.6. In its natural
orientation, the tibia rotated anteromedially so that the widest surfaces (Figs. 4.17a;
4.18a, b; 4.19a, b) face anterolaterally and posteromedially. These sides are generally
referred to as the anterior and posterior sides, and these will be used here for the sake of
simplicity. The narrower anteromedial and posterolateral sides (Figs. 4.17b; 4.18¢, d;
4.19¢, d) will therefore be referred to as medial and lateral respectively.

As noted by Lawler (1976), the tibia is considerably shorter compared to the
femur than in phytosaurs. The compactness of the tibia appears to vary ontogenetically
as well as taxonomically. It is a relatively squat element in the Canjilon Typothorax
material and Desmatosuchus, but more elongate and slender in TTUP 9214 (Fig. 4.19),
Longosuchus, Stagonolepis, and especially Neoaetosauroides (Bonaparte, 1971).

The head of the tibia is much more strongly expanded in actosaurs then in other
pseudosuchians (Parrish, 1986). Among the Typothorax specimens, the head of the tibia
is least expanded relative to the rest of the bone in TTUP 9214 (Fig. 4.19a, b), but
considerably more expanded in the UCMP material, especially 122679 (Fig. 4.18a, b).
Except when overprepared, the proximal surface of the head is strongly rugose and can
be divided into two barely discernable shallow fossae (Fig. 4.17¢), one medial and one
lateral. The fossae are most distinct in 34255 70/U80 and indiscernible in TTUP 9214.
The lateral fossa is usually larger, and slopes posteriorly. These fossae housed menisci
that met the femoral condyles and reinforced the knee (Parrish, 1986). The anterior side

of the head of the tibia is convex, and swells strongly in the middle, especially in UCMP
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Figure 4.17
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Lof tibia of Tipothorax coocinarem (UCMP V2816 34255
TOMIRO. in (o) anteniorn, H) modial, and {c) proximal views.
Blackoned yeeas indicate matrix. Scalo bar = 10 em
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Figure 4.18  Len tibia of Typothorex coccinarum (UCMP V2816 122678); in (a) anterior,
(b} posterior, () medial, and (d) lateral (posterolateiral) views, Dashed lines
represent broken bone edges, cross hatching broken bone surface. Scale bar = 10 ¢m,
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U Figure 4.19  Right tibia of Typothorax coccinarunm {TTUP 9214); in (a} anterior, (b) posterior,
{c) medial, and (d) lateral views. Dashed lnes represent broken bone edges.
Scaile bar = 10 om,
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Table 4.6. Aetosaur tibla measurements

All measurements are in millimeters, and were rounded off to the nearest millimeter. {talicized mcasurements
were reconstructed using the expectation maximization method in order to calculate the tibia PC1. The measurements are
explained graphically in Fig. 4.13, numbered as befow. Measurements for USNM 2585 and AMNH 2713 are from Cope

(1887) and Von Huene (1915).

Typothorax
UNSM AMNH UCMP V28le UCMEP V2816 UCMP V2816 UCMP V2816
2585 2713 122680 70/Fa2 34248 70/G6 122678 70/G6 34255 70/UR0
(Fig. 4.17)

I. Length 108 183 104 128 125 139

2. Proximal

width

(mediolateral) 55 107 37 62 61 7

3. Proximal

thickness

{anteroposterior) 33 73 31 33 35 36

4. Mid-shaft

widih

mediolateral) 33 43 21 22 22 27

5. Mid-shaft

thickness

(anteroposterior) 18 32 14 16 15 26

6. Distal width

(mediolateral) 3! 71 4Q 43 42 50

7. Distat thickness

{anteroposterior)  NA NA 20 NA NA 24

8. Size scorg

on PC1 8404 93904 82202 8.3930 8.3685 89170
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Table 4.6. Continued

Typothorax Longosuchus Desmatosuchus

TTUP TMM 31185- TMM 31185- UCMP V269 Loadings

9214 84b “xa” 34b “left” 25877 D1
LLlcngth 118 193 198 210 2117
2. Proxima!
width

iolateraf) 48 g3 82 99 3721
3. Proximal
thickness
(anteroposterior) 2] 49 42 70 5146
4, Mid-shaft
width
{mediolateral) 18 34 29 41 3779
5. Mid-shaft
thickness
{anieroposterior) 11 20 23 26 5080
6, Distal width
{mediolateral) 30 32 35 70 3885
7. Distal thickness
(anteroposterior) 17 29 34 3 NA
8. Size score
on PC1 7.6494 NA NA NA
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V2816 122679 (Fig. 4.18a). This area may have been the attachment site for the internal
lateral ligament, as in crocodilians (Brochu, 1993). The posterior side of the head is
concave, much more deeply in the Canjilon specimens then in TTUP 9214 (Figs. 4.18b,
4.19b). In anterior and posterior view, the medial side of the head is often distinctly
thicker and blunter then the more pinched and pointed lateral side (especially in 34255
70/U80; Fig. 4.17a). Thus is also often the case in Desmatosuchus, and to a lesser extent
in Longosuchus and Stagonolepis. The thicker medial side was probably the attachment
site for the M. tibialis anterior, as in crocodilians (Brochu, 1993). On the lateral side of
the head is a rugose area (in specimens which are not overprepared) for the attachment of
a muscle or ligament; a divot is present in this area in 34255 70/U80 (labeled in Fig.
4.17a).

The shaft of the tibia is anteroposteriorly compressed, flatter on the posterior side
and more convex anteriorly. In the Canjilon material, the shaft is most robust relative to
the head in 34255 70/U80 (Fig. 4.17, Table 4.6), which is also the largest Typothorax
tibia overall. The tibia is relatively more slender, longer compared to the femur, and has
a less expanded head in TTUP 9214 then in the Canjilon material, resembling the more
gracile tibiae of Stagonolepis, Longosuchus, and Neoaetosauroides.

The distal end of the tibia is expanded mediolaterally as is typical in crocodile-
normal archosaurs, though not as much as the head. Neither the distal end nor the head
are as expanded in TTUP 9214 as in the Canjilon material (Figs. 4.17a; 4.18a; 4.19a).
The divided facet for the astragalus characteristic of pseudosuchians is present (Fig.
4.18f; 4.191); the medial part of the facet is flat and projects slightly posteriorly (see
especially 4.18b, ¢; 4.19¢). The lateral facet is more convex and projects downward,
mecting the concave lateral surface of the astragalus. When not smoothed by
overpreparation, the anterior side of the distal end is rugose, probably for the medial

tibioastragalar ligament as in crocodilians (Brochu, 1992).
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4.4.9. Fibula

Several fibulae are known from the Canjilon material (Table 4.7): UCMP 34240
70/E, 34248 70/G6 (Fig. 4.20), 12268 70/L (the most massive), and 122682 70/Fa2,
12268 70/L was found in the adjacent grid square to the “U” specimen, and may be
referable to it. As with the other “U specimen” limb elements, pronounced muscle scars
on the 70/L fibula are not visible in the other specimens. An incomplete left fibula is
known from TTUP 9124 (Fig. 4.21). The distal end is absent, and a short section of shaft
is probably missing between the illiofibularis trochanter and the broken-off proximal end.
The midshaft section bearing the trochanter is appressed to an unidentifiable mass of
bone (not shown in Fig. 4.21).

The proximal articular surface of the fibula is slightly convex. The head is
slightly mediolaterally compressed, making it oval in proximal view (Fig. 4.20¢), more
so in the Canjilon specimens than in TTUP 9124, The proximal end is striated all the
way around, especially on the medial side in TTUP 9124 (Fig. 4.2 la), and probably also
the Canjilon fibulae, although the latter are generally too overprepared to be certain. The
anterior side of the proximal end is rounded (Figs. 4.20c¢, 4.2.¢), but the posterior side is
flattened (Figs. 4.20d, 4.21d), with the flattened surface tapering proximolaterally. This
flattened surface is bounded laterally by a pinched ridge, which is very prominent and
extends some distance down the shaft distally in 12268 70/L..

The shaft of the fibula appears more or less straight viewe«l anteriorly or
posteriorly (Fig. 4.20¢, d; 4.21c¢, d). In medial or lateral view however, the shaft is
distinctly bowed so that the proximal and distal ends are inclined posteriorly (Fig. 4.20a,
b, 4.21a, b). This bowing is due to the huge illio-fibularis trochanter'®, which is
characteristic of pseudosuchians but particularly massive in ag¢tosaurs (Parrish, 1986,

Long in Murry, 1995). The trochanter projects slightly anterolaterally. In anterior view,

1 This trochanter has been termed the “lateral trochanter” by Walker (1961), and the “anterolateral
process” by Heckert and Lucas (1999). The term “illio-fibularis trochanter” was used by Parrish (1986),
noting its probable homology with the much smaller trochanter in crocodilians, and this term is preferred
here,
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Table 4.7. Aetosaur fibula measurements

All measurements are in millimeters, and were rounded off to the nearest

millimeter. The measurements are explained graphically in Fig. 4.13, numbered as below.

Measurements for AMNH 2713 are from Cope (1887) and Von Huene (1915).

Typothorax
AMNH UCMP V2816 UCMP V2816 TTUP 9214

2713 122982 70/Fa2 _ 12268) T0/L (Fig. 4.21)

1. Lenpth NA 126 NA NA

2. Proximal width 80 34 NA 25

3. Proximal 48 24 NA 19
icknes

4. Distance,

proximal end

to trochanter NA 25 23 54

5. Thickness at NA 13 18 13

trochanter

6, Digtal width NA 40 45 NA

7. Distal thickness  NA 17 24 NA
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Figure 4.20  Lefi fibula of Typothorax coceinarum (UCMP V2316 34248 70/G6); in (a) lateral,
{b) medial, {c) anterior, (d) posterior, (¢} proximal, and (f) distal views. Dashed
tines represent broken bone edges, cross hatching broken bone surfase, and hatching
reconstructed parts. Scate bar = 10 em.
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Figure 4.21

Partigly reconstructed right fibula of Typothorax

coccinaram TTUP 9214; in (a) lateral, (b) medial, (¢) anterior,
and (d} pesterior views. Dashed lines represent broken bone,
cross hatching broken bone surface, and hatching
reconsiructed parts. Scale bar = 10 cm.
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the trochanter twists around distally toward the lateral side of the shaft, most strongly in
122681 70/L, and most weakly in TTUP 9214 (Fig. 4.21¢). The surface of the trochanter
is rugose, and in 122681 70/L and TTUP 9214, it has a deep sulcus; the absence of this
sulcus in 34248 70/G6 (Fig. 4.20) may be due to overpreparation. On the lateral side of
the fibula in 122681 70/L., two distinct ridges lead away from the trochanter
posteroventrally along the lateral side of the shaft. In crocodilians, these ridges are the
origin of the M peroneus longus (Brochu, 1992),

The distal end of the fibula in the Canjilon material is much more strongly
compressed mediolaterally than the proximal end (Fig. 4.20f). The posterior edge is
rounded, but the anterior edge is more pinched, especially in 122681 70/1.. The lateral
side is faintly concave, the medial side convex. The distal articular surface (Fig. 4.20f),
which met the tarsus, has two distal facets for the astragalus and calcaneum 1in erect
archosaurs (Parrish, 1986) that can be barely distinguished in the Canjilon Typothorax
specimens, except for 122681 70/L (not figured). The posterior of the two facets, which
is for the calcaneum, is larger and faintly convex. The anterior facet, which is for the

astragalus, is smaller.

4.4.10. Astragalus

The traditional importance of the tarsus in archosaur taxonomy, phylogeny, and
functional morphology has been reviewed extensively elsewhere (e.g., Chatterjee, 1982,
Cruickshank and Benton, 1985; Thulborn, 1980; Sereno and Arcucci, 1990; Sereno,
1991; Dyke, 1998). The tarsus of Typothorax, as with all actosaurs and most other
pseudosuchians, has a crocodile normal (CN) rotary ankle joint with two astragalo-
calcancal articulations. The ventral of these consists of a peg on the astragalus, which
fits into a socket on the calcaneum.'® The dorsal articulation of the CN ankle is a sliding

joint, in which a process from the astragalus slides over a ball on the calcaneum.

¥ In crocodile reverse ankles, the peg is on the calcaneum and the socket on the astragalus.
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Two Typothorax astragali are recognized in the Canjilon material, 122678 70/G6
(attached to the end of the tibia from the same jacket; see Table 1), and 122230, but both
are too poorly preserved to describe. A nearly complete right astragalus, which fits
perfectly on the end of the right tibia, is known for TTUP 9214 (Fig. 4.22), and is a fairly
typical pseudosuchian crocodile-normal element. It is compared with astragali assigned
to Desmatosuchus (UCMP V269 34493), Stagonolepis (UCMP A269 34485), and
Postosuchus (TMM 3110-513), and is generally similar to these taxa in form. However,
it differs distinctly from that of Alligator in several ways.

The ventral articulation peg is pointed in anterior and posterior views, with a
swollen and convex ventral surface, more amorphous then in A/figator, which is part of
the the huge distal roller on the anterior side (Fig. 4.22a). The distal roller articulated
with metatarsals [ and IT and the third distal tarsal. On the posterior side, the roller
sharply borders the posterior groove, and lacks the curling scroll-shape seen in Alligator.
A short, thick neck extends from the astragalus, and the dorsal articulation with the
calcaneum s its smooth ventral surface, the “articulating channel” of Brochu (1993). In
medial view (fig. 4.22¢), the neck is curved slightly posteriorly. In posterior view, a
strong concavity lies between the neck and the peg, which Sereno (1991) referred to as
the posterior groove in crocodilians. The neck is only slightly longer in Desmatosuchus
than in Typothorax, but in Postosuchus, the neck is considerably longer then in either
aetosaur and the posterior groove is much more pronounced.

On the dorsomedial surface of the neck is another facet at about 90° to the
calcaneum articular surface on its underside, which articulated with the fibula. The
surface of the fibular facet is faintly concave. The facet is vaguely square in medial view
(not terribly evident from Fig. 4.22¢), though the ventroposterior corner is slightly more
prominent. The shape of the facet is similar in Desmatosuchus and Alligator, although
the ventroposterior corner is extremely elongate in Postosuchus, making the facet slightly
more rhombohedral in shape. This corner in crocodilians in the attachment site of the

fibular-astragalus ligament (Brochu, 1992).
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Figure 422 Tarsus of fiposhorax coccinarum; TTUP 9214 right astragalus in (a) anseriot,
(B) posteriar, (¢) lateral, and {d} dorsal views; UCMP V2816 left calcanen, 122228
Fa33 in{g) dorsal, (1} ventral, {g) Jateral, and (h) medial views: 34255 70/U807
in {i) dorsal, (j} ventral, (k) fateral, and (1) medial views. Dashed lines represent
broken bone edges and cross hatehing broken bore surface. Seale bar = £0 em,
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Anteriorly, the neck is hollowed by a hemispherical concavity (the anterior
hollow), which does not quite contact the distal roller. The hollow is not as deep but
much broader in Desmatosuchus and Alligator, contacting the distal roller and in
Alligator being especially large and extending down to the peg. The hollow also seems
to contain a foramen in Desmatosuchus and Alligator not evident in Typothorasx.

The tibia articulation is of the typical pseudosuchian (“divided,” “strap-shaped,”
“saddle-shaped,” “U-shaped,” or “screw”) type, with two distinct, but smoothly joined
facets. The medial facet is larger, concave, faces somewhat posteriorly, and is bounded
by a buttress separating it from the posterior groove (Fig. 4.22.b). A pit is present on the
edge of the medial facet, entering the buttress. One is not clearly evident in
Desmatosuchus, but a large foramen is also preserved here in Postosuchus, and a very
deep funnel-shaped pit is present in Alligator (see Parrish, 1986, fig. 28). This is the
astragalar fossa, which at least in crocodilians is the area of attachment for the posterior
and internal tibial-astragalar ligaments (Brinkman, 1980). The flatter lateral facet is

smaller and more level then the medial facet.

4.4.11. Calcaneum

Three reasonably good calcanea (all left) are known from the Canjilon
Typothorax material: 34255, 122228 Fa33, (Fig. 4.22e-i), and 122229; the label for 34255
gives the field numbers “U75, [and] U807, so it probably went with the “U specimen.”
34255 is in excellent condition, but 122228 seems to have been badly overprepared, and
perhaps distorted by crushing. However, some of the perceived differences between
these two calcanea may be natural.

The ventral articulation with the astragalus is a deep socket (Fig. 4.22h, 1),
supported from below by a broad, protruding, dorsally concave lip, which held the
ventrally convex peg of the astragalus. The lip is twisted slightly posteriorly, but is still

more symmetrical in 7ypothorax, Desmatosuchus, and Postosuchus then in Alligator.
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The dorsal articulation with the astragalus is on an enormous, curving, posteriorly
facing hemisphere, the anterior ball, the bottom of which is about level with the lip of the
ventral articulation in anterior view (Fig, 4.22¢, 1). In both Typothorax and
Desmatosuchus, this is clearly divided into two facets. The medial of these, overhanging
the articular socket, is the dorsal articular surface over which the neck of the astragalus
slid. The lateral part of the ball contacted the fibula, and this part of the ball is much
larger then the facet for the astragalus. The astragalus and fibula facets are almost
indistinguishable on the ball in Postosuchus or Alligator, and the distinct facets may be
an aetosaur feature, The ventral side of the anterior ball is flattened (Fig. 4.22f, j.), and
articulated with the fourth distal tarsal. The lateral side of the ball (Fig. 4.22g, k) is more
distinctly sulcate in Typothorax and Desmatosuchus then in Postosuchus or Alligator,
where it is flatter. In UCMP 34255, there is what appears to be a foramen in this
concavity that cannot be clearly discerned in Desmatosuchus or Postosuchus, however, in
Alligator there is a foramen present slightly lower, on the neck of the calcaneal tuber.

The most distinctive aspect of the aetosaur calcaneum is the greatly compressed
calcaneal tuber, which was the attachment site of the gastronemeus. The dorsal side of
this tuber is distinctly curled anteriorly in Desmatosuchus, Typothorax, and to a lesser
extent, Postosuchus, though not in Alligator. The tuber is badly preserved and
overprepared in UCMP 122228, but in UCMP 34255 the curling is so pronounced that 1t
forms a strong, dorsally oriented lip (Fig. 4.22¢, g, h). In UCMP 122228 and
Desmatosuchus the lip does not curl so strongly, and descends and thickens to project
medially (the projection is indicated by an un-labeled arrow in Fig. 4.22i). On the ventral
side of the calcaneum, directly beneath the fourth distal tarsal articulation, the neck of
the tuber is deeply concave (Fig. 4.22f, j); this is not the case in Alligator. The posterior
side of the tuber in Alligator bears a groove that guides the Achilles tendon; only a trace

of this groove is visible in Typothorax and Desmatosuchus.
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4.4.12. Metapodials and phalanges

Three metapodials and several phalanges are known for TTUP 9214. The only
complete metapodial of the three is a left that is 47 mm long, with proximal and distal
ends that are respectively 23 mm and 18 mm wide (Fig. 4.23a). Based on its size
compared to that of the other appendicular material, it is most likely a metatarsal
(probably 11, III, or IV), as it seems to be to too large and too slender to have come from
the manus (Sawin, 1945, fig. 5B; Walker, 1961, fig. 19f). It is faintly dorsoventrally
flattened, giving it an oval cross section. The wide proximal end projects medially,
where it would have been overlapped by the adjacent metatarsal. The dorsal side of the
distal end is depressed, and pits for tendon insertions are present on the lateral and
medial sides of the same, A small foramen is present on the ventral side of the distal
end.

There are several phalanges of various sizes. It is unclear if these belong to the
manus or the pes, but the largest at least (Fig. 4.23¢-d) are likely to be from the pes.
Other then size, little appears to distinguish the phalanges of the manus and pes in
aetosaurs. In most, the proximal articular surfaces are concave and faintly pyramidal or
diamond-shaped when viewed proximally. The distal end is either as broad as the
proximal end or nearly so, and lateral tendon pits occur as in the metapodial. Most of the
phalanges are at least slightly asymmetrical in dorsal and ventral views, indicating that
the digits curved either medially or laterally (depending on which side they came from).
One of the larger phalanges is unusual in having a proximal end that is roughly oval
rather than pyramidal, and has an unusually swollen-looking distal end (Fig. 4.23¢c),
which may be pathological.

A single ungal is known for TTUP 9214 (Fig. 4.23h). It is strongly curved,
laterally compressed, and has a blunt tip. Single grooves run near the ventral edge on
both sides (probably for blood vessels), deeper near the tip. Faint pitting is visible along

the dorsal edge. The proximal end is concave as in the other phalanges.
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Figure 4.23

Metapodial and phalanges of T¥pothorax coceinarum (TTUP 9214); () probable left
metatarsal in {clockwise starting from the upper left) dorsal, ventral, right lateral, proximal,
and distal views; (b}-(d), (f} phalanges in (clockwise starting from the upper left) dorsal,
ventral, left lateral, distal, and proximal views; (¢) and (g) phalanges in (clockwise starting
from the upper left) dorsal, ventral, distal, and proximal views; h) ungal in {(clockwise
starting from the upper left) dorsal, right lateral, and proximal views. Dashed lines
represent broken edges and reconstructed arens. Scale bar = 10 em.
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4.5 Osteoderms

The excellent description of the dorsal paramedian and lateral scutes of
Typothorax coccinarum by Long and Ballew (1985) was based largely on the Canjilon
Quarry material, and it should be noted that a repeat of their work forms the skeleton of
the following discussion. However, enough new observations of the Canjilon Quarry and
Post Quarry Typothorax scutes were made by the author to warrant an expanded
description.

Several different types of scutes occur in aetosaurs. The most commonly
described are the dorsal paramedian and lateral scutes, which are therefore the best-
known elements of aetosaur anatomy (e.g., Long and Ballew, 1985; Long and Murry, |
1995; Heckert and Lucas, 2000). The dorsal paramedian scutes are arranged in two
columns'” running down the back. Each dorsal paramedian articulates with its fellow
dorsal paramedian along its medial edge, and a lateral scute along its lateral edge.
Lateral scutes are usually flexed, extending partly down the sides of the animal. Usually
(except in the cervical region of some faxa), each row of scutes corresponds to a single
vertebra. Therefore, each row along the back consists of two dorsal paramedians and two
lateral scutes overlying a single vertebra. Ventral scutes form an equally extensive
carapace covering the underside of the body, and appendicular scutes covering the limbs
are also described for some aetosaur taxa (e.g., Walker, 1961; Heckert and Lucas, 1999).
However, the morphology, variation, and exact distribution of ventral and appendicular
scutes on the body are generally not as well understood, and the dorsal paramedians (and
to a lesser extent, the laterals) are far better known, Aetosaur taxa are generally
diagnosed almost entirely on dorsal paramedian scute morphology.

Determining which scutes come from which area on the body is problematic, and
depends on rare specimens in which the scutes are still articulated. Such specimens

provide a Rosetta Stone for interpreting the scutes of less well-articulated specimens,

7 Following Heckert and Lucas (2000, the term “column” refers to a line of consecutive scutes
running antero-posteriorly down the length of the body (referred to as “rows” by Walker, 1961), wheras a
“row” is a series of scutes running medio-laterally (Sawin, 1947 referred to these as “bands™).
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even ones from different taxa. The interpretation of the placement of scutes on the body
for Typothorax given here is based mostly on information from articulated material for
Aetosaurus, Stagonolepis (Walker, 1961, Case, 1922), and Coahomasuchus (Heckert and
Lucas, 1999). Additionally, the Canjilon Quarry “U” specimen of Typothorax includes
two blocks of roughly articulated scutes (Fig. 4.24), showing the antero-posterior change
in the morphology of dorsal paramedian and lateral scutes in the pelvic and caudal
regions. Some additional hints are also provided by the brief summary of Hunt et al.
(1993) of Typothorax specimen NMMNH P-12964,

The anterior of the two blocks of roughly articulated scutes belonging to the
Canjilon “U” specimen (34255 70/U80; Fig. 4.24a, b) is interpreted as representing the
left side of the pelvic region. It consists primarily of a string of six mostly complete
lateral scutes, with the lateral ends of the articulating dorsal paramedians (the medial
ends are missing) still more or less in place, though all scutes have been very slightly
displaced from their original position. At the posterior end of this string of scutes is a
jumbled mass of scutes and other bone fragments. Facing the same side as the
ventrolateral flange of the lateral scutes is a mass of five scutes interpreted as probably
representing ventral scutes (Fig. 4.24b). This mass of scutes was probably slightly
displaced from its natural position before burial. A possible thigh-region appendicular
scute faces outward on the opposite side of the block (indicated by an arrow in Fig,
4.24a). The rest of this mass of bone seems to consist mostly of fragmentary dorsal
paramedian scutes, although a caudal vertebra and another small scute {not figured)
probably representing a ventral scute are also present.

The posterior of the articulated scute blocks, representing the middle and
posterior part of the tail, is more complete (UCMP V2816 34255 70/U75; Fig. 4.24¢, d).
Both the left and right columns of dorsal paramedian and lateral scutes are at least
partially preserved and in articulation, and ventral scutes are also in place. Twelve right

side dorsal paramedian scutes are almost perfectly articulated, while at least parts of
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Figuie'4:24

“Blaeks with articulated. Typothora coceinarion "13: specimen” seutes (UCMDP: V2816/34255);

pelvic region scute block 34258 70/80 in () dorsatand (b) lefl verromedial views; caidal region seute

“block: 34277 TOAUTS In{c) right dorsolateral and (d) teft ventrolaterdl views. Dashed fines indicate
broken edges, cross hatclting broken bok
“and-cheyrons are whitd; dorsal paramadian scutes medivm gray; latetal soutes dark gray. vortrakand

urtice, and hatching missing bone, Caudal vertebrae

appendicular settes tigh 'ray (thie possible thigh region apipendicutarseite is indicated by an
un-labeled armw) dnd malrix s black. Scald bar= faem,

125




1

3 C 3

5 L1

1 =3

M 3 3

eleven of the adjacent left dorsal paramedians are preserved. Six right laterals and six or
seven left laterals are at feast partly preserved; those adjacent to the posteriormost five
dorsal paramedians are absent on both sides. In dorsal view (Fig. 4.24¢), the left dorsal
paramedians are partly displaced over the right dorsal paramedians, and the lateral scutes
are displaced over their adjacent dorsal paramedians on both sides. Only the proximal-
most ventral scutes are preserved, apparently representing two columns (Fig. 4.24d). The
right column preserves five articulated scutes, the left only three; all of the latter are
slightly displaced from their natural position. The ventral surfaces of the posterior nine

caudal vertebrae are exposed, and the anterior four of these have chevrons still in place.

4.5.1 Dorsal paramedian scutes

The dorsal paramedian scutes of Typothorax coccinarum are characterized by
ornamentation on the dorsal surface that is usually roughly circular or oval, and arranged
randomly rather then in a radiating pattern as in most aetosaurs. The pitting around the
center of ossification is often finer and denser then elsewhere on the scute; this is also
evident in other aetosaurs (including Typothorax reseri; Fig. 2.4). A raised anterior bar
occurs in all the dorsal paramedians, which is broadest (anteroposteriorly) at the
anterolateral and anteromedial corners of the scute. Anterolaterally, the bar projects past
the ornamented region of the dorsal surface; anteromedially, it forms an anteriorly
pointed tip along the straight medial edge. A bar of this form is typical in aetosaurs, and
was overlapped by the proceeding dorsal paramedian. The ornamentation is more
weakly incised or entirely absent just behind the anterior bar. This region is also often
faintly depressed. The medial and lateral edges of the scute do not show the extremely
pronounced tongue and groove articulations seen in the dorsal paramedians of
Desmatosuchus, Longosuchus, and Lucasuchus (Long and Ballew, 1985; Long and

Murry, 1995; Heckert and Lucas, 2000). The dorsal side of the posterior edge is never

beveled or tapering as seen in Paratypothorax and “Tecovasuchus” (Martz and Small, in

prep), although faint beveling of the ventral side of the posterior edge (where it _ l
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overlapped the anterior bar of the following scute) is usually present. This beveled
surface is covered with grooves inclined toward the center of ossification.

The widest scutes in Typothorax have a width/length ratio approaching or
exceeding 4.0, which is unusually wide in aetosaurs (Heckert and Lucas, 2000; Fig. 4.25;
Table 4.8), giving the articulated carapace a discoid outline in dorsal view shared only by
Paratypothorax (Long and Ballew, 1995; Heckert and Lucas, 2000} and “Tecovasuchus™
(Martz and Small, in prep). None of the dorsal paramedian scutes from any region of the
body are as wide in TTUP 9214 as in the corresponding region of the Canjilon specimens
(Table 4.8). It appears that the carapace of the smaller specimen was not as wide as seen
in the larger individuals, probably a feature of ontogeny. The term “width” refers to the
mediolateral Jong axis of a scute, whereas its “length” is in the antero-posterior direction.
For consistency, the width is always measured just behind the anterior bar, and the length
is always measured along the medial edge (Table 4.8). For the sake of clarity, presacral
dorsal paramedian scutes posterior to the cervical region will be referred to as “dorsal
(region) dorsal paramedian scutes™.

In Aetosaurus, Stagonolepis (Walker, 1961), and Coahomasuchus (Heckert and

- Lucas, 1999), several patterns can be seen in the antero-posterior variation in dorsal

paramedians scute morphology that may be plausibly applied here to Typothorax:

1. The dorsal paramedian scutes become increasingly wide (mediolaterally)
posteriorly into the dorsal region, then narrow again into the caudal region,
eventuzally becoming longer (antero-posteriorly) than wide.

2. Posteriorly, the dorsal paramedians also develop more deeply incised
ornamentation, which becomes deepest over the pelvic region.

3. In Aetosaurus and Stagonolepis, the dorsal bosses also become more pronounced

posteriorly.
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Figure 4.25  Dorsat paramedian seide rueasures given in Tables 4.8;

mcasure 4, the thickness across. the center of ossification, 15
not shown but 'was taken-using:calipers from the anerior
edge of tie scute so as to avoid the boss onthe posferior
cdge (if present). '

128




/T3

Table 4.8. Dorsal paramedian scute measurements for Typothorax coccinarum

All measurements are in millimeters, and were rounded off to the nearest millimeter. The measurements are

explained graphically in Fig, 4.25, numbered as below. An “>” indicates that the scute is incomplete, but the preserved
section is at least that leagth,

1 C3 2

31

UCMP V2814
34227 70/Fa55 34227 T0/F59 34227 T0/HS 34227 70418 33227 70/Fas
(Fig. 4.25.2) (Fig.4.25.b. ¢) (Fig. 428, d-h) (Fig. 4.29) (Fip. 432.a. b}
1. Width behind
anterior bar 128 302 353 322 194
2. Distance to
center of
ossification
from medial edge NA 120 145 140 69
3. Length atong
medial edge =50 >74 ~95 >116 >68
4, Thickness at
center of
ossification 8 12 15 19 [
UCMP V2816
34255 70/U75 158670 70/Fa52 TTUP 9214
(Fig. 4.32.¢, d) (Fip. 432¢. ) (Fig. 427.a.b) (Fig. 4.27.¢c. d) (Fig. 4.28 8, ¢)
1. Widith just
behind anterior bar ~88 40 80 100 162
2. Distance to
center of ossification
from medialedge 4] 17 ? 39 66
3. Length along
medial edge 61 ~56 40 ~48 >53
4, Thickness at
center of
ossification 4 4 6 8 10
TTUP 9214
(Fig. 4.30.2) {Fig. 4.33.2) (Fig.4.33 b-d) (Figd 33.¢) (Fig.4.33.D)
1. Width just
behind anterior bar 129 116 91 3l 30
2. Distance to
center of ossification
from medial edge 7 46 40 ? 2
3. Length along
medisl edge ? ~58 =»49 ~29 ~27
4, Thickness at
center of
gsgification 8 7 7 5 4
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These changes can be applied to interpreting the antero-posterior placement of un-
articulated Typothorax scutes. Long and Ballew (1985) assigned the dorsal paramedians

of Typothorax in the same order favored here, presumably based on the same reasoning;

1. Scutes with weak ornamentation and no bosses are interpreted as cervical and
anterior dorsal (region) dorsal paramedians.

2, Scutes with the deepest ornamentation, bosses, and greatest width are interpreted
as mid-dorsal (region) and pelvic dorsal paramedians.

3. For the caudal scutes, more direct evidence of change in the caudal series in
Typothorax coccinarum comes from the posterior articulated tail block of the "U”
specimen (UCMP V2816 34255 70/U75; Fig. 36), and the discussion of caudal
scutes is based mostly on that specimen. These show the expected narrowing of

the dorsal paramedians and weakening of the ornamentation.

4.5.1.1 Anterior cervical dorsal paramedian scutes

The first few cervical dorsal paramedian scutes for 7ypothorax, including the
modified first pair that contacted the back of the skull, are unknown (Long and Ballew,
1985). Although there are a few scutes for TTUP 9214 that seem to be the right size and
shape to have come from the anterior cervical region, they are unlikely to be cervicals
due to the coarseness of the ornamentation compared to those of the posterior cervical-
anterior dorsal region; they are believed to be instead posterior caudal dorsal paramedian
scutes and ventral scutes.

Hunt et al. (1993, p. 209) reported that in NMMNH P-12964, “the neck is
extremely short... The gradual transition between the dorsal and cervical armor by Long
et al. (1989, Fig. 3A) is erroneous... the carapace narrows rapidly in the shoulder region.”
As the dorsal paramedian scutes described below from the posterior cervical and anterior
dorsal region probably were not that far behind the skull, the first cervical paramedians

were probably also anterolaterally curved with extremely faint ornamentation. Long and
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Ballew (1985) suggested that the cervical dorsal paramedians were probably thin rather
then thickened as in Desmatosuchus, and this is supported by the fact that the posterior
cervical and anterior dorsal (region) dorsal paramedians are thinner then those behind.

4,5.1.2 Posterior cervical and anterior dorsal

(region) dorsal paramedian scutes
Unlike those from the posterior part of the column, the dorsal paramedians which

probably covered the posterior cervical and anterior dorsal region (Figs. 4.26, 4.27) curve
anterolaterally. This curvature is likely responsible for the rapid anterior tapering of the
carapace noted by Hunt et al. (1993) in NMMNH P-12964. The two dorsal paramedian
scutes found at the Patricia Site (TTUP 10079) are of this type.

The pitting in these scutes is finer, more weakly incised, and more nearly circular
then in the rest of the presacral dorsal paramedians (Figs. 4.26a, b; 4.27a, ¢). In at least
one of the TTUP 9214 scutes (Fig. 4.27c¢), the pitting is more deeply incised medial to the
center of ossification then lateral to it; this is not clearly evident in the Canjilon Quarry
or Patricia Site scutes. The ornamentation is also less distinct laterally on the scute.

There is no sign of arching at the center of ossification in the narrower {(and
probably therefore more anterior) of these scutes in TTUP 9214, However, some of the
Canjilon scutes (e.g., 34227 70/F59) do seem to show weak arching. In TTUP 9214,
there is a faint hint of the longitudinal ridge seen at the center of ossification seen in the
more posterior scutes.

The anterior bar is strongly thickened and elevated above the ornamented region
of the scute, more so then in the more posterior dorsal paramedians. A strong ventral
keel is present in these scutes (Figs. 4.26¢; 4.27b, d), though not quite as thick as in the
dorsal region. The lateral edges of the scutes are constricted compared to the medial
edges in at least some of the Canjilon Quarry scutes (Fig. 4.26b, c¢), probably to help the
anteriorly curving scutes fit within the rapidly narrowing carapace. The lateral articular

edge is perpendicular to the anterior and posterior edges of the scute.
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Figuwe 4,26  Posterior cesvical-anterior dorsal (region) dorsat paramedian scutes.of.
Typothorax cocelnarum fom Canjilon Quary (UCMP V2816,
{8) right cervicai dorsal paramedian 34227 70/Fas5 in dorsal view; loft
anterior dorsal 34227 70/E59 in (b dorsal and {c) ventral views,
Dashed lines vepresent broken edges and reconstructed areas. Scale bar="10 cm..
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Figure 4.27

. Posterior cervicat-anterior dorsal (region) dorsal pavamedian
sevtes of Bipotiorax coceinaram (TTUP 9244); lefi cervical
dorsal paramedian in (a) dorsaband{b) ventral:views; eight
cervical or anterior dorsal in.(c) dorsal, (d) veritral, and

(#) medial views. Dashed Yines represent broken edges and
Teconstructed ‘areas... Scale bar = 10 om,
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4.5.1.3 Mid-posterior dorsal (region) and pelvic
dorsal paramedian scutes

Posteriorly, the dorsal paramedian scutes become noticeably wider, and lose the
anterolateral curvature so that the long axis of the scutes is more or less straight (Figs.
3.1, 4.28). These scutes show slight arching at the center of ossification in both the
Canjilon Quarry and TTUP 9214 material. However, this arching is more pronounced in
the latter, though not as strongly as in Typothorax reseri (Fig. 3.1). As argued previously,
this arching is believed to be natural (contra Long and Murry, 1995), and the decrease in
arching between smaller and larger individuals may represent aliometric change.

The pitting on the dorsal surface becomes larger, slightly less circular, and deeper
than in the more anterior scutes. In TTUP 9214, the pits appear to be relatively large
compared to the size of the scute than in both the Canjilon Quarry material (Fig. 4.28¢, d)
and Typothorax reseri (Fig. 2.3). In TTUP 9214 the pitting is slightly elongate near the
lateral edge, and in the Canjilon Quarry material the pits are subtly larger and more
irregular in form laterally (Figs. 3.1a; 4.28 ¢, d).

In TTUP 9214, the faint longitudinal ridge hinted at in the more anterior scutes is
distinctly present at the center of ossification in the dorsal (region) dorsal paramedian
scutes. This ridge resembles that present in Aefosaurus ferratus (Wild, 1989). As the
presence of such a longitudinal ridge may be plesiomorphic for actosaurs (Heckert and
Lucas, 1999, 2000), the ridge may represent an ancestral feature present in young animals
that is lost through ontogeny. In the Canjilon Quarry material, a distinctly raised boss
develops for the first in scutes of the dorsal and pelvic region. In some of the Canjilon
scutes, a slightly thickened region or very weakly developed knob is set slightly anterior
to the posterior margin of the scute (as coded in the phylogeny of Heckert and Lucas,
1999). However, in other scutes (e.g., Fig. 4.28d) the boss is slightly more strongly
pronounced and in the form of 2 weak asymmetric pyramid, with the two sides facing
anteriorly and a flat, vertical, posterior side sitting directly on the posterior margin of the

scute (as noted by Long and Ballew, 1985; contra the character coding in Heckert and
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Figure 4.28  Mid-dorsal (yegion) dorsal pasamediah soutes of Typorhoras cocelndrm
TTUP 9214 in {n) venizal, (b) medial, snd (¢) dorsal views; UCMP V2816
34227 T0/H8 in (d) dorsal, (¢) veasial, ¢f) lateral, (g} medinl views, and
(h) posterior cdge at center of vssification, showing boss, Dashed lines
-represent broken ediges and reconstructed areas. Scale'bar.= 10.em,
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Lucas, 1999)."® This difference in boss form and placement between the Canjilon scutes
probably represents change from more anterior to more posterior dorsal paramedians.

The lateral ends of the scutes of the dorsal and pelvic regions are not constricted
as in the more anterior dorsal paramedians, and the lateral edge is not perpendicular to
the anterior and posterior edges. In the Canjilon Quarry material, this edge is straight and
angles posteromedially (Figs. 4.28d, 4.29a). However, in TTUP 9124, it is slightly more
laterally convex (Fig. 4.30c) as in Paratypothorax and “Tecovasuchus™ (Martz and
Small, in prep).

In the Canjilon material, some of the scutes have both a particularly strongly
anterolaterally projecting anterior bar, and a lateral edge which slopes more steeply
posteromedially then in the other scutes (Fig. 4.29; compare with Fig. 4.28). These are
interpreted as representing the posteriormost dorsal (region) or pelvic dorsal
paramedians, placed where the discoid carapace constricts toward the caudal region.
Although only preserving the lateral edges, the dorsal paramedians in the Canjilon “U”
specimen pelvic block (UCMP V2816 34255 70/U80, Fig. 4.24a, b) seem to be of this
type. In TTUP 9214, some dorsal paramedians exhibit the deep ornamentation and
rounded lateral edges seen in the mid-dorsal region, but are narrower then the widest
scutes. These are also interpreted as being posterior dorsals (Fig. 4.30.a, b). These also
have a pointed anterior bar (Fig. 4.30.b).

The ventral keel reaches its greatest thickness in the posterior dorsal (region) and
pelvic dorsal paramedian scutes (Fig. 4.283, ¢; 4.29b). The keel is thickest just lateral to
the line of arching, and flattens out slightly medially and laterally. The condition is
similar in Typothorax reseri, although the reduction of the keel at the line of arching is
more abrupt in that taxon. The keel also behaves similarly in Stagonolepis (it is present

in this taxon, although much less pronounced) and “Tecovasuchus.”

'® ‘The boss is also of this latter form and placement (a pyramid sitting on the posterior margin of
the scute) in Longosuchus and at least some scutes of Stagonolepis wellesi, although it is much more
pronounced those taxa. The boss in never really “conical” in Typothorax as described by Long and Murry
(1985), although in Lucasuchus and Paratypothorax it may be more cone-shaped,
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Figure 4.29  Posterior dovsal (region). dorsal paramedian scrifes of.
Typotharax. coccingrum (UCMP V2816 34227 70/18) in
(@) dorsal, (6) ventral:(¢) lateral, and {d) medial views.
Dashed lines represent.broken edges and reconsiricted
‘ateas.. Scalebar=10em. S '
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Figure 4.30  Posterior dorsal {region) dorsal parmnedian scutes of
Tepothorax coceinarum (TTUP 9214 in dorsat view;.
-(aY almost complete dorsal-paramedian scute, (b).dorsal
-paramedian scuie missing.most of jis medial end,
Scale bar= 10 em.
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Two of the widest dorsal paramedians of TTUP 9214 (Fig. 4.31) seem to be
pathologically fused. In dorsal and medial view (Fig. 4.31a), they can be seen to be two
separate, strongly superimposed dorsal paramedians. Dorsally, they are fused only at the
center of ossification. However, ventraily, they are almost totally fused (Fig. 4.31b), and
only part of the anteromedial corner of the overlapped scute is distinct. They seem to
share a single ventral keel, probably belonging to the anterior (overlapping) scute. In
some ankylosaurs, the scutes of the cervical region usually form “cervical rings” in a
similar manner by fusing the internal surfaces with a thin ossified layer (e.g., Carpenter,
1997a). As this condition has not been reported in other actosaur scutes, the fused scutes
in TTUP 9214 are believed to be pathological. The only other reported pathological
aetosaur scute known to me is SMNS 12958, a specimen of Paratypothorax (Lucas,
2000). This pathology also involves fusion of the dorsal paramedians, although massive
bony overgrowth occurs on the dorsal surfaces of that specimen, possibly due to
infection, that is lacking in TTUP 9214. Lucas (2000) suggested the pathology was a
response to some sort of injury, and this is also a possibility for TTUP 9214; the evidence
of healed fractures in the neural spines of the anterior caudal vertebrae has already been

mentioned.

4.5.1.4 Anterior caudal dorsal paramedian scutes

The caudal dorsal paramedian scutes probably coming from immediately behind
the pelvis are narrowed {mediolaterally) compared to those from more anteriorly, though
they are still wider then long (Figs. 4.32a, 4.33a). The arching at the center of
ossification is well pronounced (Fig. 4.32b). In TTUP 9214, the anterolateral corner of
the anterior bar is pointed rather then rounded, and the anterior edge of the bar flares out
there (best seen in Fig. 4.33b). The ventral strut is reduced or entirely absent in the
caudal paramedians (Fig. 4.33¢), and the scutes are thinner overall then the more anterior

scutes (Fig. 4.33d, Table 4.8). The lateral edge of the anterior caudals is straight in both
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L Figuse 431 I‘nlhnlugmal dorsal pnmmodlan seuies of Tpothorax coechirerim (FTUP 9214) -

in a1 dorsal and ¢b) vontml views. - The edges whers the SCAHCS are distinct bave
— been mﬂusued with 2 biild black linc, ved in ventral view pmt-mnrtcm erncks
in the seutes huve boen ‘llghtl}' ohseuned. Scale bar = 10 em,
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Figiee 432 Caudal dorsal paramedian squtes of Iypmhorw coceinarunt froni Caniilon, Quarry,
petvic or merior caudal dorsal paramedian UCMP. V281634227 70/Fas5 in
(@) dorsal, and (b} posterior views; caudal dorsal paramedian 33255 70/1)75 (from
tail’ b!ock) in (¢} dorsal and (d) posterior views; posierior candal dorsal paramedian
UCMP V2816 [ 58670 70/Fa52 in (e} dorsal; and (f) posterior views. Dashed
fines represent broken edges and feconsisucted areas. Scale bar = 10-cm,
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Figure 433

Caudal dorgal parathedian scutes of qumfhomr coeeinarimr (TTUP 9214); (a) sight
_pelvie of anterior caidal dorsal paramiedian in dorsal view; a fote pmtermr right
caudal doisal paramedian i (b) dorsal, {¢) vential, and (d) medial views; (e) probable
‘posterior right eaidal dorsal paramedmn f dersal - view: probable increasingly
posterior caudal doesal paramedians; (fy and (g) lof, (i) right, Dashed linss Feprosent’
bitken edges and recanstructed-wéeas.. Scale bar.= 10.om:
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the Canjilon and Post Quarry scutes and is neither posteromedially sloping or convex,
making these anterior caudals more subrectangular in shape. In one of the TTUP 9214
anterior caudals, the posterior edge seems to be emarginated at the center of ossification
and boss (Fig. 4.33b); this is not recognized in any others.

In the Canjilon Quarry scutes, the boss is most pronounced and distinctly
triangular in the caudals (Fig. 4.32b, d, f). In TTUP 9214, this boss appears for the first
time in these scutes, being entirely absent in the dorsal region; the bar is generally similar
those in the Canjilon Quarry material in being roughly pyramidal, although the pyramid
is not as pronounced in TTUP 9214, In TTUP 9214, the pyramid grows off the posterior
end of the longitudinal ridge seen in the dorsal region (Fig. 4.33b). The ridge is
otherwise reduced compared to the dorsal region. On the ventral surface of the scutes, a
depression lies immediately ventral to the boss (Fig. 4.33c). This is also usually seen in
other aetosaur scutes when a raised boss is present. The ornamentation is sparser, weaker
and more subcircular than in the scutes of the dorsal and pelvic regions. In TTUP 9214
the ornamentation is faintly radial toward the medial and lateral edges of the anterior
caudals (Fig. 4.33b).

4.5.1.5 Posterior caudal dorsal paramedian scutes

The posterior of the two Canjilon Quarry “U” scute blocks (34255 70/U75)

clearly shows the changes in the dorsal paramedian scutes posteriorly within the caudal
series. These are interpreted as beginning just behind the scutes described above,
perhaps near the middle of the caudal series (Figs. 4.24, 4.32¢). Posterior caudal dorsal
paramedians are not identified with certainty for TTUP 9214, as the best candidates (Fig.
4.33e-i) differ in several ways from those of the Canjilon scute blocks.

The first scutes in block UCMP V2816 34255 70/U75 are almost square (Fig.
4.32¢), only slightly wider then long, and the lateral edge is perpendicular to the anterior
and posterior edges. The scutes continue to narrow posteriorly, and eventually become

longer then wide (Fig. 4.32¢, 1), as is typical in actosaurs (e.g. Walker, 1961). Some of
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these scutes are arched sharply at the center of ossification as in the proceeding dorsal
paramedians (Fig. 4.32d), but the more posterior and narrow scutes appear to be more
smoothly dorsally convex (Fig. 4.32f).

The ornamentation in the Canjilon posterior caudals grows increasingly fainter
posteriorly. Although circular pits are distinct, they become less prominent, and faint
elongate grooves become visible. The triangular boss still is very distinct in these scutes
(Fig. 4.32d, f), though it seems to become somewhat reduced in the posteriormost scutes.
The side of the scute lateral to the center of ossification reduces more rapidly then the
medial side, so that the boss becomes more and more evenly centered on the scute.

Scutes possibly representing the posterior caudal dorsal paramedians of TTUP
9214 (Fig. 4.33¢-1) differ from those just described. These have straight lateral edges and
laterally flaring anterior bars as in the anterior caudal dorsal paramedians of the same
specimen, One has narrowed to become roughly square, and may be from more
posteriorly then the others (Fig. 4.33i). However, these scutes lack any trace of arching

or a boss. An alternate possibility is that these represent ventral scutes.

4,5.1.6 Summary of anterior-posterior changes
in the dorsal paramedian scutes

As with other aetosaurs, the dorsal paramedians of Typothorax coccinarum are
wider than long in the pre-caudal region, and widen gradually posteriorly until reaching
their maximum width around the mid-dorsal region. They then narrow through the
posterior dorsal, pelvic, and caudal regions, eventually becoming longer than wide
somewhere in the caudal series.

Arching is absent in the anteriormost dorsal paramedians, which are flat, but
curve anterolateraily when viewed dorsally. Arching at the center of ossification begins
in the dorsal region. The arching continues into the caudal series, until the scutes start to
narrow, at which point they either loose the arching or reduce it to a gentle transverse

curvature. A ventral keel is present and fairly prominent in the anterior dorsal
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paramedians, and it thickens into the posterior dorsal region. The caudal scutes reduce or
eliminate the ventral keel entirely.

The lateral edges of the anterior dorsal paramedians are roughly perpendicular to
the anterior and posterior edges of the scute. In the Canjilon material, they begin to slope
posteromedially into the dorsal series, with the slope being the greatest in the posterior
dorsal (region) dorsal paramedians; however, in TTUP 9214, the lateral edges instead
become convex in this region. In the caudal series, the lateral edge returns to being
straight and roughly perpendicular to the anterior and posterior edges in all specimens.

The pitted ornamentation is extremely faint and roughly circular in the anterior
dorsal region, and deepens and becomes somewhat more chaotic posteriorly. The
omamentation is deepest around the pelvic region. Posteriorly into the caudal region, the
ornamentation becomes faint again, and is almost absent in the posterior caudals. A
raised boss is absent anteriorly, but develops gradually posteriorly (beginning somewhere
in the posterior dorsal region), and reaches a raised pyramidal form by the anterior

caudals.

4.52 Lateral scutes

Three basic types of lateral scute are recognized in the Canjilon Quarry and Post
Quarry Typothorax coccinarum specimens. Lateral scutes from the pelvic and caudal
regions are known from the articulated scute blocks for the Canjilon Quarry “U”
specimen (Fig. 4.24). The lateral scutes represented in the anterior of these blocks
(34255 70/U80, Fig. 4.24a, b) are considered to be pelvic and immediately pre-pelvic for
reasons discussed below, and those of the following block (34255 70/U75; Fig. 4.24c¢, d)
are caudals. A third type of lateral scute found in the Canjilon material is unfortunately
known only from disarticulated elements. However, as the pre-pelvic and caudal regions
are accounted for, these are assigned by default to the more anterior dorsal and possibly
cervical regions. The TTUP 10070 lateral scute found articulated with the two anterior

dorsal (region) dorsal paramedians is of this last type, supporting the identification.
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Since none of the TTUP 9124 scutes are articulated, they are assigned to various parts of
the body based on their closest resemblance to the three general types of Canjilon Quarry
laterals,

Several general remarks can be made about all lateral scutes of Typothorax
coccinarum known from Canjilon Quarry and the Texas localities. The scute can be
divided into two flanges, usually at an angle to each other; one that faces dorsally, and
another that faces laterally or ventrolaterally depending on how tightly angulated the
scute 15. The exceptions to this are the caudal lateral scutes, which are aimost completely
flat, with both flanges in the same plane. This difference was also noted by Hunt et al.
(1993, p. 209) for NMMNH P-12964, in which “Lateral scutes are flat in the caudal
region and highly arched in the dorsal region™. Between the flanges is a sharp-edged,
dorsally raised ridge, which never forms a laterally projecting horn as in Desmatosuchus,
Longosuchus, Paratypothorax, and “Tecovasuchus.”

The dorsal flange is usually very reduced compared to the lateral flange. Except
in the caudal region, it is also roughly triangular in shape. The adjacent dorsal
paramedian scute articulated with the anterior side of this triangle, while the rest of the
scute posterior to this would have overlapped the following lateral scute. The length of
this anterior articular edge relative to the rest of the dorsal flange tends to increase
posteriorly, meaning the amount of overlap between lateral scutes probably decreased
posteriorly in Typothorax. The dorsal flange has broader pits then the lateral flange.

On the larger lateral flange, a raised anterior bar is present along the anterior edge
(as in most actosaurs), which extends only a little or not at all onto the dorsal flange.

This bar is usually oriented more or less vertically (as in most aetosaurs) or slopes
slightly ventroanteriorly. This differs from Paratypothorax and Tecovasuchus, in which
the lateral flange is extremely elongate and the anterior edge slopes ventroposteriorly.
The posterior edge of the lateral flange in Typothorax usually slopes at least slightly
posterodorsally, so that in lateral view the scute seems to point posteriorly.

Ornamentation on the lateral flange is faintly pitted posteredorsally on the “pointed”
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region, and usually along the posterior edge, with elongate grooves (which may be very
faint) radiating anteriorly and anteroventrally away from this area across the rest of the
flange. This is contrary to Long and Ballew (1985, p. 51) who stated that the
ornamentation shows “little or no radiating pattern.” The grooves are much more
prominent in TTUP 9214 than in the Canjilon material. These grooves sometimes
contain deeper and more rounded pits set within them, as seen in Stagonolepis and

“Tecovasuchus.”

4.5.2.1 Cervical lateral scutes

No articulated cervical lateral scutes are known with certainty for Typothorax, but
several isolated actosaur lateral scutes were tentatively assigned to that region by Long
and Ballew (1985) and Long and Murry (1995). However, at least one of these
fragmentary “cervical” lateral scutes, UCMP V82271 126862 from Petrified Forest
Naﬁional Park, is clearly the boss of a pre-pelvic lateral scute of Typothorax.

The best preserved of these “cervical” lateral scutes, UCMP V82240 126809
(Long and Murry, 1995, fig. 101), is distinctly different from any of the lateral scutes
known from Canjilon Quarry. It most closely resembles the lateral scutes of
Paratypothorax and “Tecovasuchus” in having a very prominent laterally projecting
horn, a dorsal flange that is a dorsoposteriorly projecting tongue, and very tight flexion
between the flanges. Incidentally, these same features are found in MNA PL. 3000,
assigned by Long and Muirry (1995) to the cervical region of Stagonolepis wellesi.
Heckert and Lucas (1999) questioned the association of these scutes with Stagonolepis
material, and until the locality data for these types of lateral scutes can be scrutinized
more carefully, their assignment to Paratypothorax, “Tecovasuchus,” or a closely related
taxon seems most likely (Martz and Small, in prep). It is also suggestive that no lateral
scutes of this type are known from the Canjilon Quarry material or TTUP 9214. The
TTUP 10070 lateral scute, probably from the posterior cervical or anterior dorsal region,

fits the description of a typical dorsal region lateral given below. It seems unlikely that
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the scute morphology would shift so drastically from the first few laterals. The anterior

cervical lateral scutes of Typothorax were likely similar to those of the dorsal region.

4.3.2.2 Anterior dorsal (region) lateral scutes

The lateral scutes in the Canjilon Quarry material and TTUP 10070 assigned to
the dorsal (and possibly cervical) region are fairly consistent in form (Fig. 4.34, 4.35).
The angulation between the dorsal and lateral flanges is at about 90 degrees, forming an
inverted “L” when viewed anteriorly or posteriorly (Fig. 4.34d, h). In TTUP 9214, the
contact between the flanges is more smoothly curving rather then sharply flexed, so that
the scute resembles a an inverted “J” instead of “L” (Fig. 4.35d, g).

In the Canjilon Quarry dorsal region laterals, and most of those of TTUP 9214,
the dorsal flange is in the form of a triangle, which is often nearly symmetrical (Fig.
4.34c, g, 4.35c). The line of angulation forms the wide base of the triangle, and the apex
of the triangle points medially. The articulation with the adjacent dorsal paramedian is
the anterior edge of this triangle and is straight, as noted by Long and Ballew (1985).

The lateral flange is quadrilateral in lateral view (Fig. 4.34a, e; 4.35a, ), though
none of the sides are exactly parallel. The dorsal edge is formed by the line of
angulation. The posterodorsal sloping of the posterior edge is very pronounced,
particularly in the Canjilon Quarry material. The ventral edge is usually almost
horizontal, and the anterior edge (bearing the anterior bar) is roughly vertical. In TTUP
10070, the anterior bar of the lateral scute is very thick compared to the Canjilon
material. It is not clear if this is a feature of variation along the column, or variation
between individuals. The ornamentation on the lateral flange is fainter in the dorsal (and
immediately pre-pelvic) laterais then in the caudal laterals in the Camilon Quarry scutes
(Fig. 4.34a, e). However, it is just as strong as in the same region in TTUP 9214, and the

lateral flange 1s also distinctly more elongate (Fig. 4.35a, €).
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Figure 4.34  Dorsal region lateral soutes of Bipothorae coceinarum from Canjilon Quarry;
right lateral UCMP V2816 34227 70/Fa53 in (a) lateral, (b) medial, {c) dorsal,
and (d) anterior views; left lateral 34227 70/Fa5$ in (v} lateral, (f) medial,

(g) dorsal, and (h) anterior views. Dashed ties represent broken bone edges
and reconstructed areas. Scale bar = 10 ¢m.
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Figure 435  Dorsal Interal scutes of Typothorax coccinarum (TTUP 9214); right lateral
scute in (a) lateral, (b) medial, {c) dorsal, and (d) postetior views; more posterior
left lateral scute in (e} lateral, (f) dorsal, and (g) posterior views, Dashed lines
indicate broken bone surface and reconstructed areas. Scale bar = 10 cm.
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In the Canjilon Quarry material, the ridge at the line of angulation is distinct and
sharp-edged, rising to become most prominent about mid-way along the length of the
scute before subsiding to the posterior edge (Fig. 4.34a, b, e, f). The ridge is oriented
vertically, in the same plane as the lateral flange (Fig. 4.34d). The ridge is less prominent
and not as sharp in TTUP 9124 (Fig. 4.35d, g).

In the 70/U80 material are several isolated lateral scutes, which have greatly
enlarged triangular dorsal flanges with prominent ornamentation at the line of angulation
as in the immediately pre-pelvic laterals, but lateral flanges more like those just
described. Presumably these are intermediates between the anterior dorsal and
immediately pre-pelvic lateral scutes. These scutes, as well as the pre-pelvic laterals,
probably articulated with the posterior dorsal (region) dorsal paramedians (Fig. 4.29); the
dorsal flange would need to be enlarged to lengthen its articular edge to match that of the
dorsal paramedian of that region. Some lateral scutes from TTUP 9214 are likewise
probably intermediate between the anterior dorsal and pre-pelvic regions (Fig. 4.35¢-g),
with a slightly reduced lateral flange and a more tongue-like dorsal flange (see below),

although the flexion between flanges is still about 90° (Fig. 4.35g)

4.5.2 3 Pre-pelvic lateral scutes

In Stagonolepis and Aetosaurus, the lateral scutes of the posterior dorsal region,
immediately before the pelvis, have lateral flanges that are “contracted”, so that the two
flanges are of almost equal size, and the angulation between the flanges also becomes
tightest (Walker, 1961). In the first lateral scutes of the Canjilon “U” Typothorax
specimen proximal tail block (Fig. 4.24a, b), and other isolated Canjilon scutes, the
lateral flange is strongly reduced, and there is much tighter angulation than both the
anterior dorsal region lateral scutes and the following caudals (Fig. 4.36). They are
therefore inferred to also represent immediately pre-pelvic laterals. This assignment is
supported by the fact that these scutes articulate with posterior dorsal (region) dorsal

paramedians with very elongate and strongly sloping lateral edges (Fig 4.24a), and the
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Figure 436 Pelvic area lateral scutes of Typothorax coccinarum from Canjiton Quarry; right
immeditely pre-pelvic lateral scute UCMP V2816 34227 70/Fa54 in (a) ventrolaterat,
(b) dorsal, and (c) anterior views; incomplete lefl immediately pre-pelvic lateral
scute {missing most of lateral flange) in (d) ventrolateral, (e} dorsal, and (f) anterior
views; thigh? region Yateral scute 34227 70/Fa53 in (g) latersl, (h) medind, (i} anterior, and
(j) dorsal views. Dashed lines indicate broken bone surface and reconstructed areas.
Scale bar = 10 cm.
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block (70/U80) exhibiting this type of lateral scute also contained the left illium and hind
limb (Table 2.1). Some of the TTUP 9214 laterals show a similarly reduced lateral
flange (Fig. 4.37), and are interpreted as being from the same region although there are
important differences.

In the Canjilon Quarry pre-pelvic laterals, the dorsal flanges are extremely large
(almost as large as the lateral flange), strongly triangular, extremely thick, and covered
with very broad pitted ornamentation (Fig. 4.36b, ¢). The anterior edge of the triangle,
which met the dorsal paramedian, is faintly beveled. These scutes are so tightly
angulated that the dorsal flange approaches being parallel to the lateral flange, making
the scute resemble a “V> in posterior view rather then an “L” as in the dorsal region (Fig.
4.36e, f). However, in TTUP 9214 the dorsal flange differs in form and orientation.
Rather then being large and roughly triangular, the dorsal flange is a thick,
posteromedially projecting tongue, with the articular surface being concave rather then
straight and running most of the length of the scute (Figs. 4.35f, 4.37b}); a dorsal flange of
similar form is found in Paratypothorax and “Tecovasuchus” (Martz and Small, in prep).
Also, in TTUP 9214 the tight angulation between the pre-pelvic lateral scute flanges is
not seen, and the angulation is actually more obtuse than seen in the dorsal region laterat
scutes (Fig. 4.37d).

In the Canjilon Quarry pre-pelvic laterals, the lateral ridge at the line of flexion is
more pronounced and sharp-edged than anywhere in the colummn. ‘The ridge thickens
posteriorly, forming a posteriorly flattened boss not dissimilar to the pyramidal bosses on
the dorsal paramedians. These bosses project posterolaterally when the lateral scutes are
in articulation (Fig. 4.24a, b). The boss is not posteriorly emarginated as the horns of
Paratypothorax and Longosuchus are (Long and Murry, 1995). Neither the ridge nor the
boss is as pronounced in TTUP 9124,

In addition to the lateral flange being reduced, the ventral and posterior edges are
not distinct, but form a smooth, continuous curve that slopes strongly posterodorsally in

both the Canjilon and Post Quarry material (Figs. 4.36a, b; 4.37a, ¢). In the Canjilon
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Figure 4.37  Pelvic area lateral scutes of Thpothorax coccinaritm (TTUP 9214); right immediately
pre-pelvic fateral scule in (a) lateral, and {b) dorsal views; another right immediately
pre-pelvic Tateraf in (c) lateral, and (d) anterior vicws; thigh? region right lateral scute in
() lateral, (f) medial, and {g) posterior views, Dashed lines represent broken bone edges
and reconstructed aress. Scale bar = 10 om.
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material, the lateral flange has radiaﬁng grooved ornamentation that is more deeply
incised than in the more anterior lateral scutes (and often contains deeper pits set within
them), and these deep grooves continue into the caudal laterals. The ornamentation is
also strongly incised in TTUP 9214 (though as already noted, the oramentation in the
more anterior laterals is just as deep). In both the Canjilon Quarry material, the anterior
edge (and anterior bar) is greatly shortened (Fig. 4.36a). However, in TTUP 9214 the bar
1s not oriented vertically, but projects antero-ventrally (Fig. 4.37a, <) as in Stagonolepis
(Walker, 1961, fig. 20h).

Lateral scutes transitional between those of the pre-pelvic and anterior caudal
regions can be observed in the “U” specimen pelvic region block (Fig. 4.24b; indicated
with an arrow), and in isolated Canjilon scutes (Fig. 4.36g-j). These are interpreted as
coming from about the thigh region. In the Canjilon material thigh scutes, the arching
between the flanges is reduced, so that the angle between them is back to being about 90°
as in the dorsal region. The dorsal flange is still triangular in form, but the triangle is
strongly asymmetric, with the anterior (articular) edge being much longer and steeply
inclined {Fig. 4.36j). The lateral flange becomes enlarged again, approaching the more
equant shape seen in the caudals, but the comer between the ventral and posterior edges
are still smoothly rounded. The anterior bar is taller then in the pre-pelvic region and
projects slightly anteroventrally. TTUP 9214 also has at least one scute probably
preserved from this region (Fig. 4.37e-g), which is basically similar to that just described
except that the lateral flange is taller, and the angle between the flanges is very obtuse
(Fig. 4.37g).

4.5.2.4 Caudal lateral scutes

The caudal lateral scutes are similar to those seen in most aetosaurs, and are more
similar between the Canjilon Quarry and TTUP 9124 material than the other laterals (Fig.
4.38). There is almost no flexion between the dorsal and lateral flanges. The flanges are

at almost 180° to each other, essentially forming a nearly flat plate (Fig. 4.384, £, h, )).
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Figure 4.38  Caudsal lateral scutes. of Topothorax coceinarum; lefl Tateral caudat Scutc LICMP.
V2816 34227 T0/C18 in (a) Jateral, (b) medial, () dorsal, and (d) pmteraor views;
toft fatoral caudal scute 158668 70/Fas0in (g) laferal, and (f) posterior views;
posterior rlghl lateral? caudal scage 1586’?0 TOIFp52 in (g} katera), and (h) posterior
views; TTUR 9214 caudal lateral scule in (i) Jateral and (j) pos(erlor vigws;.

(k) another TTUP 9214 fight lateral caudal scute in lateral view, Dashed lines
mdlcate broken bone edges and reconstructed areas, Seale bar = 10.om,
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Consequently, both flanges face laterally (Fig. 4.38a, ¢, g, i, k); however, the flange that
articulates with the dorsal paramedian will still be referred to as the “dorsal” flange for
consistency. The caudal lateral scutes are almost quadrangular in lateral view.

The dorsal flange in the caudal laterals is a roughly vertical, anteroposteriorly
elongate rectangle rather then triangular, with the articular edge for the dorsal
paramedian running the length of the scute, parallel to the line of angulation (Fig. 4.38a,
¢, g 1, k). Consequently, the laterals probably did not overlap strongly. The anterior bar
continues smoothly onto the dorsal flange. The ornamentation is still distinctly pitted on
the dorsal flange, although it is fainter than seen in the sacral region, and some faint and
posterodorsally trending grooves may also be seen in the Canjilon Quarry material
(4.38a, e, ). On an isolated lateral scute that may be from very far posterior on the
caudal series (Fig. 4.38g), both flanges slope posteriorly to meet the boss,

The ridge extending between the flanges is still present. However, it is not as
pronounced or sharp edged as seen in the pre-pelvic and dorsal lateral scutes, being much
fainter in the Canjilon caudal lateral scutes then in those of TTUP 9214 (Fig. 4.38;, k).
Posteriorly, the ridge still thickens into a pointed boss, though the boss 1s not as
pronounced as in the pre-pelvic scutes. On the posterior caudal lateral scute (Fig. 4.38g,
h), the boss is very prominent, like the pyramidal bosses on the posterior dorsal
paramedians.

The lateral flange is broad and almost square or rectangular, except that the
anterior and ventral edges are still joined by a rounded corner, more strongly in TTUP
9214 then the Canjilon scutes (Fig. 4.38a, b, e, 1, k). On the lateral flange, the
ornamentation is extremely distinct, with strong, deeply incised arcuate grooves curving
away from the boss anteroventrally. The area around the boss and the posterior margin

of the flange is pitted, with the pits around the boss being very fine.
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4.5.2.5. Summary of anterior-posterior changes in the lateral scutes

The dorsal flange is triangular in the pre-caudal lateral scutes of Typothorax
coccinarum. In adult material, it is roughly a symmetrical triangle in both the dorsal and
immediately pre-pelvic region. However, in TTUP 9214, it becotnes more of an
asymmetric, posteriorly projecting tongue to fit the convex lateral edges of the dorsal
paramedians. In the caudals, the dorsal flange becomes more of an elongate rectangle.
This change has the effect of consistently decreasing the degree to which the laterals
overlapped those immediately behind them from the more anterior to more posteriorly
laterals. The dorsal flange also grows somewhat larger and thicker posteriorly into the
immediately pre-pelvic series, then reduces and thins again in the caudals.

Angulation between the dorsal and lateral flanges is at about 90° in the dorsal
laterals. This angle becomes much more acute in the immediately prepelvic laterals of
adult material, but more obtuse in TTUP 9214. 1In the caudals, the angle is almost 180°,
so that the entire scute is basically a flat plate. The ridge at the line of angulation ts
distinctly sharp edged and parallel to the lateral flange in the pre-caudal laterals; it
becomes the most prominent in the immediately pre-pelvic lateral scutes. In the caudals,
it becomes a much weaker ridge.

The lateral flange is larger than the dorsal flange in the anterior dorsal region,
where it is quadrilateral, with a sharp corner between the ventral and dorsoposteriorly
inclined edges. The lateral flange is strongly reduced in the immediately pre-pelvic
region, and the ventral and posterior edges become a single, smoothly curving, steeply
inclined edge. The lateral flange then grows again into an almost square plate in the
caudals, though the corner between the ventral and now nearly vertical posterior edges is
still well rounded. As with the dorsal paramedians, the ornamentation becomes
increasingly deeply incised posteriorly, being the deepest in the caudal scutes in the

Canjilon material (in TTUP 9214, it remains deep throughout).
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4.5.3. Appendicular scutes

As mentioned previously, adequate descriptions and illustration of appendicular
and ventral scutes are relatively uncommon. At least some information is provided for
Longosuchus (Sawin, 1947), Stagonolepis (Walker, 1961), and Coahomasuchus (Heckert
and Lucas, 1999), and the interpretations here are based largely on those taxa. However,
these interpretations should be taken with extreme caution, especially since little or no
information is available on the position of these scutes in-situ in 7ypothorax itself.
Although none of these osteoderms are likely to be dorsal paramedians or laterals, some
scutes identified as being appendicular ma§ be ventral, and vice versa. Certainly, many
of the scutes tentatively assigned to one category resemble others assigned to the second.
Hopefully, information on better-articulated material (e.g., Hunt et al., 1993; Hunt, 2001)
will shed light on the placement of these scutes in Typothorax.

Several scutes are known for the UCMP material that are probably appendicular
{Fig. 4.39d-h}. They are identified as such by being rounded or faintly polygonal, with
little or no trace of anterior bar, suggesting they were probably “free floating” in the skin
and not articulating with other scutes. The ornamentation on the external surface of
these scutes is deeply pitted, as with the dorsal paramedians. One of these found in grid
square 70/L, possibly belonging to the large “U” specimen (Fig. 4.39.h), is especially
thick,

Possible appendicular scutes for TTUP 9215 (Fig. 4.39i-1) also have irregular
shapes implying they were not in close contact with other scutes, though they are
generally less rounded then the Canjilon Quarry scutes. These TTUP 9214 scutes have a
longitudinal raised ridge similar to those seen on the dorsal paramedian scutes of the
same specimen, often drawing the posterior edge of the scute into a sharp point. These
scutes are somewhat similar to the thigh region scutes described for Stagonolepis by
Walker (1961, fig. 20m-0), and may be from that region.

Other scutes with odd shapes may also be interpreted as appendicular scutes of

the thigh region, if only because they taper slightly posteriorly. The only scute of this
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Figure 439 Appendicular scutes of Thpothorax coccinarun; possible thigh appendicular sentes
in externa! view (f) 34255 T0/AV80 (indicated by an atvow in Fig. 4.24.a), and TTUP
9214 in (b) external and {c) internal views; free-floating appendicutar scute UCMP
V2816 158675 T0/Fa53 in (d) external, and () edge-on views: other UCMP V2816 fiee-
floating appendicular scutes, all in externat view: () and (g) both 158675 70/Fa53,
h} 34227 T0/L3, i1} possible free-floating appendicular scutes from T TUP 9214
it external view. Dashed lines indicate broken bone edges. Scale bar = [0 cm,
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form recognized in the Canjilon material is part of the anterior articulated scute block
from the “U” specimen (Fig. 4.39a; indicated with an arrow in Fig. 4.24a). This scute has
strongly radiating ornamentation anteriorly, and a ridge that originates slightly off center
at the anterior bar and grows into a prominent boss at the tapered posterior edge of the
scute.

A possibly homologous scute from TTUP 9214 (Fig, 4.24b, ¢) has an anterior
edge that fapers to a point rather then being smoothly rounded, and does not taper as
strongly posteriorly. The oramentation is more distinctly pitted, and a raised ridge also
originates slightly off center on the anterior bar, and trends somewhat diagonally to one
of the posterior corners of the scute. On the internal side of the scute is a strongly
depressed triangular area on the same corner (indicated by an arrow in Fig. 4.24c), which

may have overlain part of the anterior bar of a similar scute.

4.5.4. Ventral scutes

Ventral scutes from the caudal region are in place in the tail blocks of UCMP
V2816 34255 (Fig. 4.24¢, d), and other isolated scutes of the same form are known for
the UCMP material (Fig. 4.40b, ¢) and TTUP 9214 (Fig. 4.40a). These scutes are almost
square and gently curved transversely. The anterior bar is thin, more so in the Canjilon
scutes then in TTUP 9214. A faint hint of a longitudinal ridge extends down the middle
of the scutes. The ornamentation is very faint and almost completely indiscernible in the
Canjilon scutes, consisting of a few fine pits, set within faint grooves; the ornamentation
is similar but somewhat more deeply incised in TTUP 9214. In the tail block (Fig.
4.24d), there appear to be four columns of ventral scutes; two along the midline in which
the scutes are roughly square, and two with slightly narrower scutes on either side. These
did not appear to have made contact with the caudal lateral scutes, though the more
posterior ventral scutes may have as in Stagonolepis (Walker, 1961).

Other probable isolated ventral scutes occur in the Canjilon material. One,

resembling the ventral caudals just described in being almost square and having a very
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Figure 440  Ventral scutes of Typothorar coccinarum. Ventral caudals (a) TTUP 9214;
UCMP V2816 34227 T0/F50 in (b) external, and {c) antertor views; uther likely
ventral scutes from UCMP V2816, (¢) 158675 70/Fa53 in external, and (F) posterior
views, (g) 158670 70/Fa52 in externsil and (h) posterior views; possible ventral
scutes from the perimeter of the ventral carapace, all in external view, (i) 34255
70080, (§) 138670 70/Fa52, (k) 158675 70/Fa53, {I} and {m) both TTUP 9214; {0)-
{r) are other weird TTUP 9214 ventral? scutes, all in external view. 1Dashed tines indicate
broken bone edges, blackened arcas represent matrix. Scale bar = 10 em,
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thin anterior bar and faint ornamentation radiating from the middle of the scute (Fig.
4.40d), was found associated with the anterior articulated scute block and may be from
the belly or cloacal region. Another (Fig. 4.40¢, f) is wider with slightly deeper
ornamentation and a thickening in the middle, but also has a very thin anterior bar. Yet
another (Fig. 4.40g, h), which is much longer then wide, has extremely faint
ornamentation and a barely discernable longitudinal ridge, and may be a ventral scute
from the extreme posterior end of the tail.

Other odd scutes from both the Canjilon and Post Quarry specimens are harder to
identify, but they do not appear to be recognizably dorsal paramedian, lateral, or
appendicular scutes and so may be ventral by default. One variety of these is seen in the
anterior “U specimen” tail block (Fig. 4.401 and on the far right of Fig 4.24b) and other
isolated fragmentary scutes (Fig. 4.40j-1) may be of the same type. These are longer then
wide, with a rounded anterior edge, radiating and pitted ornamentation, and a strong
ridge that rises posteriorly from the anterior bar, drawing the posterior edge into a slightly
pointed tip. At least some (Fig. 4.40i) seem to be asymmetrical, faintly convex on one
side and faintly concave on the other, which is nearest the ridge. Possibly homologous
scutes from TTUP 9214 (Fig. 4.40m, n) share this odd asymmetry. Walker (1961, fig.
21) illustrates the scutes forming the perimeter of the ventral carapace as having a
roughly similar shape, and these scutes may be from this region.

Many other odd scutes are known from the TTUP 9214 (Fig, 4.400-s), which
somewhat resemble the asymmetric ones just described in being longer then wide and in
having a raised ridge that runs close to one edge, although in some it cuts diagonally
across the external surface of the scute. One type (Fig. 4.400) is extremely elongate
compared to its width; it is about as long as the asymmetric scutes just described, and
may have articulated with them. These odd scutes are likely to be ventral scutes as well.
Another possibility is that some are dorsal paramedians from the extreme posterior end

of the tail.
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4.6 Skeletal and carapace reconstructions

Figure 4.41a shows a composite skeletal reconstruction of Typothorax
coccinarum, mostly modeled (and scaled) after TTUP 9214. Material from TTUP 9214
is light gray, material based on other Typothorax specimens is dark gray, and blackened
areas are based entirely on other actosaurs. This reconstruction gives some idea of how
much material is known for Typothorax coccinarum between the Canjilon Quarry and
Post Quarry material. Most of the skull is unknown, but based on the slenderness of the
dentary the snout is shown as being similarly gracile. The vertebral counts are estimated
for the cervicals (9), dorsals (16), sacrals (2), and caudals (~30-40) based on Stagonolepis
(Walker, 1961), Longosuchus (Sawin, 1947), and Coahomasuchus (Heckert and Lucas,
1999). The length of the tail is based on the statement by Hunt et. al (1993) that the tail
in NMMNH P-12964 is about half the total length of the animal; the resultant estimated
total length for TTUP 9214 is just under two meters. Ribs are known for TTUP 9214,
but are extremely fragmentary.

The armor reconstructions for TTUP 9214 (Fig. 4.41b, ¢) are based on
considerably more extensive material. Assuming that each pair of dorsal paramedian and
lateral scutes corresponded to a single vertebra, and the assignment of the different scute
morphologies to different areas of the body is correct, the shape of the carapace (Fig.
4.41c¢) is not much more expanded then that of Stagonolepis (Walker, 1961), or
Coahomasuchus (Heckert and Lucas, 1999), aithough it has been reconstructed without a
waist. In lateral view (Fig. 4.41b), the arching of the dorsal paramedians is more evident,
and the changes in lateral scute morphology (including the reduction in overlap), can be
seen. The rest of the lateral view life reconstruction must be taken with a grain of salt;
little is known about the distribution of ventral and appendicular scutes at this time, and

their placement is mostly hypothetical.
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Figure 4.41  Reconsiructions of Typothorax coccingrun (TTUP 9214Y, (a) skeletal reconstruction, elements
in light gray present in TTUP 9214, elements in dark gray based on adult material from Canjilon
Quarry, elements in black based only on other actosaur taxe; (b) lateral view of ife reconstruction,
{(c) dorsal view of reconstructed carapace. Scale bar = .5 meters,
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CHAPTER 5
ONTOGENETIC CHANGE IN TYPOTHORAX COCCINARUM

3.1 Ontogenetic versus static allometry
As noted by Gould (1971 p. 116) and Chevaud (1982), when looking at

individuals assumed to belong to the same species, it is important to distinguish between

ontogenetic and static allometry. A static allometric regression includes only
information on animals at the same stage of growth (such as fully grown adults). Static
allometry for animals in the same species (intraspecific static allometry) may be used to
establish or describe sexual or population differences."” However, a static intraspecific
allometric regression may fall along a different trajectory than the allometric path taken
by the same animals as they matured, referred to as onfogenetic allometry. Variation
occurs in the ontogenetic slopes and intercepts of different individuals, and the
ontogenetic path of the larger adult individuals in a population did not necessarily pass
through forms identical to the smaller aduits in the population. Ontogenetic allometry
may be procedurally distinguished from static allometry in that the former includes
measurements of a// known individuals in a population, and therefore should more
closely approximate the average ontogenetic path of its individuals, then the latter
(Chevaud, 1982).

In the case of Typothorax, distinguishing fully mature from immature animals is
difficult or impossible. The primary reason for this (small sample size aside) is that that
aetosaurs, like most reptiles, probably had indeterminate growth. Therefore, barring
sexual differences, all scaling differences within a species with indeterminate growth
should be more or less ontogenetic, as “fully grown” individuals do not exist. Given the
small available sample size of specimens with good skeletal material, it is not currently

feasible to explore the possibility of sexual dimorphism using statistical techniques. The

'* Static atlometry describing individuals at the same stage of growth in different species is referred
to as static inferspecific allometry.
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assumption that sexual dimorphism is not potentially responsible for scaling differences
in Typothorax is a serious one, especially considering that size-related sexual
dimorphism has been reported or suggested for other pseudosuchians, including extant
crocodilians, phytosaurs (Zeigler et al., 2001), rauisuchians (Jonathan Weinbaum,

personal communication, 2002), and the aetosaur Stagonolepis (Walker, 1961).

5.2 Bivariate allometry

Simple bivariate allometry is a common tool in the study of both extinct (e.g.,
Brower and Veinus, 1981; Gatesy, 1991; Brochu, 1992) and extant vertebrates (Dodson,
1978; Chevaud, 1982), but multivariate techniques {¢.g., Houk et al., 2000; Strauss et al.,
in press) have only recently become commonly utilized. Multivariate techniques (such as
principal component or discriminate analyses) have an advantage over bivariate
techniques in that they can consider the interrelationships of several variables
simultaneously, unlike bivariate analyses, which can only compare two at a time.
However, when the number of variables measured is greater then the sample size (as is
often the case with extinct vertebrates), this advantage is strongly curtailed, and the
results less reliable then those obtained using bivariate techniques (Rich Strauss, personal
communication, 2001).

Bivariate analyses make use of Huxley’s equation

Y =aXx*

where Y and X are two variables whose reflative growth is being considered, and
k is the allometric coefficient that determines which variable increases at the greater rate.
A value of “1” for the allometric coefficient represents isometry, meaning the X and Y
variables grow at the same rate. If the Y variable grows more slowly. then the X

variable, the allometric coefficient is less then 1. If the Y variable grows more quickly,
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the allometric coefficient is greater then one. A regative allometric coefficient indicates

that the Y variable is actually decreasing in size.*

Huxley’s equation can be log transformed to linearize it, becoming;

log Y= (log a) (k)(logX)

Making the equation represent a straight line is useful, as the slope of the regression
represents the allometric coefficient, k. This study will use bivariate analysis of log-
transformed data, with the allometric coefficient extracted from the linearized equation.
The largest number of measurements available for any elernents in Typothorax
coccinarum is for the femur and tibia (Tables 4.5. and 4.6, Fig. 4.13). Two types of
bivariate analysis were conducted using these elements. In both types, the R? values
(representing the correlation between the variables) measure how well the points fit the
regression, and these results were tested at the 95% significance level (p-value = .05).
In the first plot, (log squared) lengths of the femur and tibia were plotted against
each other. The regression considered the relative change in length between these two
elements. The tibia was chosen as the X variable, so the allometric coefficient is a
reflection of the rate at which the femur increases relative to the tibia. The second type
of regression considered bivariate allometry of various log-squared measurements within
the femur and tibia. However, since the two bones were not to be plotted against each

other (as in the first regression), a new X variable or variables needed to be selected.

5.3 Size scores of the first principal component
as the bivariate X variable

For the regressions only considering measures for the femur or tibia, an X
variable that is unique for each specimen needed to be selected. This X variable is

usually meant to represent some overall measure of body size. Examples in the literature

 The exact meaning of “a” is not agreed upon, although Gould (1971) emphasizes that it is not
size independent as is often claimed, and actually represents & size factor.

168



| S

) o,/ O 3

.

—t =]

) .0 .3

RN S S

]

\C:]MLPJ

include skull length (Dodson, 1978), total hind limb length (Gatesy, 1991), femoral
length (Houck et al., 1989; Gatesy, 1991), the mass of the living animal (Brower and
Veinus, 1981), the geometric mean®' (Brochu, 1992), and first principal component, or
“PC1” (Houck et al., 1989). Of these, the geometric mean and PC1 are the best estimates
of overall body size, as they are composites of several different measures.

Principal component analysis (PCA) is essentially an extension of bivariate
regression, except that while in bivariate analysis only a single axis is found for a single
pair of variables, in PCA a separate axis is found for every possible pair of multiple
variables. PC1 is the axis representing the maximum amount of variance in the data
(successive PCs are ranked in order of the remaining variance that they account for). In
PCA, the loadings of each character on the PCs are used directly to describe variance. As
previously mentioned, PCA is less reliable then bivariate regression when the number of
variables considered exceeds the sample size. However, the PC1 can still be calculated,
and the size scores on it for each specimen applied to bivariate analysis as the X variable
representing overall body size. Essentially, a single measurement (such as femur length)
used as the X vartable in most bivariate analyses is combined with other measures to give
this composite X variable.

An important difference between using the PC1 in multivariate and bivariate
analysis needs to be clarified. In multivariate analysis, it is important to report the PCs
accurately, using all available character measurements, as information regarding
variance is extracted from them. However, as the X value in bivariate analysis, the PC1
is merely a standard size measure, and it is more important that the PC1 account for as
high a percentage of the total variance as possible. Therefore, it 1s acceptable to drop
characters from being calculated in the PC1 in order to boost its percentage of the total

variance.

% The geometric mean for a specimen is the nth root of the product of it measurements: gm =
() X{mp)(ms). .. (my)] (Brochu, 1992).
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Gatesy (1991, p. 84) noted that ... a multivariate estimate of size would require
the preservation of other skeletal elements in fossil taxa that would severely limit the
data set.” This is often the case in fossil vertebrates, which are usually so incomplete
that a limited number of skeletal elements are available. However, this difficulty can be
reduced by applying regressions to a single fype of element (as is done here using only
the femur and tibia), and using only the PC1 calculated using measurements for those
characters only. For example, if allometric growth is only considered for measures of a
humerus in a taxon, the PC1 can be calculated by combining only the humerus measures
for all specimens. In this way, it doesn’t matter if other elements for the various
specimens examined are missing, or even if some bones are isolated elements. However,
it is required that all the same humerus measures be used for all the specimens in
calculating the PC1, which can still be problematic if the elements themselves are
incomplete.

Allometric growth is described here for each of the different dimensions of the
femur and tibia, plotted against the size scores for each element on the PC1 for the femur
or tibia. In calculating the first principal components for the two bones, certain measures
were omitted to raise the PCls as high as possible. Then, for each character, the size
scores for each specimen on the PC] value were plotted against the actual (log
transformed) measures to obtain a major axis regression. Again, the slope represents the
allometric coefficient, the R? values measure how well the points fit the regression, and

the results were tested at the 95% significance level (p-value = .05).

5.4 Reconstructing missing data

Before calculating the PC1s for the femur and tibia, one final problem had to be
addressed. As previously mentioned, calculating the PC1 for each bone requires using all
the same measures for all specimens. Since many of the specimens used were
incomplete, this is a problem. For example, one of the measures used in calculating the

femur PC1 was the width of the distal end, which was not preserved in some specimens.
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Additionally, several of the elements were only known from previously published
measurements, which were not as numerous as those made by the author for the Canjilon
and Post Quarry material, and consequently missing some of the measures used for the
PC1. In order to find the first principal components, it was therefore necessary to
plausibly reconstruct the missing values.

By far the most effective and reliable method for doing this is the expectation-
maximization method (e.g., Strauss et al., in press), which was utilized here. The
reconstructed values were found using a Matlab macro using the expectation-
maximization method created for the purpose by Dr. Richard Strauss of TTU. The

reconstructed values are given in italics on Tables 4.5 and 4.6,

5.5 Results
5.5.1. Femur-tibia length allometry

Relatively few specimens of Typorhorax have both the femur and tibia known
reliably for the same individual. Only the Canjilon Quarry “Fa specimen” (femur;
122674 70/J46, fibula: 122682 70/Fa.222), “G specimen” (femur: 34248 70/G6, tibia:
122678 70/G6) “U specimen” (34255 70/U80), and TTUP 9214, have both elements (a
total sample size of four). The results are shown in Fig. 5.1.

The allometric coefficient obtained by plotting the long-transformed femur length
values against log transformed tibia values is 2.05, which indicates that femur length
increases at approximately twice the rate that tibia length does. The R? value for this
regression is high, suggesting the femur and tibia lengths correlate well. However, the p-
value fails to pass the 95% test of significance, and the results are suspect. A larger
sample size will hopefully eventually make for a more strongly supported correlation.
Faster femoral growth may be weakly supported by the greater allometric coefficient of

the femur length then that of tibia length (discussed below). However, since these

%2 Since the only good tibia for this individual, UCMP 122689 79/Fa2, is missing much of‘the shaft,
the length is based on the fibula instead, making the assumption that the two bones were of approximately
the same length.
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log femur length = -1.97 + 2.05 log tibia length
=789 p=.12

Figure 5.1 Bivariate plot of log-transforined femue and tibia fengths, The slope of the
regresion; correlation coeflicient, and p-valic are also given,
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coefficients are in reference to overall size values found separately for different elements,

they cannot really be compared directly.

5.5.2. The first principal components

For femoral allometry, AMNH 2710 and MCZ 1488 were removed before
reconstructing the missing values, and consequently do not contribute to the femur PCI1.
Only measurements for femur length are known for these specimens, so reconstructing
all the other missing measures was considered too unreliable. For the remaining femora,
values were only reconstructed for four variables to obtain as high a PC1 as possible |
while at the same time avoiding characters in which the measures would have to be
reconstructed for too many specimens. The characters used were (1) femur length, (6)
the anteroposterior thickness at the midshaft, (7) the mediolateral thicknesses at mid-
shaft, and (8) the width of the distal end. This combination yielded a fairty high PC1 of
89.1724% of the total variance. The loadings of the individual characters on the PC1,
and the (log-transformed) size scores on the PC1 for the individual specimens are given
in Table 4.4.

For tibia allometry, few of the specimens had measurements for the mediolateral
thickness of the distal end. Consequently, that character was not used to calculate the
PC1. The resultant PC1 calculated with all six of the remaining characters (for all
specimens) accounted for 88.4628% of the total variance. The loadings of the individual
characters on the PC1, and the (log-transformed) size scores on the PC1 for the

individual specimens are given in Table 4.5.

5.5.3 Femur allometry
The allometric coefficients, correlation coefficients (R” values) and p-values for
the regressions of log-squared femur measurements against the specimen size scores are
given in Table 5.1, and displayed in Figs. 5.2 and 5.3. Discussion here will mostly be

limited to variables with R” values greater then 0.5, which only includes six (roughly
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Table 5.1. Allometric coefficients, R” values, and p-values for femur plots

Allometric

Coefficient R? p-value
1. Length 0.749 0.904 0.001
2. Distance from
head to 4® trochanter 0,758 0273 0.131
3,_Head width 0.530 0.551 0.034
4. Head lgngth 0.702 0.670 0.015
5. Thickness
across 4™ trochanter 0.885 0.639 0.013
6. Mid-shatt
length 0.443 0.381 0.045
7. Mid shaft
width 1.360 0.682 0.004
8. Distal width 1.778 0.947 (.000
9, Medial
condyle thickness 1.850 0.201 (.208
10. Lateral
condyle thickness -1.733 0,382 0.082
11. Intercondylar
thickness 0,793 0.000 0.382
12. Totsion 0.793 0.024 0.409
13, Distal angle 0.159 0.000 0.458
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half). All six of these variables also pass the p-test. In the Typothorax specimens
examined, the femur characters with good correlation coefficients, in order starting with
the fastest growing (possessing the highest allometric coefficient) are: (8) mediolateral
width of the distal end, (7) mediolateral thickness of the shaft at mid-length, (5) antero-
posterior thickness of the femur across the 4® trochanter, (1) the length of the entire
femur, (4) the antero-posterior thickness of the head, and 3) the mediolateral width of the
head. For the most part therefore, overall robustness of the femur increases more rapidly
then the femur length, though only distal to the head.

Based on their low R? values, the other variables are not considered to increase at
a consistent rate with overall growth of the femur, or at least this is not apparent with the
current sample size. These variables include: (1) the distance of the 4* trochanter from
the proximal end of the femur, (2) the degree of torsion between the proximal and distal
ends, and (3) the angle of the distal end to the long axis of the shaft. The possible
importance of these latter variables nor being correlated to overall size will be discussed

below.

5.5.4. Tibia allometry

The allometric coefficients, correlation coefficients (R2 values) and p-values for
the regressions of log-squared tibia measurements against the specimen size scores are
given in Table 5.2 and displayed graphically in Figs. 5.4 and 5.5. All of the regressions
had correlation coefficients much higher then 0.7, and all passed the p-test. The tibia
measures are therefore correlated well with the overall size of the bone.

The tibia measures, listed with the variable with the highest allometric coefficient
first, are (3) the (anteroposterior) thickness of the head, (5) (anteroposterior) thickness at
midshaft, (6) (mediolateral) width of the distal end, (4) (mediolateral) midshaft width, (2)
(mediolateral) width of the head, (3) (anteroposterior) thickness of the distal end, and (1)
overall length of the tibia. The tibia therefore thickens proximally and along its shaft
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Table 5.2. Allometric coefficients, R* values. and p-values for tibia plots

Allometric

Coefficient R? p-vilue
1. Length 03le 0.913 0.029
2. Proximal
width 0.941 0.959 0.000
3. Proximal
thickness 1301 0931 0.000
4. Mid-shafl
width 0.956 0.722 0.010
5. Mid-shaft
length 1.285 0.897 0.001
6. Distal width 1.018 0.969 0.010
7. Distal length 0.687 0,599 0.013
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faster than it expands mediolaterally in those areas, although the reverse is true at the
distal end. The slow increase in length is consistent with the hypothesis that femur

length increases much more quickly then tibia length.
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CHAPTER 6
DISCUSSION

6.1 Assumptions

Much of the following discussion depends heavily on several assumptions, listed
below, which have already been discussed and defended in Chapters 2, 3, and 5. It

should also be borne in mind that these interpretations are based on an extremely small

sample size for Typothorax.

1. The material described here has been correctly assigned to the various specimens,
so that material treated as coming from the same individual is correctly
associated.

2. TTUP 9214, the Canjilon Quarry specimens, and other material discussed housed
at AMNH (including the holotype) all belong to the same species, Typothorax
coccinarum.

3. The differences between TTUP 9214 and the other specimens represent
ontogenetic change within Typothorax coccinarum; in other words, TTUP 9214
represents a sub-adult of the species rather then (for example) one of the sexes

while the larger specimens represent the other sex.

6.2 Summary of ontogenetic changes
in Tynothorax coccinarum

Nothing can be said about ontogenetic change in the skull, pectoral girdle, and
pelvic girdle of Typothorax, as these elements are known from either TTUP 9214 or the
Canjilon Quarry material, but not both. Little can also be said about the vertebrae, which
were only described and illustrated in brief for probable adult specimens of 7ypothorax
by Long and Murry (1995; figs. 102-103 show articulated cervicals of AMNH 7634).
Long and Murry (1995) noted that the cervical vertebrae in Typothorax were very short,
with the centra being twice as wide as long. This is not the case in TTUP 9214 (Table
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4.1), in which the cervical centra are only slightly wider then long, Long and Murry
(1995 p. 104) also note that in Typothorax “the ventral surfaces of the [cervical] centra
bear a faint to moderate ridge” which is shared with Stagonolepis (Walker, 1961; Long
and Murry, 1995). These ridges are absent in TTUP 9214, in which there is only a lip on
the ventral edge of the anterior articular face. Long and Murry (1995) also described the
width of the centra of the dorsal vertebra as being 3/5 their length (whereas it is about 4/5
in TTUP 9214), and that the transverse processes of the same reached more then three
times the length of the centrum. Assuming they are referring to individual transverse
process (and not the total width across both), TTUP 9214 has processes that are less
expanded, little more than twice the length of a centrum. In summary, shortening of the
cervical vertebra centra, development of ridges on the underside of the cervical vertebra
centra, lengthening of the dorsal vertebra centra, and widening of the dorsal vertebrae
transverse processes, all apparently occurred during ontogeny in 7vpothorax. The greatly
shortened cervical centra and widened transverse processes are derived for Typothorax
among aetosaurs (Long and Murry, 1995), so the development of these features
ontogenetically may represent recapitulation.

The humerus of TTUP 9214 is more asymmetric than that of the Canjilon Quarry
specimens, with greater lateral expansion (making the humerus head slightly more
symmetrical) present in the latter. As noted by Romer (1956), most archosaurs have a
relatively asymmetric head, which is likely the plesiomorphic state. The lateral
expansion of the humerus head during ontogeny may also represent recapitulation.

Within the hind limb, the length of the tibia and fibula seem to grow slower
relative to the length of the femur, so that the crus becomes shorter relative to the thigh in
adults compared to the subadult. As discussed above, this is difficult to prove
statistically by directly comparing femur length to tibia length in the same specimen
given the currently small samply size. On the femur, several muscle scars are
particularly prominent in the largest Typothorax specimen examined by the author
(UCMP V2816 34255 70/1380). The fourth trochanter in this specimen is also bulbous
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rather then a crest (also seen in the large actosaur Desmatosuchus), and the M.
iliofemoralis muscle scar on the anterior side of the shaft, and the “primary and
secondary muscle scars” on the posterior side are all particularly dlistinct ridges that may
become prominent with increased size. Among the aspects of femur growth tested
statistically, the distal end of the femur in Typothorax grows distinctly wider, and both
the femur and tibia grow more robust.

One of the most striking differences between TTUP 9214 and the other
Typothorax specimens examined is the size of the dorsal paramedian scutes, which are
apparently much more enlarged and expanded relative to the body size in the adults
compared to the subadult. The extreme expansion of the “discoid” carapace of
Typothorax seems to take place relatively late in ontogeny. Also, the lateral edges of the
dorsal paramedian scutes from the mid-dorsal region ge from being convex in the
subadult to straight in the adult, an elongate ridge at the center of ossification is lost, the
pyramidal bosses become more prominent (and perhaps extend more anteriorly and
posteriorly from the anterior caudal scutes), and the degree of arching at the center of
ossification becomes less pronounced. The discoid carapace with greatly widened dorsal
paramedian scutes in unusual in actosaurs (most have relatively narrow bodies), and the
elongate ridge at the center of ossification may be plesiomorphic for the group (Heckert
and Lucas, 1999). The widening of the scutes and the replacement of a ridge at the
center of ossification with a pyrimidal boss may therefore both represent ontogenetic
recapitulations.

The dorsal flange of the lateral scutes in the middle and probably posterior dorsal
region in TTUP 9214 (probably articulating with the dorsal paramedians with the convex
lateral edges) differ from those of the adult specimens in not being straight-edged
triangles, but instead being medially concave, posteromedially projecting tongues, similar
to those of Paratypothorax and “Tecovasuchus.” The change of this type of dorsal flange
into a more triangular one may again represent recapitulation; such a flange is not seen in

other actosaurs besides TTUP 9214, Paratypothorax, and “Tecovasuchus,” and may
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imply a close relationship between these taxa with wide dorsal paramedian scutes as
suggested by Parrish (1994), contra Heckert and Lucas (1999, 2000). The angulation
between the dorsal and lateral flanges in TTUP 9214 in never less then 90°, but much
tighter flexion develops in the immediately presacral laterals in the adult material. The
lateral flange of the lateral scutes from the dorsal (and possibly cervical) region becomes
shorter, and the ornamentation of the same region grows fainter, though it remains deeply
incised in the pelvic and caudal laterals.

The ventral and appendicular scutes of Typothorax are too poorly understood for
much comment to be made on ontogenetic variation. However, in TTUP 9214, most of
these scutes possess a longitudinal ridge similar to those seen in the dorsal paramedians
of the same specimen. This ridge is seen in the few of the Canjilon Quarry scutes. Also,
for the possible thigh (Fig. 4.31), and laterally placed ventral scutes (Fig. 4.32), there are
prominent bosses at the posterior margins, as in the dorsal paramedians. It seems
therefore that the bosses of at least some ventral and appendicular scutes change in the
same manner as the dorsal paramedians, which a ridge being replaced by a more

prominent and posteriorly positioned boss.

6.3. Ontogeny and locomotion

6.3.1. Ontogeny and cursorial ability
Faster moving terrestrial vertebrates have crus (tibiae and fibulae), which are

relatively long compared to the femur (e.g., Maynard Smith and Savage, 1954; Garland
and Janis, 1993). As noted above, TTUP 9214 seems to have had a more ¢longate tibia
compared to the femur then the larger Canjilon specimens, although this is difficult to
confirm statistically given the small sample size. It is possible therefore that younger
Typothorax were more active cursors then the adults. This suggestion is also supported
by the great increase in the width of the dorsal paramedian scutes during ontogeny,
which, it seems logical, would increase the weight and unwieldiness of the carapace. It

may be speculated that Typothorax was relatively active as a juvenile, perhaps using
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concealment and retreat as means to escape predation. As growth progressed and the
animal adopted a more sedentary lifestyle with the enlargement of the carapace and

shortening of the crus, it would have relied more heavily on its armor for defense.

6.3.2. Ontogenetic variation in posture?

Charig (1972) and Parrish (1986} discussed in detail on how characters of the
pelvis, femur, and tibia differ between archosaurs exhibiting a plesiomorphic sprawling
posture (basal archosauriformes, phytosaurs, and some crocodylomorphs), and a more
derived upright posture (ornithosuchians, including dinosaurs, rauisuchians, and
poposaurs). Aetosaurs as a group show greater development of these features than in full
sprawlers, yet were not as fully erect (Parrish, 1986). The reasons why some archosaurs
evolved a less sprawling posture has received considerable discussion, but the most
common explanations relate to an inferred increase in locomotor speed, stamina, and/or
maneuverability (Bakker, 1971; Bakker and Galton, 1974; Parrish, 1986; Carrier, 1987),
although some authors (e.g., Benton, 1984; Sereno, 1991) question whether an upright
posture provided any significant competitive advantage.

Large animals exhibiting graviportal adaptations also tend to have limbs that are
pillar-like and held vertically, which is better for supporting increased mass (e.g.,
McGowan, 1992). Therefore, the possibility might be entertained that upright posture, in
at least in the case of the heavily armored and probably not tem'bly fleet footed aetosaurs,
may be tied to an increase in body size rather then a way of increasing locomotor
efficiency. Ironically, these proposed explanations for upright posture essentially
opposed, as graviportal locomotion imply a relatively sedentary gait, while previous
suggestions involve increased activity correlated with erect posture. As already
discussed, cursorial activity may have decreased with ontogeny in Zypothorax, so it is
worth exploring the possibility that growing individuals may have developed an
increasingly upright graviportal posture.
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Among the characters tied to upright posture by Charig (1972) and Parrish (1986),
the femora of upright archosaurs tend to move the 4™ trochanter farther distally down the
shaft, decrease torsion between the distal and proximal ends, and decrease the angle
between the distal articular surface and the long axis of the femur., As discussed above,
these characters are not correlated to overall size, which suggests that there is no
evidence to favor a more upright posture in larger individuals of Typothorax compared to
smaller individuals.

Another character cited by Parrish (1986) that is related to an increase in upright
posture is the width of the distal end, which tends to decrease with a more upright stance.
As noted above, the width of the distal end of the femur in Typothorax instead increases
with greater size. However, when it relates to posture, a wider distal width is usually tied
to a large angle between the distal end and the long axis of the shaft (Parrish, 1986). This
is not the case in Typothorax. It is unlikely that the increasing width of the distal end has
anything to do with larger individuals having a more sprawling posture. In summary,
although adults of Typothorax were more massive then the juveniles, they did not appear

to have a distinctly different posture.

6.3.3. Taxonomic variation in posture?

This analysis only considered ontogenetic allometric change within a single
taxon, Typothorax. However, even if there is no evidence that upright posture develops
as a graviportal adaptation ontogenetically within a taxon, may it have done so
phylogenetically between aetosaur taxa of different sizes? Although this was not tested
statistically here, judging by measurements taken for other aetosaur taxa (Table 4.4), no
evidence seems to support this suggestion. The distance the fourth trochanter moves
down the shaft (relative to total shaft length), the degree of torsion, and the distal angle,
do not seem to vary in any sort of consistent pattern between Typothorax,

Desmatosuchus, Longosuchus, and Stagonolepis.
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One interesting feature of the hind limb of Typothorax that does seem to differ
from other taxa is the pubis and ischium. Another feature Charig (1972) and Parrish
(1986) correlated with upright posture in pseudosuchians is that the pubis and ischium
extend distally (ventrally), to allow the muscular connections between those bones and
the femur to remain level. This distal extension is seen in Stagonolepis (Walker, 1961),
Longosuchus (Sawin, 1947) and Desmatosuchus (Small, 1985). However, the single
pubis described for Typothorax, UCMP V2816 34248, is only about half as long at the
femur (Long and Murry, 1995), and the posterior process of the ischium of TTUP 9214 is
oriented horizontally rather then posteroventrally (Fig. 4.11). As the femur of
Typothorax shows no more evidence of a sprawling posture then other aetosaurs, the
significance of this ventrally shortened pelvis is not clear.

A final possibility is that even if there is not evidence of variation in posture
within actosaurs, adaptations to a sedentary lifestyle with a massive carapace may be
responsible for the development of an upright posture in actosaurs as a group.
Interestingly, Bonaparte {1984} in comparing the adaptations for an upright posture of
rauisuchians (which, like aetosaurs, did so through having a laterally oriented illium that
maintained an imperforate acetabulum} to those of dinosaurs, referred to the adaptations
of the former as “graviportal” to distinguish them from the latter, although his inferred
functional significance of this distinction was not made clear. It scems unlikely that such
apparently small and active bipedal archosaurs such as dinosaurs, ornithosuchids, and
poposaurs developed erect posture as a weight-bearing adaptation. For these small
bipeds, the author particularly prefers the explanation of Carrier (1987) for upright, and
especially bipedal posture as a way of circumnavigating the constraints imposed on
respiration by quadrupedal locomotion with unilateral movements of the body. However,
it may be that the aetosaurs, large heavily armored, and apparently not particularly active
quadrupeds, may have reduced their sprawling posture for very different reasons related
to supporting their mass; as noted by Carrier (1987, p. 335), “the initial shifts toward

upright posture may well have occurred in response to more then one selective agent”.
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APPENDIJX
THE 1933 UCMP V2816 (CANJILON QUARRY)
COLLECTION: REVISED INVENTORY
AND QUARRY MAPS
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This Appendix makes use of the field notes and field maps of Charles Camp and
his assistants (Robert M. Ariss, Howard T. Anderson, George W. Barrington, and Sam
Welles) during the 1933 excavation of Canjilon Quarry, as well as the revised inventory
made in 2001 by Axel Hungerbithier and myself of the UCMP V2816 collection.

The grid squares are examined individually. The first part of each section
discusses the field record of the excavation for each square, tying this information in as
much as possible to both the field maps (when availabie) and the collection inventory.
This discussion is organized according to the different levels in which material was found
(as can best be determined), starting with the upper conglomerate (referred to here
following Camp as “layer 1), followed by the thick red mudstone (“layer 2”) which
contained the most productive bone bed at its base, and then material of uncertain
distribution. Material recovered early in the excavation, before the second plowing, is
sometimes presumed fo be from the upper layer 1. When a specimen found in the
inventory is mentioned in this discussion, it is underlined. However, Camp and his
assistants also made note, both in the field notes and field maps, of field numbers that
were nof recognized in the inventory, and these are in quotation marks. When passages
are quoted from the field notes, the citation following gives the initials of the note taker,
and the page number in their field notes. Comments by the author of this thesis made
within these quotes are in brackets.

The next part of each grid square discussion gives the 2001 inventory of the
material found in that grid square. This is arranged first by the field number, and
secondly by the specimen number. For specimens assigned a new specimen number, the
previous specimen number is also recorded. Field numbers from the field notes and
maps not recognized in the inventory are included (they were left out in Table 2.1), with
both the field number itself, and the field identification of the element both in quotation
marks. It should be noted that the assignment of the material is fairly conservative, but
that most or all of the phytosaur material is probably assignable to Pseudopalatus

buceros or P. pristinus, and material which cannot be assigned with certainty (indicated
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by a question mark) probably belongs to either these two taxa or 7ypothorax coccinarum.
Due to an oversight on the part of the author, much material in the UCMP collections
probably identifiable as phytosaurian is listed as unidentified here.

The word “unspecified” in parentheses following a field number indicates that no
more specific field number was given, so that the element can only be placed somewhere
within that grid square. A field number followed by a question mark indicates that the
number may be in error; many are difficult to read off the bones. Material figured in
Long and Murry (1995) is identified here below the entry, as are any other notes of
interest about the specimen. The final section, “homeless specimens”, refers to
specimens for which no field number (and sometimes no specimen number) was found.
Much of this material may belong to the field numbers mentioned in the field notes but
not found in the inventory, or have been recovered during Camp’s previous visits to the
quarry in 1928 and 1930.

Quarry maps for many of the gnd squares are also given. Most of these are
redrawn directly from the original field maps, although features in the “brown paper
map” not noted on the field maps are included. Field numbers in quotation marks
represent specimens not found in the inventory. Generally, only the field numbers are
given on the maps, and the reader may refer to the specimen tables to identify the

material,

T0/A
Robert Ariss and Natasha Smith worked grid square 70/A from 5/24/33 until
5/26/33, probably in the upper conglomeratic layer 1. The square was exiremely barren.
Ariss, presumably working the northern haif of the square, found “a few scraps and two
vertebrae” (RMA, 5/25/33), possibly 34229 70/A12 and 122395 70/A12, (since both have
the same field number). Camp dug down below upper layer 1 without success. Smith

came up with “a bit more” (RMA, 5/25/33) in the southern half of the square. On
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7/24/33, after the second plowing, Barrington found a “stubby” femur (CLC, 7/24/33) in
lower mudstone level 2 at the north end of the square. Field numbers in the notes
identified none of the 70/A material, and no elements at all are drawn in the grid square
on the brown paper map. Oddly, no mention is made in the field notes of the

Pseudopalatus mandible 34245 70/A25, which presumably came from this square.

Table A.1. 1933 UCMP V2816 (Canjillon Quarry) material from orid square 70/A

FIELD # PECIMEN # 'PREVIOUS # lELEMENT LD,
70/A12 34229 34229 Atlas fragment ?
TO/AL2 122395 34229 Anterior caudal vertebra ?
TO/A25 34245 Mandible (complete); in oversize cabinets \Pseudopalatus pristinus
Rib fragment; field number almost
T0/A26a (1) 34258 illegible and probably wrong ?
70/A (unspecified) (34229 Neural spine ?
TO/A (unspecified) 34238 Radius ?
70/A (unspecified) [119375 34230 Coracoid articular end (left) ?
70/A (unspecified) |122207 34581 Clavicle fragment ?
70/A (unspecified) (122264 34229 ertebral contrum ?
70/B

Charles Camp worked grid square 70/B (Fig. A.1) from 5/24/33 to 5/26/33,
probably upper layer 1. Camp found a partial basioccipital of “a small reptile resembling
Episcoposaurus” which he suggested might be referable to Typorhorax, unfortunately,
this piece was not recognized in the inventory. He also found the distal end of a humerus
(which he suggested was the other half of a proximal end located the same day by Robert
Ariss in 70/E), and various scrap; “small broken fragments of plate and small scutes,
along with rib fragments, teeth, a few vertebrae etc...” (CLC, 5/24/33). Camp did not
make a field map for his collection.

George Barrington worked the main bone bed at the bottom of layer 2 after the
second plowing, from 7/13/33 to 7/15/33. The bone bed was about 27 inches below the
upper (CLC, 7/8/33) and the bone was heavily coated with concretion, “apparently of a
ferrous nature” (GWB, 7/13/33), which often made field identification of the bones
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difficult. Barrington made a field map for the layer 2, which was the basis for the brown

paper map. 70/B lower layer 2 material seems to have been completely disarticulated.

Nearly all the material Barrington collected apparently consisted of ribs (though oddly,
only one rib, 34249 70/B6, was recognized in the inventory), though he also found

vertebrae. Several are drawn more clearly on the “brown paper map” then they appear

on Barrington’s field map, but the only two vertebrae noted in the inventory are both

“unspecified”. Barrington also found “possibly an ischium” (possibly 119334, a left

ischium figured by Long and Murry, 1995, fig. 34D-E), and the “one ramus of the lower
jaw” (GWB, 7/13/33). The latter is almost certainly 32228 70/B26, a small left mandible
referable to Pseudopalatus pristinus.

Camp recorded that Barrington coliected a total of thirty-three field numbers,

which is consistent with his map. No information is given on these numbers in the notes
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other then to say they were “mostly ribs”.

Table A.2. 1933 UCMP V2816 (Caniillon Quarry) material from grid square 70/B

FIELD # SPECIMEN # [PREVIOUS # ELEMENT LD,
170/B3 34227 Scute Phytosaur
70/B3 122085 34236 Tibia (small, right) Phytosaur?
70/B4 34238 Phalanx 1
T0/B6 34249 Rib ?
70/B17 122661 34236 Tibia (left) Phytosaur?
70/B21 122208 34230 Interclavicle ?
Ischium (left); Long and Murry, 1995, fig.
70/B25 119334 34236 34D-E Phytosaur
Mandible (left ramus, juvenile?); label
70/B26 34228 misidentifies as 34227 Pseudopalatus pristinus
Scapula (7) blade fragment; label
T0/B26 122213 34230 misidentifies as interclavicle 7
70/B29 122250 34229 Dorsal (7) verigbra neural spine ?
70/B30 34227 Scutes (three) Phytosaur
70/B (unspecified) [34227 Scute (small) Phytosaur
70/B (unspecified) |34230 Scapula fragment ?
70/B (unspecified) |34238 Metapodial Phytosaur
70/B (unspecified) [121946 34232 [Humerus (smmall, right) ?
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Table A.2. Continued

FIELD # SPECIMEN # IgREVlggs i |ELEMENT ' LD.

70/B (unspecified) |122297 34229 Vertebra centrum ?

70/B (unspecified) |122381 34229 Caudal vertebra centrum ?
70/C

Grid square 70/C (Fig. A.2) was not worked on until August. Robert Ariss
worked the eastern part of the square from about 7/15/33 until 7/26/33, and George
Barrington worked mostly the western side from 7/17/33 until 7/26/33; both drew field
maps. The grid was divided into twenty-five smaller squares four feet on a side,
numbered from 21 to 45. Ariss (7/22/33) states that numbering in each row increased to
the south, with the numbering starting at the northwest corner (21), and finished on the
southeast corner (45). This is consistent with Ariss’ map, but Barrington’s grid is upside
down and backwards of the actual layout. It is assumed that Barrington’s bones are in
the drawn in their correct relative positions with only the grid numbering in error, which
was also the assumption apparently made for the “brown paper map”. Field numbers
70/C1 through 70/C17, mostly found by Barrington on the westem side of 70/C, appear to
all be numbered independently of the grid, as were Ariss’s 70/C13 through 70/C20.
However, the rest of Ariss’s field numbers mostly identify the smaller grid squares the
elements came from.

Robert Ariss noted that the upper layer 1 conglomerate here was green in color,
with bone “abundant but fragmentary, very hard to remove intact” (RMA 7/1/33). Work
began after the second plowing, in which apparently layer 1 of 70/C was left intact
(presumably because it had not yet been worked), as Ariss notes that he began in the
“upper gravel layer”. There he found “a wealth of small limb bornes, mostly
fragmentary” (RMA 7/17/33, erroneously dated the 16™), before proceeding to the lower
layer. Ariss later found “the quadrate bone of a large phytosaur... just grazed by the last
scraper on the last cut” (RMA 7/18/33) toward the west side of the square, so this was

also likely found in upper layer 1.
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All other material recorded and mapped by Ariss in the east side apparently came
from lower layer 2. The first bones recovered by Ariss were probably those shown on his

field map in grid squares 36 and 37, “a tibia [probably 122079 70/C37, a large phytosaur

tibia), then a fibula, a femur, [both of these bones in grid 37 were not recognized in the
inventory] and then to the north of these another tibia” (RMA 7/17/33). This last was
probably 122660 70/C36; though the proximal end of a right tibia 122091 70/C36, was

also found in this square. Ariss notes that these bones were “in fine preservation, though

in some instances slightly covered with nodule.” Next to these he found the end of a
lower jaw, probably 34228 70/C18 (it is identified on the field map as “Block #18”), a
partial left Pseudopalatus mandible, The right mandible, 34228 70/C19 (identified on
the field map as “Block #19”) lay immediately adjacent and perpendicular to it. These
probably belong to the P. pristinus skull 34249 70/C31, just a few feet away to the east.
A Typothorax lateral caudal scute (34227 70/C18) may have been found nearby, perhaps

in the phytosaur lower jaw block with the same field number.

Ariss later found two phytosaur skulls just a few feet to the east; one of these was
34246 (removed in block 47, the specimen number is actually given in Ariss’s notes), the
largest Pseudopalatus buceros skull known from the quarry, which was found lying
palate side up “but tilted a bit obliquely to the horizontal”. Its complete lower jaws,
rami attached (also 34246 C/31, removed in block 48) slightly displaced “alongside and
in front of the rostrum” (RMA 7/18/33). Ariss noted that the quadrates of this skull were
coated with concretion, “Then [underneath the quadrates?] comes a bit of red clay
interspersed with a layer of green gravel” (RMA 7/19/33), apparently at the base of lower
layer 2. Underneath 34246 was a smaller but still large Pseudopalatus pristinus skull,
34249 70/C31, also lying palate up. These skulls were blocked and removed by Ariss

with the assistance of Sam Welles, Barrington, Anderson, and Smith. The “very large
humerus” found by Ariss (RMA 7/19/33) adjacent to the rostrum of 34246 was not
recognized in the 2001 inventory.
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Barrington’s notes for the west side of the grid square are unfortunately not very
thorough, and more information can be derived from his map then his notes. It is not
even clear from which layer his material was recovered. He mostly notes the scarcity of
material, not giving field numbers or even identifying what he found; all information
comes from comparing his field map with the inventory field numbers. One important
exception is a block, 70/C17 (the material was removed and split into several specimen
numbers), which contained quite a bit of material, apparently a jumble of Typothorax and
phytosaur.

Several other items in the inventory, 34228 70/C29 (a possible skull fragment),
34238 70/C34 (a metapodial), 122391 70/C34 (a dorsal vertebra centrum), 122367
70/C35 (a mid-caudal vertebra), 122452 70/C39 (a caudal vertebra), and 34238 70/C42 (a

metapodial or fibula) were not mentioned by Ariss or plotted on the map, but presumably
found in the grid squares bearing those field numbers, possibly also in lower mudstone
layer 2. Several specimens from the inventory bear ficld numbers read as 70/C46,

70/CA7, 70/C66, and 70/C87; these are complete mysteries, falling well outside both

Ariss’s and Barrington’s numbering.

Table A.3. 1933 UCMP V2816 (Caniillon Quarry) material from grid square 70/C
FIELD # SPECIMEN # |PREVIQUS # [EL EMENT LD,
70/Cl 34230 Scapula fragment ?
70/C1 121959 34232 Humerus (left) Phytosaur?
70/C1 122096 34236 Tibia (left) Phytosaur?
70/C1 122103 Tibia (distal eud, left) ?
Femur (left, good condition); Long and
T0/C1 122673 Murry, 1993, fig. 110D-G othorax cocciftarim
70/C3 34238 34236 Phalanx ?
70/C4 34238 Metapodial ?
70/C6 34239 Ribs (four) and a scute Phytosaur
Mid-caudal vertebral centrum, preserves
70/Co 122358 34229 base of neural arch ?
70/C11 34239 Rib ?
70/Cl11 314239 Rib ?
T0/CLI 121982 34234 Ulna (right, distal end) ?
T0/C12 34238 Metapodial; shipped in box 8 ?
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Table A.3. Continued

FIELD # SEECIMEN # {PREVI # [ELEMENT LD,
70/C16 34227 Scute (large) Phytosaur
70/Cl6 34239 Ribs (two) 7
70/C16 34249 Rib ?
70/C17 34227 Scutes (five, one particularly large) Phytosaur
Dorsal paramedian and latcral scute
70/CY7 34227 fragments Typothorax coccinarum
70/C17 34229 [Neural spine (top) ?
70/C17 34238 Metapodial (small) ?
70/C17 34239 Ribs (five) ?
70/C17 34249 Ribs (five) ?
70/C17 34249 Rib head ?
70/C17 122095 34236 Tibia (feft, small) ?
Dorsal vertebra centrum, unfused neural
70/C17 122259 |arches and high-oval articular faces ?
Posterior caudal vertebrae (two), one facks
70/C17 122371 34229 neural sping ?
Posterior caudal vertebra (small), lacks
T0/C17 122373 34229 neural spine 7
70/C18 34227 Scute (anterior caudal lateral) Typothorax coccinarum
Mandible (left) missing articular section,
probably goes with 34228 70/C19 and
T0/C18 34228 34249 70/C11; in oversize cabinets Pseudopalatus pristinus?
Mandible (right}; mostly complete,
missing articular section, probably goes
with 34228 70/C18 and 34249 70/C31;
70/C19 34228 oversize cabinets Pseudopalatus pristinus?
70/C26 34238 Metapodial Phytosaur
70/C26 34239 Rib ?
70/C29 34228 Skull (7) frapment kept with 34228 70/G [?
70/C31 34229 Thoracic vertebra transverse process Phytosaur?
Mandible (complete, huge), probably goes
70/C31 34246 with 34246 skull; oversize cabinets Pseudopalatus buceros?
Skull; the largest P, buceros skull in the
kuarry; 0o field number is recorded, but
Ariss recorded the specimen number and
fits location; almost certainly goes with the
34246 70/C31 mandibie; oversize
70/C31 (probably) 34246 cabinets Psendopalatus buceros
Skull (large, completg); in oversize
70/C31 34249 cabinets \Pseudopalatus pristinus
Caudal vertebra, missing neural arch,
10/C31 122453 34229 circular centrum ?
Caudal vertebra, missing neural arch,
70/C32 122451 34229 centrum circular ?
70/C34 34238 Metapodial (right, possibly the fourthy |7
70/C34 122391 34229 Dorsal vertebra centrum ?

210




— 1 3

L1

L

I

1

Table A.3. Continued

FIELD #

SPECIMEN # [PREVIOUS # [ELEMENT LD,
70/C35 122347 34229 Mid-caudal vertebra (lacks neural spine) |?
70/C36 122091 34236 Tibia (right, proximal end) Phytosauc?
Tibia (large, right); Long and Murry,
70/C36 122660 34236 1995, fig. 52, Phytosaur?
70/C37-1 122079 34236 Tibia (large, left), shipped in box 20. Phytosaur
Caudal vertebra with round centrum,
70/C39 122452 missing most of neural arch 7
70/C42 34238 Metapodial (?) or fibula (1) (weathered) |?
70/C46 (D 34236 Tibia (right) Phytosaur
70/C46 (D 34239 Rib ?
Scute; possibly a lateral scute, looks
TO/CAT () 34227 superficially like Typothorax Phytosaur?
T0/CA7 (D) 119338 34230 Pubis (right} ?
70/C66 (1) ? Rib head () 7
70/C87 (D 122444 34229 Caudal vertebra (round centrum) ?
70/C (unspecified) [34228 Skull (7} fragments (three) ?
70/C (unspecified) 134229 [Neural arch basc ?
T0/C (unspecified) 34231 ISl fragment I
70/C (unspecified) [34238 Limb bone fragment ?
70/C (unspecified) [121979 34234 Ulna proximal end (right) 7
Dorsal vertebra centrum, unfused neural
70/C (unspecified) |122257 34229 arch ?
70/C (unspecified) 122363 34229 Mid-caudal vertebra (small, complete)  i?
Caudal veriebra, round centrum, rugose
THC (unspecified) {122439 neural arch suture ?
Femur (right, badly mangled), probably
70/C (unspecified) [122677 the mate of 122673 70/C1 Tvpothorax coccinarum
70/C (unspecified) |? Scutes Phytosaur
70D

Very little is known of what came out of grid square 70/D. Most material

recorded was found during by Robert Ariss during prospecting on 6/19/33 and 6/20/33

before the second plowing, and during and after plowing on 7/12/33 and 7/15/33. The

inventory yielded almost nothing.

The upper conglomerate layer 1 was is green, and Ariss found there “several rib

fragments, two good toe bones, a vertebra, and a tooth” (RMA 6/19/33). Of these, only

the ribs may have been found in the 2001 inventory. Later, during plowing, Ariss

uncovered “a lot of bone... mostly scrap and a broken segment of phytosaur upper and
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lower jaws in 70/D” (RMA 7/12/33) in the upper layer, probably representing the
northward pointing partial phytosaur skull seen in the southeast corner of the grid square
on the “brown paper map” (Fig. 2.2). These were not recognized in the 2001 inventory,
and are probably somewhere in the homeless specimens. The bone bed at the bottom of
layer 2 lay about 1 % feet below upper layer 1. Ariss notes only that there was “a good
showing on bone in the prospect hole” (RMA 6/20/33).

Only one rib 34239 70/1D70, has a specific field number. No field map is known
for the grid square, and the source of the information for the “brown paper map” drawing
is unknown. In addition to the phytosaur jaws in the southeast, the “brown paper map”
also shows a sparse concentration of bones in the northwest corner, and a trail of bones to

the northeast east continuous with that of the “partial skeleton” of 70/G1.

Table A 4. 1933 UCMP V2816 (Canjillon Quarry)} material from grid square 70/D

FIELD # SPECIMEN # [PREVIQUS # [ELEMENT LD,
70/D70 34239 Rib ?

70/D (uaspecified) [34228 Basioccipital (small) . Phytosaur?
70/D (unspecified) 134229 Neural spine fragment b

70/D (unspecified) [34239 Rib 7

70/ (unspecified) 134249 Giastral? rib (large) ?

70/D (unspecified) (34249 Rib fragment ?

70/D (unspecificd) |122204 _ |34230 ____|Clavicle fragment ?

70/E

Grid square 70/E (Fig. A.3) is poorly documented. Even though twenty-five field
numbers were recorded during the excavation, these are not recognized for most of the
specimens from 70/E in the 2001 inventory, and most of the elements that were recorded
in the inventory for 70/E are unspecified. Additionally, many of the elements given field
numbers conflict with the actual elements found under those field numbers in the
inventory. There are no detailed field maps drawn, and the “brown paper map” is not
very helpful except for the phytosaur skull. 70/E appears to have not been plotted with

much of the material.
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Upper conglomeratic layer 1 of grid square 70/E is described as bluish or grayish
in color, and was worked by Howard Anderson from 5/24/33 to 6/6/33. Anderson
apparently began work near the southern edge of the square, as one of the first bones he
found was the proximal humerus “70/E5” (not found in the inventory, thought it may be
34240}, that Camp suggested might belong to the distal humerus he recovered in 70/B.
Presumably in this same area, Anderson also found “several small fragments of bone and
skin plates...one chevron [two chevrons are identified in the inventory without field
numbers, both 34229]...and several fragmentary teeth” (HTA 5/24/33). Anderson later
found “two foot bones and several fragments as head of rib” (HTA 5/25/33). One of
these elements (perhaps the chevron) may be represented by the “U”-shaped element
drawn on the south edge of the grid in the brown paper map. In upper layer 1 of the
northern part of 70/E, adjacent to 70/H, Anderson found a “phytosaur-like foot” (RMA
5/26/33), which he took as a plaster block. He mentions the field numbers “70/E1” and
“70/E2” for “toe bones” and “foot bones” respectively in his inventory of both material
collected in 70/E; it is not clear if one or both of these refer to the aforementioned block.
There are two more or less articulated foot blocks in the inventory (158674 under
homeless specimens), which may be the same specimen.

The positions of the following elements in the grid square is not certain, but many
are specifically referred to upper layer 2, and most or all of them were probably derived
from it. Anderson found several scutes, possibly phytosaur scutes found in the inventory
(all 34227). Anderson also found a several vertebrae. One was described as “very badly
decomposed” (HTA 5/29/33), another as “small” (“70/E21” HTA 6/5/33), another as a
thoracic, and one as “Typothorax (7)-like” (“70/E20”; HTA 6/6/33). Anderson identified
two gastralia and a cervical rib, neither with a field number. A “head of a scapula”
(“70/E3”; HTA 5/30/33) is possibly 119363. Anderson found “a pelvis about five feet
from the scapula” (70/E10; HTA 6/1/33), which was taken out as two packages, one
paper wrapped and one plastered. A left phytosaur illium 199325 70/E10 was found in

the inventory, and a right ischium (119332) may also belong to this pelvis. Anderson
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later found, apparently not closely associated, “fragments of a pubis or pubis-like bone
of a phytosaur” (“70/E19”; HTA 6/5/33), possibly 34230. The field number 70/E18,
which Anderson assigned to a calcaneum, belongs to a rib in the inventory. A phalanx
was found “in immediate proximity” to the scapula head (“70/E3”; HTA 5/30/33), and
another toe bone was given the number 70/E16. The inventory designates the latter field
number as a calcaneum, 122672 70/E16. Three “ends of limb bones™ were designated
“TO/E13”, “70/E14”, and “70/E15”, none found in the inventory.

Anderson worked lower mudstone layer 2, which he described as the “brown
shale”, on 6/6/33 and 6/7/33. A phytosaur tibia was found about six inches below the
upper layer. He assigned the field number “70/E17”, but in the inventory, this field

number is applied to an almost complete Typothorax dorsal paramedian scute 34227
70/E17; there is only one tibia in the inventory, a left (122099). In the northeast corner
of the grid, about 18 inches below upper layer 1 (in what he called “a deep level”),
Anderson found “ a wafer plate” (“70/E22"), “one very large plate somewhat narrower
then the typical Typothorax plate with a tit at the apex of its curvature [probably an
anterior caudal dorsal paramedian]” (HTA 6/7/33), and a “Coelophysis vertebra”
(“70/E23™; all from HTA 6/7/33). This material probably belongs to the “Fa” Typothorax
specimen, and the probable proximal caudal paramedian is likely the one shown on the
northeast corner of the map. Camp also worked the lower layer 2 bone bed after the
second plowing from 7/13/33 to 7/19/33. He located “two Typothorax plates, vertebrae,
and gastralia” (HTA 7/13/33), which may refer to the the scute, U-shaped bone, and two
vertebrae shown close north of the skull on the brown paper map. The skull itself, 34245
T0/E25 belongs to Pseudopalatus pristinus. 1t was found palate side up with the snout
facing south, resting on the basal concretion at the bottom of layer 2, but encased in the
reddish mudstone. The lower jaws (at least partly represented by 34228 70/E235) lay
underneath, “buccal side up along right side of shale and pointing in same

direction. .. with tips of muzzle inserted beneath the anterior rostrum of the skull” (CLC
7/15/33). Camp took the skull and jaws out in two blocks, “70/E24” and 70/E25. He
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noted only that the latter “contains tips of rostrum of lower and upper jaws”. “70/E24” is

not noted in the inventory, and its contents may have been erronecusly labeled 70/E2S.

Table A.5. 1933 UCMP V2816 (Canijillon Quarry) material from grid square 70/E

216

FIELD # SPECIMEN # [PREVIOUS # |ELEMENT LD,
“Toe bones™; may be referable to a
plastered block of toe bones recovered
“70/E1” ? 33-16 (field #)by Anderson (158674) 7
[Foot bones”; may be referable to a
plastered block of tos bones removed
“TOH/E2” ? 33-17 (ficld #)by Anderson (158674) ?
“TO/E3” ? “Scapula and phalanx” Phytosaur?
=70/E (unspecified)? {119363 34230 Scapula dorsal end (left) Phytosaur?
“70/E4” ? “Three phalanges” ?
“70/ES” ? “Head of humerus™ Phytosaur?
Humerus (proximal end); the distal cnd
of this humerus may have been
=70/E (unspecified)? [34240 recovered in square 70/B by Camp Phytosaur
“70/E6” ? “Pubis” Phyiosaur?
Phalanx; several toe bones were
originally collected under this field
TO/ET 34238 number ?
“70/E8” 7 “Caudal vertebra” ?
“T7O0/E9” 7 “Caudal vertebra” 7
Mlivm (left); this was part of a pelvis
70/E10 119325 34231 taken in two packages, sent in “Box 2” {2
Phalanx; several other toe bones were
70/E11 34238 also collected under this field number  [Phytosaur
T0/E11 122354 34229 Caudal veriebra with neural arch 7
T0/E12 34238 Metapodial ?
TO/EL2 121995 34236 Radius (distal end) ?
“70/E13” ? “End of limb bone” ?
“70/E14” ? “End of limb bone” ?
“T/ELS” i “End of limb bone” ?
Calcancum; Anderson gave this field
70/E16 122672 34238 numbet to “toe bones™ ?
Dorsal paramedian scute fragment,
almost complete; Camp gave a
“phytosaur tibia™ this field number,
T0/EL7 34227 ssibly... Typathorax coccinarum
=70/E (unspecified) [122099 34236 Tibia (left) Phytosaur
Rib; Anderson listed this ficld number
TO/E18 34239 for a “calcaneus™ ?
“FO/ELS” ? FPubis” Phytosawr?
“TO/E20" 7 “Vertebra” [ Typothorax?’
“70/E21” 7 [“Vertebra, very small frapments™ ?
“70/E22” ¥ f“Watler plate fragments” Typotharax coceinarum?
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Table A.5. Continued

FIELD # SPECIMEN # |PREVIOUS # |[ELEMENT LD,
MTO/E23” [? [“Vertebra” FCoelophysis”
“TOE24™ i Part of skull and jaws Pseudopalatus pristinus?
Mandible; large, lacks free ramus, in
70/E25 34228 loversize cabinets \Prendopalatus pristinus
70/E25 34228 Mandible (articular end) Phytosaur
70/E25 34245 Skull (large, complete) Pseudopalatus pristinus
70/E (unspecified) {34227 Scutes (five) Phytosaur
7O/E (unspecified) 134227 Dorsal paramedian scute Typothorax coccinarum
TO/E (unspecified) 34229 Chevrons {two) ?
70/E (unspecified) 134230 Appendicular fragment (pelvis?) 7
70/E (unspecified)  [34233 Radius (proximal end) ?
70/E (unspecified)  |34238 Phalanx ?
TO/E (unspecified)  |34238 Metapodial ?
70/E (unspecified)  |34240 Fibula Typothorax coccinarum
TUE (unspecified) (34240 Rib head ?
TO/E (unspecified) (34249 |Rib ?
Ischium (right, small); may go with
7O/E (unspecified) (119332 34231 “TO/ELY” pelvis ?
TO/E (unspecified)  [121996 34233 Radius (distal end) ?
TO/E {unspecified) 122222 34238 Calcancum (Jeft) ?
7TO/E (unspecified)  [122223 34238 Calecaneum (left, moderate size) ?
7O/E (unspecified)  |122422 34229 Caudal vertebra centrum fragments ?
7TO/E (unspecified)  |? Limb bone fragment ?
70/F

Grid square 70/F (Fig. A.4) is one of the more productive and well documented

squares, including one of the most important Typothorax concentrations in the quarry,

mostly bearing the field number “Fa” (Fig. A.5). Typothorax material outside this

concentration was mostly labeled “F”, but some material labeled “F” probably came from

the “Fa” concentration. Although more then half the material from this grid square

recognized in the inventory is “unspecified”, nearly all this “unspecified” material

consists of vertebrae and ribs; most of the important material found in the 2001 inventory

could be plotted.

Howard Anderson worked upper level | in the northwestern area of the square on

6/7/33, mostly in the process of getting down to the “Fa” Typothorax specimen in the
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lower level 2 bone bed. Conglomerate level 1 here was bluish. He collected three
phalanges, “70/F17, “70/F3”, and “70/F4”, and a vertebra he assigned to Coelophysis,
“70/F2”, from the western half of the square. Also noted in Anderson’s catalogue is
“70/F16, nodules containing end of limb bone” from layer 1. None of these specimens
were recognized in the inventory, or marked on field map. While digging through the red
mudstone to get to the bottom bone bed, Anderson found a left tibia (122097 70/FS)
about ten inches below layer 1.

Anderson worked on the “Fa” Typothorax specimen at the bottom of the lower
layer mudstone in the northwest corner from 6/9/33 until 7/8/33, working out from the
scutes uncovered in 70/E. Camp (6/20/33) noted that the total concentration of the
Typothorax bones, including what was in grid square 70/J, was about 300 square feet.
The lower level bone bed was about 18 inches below layer 1. Anderson described a color
change within the layer 2 mudstone. While most of the layer was reddish, at the main
bone bed it turned “mottled with brown and blue” with a lot of “carbonaceous matter”.
The “wafer plates [were].., so thickly embedded... that the corners overly. In some
places, plates may be as many as three deep.” Some of the scutes had a raised “tit”
indicating they were posterior dorsals or caudals; these he described as “intermediate
between the [*wafer plates’] and more typical Typorhorax plate”. Camp (6/14/33)
indicates that plates from the dorsal as well as caudal regions were: being found, which
was also noted in the 2001 inventory. Scutes were removed individually, as well as in
blocks. _Field numbers “70/Fa3” (a block of several plates), “70/Fa8-70/Fal18”, “70/Fa20-
70/Fa24”, “70/Fa30-70/Fa31”, “70/Fa48 (removed from between blocks 70/Fas50 and
70/Fa51)-70/Fa49” apparently all belonged to individual scutes, but only two of these,
34227 70/Fal5 (consisting of scute fragments) and 34227 70/Fa24 (a small round scute

with a ridge on it, probably not belonging to Typothorax), were recognized in the
inventory. The scutes removed in the blocks, most of which seemed to have been
adjacent, are better represented. Block 70/Fa2 includes four aimost complete dorsal
paramedians (all 34227). Blocks 70/FaS0-70/Fa55 were broken up from what Anderson
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apparently originally intended to take out as a single block, and material from all five
was recognized. Block 70/Fa50 (containing posterior caudals under 34227) was removed
“breaking a single wafer plate and clean break, loosing no pieces”. Scutes from block
70/F51 are conspicuously absent in the inventory, although vertebra from that block were
found. Other blocks of scutes, “70//Fa7” and “70/Fa57” (HTA 7/2/33) were not found
in the inventory at all,

Vertebrae and ribs were also found in the “Fa” concentration. Anderson (6/19/33)

found a caudal vertebrae (122384 70/Fa5); this ficld number suggests it was part of a

block of foot bones. A “minute vertebra” (“70/F12”) was apparently (HTA 6/19/33)
found in a gravel lens about 4 inches across at the same level. A neural spine “70/Fa29”
was found. Anderson (6/30/33) noted that block 70/Fa51 contained “certain small
bones”; all recognized from the inventory were vertebrae. At least one un-numbered
chevron was found in the concentration (HTA 6/28/33). Anderson found several ribs as
well. One (“70/F9”) found in the lower level 2 bone bed about 18 inches from the
nearest Typothorax scute, and another (“70/F10”) apparently adjacent or underneath (for
the latter field number, the inventory gives two metapodials, 34238 70/F10). Another rib,
“70/Fa28” was also found in this concentration. Other “Fa” axial material is listed in the
inventory. However, most of the vertebrae and ribs removed from the lower level “Fa”
concentration are probably in the “unspecified” material.

Quite a bit of appendicular material also came from the “Fa” concentration. A
coracoid, “70/Fa6™ was taken out in a block. A pubis was also found according to
Anderson, but no further mention is given anywhere (a pubis fragment, 119340, and an
ischium, 119347, are in the 70/F “unspecified material)”. Several limb bones were
recovered, the head of at least one actually was protruding from under the plates. A
humerus and toe bones were removed in a block “70/Fa4”. At least the phalanx may
have been associated with one of the Fa2 limb bones. A tiny humerus (“70/F137) less
then an inch long was found. A tiny tibia “70/F15” was found near block “70/Fa4™.
Several toes bones 70/Fa25-70/Fa27, were also not found in the inventory. The big scute
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blocks (70/Fa2 and 70/Fa50-70/Fa55) contained the best limb material in the quarry,

mostly from the pelvis and hind limbs. Other material that may or may not have in the
“Fa” bone concentration was catalogued by Anderson, including two phalanges (“70/F7”
and “70/F8”), ribs, a “fish nodule “7ypothorax coprolite’” (“70/F14™).

Sam Welles began work with in 70/F on 7/13/33 at clearing out the rest of the
square southeast of the “Fa” Typothorax concentration, and was joined by Anderson on
7/15/33. At least Anderson stayed in the square until 7/22/33. Anderson notes in his
catalogue (7/8/33) that this material was in the main bone bed at the bottom of leayer 2,
at the same level as the “Fa” skeleton. Most or all of this material seems to be
phytosaurian. The field numbers for all this material bears the letter “F” instead of “Fa”,
starting with 70/F56. This was a block, containing six phytosaur cervical vertebrae,
34260 70/F56, still in articulation. This block apparently also contained cervical ribs
(34260 70/Fa56) and a few phytosaur scutes (34227 70/FaS6). Just south of these were
magnificent left and right phytosaur scapulocoracoids, apparently also taken out as
blocks, 119364 70/F57 and 119355 70/F57. The coracoid for the latter was apparently
separated (or broken off) and in the same block (119373 70/Fa58), as was a large tibia
(122669 70/Fa58). Several limb bones noted in the field notes and map were located in

the inventory.

Most of the other material noted in the field notes by Anderson and Welles was
not recognized in the inventory, and much was not even assigned a field number. Both
the position and layer of this material is uncertain, although it probably comes from layer
2. Both Anderson and Welles are rather superficial in their descriptions of the material
and their location. These included neural spines, thoracic vertebrae (one of these may
have been an un-numbered dorsal vertebrae with the field number 70/F59), caudal
vertebrae, a cervical rib, gastralia, a small right scapulocoracoid (119366 70/F70, found
on the south side of the square), and two right humeri “70/F61” (HTA 7/15/33; there is

some confusion here; the inventory found a femur 122071 70/F61, and a humerus 121943

70/F66; Welle’s map agrees better with the inventory, so Anderson’s identification is i

222




C

3 C3 C3 o o 3 .3 3

) b1 C 23

(-

probably wrong). Also, an ulna (“70/F64”) tibia (“70/F60”), “two foot bones” (“70/F72”,

found on the south side of the square), “toe bones” (including “70/F73”, also found on

the south side of the square, and a metapodial 34238 70/F74). Again, much of the

unrecognized field numbers may be with the “unspecified” material.

Table A6, 1933 UCMP V2816 (Canjillon Quarry) material from grid square 70/F

FIELD # SPECIMEN # [PREVIOUS # [ELEMENT LD,
“70/F1” “Phalanx” ?
“TO/FY” “Vertgbra” “Coelophysis”
“TO/F3” “Phalanx” ?
“T0/F4” “Phalanx” ?
Cervical vertebra centrum; the meaning: of
the odd field number is unclear; this
70/F4 B24 122296 specimen may have been found in 70/B |7
Tibia (left); found in red mudstone
T0/F5 122097 34236 disectly above the “Fa” skeleton ?
“70/F7” “Phalanx V* ?
“70/F8" “Phatanx” ?
“T0/F9” F“Rib” ?
“70/F10” “Rib” ?
70/F10 34238 Metapodials (two) ?
“TO/F11” I*Rib” ?
“70/F12” “Caudal vertebra (minute)” ?
“70/F13” “Humerus (minute)” ?
“Fish nodule”; originally identified as &
“70/F14” " Typothorax coprolite” ?
“70/F15” “Tibia (minute)” ?
“T0/F16” ““Ends of limb bones™ (encased in nodule) |?
70/F47 34249 Rib (rather thin) ?
Scutes (dorsal paramedians and laterals)
and to¢ bong in a large jacket Almost
70/F53 34259 certainly mislabeled, should be “70/Fals3” [Typothorax coccinarum
T0/F56 34227 Scutes (two, fairly large) Phytosaur
70/F56 34260 Cervical ribs and other frapments ?
Cervical vertebrae (first six in
70/F56 34260 articulation) Phytosaur
T0/F56 34260 Scutes (two; one is two scutes fused) Phytosaur
Scapulocoracoid (right); Long and Murry,
70/F57 119364 34230 1995, fig. 48 Phytosaur
T0/F58 119355 34230 Scapula (left) Phytosaur
Coracoid (left), parts of scapula {(probably
T0/F58 119373 34230 119355) attached Phytosaur
T0/F58 122669 34237 Tibia (right, large) Phytosaur?
TO/F59 ? terior dorsal ventebra (good condition) |?
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Table A 6. Continued

FIELD # SPECIMEN # [PREVIOUS # [ELEMENT LD,
70/F59 34227 Anterior dorsal paramedian scute Typothorax coccinarum
“70/F60” ? “Tibia” ?
T0/F61 122071 34235 Femur (right) ?
G‘?O{Fm” ? “Ulna” l?
70/F66 121943 34232 Humerus (right) Phytosaur
70/F67 121942 Humerus (right, huge) Phytosaur
70/F69 122107 Fibula (lcft, large) ?
70/F70 119366 34230 Scapula (right, smail) Phytosaur
“70/F72” “Two toe bones in a series” ?
“TOF73” “Toe bone” ?
70/F74 34238 Metapodial ?
(70/Fal”: Qriginally a single block, broken up into blocks 70/Fa50-70/Fa55
70/Fa2 34227 Scutes (four dorsal paramedians) Typothorax coccinarum
70/Fa2 122676 34240 Fermuwr (left) Typothorax coccinarum
Tibia (middle section is missing and the
70/Fa2 122680 ends are glued together) Typothorax coccinarum
70/Fa2 122682 34240 Fibula Typothorax coceinarum
“70/Fa3” “Block, small skin plates” Typothorax coccinarum?
“70/Fad” “Block, humerus and toe bones™ Typothorax coceinarum?
[ 70/Fas” “Block of foot bones™ Typothorax coccinarum?
70/Fa3 1223384 34229 Caudal vertebra centrum ?
“70/Fa6” “Block coracoid” ?
“70/Fa7” “Block. .. large skin plate™ Typothorax coccinarum?
“T0/Fa8” ““Plate with spine” Typothorax coccinarum?
70/Fa9 34227 Caudal dorsal paramedian scute Typothorax coceinarum
“70/Fal(” “Wafer plates™ Typothorax coccinarum?
“70/Fall”-
“70/Fald” “Wafer plates™ Typothorax coccinarum?
70/Fal5 34227 Scute fragments Typothorax coccinarum
“T0/Fal6”-“70/Fal8”, “70/Fa20”, “70/Fa2l”  [“Wafer plates” Typothorax coccinarum?
70/Fa24 34227 Small round osteoderm with a ridge ?
“70/Fa25” “Phalanx” ?
“70/Fa26” “End of phalanx” ?
“70/Fa27” “Phalanx” ?
“70’1Fa28” “Rib” ?
“70/Fa29” “Neural spine” 1
“70/Fa30”, 70/Fa3l” “Skin plates™ Typothorax coccinarum?
Metapodial;, 70/Fad4 consists of
fragments found between blocks 70/Fas3
and 70/Fa33; this was the only found in
70/Fa44 34238 the inventory ?
“Fragments™; found between 70/Fa53 snd
“70/Fad5” 70/Fa54 ?
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Table A.6. Continued

FIELD # SPECIMEN # |PREVIOUS # [ELEMENT LD.
“Fragments™; found between blocks
“70/Fad6” 70/Fa51, 70/Fa52, and 70/Fa53 ?
“Fragmenis™, found between 70/Fa32 and
“70/Fa47” 70/Fa53 ?
“Fragments”; found between blocks
“T0/Fad8” 70/Fa50 and 70/Fa5) ?
“70/Fad49” “Skin plate” Typothorax coccinarum?
Posterior dorsal paramedians and ventral
T0/Fas0 34227 scuts, Typothorax coccinarum
Posterior caudal dorsal paramedian and
T0/Fa50 158668 34227 pelvic and caudal lateral scutes Typothorax coccinarum
[Vertebra centrum (small with round
70/Fa51 122251 34229 articular faces) ?
T0/Fa51 122277 34229 Cervical vertebra centrum Typothorax coccinarum
70/Fas| 122306 Sacral vertebra centrum (small) Typothorax coccinarum
Scutes (posterior caudal dorsal
70/Fa52 34227 paramedians) Typothorax coccinarum
Posterior lateral caudal and posterior
70/Fas2 158670 34227 veniral scutes Typothorax coccinarum
Scutes (Dorsal paramedians, laterals,
7(0/Fa53 34227 possible ventral and appendicular) Typothorax coccinarum
70/Fas53 122228 Calcancum Typothorax coccinarum
70/Fa53 158675 34227 Appendicular and ventral scutes Typothorax coccinarum
70/Fa53 ? Metapodial proxinal end ?
Scutes (several dorsal paramedians and
70/Fa54 34227 fragmentary laterals) Typothorax coccinarum
70/Fa54 122683 Hlium Typothorax coccinarum
70/Fa55 34227 Scutes (dorsal paramedians) Typothorax coccinarum
Gastal rib (has an irregular groove); the
ficld number is almost certainly an error;
nothing collected was given a number that
70/Fa88 ? high
Scute (dorsal paramedian scute with boss)
70/F (unspecified) 34227 and rib fragments Nypothorax coccinarum
Newral spines (top, three); at least one
70/F {unspecified) 34229 shipped in box 20 ?
70/F {unspecified) {34229 [Neural spines (base, threc) ?
Caudat neural spine (complete); shipped
TO/F (unspecified) [34229 in box 20 ?
70/F (unspecified) |34229 [Neural arch (base) ?
7T0/F (unspecified) [34229 [Neural sping ?
TO/F (unspecified) [34238 Metapaodial (four, and fragments) ?
TO/F (unspecified) {34239 Rib (ten); at least two shipped in box 20 [?
70/F (unspecified) 34239 Rib, expanded type (two) ?
Rib, expanded type (three); at least one:
70/F (unspecified) (34249 ishipped in box 20 ?
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Table A.6. Continued

FIELD # SPECIMEN # |[PREVIOUS # [ELEMENT LD.
70/F (unspecified) [34249 [Rib ?
70/F (unspecified) (34249 IRib heads (1wo) 7
70/F (unspecified) |35239 Rib, shipped in box 20 ?
TO/F (unspecified) [35239 Two cervical ribs 7
70/F (unspecified) (119340 34231 Pubis fragment (left) ?
70/F (unspecified) |119347 34231 Ischium (right) ?
70/F (unspecified) [119360 34230 Scapula (left, proximal end) Phytosaur?
70/F (unspecified) |119372 34230 Coracoid (left) Phylosaur
70/ (unspecified) (119376 34230 Coracoid (left) Phytosaur
T0/F (unspecified) 121969 34240 {Ulna (right, tiny) ? f
70/F (unspecified) 1121976 34234 Ulna (left, proximal end) ?
T0/F (unspecified) (121977 34234 Ulna (left, small proximal end} ?
70/F (unspecified)y |122106 34237 Fibula (right) ?
70/F {unspecified) |122206 34581 Clavicle (left) ?
70/F (unspecified) |122234 34229 Cervical vericbra (no spine) ?
70/F {unspecified) |122238 34229 Cervical vericbra (pood condition) ?
70/F (unspecified) [122240 34229 Cervical vertebrae {two, lack spines) ?
70/F (unspecified) 122244 34229 Complete cervical vertcbra ?
70/F {unspecified) 122248 34229 Cervical vertebra, no spine 7
70/F (unspecified) 122255 34229 Cervical vertebra centrum Typothorax coccinarum?
70/F (unspecified) [122260 34229 Complete dorsal veriebra i
70/F (ungpecified) 1122278 34229 Cervica] vertebra centrum Typothorax coccinarum
70/F (onspecified) 122344 34229 Caudal vertebra centrum 7
70/F (unspecified) [122359 34229 Caudal vertebra centrum ?
70/F (unspecified) |122361 34229 Small caudal vertebra centrum ?
70/F {unspecified) 1122382 34229 Caudal vertebra centrum ?
T0/F (unspecified) 1122386 34229 Caudal vertebra centrum ?
70/E (unspecified) |122389 34229 Caudal veriebra centrum ?
70/F {unspecified) |122416 34229 Dorsal vertebra centrum ?
70/F {unspecified) |122424 34229 Dorsal vertebra centrum ?
'Wertebra centrom (circular articular faces;
70/F {unspecified) |122437 34229 rugose unossified neural arch sutures) 7
70/F (unspecified) 122446 34227 Cervical? partial vertebra ?
[Vertebra centrum (circular articular faces;
70/F {unspecified) |122447 34229 rugose unossified neural arch sutures) ?
Fragments; mostly ribs, part of a radius, a
70/F (unspecified) [? possible sacral rib ?
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The field data for grid square 70/G (Fig. A.6) is extremely poor, and the field
notes are almost non-existent. This is unfortunate considering the square contains one of
the important concentrations of 7ypothorax material. The most informative document ts
a single page, apparently written by Camp, describing where certain field numbers were
located in the square. Combined with the bones drawn on the brown paper map, this can
be used to approximate the location of some material in the square.

Ariss worked in 70/G from 7/6/33 to 7/8/33, apparently entirely in the upper layer
and possibly in gravels in the upper part of red mudstone layer 2, before the second
plowing. He notes (7/7/33) that “there is some good bone in the gravels, but it is next o
impossible to get the bone clear of the matrix”. He found “a section of jaw and a mass of
adjoining bone which is blocked and labeled “70/G Lower jaw (7)”. Ariss also worked in
70/U on 7/6/33, so it is likely that this first material came from the eastemn part of the
square. This is consistent with Camp’s notes, which note that 70/G1 (presumed to be the
first field number assigned) consists of “parts of skull about eight feet from the skeleton
in 70/U. In southeast corner of G.” There is no labeled 70/G1 phytosaur skull material,
but quite a lot of it is probably in the “unspecified” material. 34228 especially (which
consists of a great deal of phytosaur skull material probably belonging to Pseudopalatus
buceros), likely represents Ariss’s skull material.

Possibly in the same area, Ariss next removed “bone that was relatively free of
matrix, including two large teeth [one of which may be phytosaur tooth 34228 70/G1], a
large limb bone [there is none labeled 70/G1, but there are several large phytosaur limbs
in the “unspecified material™], a vertebra” (in the 2001 inventory there is a cervical
vertebra centrum, 122432 70/G1 and the bases of two neural spines, both 34229 70/G1;
however, there are also quite a few vertebrae in the “unspecified” material). Ariss later
(7/8/33) found more “good material” in what he called “the gravel lens”, so it is unclear
if he has been referring to the layer 1 conglomerate or gravel lenses in the layer 2 red

mudstone. This latter “good material” consisted of “a complete vertebra, and a complete
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lower jaw, very short and thick”. There are several phytosaur jaw fragments from 70/G,
though none are complete. Ariss states, “The lens graded into red shale shortly after
finding the jaw, so I went over to 70/K and finished it up.”

After the plowing, Camp (7/13/33) notes that Welles and Smith worked the
square. Welles was in the northwest corner; looking at the brown paper map the material
there might have been a continuation of the phytosaur material in level 2 of 70/F, but no
other record is made of his finds. Camp started work in 70/G from 7/19/33 until 7/21/33,
finding “a chevron, a small one from the tail, also two Typothoras plates and a large
vertebra.” One of these plates may have been 34227 70/G8. Camp later found “four toe
bones together”, though it is not clear where. Howard Anderson (7/24/33) “picked up a
few specimens from 70/G9” which Camp’s page indicates was in the northeast part of the
quarry. The brown paper map seems to show several vertebrae there, and several
vertebrae bear that field number in the inventory.

The brown paper map shows a large concentration of matertal near the center of
the square. Camp’s page notes that material from 70/G2 consisted of “scrap turned up by
the plow [in the second plowing, presumably within layer 1]. In center of section”, and
that 70/G3 material was also from the same area. Material recognized in the collection
consists only of a phytosaur scute (34229 70/G2) and un-numbered skeletal fragments.
Camp noted later that “Natasha has a pile of plates and limb bones near me”. Smith
worked in what Camp called “the upper [layer 1] and 2” beds’, so apparently she was
finding material in both the upper conglomerate layer 1 and the layer 2 red mudstone;
this material consisted of “broken pieces of lower jaws and other frags.” Natasha’s

material was almost certainly the main Typothorax concentration, 70/G6 and 70/G7,

which Camp’s page indicates were “blocks from the center of the section”. These blocks

contain not only extensive scute material, but other skeletal material as well.
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Besides 70/G8, other field numbers encountered in the inventory that were not

mentioned in the field noted are 70/G4, 70/G5, 70/G14, 70/G31, and 70/G82. All consist

of scrappy material, and the last two numbers are suspect, being so much higher then the

31 C3 C3 C— 3 3

T C 33 3

N S

C 3

L.

lE_]T

others.

Table A7, 1933 UCMP V2816 (Canjillon Quarry) material from grid square 70/G

FIELD # SPECIMEN # [PREVIOUS # [ELEMENT LD,
Quadrate (left) and posterior mandible;
the field number is actually not specified
beyand “70/G”, but it has “block 17
70/G1(T) 34228 written o it. Phytosaur
Taooth; in a box of about two dozen 34228
70/Gl 34228 teeth Phytosaur
70/G1 34229 Thoracic vertebra neural spine bage 7
T0/Gt 34229 Vertebra neural spine base ?
70/G1 122432 34229|Cervical vertebra centrum ?
Rily and gastral rib fragments, with other
70/G1 ? fragments ?
70/G2 34229 Scute, neural spine table attached, Phytosaur
Scapula blade and gastral rib fragments,
70/G2 ? other fragments ?
70/G3 342401 Humerus (distal end) Typothorax coccinarum
70/G3 119343 3423 1{Pubis (left, distal end) ?
T0/G3 121989 34233|Radius (left) ?
70/G3 122100: 34236|Tibia (left, lacking trochanter) ?
Rib head, scute, and caudal vertebra
centrum {(small) fragments, as well as
70/G3 i other fragments ?
70/G4 34238 Metapodial ?
70/G4 34238 Phalanx ?
70/G4 34249 Rib (two, both rather thin) ?
70/G4 i Unidentifiable fragments (two) ?
T0/G5 ? Unidentifiable bone fragments 7
Lateral scute fragments and other bone
10/G6 34227 fragments (smooth) Typothorax coccinarum
70/G6 34229 Neural spine top, with small table 7
70/G6 34239 Cervical rib ?
70/G6 34248 Fibula {left) Typothorax coccinarum
Scutes (dorsal paramcdians and ventral
scutes, more or less articulated), a
chevron, and two caudal vertebrae, in a
70/Gé 34248 block; this is the main 70/G6 block Typothorax coccinarum
70/G6 122352 34229 Dorsal vertebra (small) ?
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Table A.7. Continued

[FIBLD # SPECIMEN # |PREVIQUS # |ELEMENT LD.
70/G6 122353 34229\Dorsal vertebra (fragmentary) ?
70/G6 122374 34229iCaudal vertebra centrum (smatl) Typothorax coccinarum
T0/G6 122418 34229(Caudal vertebra centrum (half) 7
70/G6 122678, 34248(Tibia (left), astragalus attached Typothorax coccinarum
70/G6 ? Unidentifiable fragments ?
70/G7 34229 [Neural spine base ?
70/G7 34240 Ulna (smalt) Typothorax coccinarum?
70/G7 34240 Ulna (complete) ?
T0/G7 34248 Dorsal paramedian scutes in contact Typothorax coccinarum
Dorsal paramedian scutes in a block;
70/G7 34248 North arrow drawi Typothorax coccinarum
70/G7 34248 Tibia (right, proximal end) Typathorax coccinarum
Calcaneum (lefi, large); the field number
T0/G(7) 122221 34238/may be wrong ?
Femur distal end, rib and possible skuil
fragments; the femur has an arrow
T0/G7 ? indicating it was oriented roughly N-§ Typothorax coccinarum
70/G8 34227 Dorsal paramedian scute, almost complete Typothorax coccinarum
70/G9 34238 Metapodial
70/GY 34238 Radius
70/G9 34238 Ungat
Vertcbra centrum {small, with round
70/G9 122299 34229articular faces) ?
20/G9 122364 34229|Caudal vertebra (small, lacking spine). |7
Posterior caudal vettebra centrum
T0/GY 122379 34229|(extremely small) ?
T0/GY ? Metapodial(?); a very sirange bone) ?
70/G14 122258 34229 Dorsal vertebra centrum ?
Mid-caudal vertebra, no neural spine;
70/G31 122332 34229shipped in box 20
70/G82 34228 Tooth.
70/G (unspecified) 34227 Dorsal paramedian soute fragments Typothorax caccinarum
Dorsal paramedian scutes (two,
70/G (unspecified) 34227 overlapping each other) Typothorax coccinarum
70/G (unspecified) 34228 Snout fragment; probably parl of 70/G 1 \Pseudopalatus
Basicranium (badly weathered); probably
70/G (unspecified) 34228 art of 70/G1 Phytosaur
Quadrate (left), with posterior mandible
70/G {unspecified) 34228 articulated; probably part of 70/G1 Phytosaur
Skull fragments, including part of a small
mandible (16 pieces total); no particular
evidence of association; probably part of
70/G (unspecified) 34228 70/G1 Phytosaur
70/G (umspecified) 34228 Tooth; probably part of 70/Gi1 Phytosaur
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Table A.7. Continued

FIELD # SPECIMEN # [PREVIQUS # |ELEMENT LD.
Skull fragments (from a large skull), three
70/G (unspecified) 34228 cutes; probably part of 70/G1 Phytosaur
Skull fragments: anterior rim of nares with|
crest, quadrate (right) mandible (night,
posterior); all probably associated, and
70?G (unspecified) 34228 probably partt of 70/G1 \Pseudopalatus buceros
70/G {unspecified) 34229 Chevron (excellent condition) 7
70/G (unspecified) 34229) Caudal rib fragments ?
70/G (unspecified) 34229 Vertebra (small) Strange; not phytosaurian
TG (unspecified) 34230 Scapula fragment ?
Metapodial, and several unidentifiable
70/G (unspecified) 34238 fragments ?
70/G (unspecified) 34238 Metapodial ?
70/G (unspecified) 34238 Phalanx ?
70/G (unspecified) 34238 Metapodials (three) ?
70/G (unspecified) 34238 Metapodial Aetosaur?
T0/G {unspecified) 34238 Metapodial (7) ?
70/G (unspecified) 34240, Humerys (small) ?
70/G (unspecified) 34240 Humerus (small) Typathorax coccinarum
70/G (unspecified) 34240 Fibula (proximal end) ?
70/G (unspecified) 119336 34230[Ischium peduncle (right) ?
70/G (unspecified) 119337 34230(Ischium (right, small) ?
70/G (unspecified) 121949 34232(Humerus (right, large, proximal end) ?
T0/G (unspecified) 121963 34232|Humerus (left, distal end) ?
70/G (unspecified) 121967 34234|Ulna (right, huge) Phytosaur?
70/Gt (ungpecified) 122051 34235|Femur shaft 7
70/G (unspecified) 122052 34235Femur fragment ?
70/G (unspecified) 122053 34235Femur shaft (right) ?
70/G {unspecified) 122057 34235Femur (lefl, proximal end) ?
70/G (unspecified) 122059 34235|Femur (right, distal end) ?
70/G {unspecilied) 122060 34235|Femur (right, distal end) ?
70/G (unspecified) 122069 34235 Femur shaft (feft) ?
TO/G (unspecified) 122090 34236{Tibia (right, distal end) ?
T0/G (unspecified) 122092 34236/Tibia (right, proximal end) ?
TO/G (unspecified) 122094 34236/ Tibia (right, proximal end) ?
70/G {(nnspecified) 122098 34236\ Tibia (right), with possible bite mark ?
70/G (unspecified) 122101 34236 Tibia (left, proximal end) ?
T0/G {ungpecificd) 122102 34236{Tibia (left, distal end) ?
T0/G (unspecified) 122104 34236/Tibia (left, proximal end) ?
70/G (anspecified) 122111 34237|Fibula (right) ?
70/G (unspecified) 122237 3422%Vertchra (?) fragment 7
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Table A.7. Continued

FIELD # SPECIMEN # |PREVIQUS # IELEMENT LD.
70/G (unspecified) 122242 34229|Cervical spine ?
70/G (unspecified) 122247 34229(Cervical veriebra centrum ?
70/G (unspecified) 122274 34229Dorsal vertebra centrum ?
70/G (unspecified) 122275 34229|Dorsal vertebra centrum ?
70/G (unspecified) 122282 34229|Cervical vertebra (half, small) ?
Caudal vertebra centrum, newral arch base
70/G (unspecified) 122329 3422%attached
70/G (unspecified). 122340 34229|Caudal vertebra centrum ?
‘lgorsal vertebra (small, transverse process
70/G (unspecified) 122349 34229intact) ?
70/G (unspecifiod) 122355 34229/Caudal veriebra centrum (small) ? ]
70/G (unspecifisd) 122364 34229|Caudal vertobra centrum ?
70/G (unspecified) 122378 34229|Caudal vertebra centrum (small) ?
T0/G (unspecified) 122383 34229\Caudal vertebra centrum ?
70/G (unspecified) 122399 34229\Anterior caudal vertebra centrum, ?
70/G (unspegified) 122430 34225V eriebra centrum ?
70/G (unspecified) 122675 Femur (weathered distal end) 9
[Neural spine top (with table); kept with
70/G (unspecified) 9 34229122421 ?
70/G (unspecified) ? Unidentifiable fragments ?
Rib, vertebra, splenial, and radius
70/G (unspesilied) ? fragments ?
70/H

70/H (Fig. A.7) was worked by Barrington from 5/24/33 until 6/9/33. He
recovered material in both the conglomerate layer 1 and the layer 2 red mudstone. Most
of the lower field numbers (70/H1-70/H10) were assigned in the order the material was
found, but the higher numbers (mostly not mentioned in the field notes) probably refer to
the smaller grid square subdivisions. These subdivision squares were four feet on a side,
and numbered starting with 70/H11. Camp (6/6/33) notes that the material recovered
from 70/H was relatively free of concretion.

After the first plowing, there was apparently still a little red mudstone Ieft on top
of the upper layer 1; Barrington indicates that the conglomerate was blue or gray in color,
averaged about two inches in thickness, and contained abundant concretions. Some of

the concretions contained scute fragments. Apparently in upper layer 1, Barrington
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(5/25/33) found “ a small limb bone, about three inches long, which appeared to have
epiphyses on the distal end”. There are a few limb bones noted in the inventory, one of
which might refer to this specimen; the lowest field number among these (which was
therefore probably the first found), is a left fibula 122112 70/H7.

The rest of the material was found after Barrington “cleared off most of the gray
layer”, and so was probably all found in the red mudstone layer 2. However, it is implied
that all the material derived from the latter was found fairly high up. Therefore, none of
the 70/H material may have been derived from the main bone bed at the bottom of layer
2. The red mudstone consisted of a “mixed red shale and gray gravel complex.” The
mudstone was “blocky” and the gravel hard, making excavation difficult, at least in
places. Barrington describes a “gray gravel lens” in the red mudstone, which was in
contact with all the matenial first recovered from this layer. First, he found two excellent
Typothorax plates, both lying right side up. The first (“70/H1”) is not noted in the
inventory. The other plate is probably 34227 70/H2. A complete skull lying on its left
side (34251 70/H7) is referable to Pseudopalatus pristinus. It is currently missing its
snout, which Camp (5/27/33) indicates had “a large tooth in the tip” and was removed as
a separate piece (“70/H5”), although this number was not noted in the inventory. A
complete lower jaw, probably belonging to the skull was found nearby right side up, but
not noted in the inventory; this was apparently also removed as two pieces, the distal end
(probably “70/H4”) and the posterior part (probably “70/H10”). A limb bone was found
“very closé to the dorsal side of the skull”, which Camp indicates was a humerus. An
astragalus (likely 122218 70/H) was also found.

Other material in the red mudstone was found gfier Barrington indicated
(5/26/33) that all material found “so far” was in contact with a gray gravel lens, so it is
unclear if that is also the case for the following material. Apparently in the process of
jacketing plate 34227 70/H2, Barrington found “smaller plates and one rib” (Barrignton,
5/27/33), the latter is likely rib 34239 70/H17, which was probably found in the same
grid square as 70/H1; the “smaller plates” may refer to several “unspecified” 70/H
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phytosaur scutes (all 34277). Several fine dorsal paramedian plates of Typothorax were
found. The field numbers indicated for the two dorsal paramedian scutes just north of
the skull are “8” and “9”; these do indeed refer to dorsal paramedian scutes in the

inventory (34227 70/H8 and 34227 70/H9 although the former includes two plates), but

the field map indicates another was found nearby, probably “70/H6”, which was not
recorded in the 2001 inventory. The field notes are vague as to which is which, but the
plate described as “upside down” (GWB 5/29/33) probably refers to “70/H6”; these
plates all appear to have been removed in jackets. Barrington also found two vertebrae
(one is apparently 122261 70/H3; another found in square 11 may be one of the vertebrae
in “unspecified” 70/H), and several small ribs (“70/H13”) and rib fragments. A
phytosaur humerus was removed in a jacket (121952 70/H17). An “amphibian cervical

vertebra”, probably 122456 or 122457 (see “homeless specimens”), was found i square
20.

Table A.8. 1933 UCMP V2816 (Canjillon Quarry) material from grid square 70/H

FIELD # PECIMEN # [PREVIOUS # [ELEMENT LD,
“TOMHL” “Skin plate” Typothorax coccingrum?

Dorsat paramedian scute, almost complete
70/H2 34227 and in good condition Typothorax coccinarum
TO/H3 122261 34229 Dorsal veriebra ?

“Lower jaw, anterior end”; probably the
“70/H4” snout of 34251 T0/H7 Pseudopalatus pristinus?
“70/H6™ “Skin plate” Typothorax coccingrum?
70/H7 34251 Skull lacking most of rostrum \Prendopalatus pristinus
70/H7 122112 34237 Fibula (left) ?

Dorsal paramedian scutes (two); only one
T0/H3 34227 is mentioned in the field notes. Typothorax caccinarum
TO/HY 34227 Dorsal paramedian scute, almost complete |Typothorax coccinarum
“70/H10” “Lower jaw”, probably just posterior end. |Pseudopalatus pristinus?
70/H11 34227 Scute Typothorax coccinarum
T0/H14 34253 Gastral rib (flattened) ?
70/H15 34227 Scutes (large) Phytosaur
70/H1S 122093 34236|Tibia distal end (right) ?
70/H16 34227 Scute (Jarge) Phytosaur
70/H17 121952 34232[Humerus (left) Phytosaur
W) 34239 Rib ?
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Table A.8. Continued

FI # SPECIMEN # [PREVIOUS # [ELEMENT LD.

70/H (unspecified) 34227, Scutes (three) Phytosaur

70/H (unspecified) 34231 Indeterminate scrap ?

70/H (unspecified) 34231 Scapula fragment Typothorax coccinarum?

70/H (unspecified) 34238 Metapodial 7

70/H (unspecified) 34239 Gastral rib ?

TOM (unspecified) 34253 Flattened element (odd) 7

T0/H (unspecified) 34253 Gastral fragments (two) ?

T0/H (unspecified) 34253 Rib distal ¢nd ?

70H (unspecified) 119369 34230iCoracoid articular end (right) Phytosaur?

70/H (unspecified) 122218 34238)Astragalus (right) ?

70/ (unspecified) 122253 34229|Posterior dorsal vertebra ?

70/H (unspecified) 122270 34229|Dorsal vertebra centrum ?

70/H {unspecified) 122273 34229Dorsal vertebra centrum ?

TO/H (unspecified) 122455 Vericbrae Temnospoadyl?

70/H (unspecified) ? Scute fragments Typothorax coccinarum
7041

70/J (Fig. A.8) was divided into smaller squares four feet on a side, numbered east

to west starting from the northeast corner with “11”. Nearly all specimens however seem

to have individual numbers, probably assigned in the order they were found, rather then

being numbered for the squares. All the material recovered in 70/J seems to have come

from the main bone bed in the lower mudstone layer 2, and work in the square was

completed before the second plowing. The color change at the bone bed at the bottom of

layer 2 noted in 70/F is also noted here; the base of the bone layer was “greenish-gray”

and containing abundant “carbonaceous material none of which.. has been identifiable”

(GWB 6/19/33). Ariss notes that material was also derived from “green gravels”,

although it is not clear if he is referring to lenses within the layer 2 mudstone, or the

upper conglomeratic layer 1.

About a quarter of the “Fa” Typothorax skeleton extends into the southwest

corner of the square, mostly in sub-squares 30 and 35, but also running slightly into

squares 29 and 34. These four sub-squares were apparently subdivided further into four

two foot squares judging by one of Barrington’s maps. The “Fa” Typothorax material
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recovered here consisted of plates in “an almost continuous sheet. There was very little
order, some of the plates being overturned and some on edge as well as right side

up... [but] mostly... horizontal”; as also suggested by the field map, they seem to have
been more spaced out and more disordered then in 70/F, and Barrington (6/19/33) notes
that “only four small wafer plates seem to have been in approximately natural position”.
The scutes came in a variety of sizes, including large dorsal paramedians, “small wafer
plates, and a squarish plate infermediate in size”. All the 70/ scutes recognized in the

2001 inventory under 34227. Scute “70/J2”, also taken out in an individual block, was

not recognized in the 2001 inventory.

Several other bones were found within the vicinity of the Typothorax plates,
presumably also within the layer 2 bone bed. A large phytosaur tooth (34228 70/J3), a
large left ulna (121978 70/J4), a large left radius (121987 70/J5), a dorsal vertebrae
centrum (122267 70/J8), and two humeri (both 34240 70/J9), one of which is
Typothorax, may have come from the “Fa” blocks. Most of this is probably phytosaurian
material washed in. These include “a small limb bone” (GWB 6/10/33), “a large rib and
several bones in concretion...a few inches below the general level of the plates” (GWB
6/12/33), “a few ribs” (GWB 6/13/33), and “a large phytosaur humerus, a phytosaur
radius, and a small limb bone” (GWB 6/14/33). These last seem to have come from near
the eastern edge of boundary of squares 29 and 30, and the humems may be 121955
704330, an enormous left phytosaur humerus (in which case, the field number is based on
the squares for this particular specimen). In “another part of the section”, Barrington
made a small block, “70/J1” in the northeast corner of subsquare 29 for a concentration
of small bones; a large phytosaur (possibly Pseudopalatus buceror) maxilla is the only
inventoried item with this field number, 34228 70/J1, and may have come from the
block. A block of ribs, “70/J6” from subsquare 30 were not recognized in the 2001
inventory. A block of “unidentified bones (70/J7)” and several “small wrapped
specimens” with the field numbers “70/J56” -“70/J65” were also not found in the 2001

inventory. However, at least some of the “small specimens” with the field numbers
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“70/1667-<70/J87” came from the “Fa specimen” concentration, and some were noted in
the 2001 inventory. At least some of this material is probably phytosaurian, notably a
large tooth (34228 70/183). Other material collected by Barrington, the position of which
is not clear, but which he found at the time he was working around in the southwestern
corner, includes the “distal end of a humerus, several ribs, and a femur, all in one small
area.” He also found “a small humerus, about 1” long, complete with a broken shaft”
(GWB 6/21/33).

Ariss began work in 70/ on 6/24/33 in the eastern part of 70/J, mostly in
subsquares 11-14 (RMA 6/27/33), finding material in both the reddish and greenish
mudstones in layer 2. He claimed that the bone bed here was 15 inches below that in
70/K, but this is probably based on the erroneous belief that there were two primary bone
layers. He also noted that the layer 2 bone bed seemed to “slope up shghtly to the North”
(RMA 6/28/33). Both Ariss and Barrington mapped this region, though there are
differences. In Ariss’s map it is often difficult to tell which elements are labeled as
vertebrae, and which as limb bones, and only Barrington’s maps give field numbers.
Ariss first found a “large group of bones in [the] right quarter section of 70/J. In an area
about 2 feet square, there were four limb bones with many ribs and skin plates
associated”.

Ariss soon after found a Pseudopalatus buceros skull and much of the jaws just to

the north of it, all under 34250 (though the field numbers are not written on the

specimens in the collections, the field labels identify these as Ariss’s skull), in subsquare
13. Although the field numbers were not noted in the 2001 inventory, the maps give
them as “70/139” and “70/J40” for the jaws, and “70/J41” for the skull. The 2001
inventory also found two jaw fragments and two maxillae (34228 70/J40) and other jaw
and bone fragments (34253 70/J40), which might go with the specimen. There is also a

lot of skull and jaw material under 34253 without specific field numbers identified as

having come from blocks 39 and 41, so probably belong under 34250; material with the

label reading “block 39” came from underneath the skuil and jaws.
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Ariss (6/26/33) noted, “front limb bones are scattered about the skull”. One of
these limb bones found with the skull might be small left humerus 121957 70/J13
(Camp’s notes confirm that this field number was applied to material from block 39), but
none of the others can be identified with certainty. Also, “above the lower jaw rami lie
some bone of an animal much smaller then the phytosaur. There are several vertebrae
and what seems to be a small femur. Dr. Camp thinks that the bones may be those of
Typothorax ™. This femur may be right femur 122072 70/J12, which is probably a
phytosaur. Above the “Typothorax” femur was a small vertebra (RMA 6/29/33). Several

scutes were also found scattered around the jaws, probably including phytosaur scutes
34227 70/J12, and also there was “another good bit of material”. Camp (6/27/33) noted
that Ariss also found “small vertebrae nearby [that] do not belong with skutl”, probably
referring to the concentration of material shown on the field maps in square 70/J12 to the
north of the skull. A considerable amount of material with this fi¢ld number was found
in the 2001 inventory, most of which are indeed vertebrae. A right astragalus, 122227
70/J12, is probably the one shown on Aris’s map toward the west side of the subsquare.
Barrington seems to have worked the rest of the northern area of 70/J, recovering
a Typothorax scute “70/J10” (not found in 2001 inventory) in subsquare 16, and what he
identified as an “illium”, but may actually have been 2 partial scapulocoracoid belonging
to Typothorax (34230 70/J36), “several smaller specimens™, and an ulna (121973
70/J38). Barrington also worked the area just west of skull (subsquares 18, 19, 23, and
24). These included a block of ribs “70/J43” (not found in the 2001 inventory) and
another with a left pubis (34231 70/J44), a large left femur (122070 70/J44) and
apparently a few scutes (34227 70/J44). Material in blocks 70/J42, 70/J45, and 70/J46

was taken out last, and material from all (various vertebrae, ribs and appendicular

material) was found in the collections.

The southeast area of 70/J (including squares 15, 20, and 25) was worked by
Ariss, who notes that here “the level seems to dip down very rapidly so as to make 70/J a
sort of depression” (RMA 6/29/33). Ariss (RMA 6/30/33) found “very little bone” here.
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In subsection 20, he found “two ribs and a fairly complete vertebra”. In subsection 15,

there was an excellent Typothorax scute (34227 70/J37) and “a bone mass which is

seemingly a vertebra”. Nothing was found in subsquare 25, although “only a small strip

was worked”.

Table A.9. 1933 UCMP V2816 (Canjillon Quarry) material from grid square 70/

FIELD # PECIMEN # # [ELEMENT 1D. ]
704117 “Block” ?
70411 34228 Maxilla fragment (large) \Pserdopalatus buceros?
“70/12" !“Skin plaie” Typothorax coccinarum?
70473 34227 Scutes (three, incomplete) Typothorax coccinarum
70/13 34228 Tooth (farge) Phytosaur

Dorsal paramedian scute, slightly warped,
70/34 342271 incipient boss Typothorax ceccinarum
70/J4 121978 34234 Ulna (left, large) ?
T0/15 34227 Dorsal paramedians scute Typothorax coccinarum
70/15 121987 34233 Radius (left, large) ?
“70/J67 “Ribs™ ?
“70/17 “Unidentified” ?

Dorsal paramedian scute, chevron on
70418 34227 underside Typothorax coccinarum
70/38 122267 34229 Dorsal vertebra centrum ?
70/18 34227 Clavicle(?) ?

Two partial dorsal paramedian scutes {one

apparenily broken almost in half) and »
70/J9 34227 lateral caudal (7) fragment Typothorax coccinarum
7019 3424 Humerus (smalf) Phytosaur?

Humerus (small); Long and Murzry, 1995,
70/J9 34240 fig. 105C. Typothorax coccinarum

Dorsal paramedian scute, in good
70/J10 34227 condition Typothorax coccinarum
70/111 34229 [Neural arch base Phytosaur?
701112 34227 Scutes (two) Phytosaur
70/112 34227 Scute Phytosaur
704512 34239 Rib ?

Unprepared fragments, including gastrals,
70/J12 *goes with scutes, possibly jaw elements; associated
34250 70/339-41 \l\ote reads “transverse bar under rami of
skull and jaws, 34250, skull, blocks 39 and 427 Phytosaur?
704712 122072 34235|Femur (right), lacking proximal end ?
70/112 122227 34238lAstragalus (right) ?
704312 122266 34229 Dorsal vertebra centrum ?
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Table A.9. Continued

FIELD # SPECIMEN # [PREVI # |ELEMENT D,
70/J12 122298 34229 Dorsal vertcbra centrum {small) 1
70/112 122300 34229|Vertebra centrum, possibly a sacral ? ]
70/112 122305 34229(Sacral vertebra centrum (small) 7
70112 122388, 34229|Caudal vertebra centrum ?
70112 122414 34229\Caudal verichra centrum (small) i
70/112 122422 34229/Candal vertebra centrum ?
70/712 122448 34229Caudal vertebra centram ?
Caudal vertcbra; similar to 122447 and
70/12 122454 34229122437 7
70/J12 122665 34236[Tibia (right) ?
Humerus (left, small); Camp’s notes
70/713 121957 3423 2lindicate this was part of “block 397, ?
70/J15 34227 Scute Phytosaur
70/116 34229 Terminal end of a vertebral centrum Phytosaur?
Astragalus (left); Long and Murry, 1995,
704716 34238 fig. 54D-H Phytosaur
70/116 34238 Ungals Phytosaur?
ULy 34227 Scuie Phytosaur
70/J18 34227 Scute? Phytosaur?
70/]18 119361 34230|Scapula (left, proximal end) Phytosaur?
70/118 121972 34234{Utna (right) ?
70/518 * Bone fragments ?
GLUARR 34227 Scutes (two) Phytosaur
701G 34227 Lateral scute fragment Typathorax coccinarum
70/J19 34239 Rib 1
70/J22 122078 34235Femur (left, large) ?
70/322 122659 34235|Femur (right) 7
70/124 34227 Scutes (five) of moderate size Phytosaur
70124 34233 Metapodial or rib end Phytosaur?
70/124 34238 Metapodial Phytosaur?
70/124 34238 Unidentifiable bone; shipped in block 27 i?
70/124 34239 Rib; shipped in box 17 ?
70/124 121953 34232[Humerus {left) T
70/)24 121956 34232|Humerus (left) ?
70/J24 121970 34234{U1na (right) ?
70/124 122108 34237{Fibula (right) ?
T0/524 122294 34229Dorsal vertebra cetitrum ?
704124 ? Vertebra (7) fragments ?
70/)25 34227 Scutes (five) Phytosaur
70/)25 34229 cural arch, almost complete [Phytosaur?
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Table A 9. Continued

FI # PECIMEN # PREVIQUS # [ELEMENT LD,
70/125 122322 34229(Caudal vertebra centrum ?
Dorsal vertebra centrum (small,
04125 122419, 34229incomplete) ?
70/J25 122449 34229 Cervical vertebra centrum 7
701330 121955 34232 Humerus (huge, left) Phytosaur
Seapulocoracoid, incomplete; described as
70/]36 34230 an “illium™ in the field notes, Typothorax coccinarum?
70437 34227 Dorsal paramedian scute, good condition |Typothorax coccinarum
70/138 121973 34234{Ulna (right) ?
70/138 b Rib scraps ?
Mandible articular section (right, large),
with one tooth; 70/J39 or 70/J40; shipped
70/ (unspecificd) 34250 inbox 13 Pyendopalatus buceros (Y
Mandibie (left), postsymphysial section;
70/] (unspecified) 34250, 70/339 or 704140, Preudopalatus buceros(?)
Mandible fragments (two) and maxillas
70/140 34228 {two); shipped in box 13 Phytosaur
70/] (unspecified) 34250 Skull (average size); probably 70/J41 \Pseudopalatus buceros
70/141 34253 Jaw fragments and other bone frapments [Phytosaur
Jaw fragments, mostly premaxilla, at Ieast
on¢ mandible; from “block 417 (belonps
70/) (unspecified) 34253 with 34250 skull), Pseudopalatus buceros (?
At least three jaw fragments; symphysis,
posterior section, part of anpular, one very
fat tooth; “block 41 and *“block 397
' material; go with 34250 skull and jaws,
70/1 (unspecified) 34253 some running underneath them. seudopalatus buceros (?7)
Mandible (right), postsymphyseal
fragment; no specimen or field number,
? ki but may go with the skull and mandibles  |Phytosaur
70/142 122116 34237|Fibula (right, large, distal end) i
70/J42 fi Rib fragments and other fragments ?
‘70/143” “Ribs” 7
70/144 34227 Scutes (two) [Phytosaur
70/144 34231 Pubis (left); shipped in box 17 Phytogsaur
Femur (left, large), with scute attached;
Camp’s note misidentifies as a humerus,
70/144 122070 34235[but Barrington identifies correctly, ?
T0/545 34238 Metapodial Phytosaur
70/145 34238 Ungal Phytosaur?
70/145 34239 Rib ?
701345 121993 34233|Radius (right) ?
70/345 122113 34237IFibula (right, proximal end) ?
70/345 122394 34229 Caudal vertebra centrum ?
70/145 ? Rib fragments (three) ?
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Table A.9. Continued

FIELD # ECIMEN # [PREVIOUS # [ELEMENT LD,

70/146 34227 Scute Phytosaur

70/]46 34239 Rib 7

70/146 122074 Femur (right, large); shipped in box 17 1?

70/146 122245 Cervical vertebra lacking spine Phytosaur

704146 122674 Fernur (complete) Typothorax coccinarum
700507 “Humerus” ?

“70/1517 “Skin plate” ?

70/)51 122679 Tibia Dporthorax caccinarum
[“70/152” “Skin plate” i

“70/153" “Small rib (1 '4”)” 7

“70/)54” “Skin plate” ?

“70/J55” “Vertebra” ?

70/156” “Skin plate” ?

“T0/57” “Intercentrum” ?

“70/)58” “Skin plates” ?

“T0/59” “Skin plates™ 7

“70/J60” “Skin plate” ?

“70/1617 “Rib and vertebra” ?

“70/162” “Rib” ?

“70/163” “Vericbra” i

HT70/164” “Skin plate™ ?

70465 “Skin plate” ?

70/J66 34239 Rib ?

“T0/167” ““Skin plate” ?

70/J68 34231 Transverse process of vertebra Phytosaur?

“70/169” “Skin plates” ?

T0/)70 34227 Dorsal paramedian scute Typorhorax coccinarum
“70/071” “Rib” ?

70/372 122320 Caudal centrum ?

70/172 122320 Caudal ¢entrum 7

“70/173” “Skin plate” ?

“70/J74” “Skin plate and gastralium” ?

701757 “Rib” Typothorax coccinarum?
“T0/)76” “Skin plate” Typothorax coccinarum?
70/177 34239 Rib Typothorax coccinarum?
70/178 Proximal rib fragments Typothorax coccinarum?
“FONTE” “Skin plate” Typothorax coccinarum?
“70/J80™ “Rib” ?

“70/J81” “Skin plate” ?
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Table A.9. Continued

FIELD # SPECIMEN # [PREVIQUS # [ELEMENT LD,
70/182 119327 3423 1{lllium (small, right) 7
70/183 34227 Clavicle? ?
70/183 34228 Large fang Phytosaur
Clavicle (farge, right); Camp identified as
70/184 122203 a rib. ?
“70/185” “Skin plate” 7
“70/J86™ “Skin plates” ?
“70/J87" “Skin plates” ?
70 () 122293 34229Sacral centrum 2
70/] (unspecified) 34228 Suout Pseudopalatus pristinus
[Not phytosaur, possibly
70/] (unspecified) 34228 Braincase (incomplete) aetosaur
70/] {unspecified) 34232, Hurnerus (proximal end) Probably not phytosaur
70/J (anspectfied) 34238 Metapaodial Phytosaur?
70/] (unspecified) 34238 Ungal Phytosaur?
70/] (unspecified) 34239 Rib ?
70/] (unspecified) 119326 3423 Ljlium {right, small); shipped inbox 17 [?
70/] (unspecified) 119339 3423 Pubis fragment Phytosaur?
70/] {unspecified) 122058 34235[Femur (left, proximal end) Phytosaur?
70/] (unspecified) 122065 34235Femur (right, distal end) Phytosaur?
70/ (unspecified) 122066 34235{Femur (left, lacks distal end) Phytosaur?
70/] (unspecified) ? Thoracic vertebra fragment 7
TO/I-A i Rib fragment and flat piece of blade ?
70/1L4 ? Wom down pastral rib ?

70/K

70/K (Fig. A.9) was not subdivided, and the only field maps made were by Camp,

both of which were quite poor. The “brown paper map” was used as the tempiate for the

map drawn here, though it has been modified slightly using Camp’s maps. The vast

majority of the specimens found in the 2001 inventory lack a specific field number.

Nearly all material was recovered after the second plowing, and probably comes from the

lower bone bed in the reddish mudstone. Both the upper layer 1 and lower conglomerate

at the bottom of layer 2 were greenish; Anderson’s first forays into 70/K, before the

second plowing, found material “a foot or more below the [upper level?] gravels” (RMA

6/17/33), which he later described as green in color. Ariss (7/13/33), notes that the
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material recovered rests “on and slightly above a green gravel lens” which may be the
same one he mentioned earlier as a “green gravel lens above the red shale level”.,
Although most material in 70/K was recovered in the layer 2, additional material was
removed from the “third level” affer the second plowing. Although Camp makes clear
that the main bone level for all squares was the same, and that his earlier suggestion that
there were two separate main bone layers were erroneous, it seems that in this case
material was indeed found below the layer 2 bone bed after plowing removed what was
probably the lower conglomeratic bed.

The first serious excavation in 70/K was by Camp, in the eastern part of the
square “near (within two feet) of the 70/L.3 Coelophysis material” (CLC 6/19/33). This
material consisted of “a small scapulocoracoid, a long complete rib, skin plate of
Typothorax, several toe bones, and scrap”. He soon after found somewhere in 70/K “two
large phytosaur vertebrae, both cervicals, within an inch of each other” (CLC 6/20/33).
Anderson (presumably working south of Camp’s spot) found virtually nothing in the
eastern part of 70/K.

In the northeast corner Camp found a large limb bone, which was labeled 70/K1.
Quite a bit of material with this field number is present in the collections, although which
is Camp’s first large limb bone is not clear. Camp also found scapulocoracoid material,
which he split into two packages labeled “coracoid/scap”, and “a number of small things,
including very small humerus, large slender ulna, plates, vertebra, teeth as ususal” (CLC
6/21/33). 1t is not clear, but all this material probably also came from the nostheast part
of the square, as Camp then found a “femur and a few plates with the larger vertebrae in
extreme northeast corner” (CLC 6/23/33). Later, he found “a few small bones” (CLC
6/26/33). Camp divided up the material in the northeast corner into three field numbers;
from east to west, 70/K 1, “70/K2” (for which no material was recognized in the 2001
inventory), and 70/K3. The first number seems to have contained most of the material,
and within it he made two jackets. 70/K1A “contains limbs, vertebrae, and a plate.”

Some of this material, including a fibula (122670 70/K1A) was found in the inventory.
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“Alongside it [70/K1A] lay a humerus and an ulna, a femur, and many other bones
including vertebrae and plate” (CLC 6/30/33). It is not clear if the latter material was in
the jacket 70/K1A, or just nearby; in the latter case, this material is probably among the
70/K.1 material found in the 2001 inventory. Jacket 70/K1B, just to the northeast of the
first block, contained “a small scapula and a thin plate™; a small ischium (119348
70/K.1B) may represent the latter. Camp also notes that “between the two blocks was a
small limb bone, of which Y% is in a package, and the other half remains on the north side
of the 70/K1A block™, this element was not recognized in the inventory.

Howard Anderson’s first finds were on the western edge of 70/K, in layer 2 about
“a foot or more” below the layer 1 concretion, consisted of “two nice limb bones, a toe
bone, several plates and some teeth” (RMA 6/17/33). Anderson (7/12/22) later found a
pair of phytosaur jaws in the lower bone level about three feet from the western edge and
10 feet from the southern edge, which he gave the number 70/K15 (the mandible to the
east is 34228 70/K15A; the pair of jaws west, “70/K15B”, could not be found). These

jaws were oriented roughly north-south and heavily coated in concretion. Concretions in
the vicinity of the jaws contained a variety of fragments, especially gastralia. Anderson
found little else in 70/K.

Barrington found a small skull of Pseudopalatus pristinus (34228 70/K11)

lacking the snout and apparently lying on the right side, apparently not far from the
middle of the section. Camp believed this to be a Coelophysis skull, and the “brown
paper map” shows a dashed line running from the skul! to a concentration of bones in
70/L (see below), probably to imply that they go together. Barrington (7/7/33) notes that
there were “a few phalanges and other small bones”, possibly meaning in the vicinity of
the skull, and Camp noted that there were many “Coelophysis vertebrae” surrounding the
skull.

Material found by Anderson (7/5/33, 7/7/33) somewhere in 70/K but not given a
specific location include a left calcaneum, (122224 70/K5) a metapodial (34238 70/K6),
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“some caudal vertebrae 70/K7” (not recognized in 2001), “a phytosaur intercentrum of

attas 70/K8” (possibly 122232}, and “a toe bone K/9” (not recognized in 2001).

Table A.10_1933 UCMP V2816 (Canjillon Quarry) material from grid square 70/K

FIELD # SPECIMEN # [PREVIQUS # |ELEMENT ]g)_
70/K1 34238 Ungal 7
TO/K1 34239 Rib ?
70/K1 34239 Rib ?
T0/K1 121968 34234|Ulna (right) ?
70/K1 122239 34229 Cervical vertebra; “vert 2” writtenon  [?
Cervical vertebra centrum; shipped in
70/K1 122249 34229“box 8" Phytosaur
70/K1 i Miscellaneous bone fragments ?
T0/K1"V" 34238 Fifth metatarsal (left?) Phytosaur
70/K1 "IV" 34238 Metapodial ?
Dorsal vertebra centrwm (incomplete)
T0/K1-1 122427 34229%with base of spine 7
THKHN 122668 34237|Tibia (left) 7
TO/KLA 122251 34229\ Dorsal veriebra )i
TO/K 1A 122286 3422% Anterior caudal vertebra 7
THWKIA 122670 34237|Fibula (right) 7
TOKIA ? Ribs ?
70/K1B 119348 3423 1iIschium (lefi, faicly small) 7
70/K3 34238 Metapodial (proximal end) ?
T0/K3 34239 Rib ?
TUH/K3 7 Bone fragments 7
70/K5 122224 34238[Calcaneum (left), no heel ?
T0/K6 34238 Metapedial, shipped in box 10 Phytosaur
“70/KT “Three caudal vertebrae-not associaied”|?
“70/K8” “Intercentrum-phytosaur atlas” “Phytosaur™
“TOKY” “Toe bone” ?
T0/K10 119358 34230|Scapula (left, small) Phytosaur
Skull, lacking snout; the field number is
not writien directly on the specimen,
70/K11 34228 but it is probably the 70/K11 specimen |Pseudopalatus pristinus
Dorsal paramedian scute; probably the
70/K12 34227 best in the quarry Typothorax coccinarum
T0/K15A 34228 Mandible (left) Phytosaur
T0/KI15A 34228 Mandible fragment Phyiosaur
“Phytosaur pair of lower jaws”;
“70/K15B™ collected by Barrington “Phiytosaur”
70/K (unspecified) 34239 Rib ?
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Table A.10 Continued

FIELD # {§P@IMEN # |PREY_IOLJ§ # |ELEMENT LD,
70/K (unspecified) 34239 Rib (expanded type) ?
70/K (unspecified) 34240 Limb bone fragments ?
70/K (unspecified) 34229 [Neural spine (base) ?
TO/K (unspecified) 34231 Eschivm(?) Phytosaur?
7O/K (unspecified) 34238 Tarsal or carpal; blocks of some kind? |?
7O/K {unspecified) 34238 Phalanx 7
70/K (unspecified) 34238 Metapodial ?
70/K (unspecified) 34238 Phalanx 7
T0/K (unspecified) 34238 Metapedial 7
70/K (unspecified) 34238 Calcancal tuber Probably phytosaur
Scute (odd with weird, pinched boss),
70/K (Qunspecified) 34227 superficially resembles Typothorax  [Phytosaur?
70/K (unspecified) 119359 Scapula (left); shipped in box 3(?) Phylosaur
7O/K (unspecified) 119356 34230/Scapula (lefi, small) ‘Phytosaur
TO/K (unspecified) 119365 34230/Scapula (right, small) Phytosaur
TO/K (unspecified) 119374 34230/Coracoeid (left) Phytosaur
70/K (unspecified) 121945 34232Humerus (right) Phytosaur
Humerus (right, distal end); shipped in
TO/K (unspecified) 121947 34232box 10 Phytosaur
70/K (unspecified) 121951 34232iHumerus (right, proximal end) Phytosaur
70/K (unspecified) 121960, 34232|Humerus (left, proximal end, tiny) ?
70/K (unspecified) 121964 34232 Humerus (right, proximal end) ?
TO/K (unspecified) 121965 34232Humerus (right, small) ?
70/K (unspecified) 121966 34232{Humerus (left) ?
70/K (imspecified) 121975 34234|Ulna (left) ?
70/K (unspecified) 122050, 34235|Femur shaft i
TO/K (unspecified) 122073 34235|Femur (right, lacking proximal end) |7
70/K (unspecified) 122061 34235[Femur (right, distal end) ?
70/K {(unspecified) 122062 34235[Femur (right, small, distal end) ?
Femur (left), pathological and probably
70/K (unspecified) 122068 34235|broken ?
TO/K (unspecified) 122075 34235|Femur (ripght) ?
TO/K (unspecified) 122083 34236 Tibia (right, small) ?
70/K (unspecified) 122082 34236(Tibia (right) 7
70/K (unspecified) 122086 34236(Tibia (right, small) 7
70/K (anspecified) 122088 34236|Tibia (right, distal end) ?
70/K {(unspecified) 122209 34230(Interclavicle; shipped in box 22 ?
70/K (unspecified) 122218 34238|Calcanewm fragment (right) ?
Atlas (large, complete); shipped in box
TO/K (unspecified) 122232 3422922 ?
70/K (unspecified) 122246 34229|Cervical vertebra lacking spine |Phytosaur
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Table A.10 Continued

FIELD # PECIMEN #[PREVIQUS #  |ELEMENT LD,
70/K (unspecified) 122254 34229\Dorsal vertebra lacking spine Phytosaur
70/K (unspecified) 122256, 34229|Dorsal vertebra centrum ?
70/K (unspecificd) 122263 34229 Dorsal vericbra centrum ?
Cervical vertcbra centrum (small); has
“1” written on it, possibly part of the
70/K (unspecified) 122283 34229|K1 group ?
T0/K {unspecified) 122376 34229(Caudal vertebra centrum (stuall) ?
70/K (unspecified) 122398 34229{Dorsal vertebra centrum ?
70/K (unspecified) 122406 34229|Caudal veriebra centrum (small) ?
iAnterior caudal vericbra with base of
TO/K {unspecificd) 122421 34229 neural arch ?
7U/K (unspecified) 122425 34229/Cervical vertebra centrum (incomplete) |7
70/K (unspecified) 122429 34229(Vertebra centrum (incomplete) ?
70/K (unspecified) 122434 34229Caudal vertebra centrum i
T0/K (unspecified) 122671 34238iCalcaneumn heel 7
Rib fragments and other bone 7
70/K {unspecificd) ? fragments
70/K () 34238 [Metapodial ?
70/K () 34229 Ihoracic vertebra ?
Z0/L
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As noted by Camp (5/26/33), 70/L (Fig. A.10) is adjacent to his 1931 70/10
locality, where the 27235 Pseudopalatus pristinus skeleton was recovered. This
previously recovered skeleton is included in both Camp’s field map and the brown paper
map. Work in 70/L was completed before the second plowing, and the material all seems
to have come from upper conglomerate layer 1, which is a blue-gray color here. The
27235 skeleton and other material recovered from 70/L were “heavily coated with lime
nodule” (CLC 6/6/33). Camp’s initial finds were “two toe bones and part of a radius,
possibly also belonging to 70/10” (CLC 5/29/33), and later “a small vertebra, several
small plates, toe bones; all scattered throughout the blue-gray gravel” (CLC 5/30/33).

The skull for the “broken and battered” Pseudopalatus pristinus skull 34253 was
found “palate down about 10 feet southwest of the old 70/10 [27235] specimen”, as
shown on the map. The skull was removed in block 70/L1A. Some vertebrae were “in a

heap nearby” (CLC 5/31/33), and working around the skull Camp found “a quantity
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Figure A.10  Canjilon Quarry 1933 excavation grid squars 7041,
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(perhaps 150) fragments of Typothorax plate scattered through the blue-gray gravel.
Saved but little of this scrap plate. An occasional fragment of hind [limb?] bone with the
plates and one or two elongate caudals were found mixed with the plate”(CLC 6/1/33).
“I mined around my skull-skeleton block and found a number of complete gastralia
adjoining it. Also, a number of phytosaur plates in very thick nodule underlie the
skeleton and were taken up adjacent to it in the northwest” (CLC 6/2/33). Phytosaur
scutes were also found between the 70/L1A and 70/L1B blocks (CLC 6/5/33). Most of
the skeletal material was apparently removed in block 70/L1B (partly also under 34243)
which is actually represented by at least four blocks, and includes not only articulated
vertebrae but both pairs of ischia and pubes, and also an uina and fibula which Camp
may have mistakenly identified as “end of humerus and radius (or femur and tibia?)”
(CLC 6/2/33). However, various other skeletal material was removed in the 70/L1A
block, or listed under the field number 70/L1, presumably representing material from the
same concenfration. The Typothorax plate fragments probably are in 34253 70/L.1A; as
noted by Camp, none are complete. The caudal vertebrae 122370 70/L1 and 122411

70/L.1 may be those found with the scute scraps. There are also many phytosaur scutes
under 70/L1 and 70/L1A.

70/1.2, “a mass of gastralia and other bones” was found “just to the north two
feet” of the 70/L1 skull and skeleton. No gastralia were found in the 2001 inventory, but
there is much appendicular material. Camp believed that this material belonged to the
70/L.1 specimen. Block 70/L2A included a “large limb bone” (possibly humerus 121958)
found about a foot from the 70/L1 specimen.

70/L3 was a concentration of material Camp identified as belonging to
Coelophysis, but most identifiable material found in the 2001 inventory is Psewdopalatus
pristinus, Camp was likely deceived by the appearance of the smatl, slender, and toothy
jaws. Camp also believed that the small Pseudopalatus skull found in 70/K (34228
70/K11) belonged with this material, which is highly tenuous given the distance between

them but a possibility given the similarity in size and the fact that both include P.
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pristinus material. The 70/L3 concentration included “several vertebrae, small skin
plates, and ribs” (CLC 6/7/33). An “ischium” (CLC 6/8/33) came out as its own block
“70/L3C”, but was not recognized in the inventory. However, there are two ischia with

odd and possibly erroneous field numbers (34229 70/L.11 and 119335 70/LB) which may

be this element. The rest of the material apparently came out as block 70/L.3B, which
includes jaw material found in “one side” of the jacket (CLC 6/9/33), the anterior ends
were packed in jacket 70/L.1B, and may include the snout tip 34228. Typothorax plate
was also found with 70/1.3; probably not 34227 70/L3, as Camp would probably not
recognize this as a potential Typothorax scute.

The brown paper map is used as a template for the map presented here (Fig,
A.10), but some changes have been made. On the brown paper map, the concentration of

bones immediately to the northwest of the 70/L.1 specimen is connected by a dotted line

to the small Pseudopalatus skull in 70/K, and may represent 70/L3, as Camp thought that

this concentration and the skull actually belonged to Coelophysis. However, it is about
where the 70/L.2 concentration should be, based on Camp’s notes and field map.
Therefore, the mass of bone shown there and one further to the northwest on the brown
paper map (where the 70/L3 concentration should be) have been switched in Fig. A.10
from the brown paper map.

On 7/11/33, Camp, Smith, and Anderson returned to 70/L, and Camp found the
“tip of squamosal and fragment of lower jaw” at the east edge of the square given the
field number 70/L5. An angular, splenial, and caudal vertebra were found under this
number in the 2001 inventory. Anderson mentions a package of associated fragments,
70/1.5B, which was not found.

Table A.11. 1933 UCMP V2816 (Canjillon Quarry) material from grid square 70/L

FIELD # SPECIMEN # [PREVIQUS # [ELEMENT LD,

70/L1 34228 Mandible symphysis fragment Pseudopalatus

70/L1 34253 Scute fragments Phytosaur

70/L1 119371 34230/Coracoid (left, tiny) Phytosaur?
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Table A.11. Continued

FIELD # SPECIMEN # [PREVIQUS # [ELEMENT D.
Posterior caudal vertebrae (four
70/L1 122370 34229articulated) Phytosaur
Posterior caudal vertebra centrum (simall,
70/L1 122411 34229\half) Phytosaur
TO/LIA 34253 Sloull (cut transverscly) seudopalatus pristinys
Mandible (right, ntid section, vertebrae,
ulna (incomplete), radius (incomplete),
femur, tibia, metapodials, phalanges,
scutes one expanded rib; label reads
“phytosaur skull and skeleton, two
70/L1A 34253 blocks” Pseudopalatus pristinus?
TO/LIA 34253 Scute fragments (about a dozen) Typothorax coccinarum
TOL1A 34227 Scute fragments; has small “I” on one side|Phytosaur?
70/L1B 34238 Ungal 7
70/L1B 34249 Rib ?
Vertebra in articulation (including axis),
in four blocks: V2-8, V9-14, V21-27,
V15-20; Long and Murry, 1995, fig, 47A-
70/L1R 34253 C Phytosaur
Ischium (left), parts of sacral ribs still
70/L1B 119324, 3423 |attached, shipped in box 6 Phytosaur?
Tschiun (right), has ischium peduncle and
probably had both sacral ribs in
articulation, though they are missing
70/L1B 119324 3423 11(fresh breaks) Phytosaur?
70/L1B 119341 34235{Pubis (right) Phytosaur?
70/.1B 119342 34231{Pubis (left) Phytosaur?
70/L.1B 121985 34234{Ulna (right, distal end) ?
70/L1B 122115 34237|Fibula (right, distal end) Phytosaur?
70/L.1B 122225 Astragalus (right) ?
70/L.2 34227 Dorsal paramedian scute fragment Typothorax coccinarum
70/1.2 34238 Phalanx ?
Femur (left, distal end); weird square
70/1.2 122064 34235|outline in distal view ?
70/L2 122210 34230|Interclavicle ?
70/L.2 122408 3422%Caudal vertebra centrum (small) 7
70/L.2 9 Unidentifiable fragments ?
TO/L2A 12195% 34232Humerus (left) ?
Ulna (left); Long and Murry, 1993, fig.
TO/L2A 121974 34234[50A-D ?
70/L2A 121988] 34233[Radius (eft) ?
Squamosal (7) fragment, the right
70/1.3 34228 posterior process of a large individual Phytosaur
70/L3 34228 Quadrate (right) of moderate size Phytosaur
T0/L3 34238 Phalanx ?
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Table A.11. Continued

FIELD i SPECIMEN # [PREVIOUS # [ELEMENT LD,
70/L3 34227 Appendicular (7) scute, rounded Typothorax coccinarum
Humerus (left, proximal end), shipped in
70/1.3 121960 34232|box 2 Phytosaur?
Humerus (left, proximal end), shipped in
70/1.3 121961 34232box 2 Phytosaur?
70/L3 122666 34236/Tibia (right, proximal end) ?
70/L3 ? Fragments (large) ?
Astragatus (?) and calcaneum (7) in
articulation, tibia and astragalus in
TO/L3 ? articulation, other scrap ?
70/L3 158671 34227 Scute Phytosaur
Mandible (right), very small, probably a
70/L3B 34228 juvenile \Psevdopalatus pristinus?
Snout (right side, snout and mandible
70/L3B 34228 appresed) with nares and part of jugal Psendopalatus pristnus?
70/L3B 3422§[ Mandible, partial right ramus Phytosaur
70/L3B 34238 Metapodial (7} proximal end ?
Secutes in a block, kept with 34253
70/L.3B i material Phytosaur
70/L3B 119370 34230|Coracoid (right) Phytosaur
Cervical vertebra centrum (smatl), has
70/L3B 122284 34229(“V11” written on it ?
70/L3B 122280 34229|Cervical vertcbra centrum (small) ?
70/L.3B 122436 34228|Caudal vericbra centrum ?
/LS 34228 JAngular and splenial Phytosaur
TO/LS 34228 Vertebrae (7), possibly caudal 7
7O/LIY 34229 Ischium (distal end) Phytosawu?
70/L14 (D) Scrap ?
T0/L17 (1) Jaw (7) frapments and other scrap 7
70/L38 () 34228 Jaw ¢lement; possibly 70/L3B7, juvenile {Phytosaur
Tooth; possibly L/3B?, in a box of about
70/L38 () 34228 two dozen teeth Phytosaur
70/LB(?) 34239 Rib ?
70/LB(D) 34238 Metapodial ?
TO/LB(D) 34225 Posterior caudal vertebra ?
TOALB(T 119335 3423 Yjlschinm {left) ?
T0/LL (unspecified) 12268 Fibula (distal end)} Typothorax coccinarum
TO/L (unspecified 34228 uadrate {left, incomplete) Phytosaur
Scute with vertebra spine table (?)
70/L (unspecified) 34229 attached Phytosaur
7O/L (unspecified) 34229 Neural arch base ?
70/ (unspecified) 34231 Skull bone fragments Phytasaur?
70/L (unspecified) 34227 Incomplete lateral scute Typothorax coccinarum
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Table A.11. Continued

FIELD # |§PE£;IMEN # [PREVIQUS # EEEMENT LD.

70/L (unspecified) 34240 Fibula (7) (large) ?

70/L (unspecified) 34240 Radius (half) i

70/L (unspecified) 119362 34230{Scapula (left, small, proximal end) Phytosaur?
Humerus (right, small, proximal end);

70/L. (unspecified) 121950 34232ishipped in box 12 Phytogaur?

70/L (unspeeified) 122118 34237|Fibula (right, very smal) ?

7071 {unspecified) 122205 34581{Clavicle (left) ?

T0/L (unspecified) 122269; 34229 Dorsal vertebra centrum 7

70/L (ungpecified) 122345 34229 Mid-caudal vertebra centrum (large) ?

70/ (unspecified) 122346 34229(Caudal vertebra centrum ?

70/L. (unspecified) 122362 34229(Caudal vertebra centrum (small) ?
Caudal vertebra centrum with base of

70/L. (unspecified) 122412 34229ncural arch {small) ?

70/L (D 34228 Snout tip {right), juvenile Phytosaur
70/M & 70/N

Both of these grid squares were virtually barren. Smith worked 70/N on 5/26/33
(presumably in upper layer 1, as this was before plowing) and found only “fragments”.
Camp worked both squares on 7/24/33, finding only “ a toe bone and a few scraps”. This
may have been in lower level 2, as the second plowing took place earlier that month.

The toe bone probably came from 70/N, as the only material from either square that was
noted in the inventory were two phalanges from that square. The brown paper map
shows what appears to be a mandible or limb bone in 70/N, but the identity of this

element is a complete mystery.

Table A.12. 1933 UCMP V2816 (Canjillon Quarry) material from grid square 70/N

FIELD # PECIMEN # [PREVIOUS # [ELEMENT LD,
T0/N1 34238 Phalanx ?
T0/N (unspecified) 34238 Phalanx ?
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70/P

70/P was also fairly barren. Smith worked the square on 5/30/33, and Ariss
prospected and did some excavating there from 6/20/33 till 6/23/33. Ariss alludes to
finding material in “70/P1” and “70/P2”, so apparently the square was divided up into
smaller squares, although there is not field map to show the layout or number of these
subdivisions. However, he calls 70/P1 a “quarter section”, so there were presumably four
total.

Smith worked the square on 5/30/33, almost certainly in the upper layer 1, but
found “little” according to Camp. On 6/20/33, Ariss prospected the square, according to
Camp finding “little except fragments” in the layer 1. According to Ariss, he found “two
skin plates, one lying in a vertical position” toward one of the edges of the square. He
later (6/21/33) alludes to “finding nothing further in 70/P1”, so presumably the scutes
came from that square. No scutes were noted in the inventory.

Ariss spent the remainder of that day removing the “overburden”, probably
meaning layer 1, as his subsequent finds all came from the “top layer of red shale”. Here
he found “a very large tibia”, probably 122081 70/P2, and soon after one end of a limb
bone, probably 1220535 70/P, a femur head. After this find, he dug only in “the quarter
section next to 70/K”, finding scarce bone material in “two levels” (levels 1 and 27).

The brown paper map shows only what look like one of a string of vertebrae at
the north end of the square leading into 70/S, and nearly all the 70/P material in the

inventory consists of vertebrae. However, none are specified in the field notes.

Table A.13, 1933 UCMP V2816 (Canjillon Quarry) material from grid square 70/P

FIELD § SPECIMEN # PREVI # (ELEMENT LD,
70/P1 34238 Metapodial 7
70/P2 122081 34236/ Tibia (right); shipped in box 10 Phytosaur?
70/P (unspecified) 34229 Chevron (proximal end) ?
70/P (unspecificd) 122055 34235|Femur (right?, proximal end) Phytosaur?
70/P {unspecilied) 122272 34229Dorsal vertebra (articular end) ?
70/P (unspecified) 122325 34229|Caudal vertebra centrum (very large) |7
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Table A.13. Continued

FIELD # SPECIMEN # |PREVI # |[ELEMENT 1.D.
Caudal vertebra cenirum (large, with base
70/P (unspecified 122327 34229(of neural arch) ?
70/P (unspecified) 122357 34229Caudal vertebra centrum 7
70/P (unspecified) 122420, 34229(Vertebra fragment 7
7TO/P (unspecified) 122423 34229|Vertebra centrum (only half, very large) {7
70/P (unspecified) ? Thoracic vertebra fragment 7
70/Q

70/Q (Fig. A.11) was divided into four quadrants ten feet square (Fig. A.11),
named 70/Q1-70/Q4, and the field numbers for material from 70/QQ seem to all derive
from the subdivisions in which it was found. The only map of 70/Q was made by Ariss,
and identifies the types of elements plotted. This is roughly consistent with the brown
paper map, but elements are spaced a little bit differently. The brown paper may was
used as the template for the map given here, but elements have been shifted in position to
be more consistent with Ariss’s map.

Ariss first comment is that “I found more bone in place [in 70/Q] then in all of
70/A” (RMA 5/26/33). The material in 70/Q1 Ariss worked 70/Q from 5/26/02 until
6/9/33. Camp (CLC 5/26/33), who was working on the eastern side of 70/L indicates that
Ariss began “next to me”, probably in 70/Q1. The material recovered in 70/Q1 probably
came from below layer 1. Ariss found all bone in 70/Q1 in gravel lenses
(RMA 6/1/33) throughout the layer 2 red mudstone having pebbles “1/4 to 1 ¥z inches in
diameter” (RMA 5/30/33); the “green matrix” mentioned to by Ariss probably refers to
these lenses (RMA 5/31/33). He also states that “the lensing showed up very plainly
toward the boundary of the section... there was very little crystalline gypsum” (RMA
6/1/33). He notes that “the depths at which the bone lies varies from 6” to 1° below the
last cut of the scraper (RMA. 5/30/33). Ariss found a partial ulna (probably that plotted
on the map) “in fine condition and rather softer then the material at St. John’s [Placerias
Quarry], Arizona” (RMA 5/27/33). The same day, he found “the heads of some small

limb bones”, though it is unclear is he is referring to elements plotted on the map. The
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femur plotted in 70/Q1 was probably “a large phytosaur femur about 1 % feet long”
(RMA 5/29/33). Camp suggested this was part of the 27235 70/10 skeleton (CLC
5/29/33). Ariss then notes “no sooner had I dug around the large one then I hit into a
small shiny black femur no longer then 1 Y% inches... I lost the proximal end of it” (RMA
5/29/33). This smaller femur is not plotted on the map, but it is conceivable Ariss is
referring to the 34238 metapodial. None of the 70/Q1 material mentioned above was
identified in the 2001 inventory. A “phytosaur ischium and [another] femur” were found
the next day, with “two digital bones” associated with the femur, and “two thecodont
teeth”. None of these seem to be plotted. Ariss found “a dermal plate... probably a
Typothorax plate” near the south end of 70/Q1 (RMA 5/30/33). Pelvic material that
“may be Typothorax” (CLC 5/31/33) was found and plotted in the northwest corner of
70/Q1, including “illium, ischium and pubis” (RMA 5/31/33); the ischium plotted just to
the east probably refer to different elements, as Ariss afterwards mentions finding an
ischium “a bit to the east of the pelvis” (RMA 6/1/33) which was labeled “CLC/RMA:
70/Q1 ischium” (RMA 6/2/33). Ariss also mentions an “casternmost dermal plate
[which] is lying vertically; this may refer to the scute plotted on his map. Near this plate
were two phytosaur caudal vertebrae. One of these, in a green matrix, has a high neural
arch” (RMA 5/31/33). Finally, “At the very [north] edge of 70/Q1, I found a limb
bone...in the red shale. It had plant roots penetrating it and it seemed a lot softer then
the bones in the gravels. In the marrow, tissue had been replaced by calcite crystals™
(RMA 6/6/33). This last seems therefore to be the only 70/Q1 bone not found in a gravel

lens. None of this latter material mentioned after the ischium is plotted. The fibula

(122109 70/Q1) found in the 2001 inventory is a complete mystery.

In 70/Q2, the material was found above a “gravel layer... dipping to the west” in
the eastern part of the subsquare (RMA 6/3/33). This layer was probably a lens within the
red mudstone, as Ariss also mentions, “the red shale contains some crystalline gypsum
and a good deal of fossil charcoal” which yielded “no black streak when rubbed”. Ariss
began in 70/Q2 on 6/2/33, and found “a complete phytosaur caudal vertebra. The neural
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spine fell off at the centrum. South of this vertebra about one foot I uncovered a smatl
Typothorax plate about 14 inches long, 5 inches wide, and ¥ inch thick. It is very
complete, the right hand corner being chopped off a bit.” (RMA 6/2/33) It was removed
in a jacket, and labeled “70/Q2 CLC RMH 6-3-33 DERM PLATEI 70/Q2.” (RMA 6/3/33)
These elements are probably those shown at the east edge of 70/Q2. The “large
phytosaur femur” was found on 6/5/33, missing its distal end. “The break was heavily
coated in limestone concretion.” As with the 70/Q1 fibula, the only specimen recorded
from 70/Q2 in the 2001 inventory (tibia 122087 70/Q2) is a mystery.

Ariss started in 70/QQ3 on 6/6/33, noting “this bone lies in the red shale as it did in
the lower part of 70/Q1. 1 shall go up into the greenish gravels however in case they
might also contain bone.” Apparently then, the initial material is from the red mudstone
below the conglomeratic lenses. Ariss found “four small limb bones,” (RMA 6/7/33)
scattered throughout the subsection, one of which may be the tibia 122662 70/Q3.

Oddly, he also says that the first two he found were “similar to the ones marked ‘L’ in
subsection 70/Q1,” (RMA 6/6/33) even though there are no small limb bones marked
thus in 70/Q1 on his map. “Toward the upper [northern?] end of 70/Q3 I found a
Typothorax dermal plate.” On the day he completed the subsection (RMA 6/7/33), Aniss
notes “the general level of the green gravel is dipping westward in the section much
faster then in the southern half section. All that I have found yet [in the gravels?] as yet
is a fragmentary neural spine. In addition to the above bones in 70/Q3, I found another
Typothorax plate” (RMA 6/7/33) which was “very close to the upper [northern?] edge of
the subsection,” (RMA 6/8/33) and was removed in a jacket labeled “70/Q3 CLC/RMA
6-8-33.” One or both of these scutes are probably the 34227 70/Q3 fragments. Ariss also
found “a phytosaur radius {not shown], and a complex of bones which are of uncertain
nature,” (RMA 6/7/33) which he later states “were very likely sacral vertebrae” which
could not be identified. “A phytosaur coracoid and pubis also came from this area,”
(RMA 6/7/33) but the element identified as a pubis on his map may be “the group of
bone right above [north of?] the plate [which] may belong to Typorhorax, for as of yet no
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one has identified it. The bone resembies a phytosaur pubis in being rather flattish, with

what appears to be heads upon it.”

No material is mentioned by Ariss as having come from 70/Q4 in his field notes.

Ariss’s map shows it as being empty except for a sacral vertebra found at the very eastern

edge. No 70/Q4 material was recorded in the 2002 inventory.

Table A.14. 1933 UCMP V2816 (Canjillon Quarry) material from grid square 70/Q

FIELD # SPECIMEN # |PREVIOUS # ELEMENT LD.
T0/Q1” | “Ischium” ?
70/Q1 122109 34237 Fibula (lefi) 7
“70/Q2" (“Dermal plate” ?
70/Q2 122087, 34237(Tibia (right, smail) ?

Dorsal paramedian scute fragments (two,
70/Q3 34227 both large), may go together Typothorax coccinarum
T0/Q3 122662 34236\ Titia (left) ?
Metapodial? (fragmentary); the ficld
70/Q67 34238 number is probably a typo ?
T0/Q (D 34221)L lVertcbraI spine base (probably thoracic) |?

70/R, 70/8, 70/T

Nothing is mentioned in the field notes regarding any of these squares, and the

inventory produced only one specimen each for the first two squares. Both field numbers

are hard to read, and may be in error. The brown paper map shows a phytosaur skull in

70/R missing the snout, a string of possible vertebrae in 70/S leading into 70/P, and what

may be a single vertebra in 70/T. None were recognized in the inventory, and their

identity is a mystery.

Table A.15. 1933 UCMP V2816 (Canjillon Quarry) material from squares 70/R and 70/S

FIELD # SPECIMEN # |PREVIOUS # (ELEMENT LD,

70/R7 122667, 34237 Fibula (left) Phytosaur?

704524 34228 Basioccipital (tiny) Phytosaur?
264




3

— 3 31 ¢ /3 Cco 3 3 ./

704

The material from 70/U (Fig. A.12) belongs almost entirely to two skeletons,
Typothorax coccinarum and Pseudopalatus buceros, which lay together (Fig. A.13),
although some skull material probably belonging to a P. pristinus specimen is also within
the concentration. The Typothorax “U” specimen is the largest individual of that taxon
in the quarry, the least disarticulated (it includes the two tail blocks described
previously), and is also unique in that nearly all material identiﬁéd as belonging to it
share a single specimen number, 34255. The P. buceros material is probably represented
by multiple specimen numbers, but the best material from the skull and anterior part of
the skeleton is mostly under 34258. Both specimens were discovered and mostly
excavated by Natasha Smith, whose notes unfortunately could not be located at UCMP,
However, Camp, Ariss, and Sam Welles, all of whom assisted her, kept some notes,
although there are unfortunately no field inventories giving field numbers not recognized
in the 2001 mventory. These two skeletons have the best field map (Fig. A.12), which is
remarkably detailed. Comparison of these field numbers with those of the inventory
indicated that the Typothorax material lies to the south side of the concentration, and the
Pseudopalatus material mostly to the north. On the brown paper map, it appears as
though only a single phytosaur skeleton is present, but the posterior region and tail
belong to the Typothorax. Moreover, the phytosaur skull itself is mostly disarticulated,
although the skull material is associated. 70/U was subdivided into grids about 5 feet
square (Figs. A.11, A.12), with the grid lines (rather then the squares themselves) being
lettered. Most of the material was collected in blocks.

These specimens are also unusual in that they both occur in the upper
conglomeratic level 1, as is stated explicitly by Camp (CLC 6/30/33, 7/21/33), which also
probably contained all of the other 70/U material “in the vicinity.” Camp also
specifically noted (7/13/33) that the lower level in 70/U was barren; however, material
was found after the skeletons had been blocked and the second plowing, and may

therefore come from the lower mudstone level 2. The upper conglomerate layer 1 in
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Figure A.12  Canjilon Quarry 1933 excavation grid square 70:U
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70/U may have been a gray in color here (Camp talks about material in “gray matrix™),
but Ariss (7/5/33) describes it as green. Ariss (RMA 6/12/33) notes that the skeletons
were “on a slight rise. Where I am working, the level dips rapidly away to the north.”
Ariss (RMA 6/14/33) also notes “the material toward the eastern edge of the section
[close to the edge of the quarry] is very much weathered that it crumbles easily,”

Smith’s first find in70/U consisted of “a tibia, a phytosaur vertebra, and a few
fragments.” (CLC 6/2/33) The skull and anterior vertebral column of the P. buceros
were found shortly thereafter (CLC 9/9/33), fwith] several small plates Typothorax plates
scattered throughout the pelvic region.” (CLC 6/12/33) The skull and anterior vertebral
column lies in block 70/UJ4 and 70/U100, and the posterior presacral and pelvic region

latter seems to have lain in blocks 70/U9%4 and 70/U95: the latter do indeed do include

some Typothorax scute fragments. “These plates are not found elsewhere in the
immediate vicinity except as scrap fragments in the gray matrix.” Camp (6/12/33)
describes the limb material as including “a very elongate tibia, feraur, and distal end of
tibia which is provided with ridged, striated bone surfaces as in Episcoposaurus
[Desmatosuchus) from St. John’s [the Placerias Quarry].” The latter may belong to
Typothorax, although the only tibia of that specimen recognized in the inventory was
complete. Ariss (RMA 6/12/33) also found a tibia working on the skeleton; “Dr. Camp
thinks that the foot will most likely be in place,” but he only found a calcaneum slightly
1o the east (RMA 6/13/33); these may be those elements belonging to the 7ypothorax
skeleton, but this is not clear. The tail of the Pseudopalatus specimen is probably
represented by the vertebra in 70/81, which are probably the “(about 14 [caudals] that
were previously hidden)” mentioned by Camp (CLC 6/27/33), and also material included
in 70/U82 and 70/U93.

Material was also found in the southwest corner of 70/U (Fig. A.11). Ariss

(6/12/33) notes “A little to the southwest of the skeleton proper I found what seems to be
an occipital condyle amongst other skull elements.” This latter is likely 34228 70/U
(unspecified), a partial occipital condyle and right exoccipital of a phytosaur. Probably
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also referring to this material, Ariss (6/13/33) notes “About 3’ from the south boundary
of 70/ were two vertebrae. On the very edge was a crushed vertebra and a limestone
[concretion] encased toe bone.” This material, if in the collections, is probably part of
the 70/U (unspecified) material.

Sam Welles “uncovered some large Typothorax plates and left half on shoulder
girdle of a large phytosaur...[the next day} uncovered the other half of his shoulder girdle
with a portion of the interclavicle lying between.” (CLC 7/14/33-7/15/33) This was
recovered after the jackets for the skeletons were completed and the second plowing, so
it is likely this was found in the lower level. However, none of this pectoral material was

recognized in the 2001 inventory.

Table A.16. 1933 UCMP V2816 (Canjillon Quarry) material from grid square 70/U

FIELD # SPECIMEN # \PREVIOUS # |[ELEMENT PLD‘
70/U1L 34258 Scute Phytosaur
T0/U4 34258 Mandibfe (left) and maxilla Psendopalatus buceros
70/U4 34258 Jaw fragment Pseudopalatus buceros
70/U4 34258 Ectopierygoid \Psendopalatus huceros

Mandible (missing teft ramus and past of
70/04 34258 right ramus); in oversize cabinets Psendopalatus buceros
70/U4 122233 34229|Atlas fragment Pseudopalatus buceros
70/U4 122235 34228|Unidentifiable bone fragment ?
70/U4 ? Rib ?

Mid-caudal vertebra centrum (parts of
70/U10 122417 34229|neural arch attached} [Phytosaur?
70/010 122428 34229|Dorsal centrum Phytosaur?
70/025 34231 Probable scapula : Phytosaur?
70/U23 34235 Femur (feft, distal end) Phytosaur?
70/U25 34238 Ungal ?
70/1U26 34227 Dorsal paramedian scute {incomplote) Typothorax coccinarum
7027 122211 34230iInterclavicle (fragment) ?
70/U28 34228 Snout (posterior part) Pseudopalatus pristinus
70/U29 34228 Snout (anterior part) Pseudopalatus pristinus?
T0/U29(N 34228 Snout fragment | Pseudopalatus pristinus?
70/U42 34238 Metapodial ?
70/U42 34238 Proximal radius? ?

Dorsal paramedian scutes (several large),
70/U45 34227 lateral scutes, scute fragments Typothorax coccinarum
T0/U45 34238 5th metatarsal ?
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Table A.16. Continued

FIELD # SPECIMEN # [PREVIQUS # [ELEMENT LD
70/0)45 122080 34236/ Tibia {right) Phytosaur?
70/U55 34238 Rib 7
Metapodial; based on the field map, this
and the following seem to be a single mass
70/U55 34238 of foot bones, ?
70/U55 34238 Phalange ?
70/U55 34239 Cervical rib ?
70/U55 122217, 34238 Calcancum (right, large) ?
70/U55 122336 34229|Caudal centrum ?
70/U59 122335 34229|Caudal centrum ? ]
Articulated distal tail section, including
dorsal paramedian, lateral, and ventral
scutes, and some poorly exposed caudal
vertebrae, There are also isolated scute
70/U75 34255 fragments and a possible ischium (lef).  [Typothorax coccinarum
Articufated series of partial dorsal
paramedian, lateral, and possible
appendicular scutes, probably from the
70/U30 34255 pelvic region. Typothorax coccinarum
Dorsal paramedian (large} and articulated
lateral scute fragments, possible ventral
70/U30 34227, and appendicular scutes, rib fragments.  [Typothorax cocc:‘namn;‘
Scapulocoracoid (left); Long and Murty,
70/UR0 34255 1995, fig. 104, 105A-B Typothorax coccinarum
Hlium (left); Long and Murry, 1995, fig,
70/U80 34255 1064, 107 Typothorax coccinarum
70/U80 34255 Femur (left) Typothorax coccinarum
Tibia (teft), Long and Murry, 1995, fig.
T0/U80 34255 11D Typothorax coccinarum
70/UB0Q 34255 Calcaneum (feft) Typorhorax coccinarum
Caudal vertebra; this and the following
nmay have been in articulation due to the
70/U81 34229 numbering. Phytosaur
Caudal vertebra; larger then that just
T0/U81 “H2” 34229 listed, but smaller then “#4” Phytosaur
FO/UB1 “#3” 122315 34229(Caudal vertebra {complete) Phytosaur
70/UR1L “#4” 34229 Caudal vertebra Phytosaur
70/U81 “#5” 122318 34229|Caudal centrum, no spine Phytosaur
’ Caudal vertebra (anterior); the field
umber on thig and the following caudals
is hard to read, but based on the specimen
70/U81 (1) 122313 34229number the “U/817 is probably correct  |phytosaur?
70/U81 (D) 122314 34229|Caudal vertebra, complete hytosaur?
T0/USL (D) 122333 3422%Caudal vertebra centrum ?
70/U82 34229 Caudal vertebra neural spine ?
70/U82 122312 34229Caudal vertebra, complete ?
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Table A.16. Continued

[FIELD # SPECIMEN #PREVIQUS # [ELEMENT LD,
70/U91 122289 34229(Sacral vertebra centrum (left) ?

Dorsal paramedian scute fragment, two

articulated lateral scutes with huge
T0/U92 34227 anterior bars. Typothorax coccinarum
70/U92 122287 34229(Sacral vertebra centrum (left) ?
T0/U92 122287 34229 Sacral rib (left) ? %
70/U93 34238 Phalange ? -
70/U93 34238 Metapodial ?
70/093 34240 Humerus fragment, distal end Typothorax coccinarum
TOAJ93 122117 34237 Fibula (left, proximal end) ?
70/093 122331 34229 Mlid-caudal vertebra, tacking neural spine [?
70/U93 122348 34229\Mid-caudal vertebra centrum ?
70/U94 () 34258 Tibia (right) Phytosaur ﬂ
70/1J94 34258 {llium (distal part), phatanx, fibula Phytosaur

Miium (left acctabulum), fragments of ﬂ
76/U94 34258 illium (right) Phytosaur
70/U94 34258 Unidentifiable bone fragment ?
70/U94 34258 Vertcbra centrum, scute, metapodial Phytosaur?
70/U%4 34258 Vericbra (7) fragments (five) ?
70/U94 34258 Metapodials (lwo), numerous teeth Phytosaur
[70/U94 34258 Dorsal paramedian scute fragments Fypothorax coccinarum

Femur (left, large); possible “U62”, which
70/U%4 34238 was placed inside the U/94 jacket. Phytosaur
70/U95 34239 Rib ?
70/U95 34258 Thoracic dorsal vertebrae Phytosaur?

Scute, with fragment of other element
70/U95 34258 attached Phytosaur
70/U95 34258 Ceniral gastral ribs Phytosaur?
T0/US5 34258 Vertebra Phytosaur?
70/U95 34258 Rib fragments Phytosaur?
70/095 119344 34231 |Pubis fragment {lefi) Phytosaur

Phytosaur mostly, one
T0/J95 7 Various fragments, mostly scutes Typothorax coccinarum
T0/US7 (D 34228 Snout fragment Preudopalatus buceros?
70/U97 34258 Rostral crest fragment seudopalatus buceros?
70/1798 121981 Ulna (right, distal end, very large) Phytosaur
70/U98 121994 34233Radius (distal end) Phyiosaur
122098,

70/U98 137201 3423 5[Femur {proximal cnd, large) Phytosaur

Articulated vertebrae (posterior cervical

and antcrior dorsals), ulna, interclavicle,

much of the shoulder girdle (damaged),
70/U100 34258 art of humerus; in oversize cabinets Pseudopalarus buceros
70/U100 34229 Neural arch base (fragmentary) Phytosaur?
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Table A.16. Continued

FIELD # SPECIMEN #{PREVIOUS # |ELEMENT LD,
TOA 100 34258 Ulna (proximal end, very large) Phytosaur?
T0/U100 34258 Articulated vertebra centra (two) Phytosaur?
70/U/100 34258] Neural spine with table Phytosaur?
70/U100 34258 Scute Phytosaur
Miscellaneous skull fragments, vericbra
fragments, six large posterior cervicals
with attached ribs, articulated with
anterior dorsals, in-situ scutes; associated
70/U1L007? 34258 notes unclear, says “w U100” Phiytosaur
T0/U (unspecified) 34228 Snout tip fragment Phytosaur?
Occipitat condyle fragment with
70/U {unspecified) 34228 exoccipital (right) attached Phytosaur?
70/U (unspecified) 34238 Metapodial (robust) ?
70/U (unspecified) 34238 Ungal ?
70/U {unspecified) 121948 34232{Humerus (right, distal end) Phytosaur
70/U (unspecified) 121971 34234{Ulna (right) Phytosaur?
70/U {unspecified) 121986 34234|Ulna (right shaft) Phytosauc?
70/U (unspecified) 122084 34236[Tibia (right, small) Phiytosaur?
70/U (unspecified) 122110 34237Fibula (left) Phytosaur?
T0/U (unspecified) 122317 TiCaudal vertebra centrum ?
T0/U (unspecified) 122319 34229/Caudal vertebra centrum ?
70/1) (unspecified) 122321 34229|Caudal vertebra centrum ?
70/U (unspecified) 122328 34229Caudal vertebra cenirum 7
701U (unspecified) 122330 34229|Cervical vertebra centrum 9
70/U (unspecificd) 122337 34229|Caudal vertebra centrum ?
T0/U (unspecified) 122343 34229/Caudal vericbra centrum ?
70/U (unspecified) 122433 34229Vertebra centrum (half) ?
70/U(?) 119333 3423 |fIschium peduncle (right) Phytosaur?
70/U () 122212 Scapula blade Phytosaur?
Metapodials (two), labeled "TH" and "IV";
assigned to 70/U based on specimen
34255 number atone ?
Quadrate (left, large distal part), large
radius with scute; probably go with 70/U
? ? \Pseudopalatus Phytosaur

70/W and 70/X refer to the same grid square; Ariss’s notes (6/15/33) note that

70/W (X

- o 3

“70/W is the northwest corner of 70/X of C.L.C. notes.” Ariss worked the square with
Smuth from 6/14/33-6/15/33, finding only “four teeth and one vertebra in the entire plot,”

probably in the upper layer, and possibly in the northeast corner of the square. Later
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excavations by Ariss (7/13/33) yielded nothing at any level in the square. No material

from 70/W (X)) was noted in the 2001 inventory.

Material probably recovered in 1928 and 1930

The field notes by Camp and his assistants from these earlier years has not yet
been examined in detail by the author. Unlike the 1933 excavation, material recovered
during 1928 and 1930 has the locality number (70 or 71) over a number rather then a grid
letter (e.g. 70/10). This material will not be discussed in detail here.

Table A.17. 1928 and 1930 UCMP V2816 (Canjillon Quarry) material

FIELD # SPECIMEN # |ELEMENT 1D,
Vertebral fragments and other fragments,
70/3 34227in a box ?
70/3(D) 34238|Phalanx ?
70/5-1 FLimb bone and vertebra fragments ?
Spleniat fragment, other mandible
70/6 Nfragments, wnidentifiable float scrap Phytosaur
T 27234Skull, targely reconstrueted Pseudopalatus pristinus
70/7 Humerus (proximal end), other fragments |Phytosaur?
70/7 Unidentifiable bone fragments ?
Skelelon; on display, badly damaged. In
70/10 27235/or near grid square 70/L. Preudopalatus pristinus
Fragments from the east of the skull;
includes mandible fragments, thoractc and
T0/10 27235/caudal vertebrae Pseudopalatus pristinus?
Incomplete thoracic and caudal vertebrae,
ribs, gastral ribs, other mostly

unidentifiable scrap. “Block 3 fragments”
include limb bone fragments, vertebrae,
isolated neural spines, a scute, “Block 6
70/10 272357and 7 fragments” include small Phytosaur?

vericbral fragments, unidentifiable rib
fragments, small gastral ribs; this matenal

robably goes with the skeleton
T0/10 34227|Seute Phytosaur
Mandible fragment, very fragmentary
vertebra, sacral rib, eroded sacral rib
T0/10 ifragment, found “just west of skull” Phytosaur?
T0/8 HUnidentifiable bone fragments ?
70/9 NUnidentifiable bone fragments ?
121992
70/70 24223(Radius (right) ?
122410,
704524 34229Mid-caudal vericbra (small} Phytosaur?
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Table A 17, Continued

[FIELD # SPECIMEN # |ELEMENT LD,
Miscellaneous fragments, including a
large triangular scute boss, possibly an
aclosawr (resembles Desmartosuchus), a
71 Hvertebral centra ?
Dorsal vertebrae (four), unidentifiable
bone fragments (identified previously as
“Typothorax skull fragments™), 1928
71/1 27228/collection Phytosaur
7172 27229Mandible (?) fragments Phytosaur?
712 ? Skull (7) fragment ?
7143 27230(Palate, lacks dorsal skull and snout Phylosaur
7, Only known from note in drawers
saying kept in oversize cabinets, but not
71/4 2723 1|located there ?
715 27232[Scutes Typothorax coccinarum
Ischium or pubis fragments, tibia
71/5 27232|(proximal end), vertebra (large) Phytosaur?
72 Tlschium (peduncle) ?
Mandible and vericbra fragments, scute
75 Nfragments from Typothorax ?
Femur (proximal end), humerus (proximal
end), femur {distal end), verichra
75/2 Nfragments, other scrap ?
7543 TMostly limb bone fragments, other scrap |7

Some material lacking any field number can still be plotted to some extent in
unusual cases then the same specimen number is mentioned in the field notes (as with the
34246 Pseudopalarus skull from 70/C), or is consistently associated with material from a

certain area (as with 34255, which is restricted to the “U” Typothorax specimen). Such

Material without any field numbrers

specimens are listed with the material they are probably associated with.
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Table A.18, UCMP V2816 (Canjillon Quarry) material without field numbers

SPECIMEN # |PREVIOUS #

ELEMENT 1D,
Skull, oversize cabinets; Long and Murry, 1995, fig.
27231 40A-41A Pseudopalatus pristinus
Vertebrae (some small), sacral ribs (two), coracoid
fragments, humerus (distal end, smalt), radius
fragments, probably not associated with the humerus
due to size difference, pubis fragment, tibiae (two,
fragments, fairly small), other limb bone fragments;
27232 this material may go with 71/5 Phytosaur
Premaxilla (badly eroded), humerus (proximal end),
natural cast of “Typothorax olfactory tract”
(uncertain of true identification); ali apparently 1928
27233 {loat. Phytosaur
Rib, mandible fragment, various unidentifiable
27235 fragments 9
34227 Scute, collected by RMA Phytosaur
34227 Scutes (three, two of the fragments are large) Phytosaur
34227 Scute (unprepared) Phytosaur
Mandible fragments (one collected by RMA), dorsal
34227 vertebrae Phytosaur
34228 Mandible symphysis fragment Phytosar
34228 Mandible (7} fragment (small) Phytosaur?
34228 Splenials (two), other mandible fragments Phytosaur
34228 Quadrate {le{t) Phytosaur
34228 Mandible fragments Phytosaur
34228 "Thecodont skulf and jaws" ?
34229 Vertebra fragment (small, possible juvenile) Phytosaur?
34229 Thoracic neural spine bases (three) ?
34229 [Neural spine top, with table 7
34229 eural sping bases (two) ?
34229 Neural spine top ?
34229 Neural spine ?
34229 Chevron fragments {two) ?
34229 [Neural arch bases (two) ?
34229 Neural arch top ?
34225 Chevron bases {two) ?
34230, Tschium or pubis (articulated) ?
34230 Vertebra centra (two) ?
34230 Ischiur, including pubis symphysis ?
34235 Cervical vertebra centrum, collected by RMA Phytosaur?
34235 Hyoid (7} ?
34237, Fibula (?) proximal end ?
34238 Unidentifiable bone fragment ?
34238 Fifth metacarpal {right) ?
34238 Phalanx (in good condition) ?
34238 Fifth metatarsal (tiny) ?
34238 Phalanges (about two dozen), and four ungals 7
34238] Carpal or tarsal block (7) ?
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Table A 18. Continued
PECIMEN # IPREVIOUS # |[ELEMENT LD
34238 Metapodials and ungals (about three dozen) ?
34238() Metapodial with another bone attached; labeled “IT” |?
34238(7) Pelvic bone, very odd, not phytosaur; labeled “V? 7
34239 Rib fragments ?
34239 Rib (expanded type) ?
Rib (expanded type broken tip), probably goes with
34239 one of the others ?
34240 Ulna (proximal end, fairly large) Phytosaur?
34240 Humerus (distal end) Typothorax coccinarum
34240 Ulna (7) ?
34240-1 Humerus (distal end) 1
34248 Femur Typothorax coccinarum
34248 Scute fragments Typethorax coccinarum
Semi-articulaied foot material; Long and Murry,
34248(7) 1995, fig. 109 (in part) Typothorax coccinarum?
34249 Cervical rib Phytosaur?
34250 Mandible fragments (Jeft and right, juvenile) Phylosaur
34232 Mandiblg ramus (right); in oversize cabinets Presdopalatus pristinus?
Mandible ramus (left) with part of another left (7)
34252, ramus attached Phytosaur
34252 Mandible ramus Phytosaur
34253 Rib and gastral rib fragments i
34253 Ribs fragments and other fragments 7
34258 Pelvic bone (very large) Phytosaur?
34258 Vertebra? fragments, probably cervical ?
34253 Rib, various fragments ?
34258 Fragments, mostly scules Phytosaur
34259 Scute fragments Typothorax coccingrum
119331 3423 [|Ischium (articular end) 7
119346 Ichium (right, acetabulum) ?
119367 34230iScapula (right); has “G” or “K” wnitten on it Phytosaur
119368 34230[Coracoid (right) Phytosaur
121944 Humerus (large, damaged), associated fragments  |Phytosaur
121953 34232Humerus (left) Phytosaur?
121980 34234Ulna (right, proximal end) ?
121983 Ulna (distal end) ?
121984 Ulna {distal end) ?
121991 34233Radius (right) ?
121497 Radius (distal end) ?
122046 34235|Femur (right, distal end) Phytosaur?
122054 34235|Femur (right, proximal end) Phytosaur?
122067 34235|Femur (left, very large, lacks distal end) Phytosawr?
122076 34235{Femur (right) Phytosaus
122077 34235Femur (right) Phytosaur?
1220851 34236|Tibia (right, distal end) Phytosaur?
122214 34230|Scapula blade ?
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Table A.18. Continued
ISPECIMEN # |PREVIOUS# |ELEMENT LD.
122215 34230/Clavicle blade fragment ?
122219 34238|Calcaneum (right, lacks heet) Phytosaur?
122220 34238|Calcaneum {right, lacks heel) Phytosaur?
122229 34248{Calcaneum (left) Typothorax coccinarum
122230 Astragalus (1) ?
122234 34229|Atlas centrum fragment ?
122236 34229]Adlas (7) fragment ?
122252 734229 Dorsal vertebra (complete) Phytosaur?
122265 34229 Dorsal vericbra centrum 7
122268 34229|Caudal vertebra centnum ?
122269 34229|Caudal veriebra (small) ?
122276 34229{Dorsal vertebra centrum {small) 7
122277 34229|Dorsal vertebra centrum (small) ?
122278 34229|Dorsat vertebra centrum 7
122279 34229|Cervical vericbra centrum (small) ?
Cervical vertebra centrum and transverse process;

122281 34229labeled “V7” ?
122285 34229|Dorsal vertebra centrum (small); labeled “VE1™ ?
122288 3422%|Cervical vertebra (compleie) ?
122290 34229{Sacral vertebra centrum ?
122291 34229|Caudal vertebra (anterior) ?
122293 34229|Caudal vertebra cenirum ?
122295 34229|Vertebra centrum ¥
122301 34229 8acral vertebra (small) 7
122304 34229Vertcbra centrum (small) 7
122307 34229|Caudal vertebra (anterior) 7
122308 34229(8acral centrum (small) ?
122309 34229|Sacral centrum (small) ?
122310 34229]Sacral centrum (small) ?
122311 34229 Vertcbra centrum (small), labeled “V24” ?
122316 34229|Caudal vertebra, no neural spine ?
122323 34229|Caudal veriebra centrum (large) 7
122324 3422?@1@&1 veriebra with transverse process (large) ?
122326 34229Cervical vertebra centrum (large) ?
122334 34229|Mid-caudal vertebra (complete), U93 or J937 ?
122338 34229(Caudal vertebra centrum ?
122339 34229|Caudat verigbra centrum ?
122341 34229|Caudal vertebra centrum ?
122342 34229 Dorsal vertebra centrum ?
122347 34229|Posterior caudal vertebra ?
122350 34229|Posterior caudal vertebra ?
12235] 34229%|Posierior caudal vertebra ?
122356 34229/Caudal vertebra centrum (small) ?
122360 34229/Caudal vertebra centrum, with base of neural arch 17
122366 34229(Caudal vertebra (small, complete) ?
122368 34229|Caudal vertebra (small, lacking spine) ?

277




(31 .2

L]

C_J

L.

J

-

3

) .33 3

3

Table A.18. Continued

SPECIMEN # |PREVIOUS #

ELEMENT

<

122372 34229|Caudal vertebra centrum (small)
122375 34229/Caudal vericbra centrum
122376 34229[Caudal vertebra centrum
122386 34229|Caudal vertebra centrum
122387 34229Caudal vertebra centrum (small)
12239 34229 Caudal vertebra centrum
122392 34229,Caudal vertebra centrum
122393 34229 Dorsal vertebra centrum (hatf)
122396 34229\ Anierior caudal vertcbra

122397 34229Caudal vertebra contrum
122400) 34229|Caudal vericbra centrum

122401 34229 Mid-caudal vertebra centrum

122402 34229|Caudal vertebra centrum (half)

122403 34229IMid-caudal vertebra centrum

122404 34229 Posterior caudal vertebra centrum (small)
122405 34229|Caudal vericbra centrum (small)

122407 34229 Anterior caudal veriebra centrum (small)
122409 34229|Mid-caudal vertebra centrum

122413 34229

Caudal vertcbra centrum (half, small)

e R e e P P N I I I I I I B I B I EA S ) ’

122426 34229 Dorsal vertebra centrum {incomplete)

122431 34229|Dorsal vertebra centrum (half)

122435 34229 Vertebra centrum (half)

122438 34229 Dorsal vertebra centrum

122440 34229|Caudal vericbrae (round articular faces) ?
Caudal vertobrac (round articular faces); shipped in

122441 34229box 11 ?

122443 34229|Vertebra centrum 7

122445 34229|Caudal vertebrae (round articular faces) 7

122450 34229,Caudal vertchrae (round articular faces) 7
Vertebrae (two); kept with 122455 70/H vertebrac,

122456, possibly associated Temnospondyl?
Vertebrae (two, one incomplete); kept with 122455

122457 TO/H vertebrae, possibly associated Temnospondyl?
Fenur (right, big, missing distal end); Long and

122658 34236 Mutry, 1995, fig. 51) seudopalarus

122663 34236|Tibia (left, proximal end) ?

122664 34236|Tibia (right, distal end) ?

129927 Ungal i

Caudal veriebra (round articular faces); labeled

137200 12228, 34229¢V11” ?
137202, Phalanx or limb bone (extremely tiny) ?
158673 Pelvis (incomplete) Typothorax coccinarum
158674 Articulated motapodials and phalanges ?
"316/26" Caudal dorsal paramedian scute Agtosaur
i Clavicle and other unmumbered fragmients Phytosaur
? Mandiblc symphysis (anterior 2/3) Phytosaur
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Table A.18. Continued

SPECIMEN #

IPREVIOUS #

ELEMENT

LD,

1

Posterior mandible (right)

Phytosaur

¥i

Sacrum (distorted)

Typothorax coccinarum?

7

Mandibular fragment (large)

Phytosaur

ISicull fragments (cheek region, paroccipital process

and upper temporal bar), large endocast (?);
iscellaneous appendicular float; humerus (distal

end), ulnae (three proximat ends), femora (shaft,

distal end), tibiae (proximal end, distal end), tibia or

fibula (distal end, small), metatarsa) fragments,
other limb fragments much of which is small

Phytosaur

Mandible (right tip); unprepared, kept with 34228

{mostly 70/(3} skull fragments, probably not
associated

Phytosaur
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