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New records enrich the Late Triassic theropod assemblage of the Dockum Group of Texas. Here, five unpub-
lished theropod specimens (TTU-P11175, TTU-P12531X, TTU-P12587X, TTU-P14786, TTU-P16789) are 
described, each represented by a single element and collected from various fossil localities of Garza County, 
Texas. Additionally, two previously described specimens (TTU-P10082, TTU-P10534), which were also recovered 
from Upper Triassic rocks of Garza County are revisited for additional remarks on their anatomy. These new 
theropod specimens increase the abundance and disparity of theropods in the Dockum terrestrial vertebrate 
fauna. Together, with confirmed theropod discoveries in other recent works, the newly evaluated specimens 
add to the long history of dinosaur research in the Dockum Group of Texas.
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INTRODUCTION
Although the Dockum Group is generally recognized for 

the dominance and large diversity of Late Triassic pseudosu-
chians, new discoveries and reappraisals of previous findings 
bring a new understanding to the Dockum dinosauromorph 
diversity in recent years (e.g., Irmis et al. 2007a, 2007b, Nes-
bitt et al. 2007, Nesbitt and Chatterjee 2008, Martz et al. 2013, 
Sarıgül 2016). Thus far, the confirmed Dockum dinosaur 
record in Texas is composed solely of theropod specimens 
collected from Garza and Howard counties (e.g., Lehman 
and Chatterjee 2005, Nesbitt et al. 2007, Nesbitt and Chat-
terjee 2008, Martz et al. 2013, Nesbitt and Ezcurra 2015). 
This paper will contribute to the fossil record of Dockum 
theropods in Texas by describing five new isolated specimens 
and providing further observations for two previously pub-
lished specimens, all unearthed from Garza County. A  short 
historical review of all the theropod specimens collected from 
the Dockum Group of Texas is presented at the end of this 
paper, excluding the controversial taxon Protoavis texensis 
Chatterjee, 1991.

GEOLOGICAL SETTING AND FOSSIL LOCALITIES
Deposited in the upstream portion of the huge Chinle-

Dockum ancient river system (Riggs et al. 1996), the Dockum 

Group is broadly exposed in the western part of Texas and 
the eastern part of New Mexico, especially around the 
margin of the Staked Plains or Llano Estacado (Fig. 1). The 
thick fluvial deposits of the Upper Triassic Dockum Group 
of Texas measures up to 700 meters, these have been exten-
sively prospected for fossils, and a basic lithostratigraphic 
framework established (e.g., Chatterjee 1986, Lucas and Hunt 
1989, Lehman et al. 1992, Lehman 1994a, 1994b, Lucas and 
Anderson 1995, Lehman and Chatterjee 2005). This frame-
work consisted of four units; namely the Santa Rosa, Tecovas, 
Trujillo and Bull Canyon formations. However, problems 
with the unit boundaries required a new lithostratigraphic 
subdivision for the coeval strata in Garza County, Texas. 
Accordingly, the name Cooper Canyon Formation (once 
incorrectly used as a replacement for the Bull Canyon For-
mation) is employed for the whole sequence overlying the 
Santa Rosa Formation in Garza County (Martz 2008, Martz 
et al. 2013). Nevertheless, the lower, middle and upper units 
of the Cooper Canyon Formation in Garza County are direct 
correlatives of Tecovas, Trujillo and Bull Canyon formations 
of the classical scheme, which still provides a valid partition 
for the Upper Triassic red beds in northern Texas and eastern 
New Mexico counties (Fig. 2). 

Alternatively, the examination of the Trujillo and Tecovas 
in Crosby County demonstrates that these formations are 
lithologically no different than the lower and middle units of 
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the proposed Cooper Canyon Formation in Garza County, 
which makes the former names not only correlatives but 
also senior synonyms (Bill Mueller, personal communica-
tion, 2016). Here, there is no intention to take a side in 
this current debate, but a standardization of terminology is 
desperately needed for the lithostratigraphy of the Dockum 
Group of Texas, similar to what was recently provided for 
the Upper Triassic of New Mexico (Cather et al. 2013). Such 
a comprehensive framework would resolve the disagree-
ment either in abandonment of the different suggestions on 
lithostratigraphy in different parts of western Texas (e.g., 
Lucas and Anderson 1995, Martz et al. 2013) in favor of the 
classical Santa Rosa-Tecovas-Trujillo-Bull Canyon succes-
sion, or integration of different stratoypes into the Dockum 
Group as local correlatives.

The fossil specimens examined in this study were col-
lected from seven different fossil localities in Garza County 

(Figs. 1–3). The lowermost quarry in this study, the Post 
Quarry (MOTT 3624) produced the most diverse terrestrial 
tetrapod assemblage among all of the Garza localities and it 
corresponds stratigraphically to the upper part of the lower 
unit of the Cooper Canyon Formation (Martz et al. 2013). 
The overlying fossil sites also yield different vertebrate taxa, 
including numerous archosaurs, and their stratigraphic 
positions within the Dockum Group have been provided 
recently (Martz 2008). The Headquarters South (MOTT 
3898) and Headquarters Northwest (MOTT 3899) locali-
ties are placed at the upper levels of the middle unit of the 
Cooper Canyon Formation. Patricia Quarry (MOTT 3870) 
and Patty East (MOTT 3880) are located near the top of the 

Figure 1. Exposures of the Dockum Group (highlighted in grey) in 
western Texas and eastern New Mexico (modified after Lehman 
1994a). Borders of all county quadrangles discussed within the text 
are highlighted in red, whereas the cited fossil localities are marked 
with yellow-filled circles within the Garza and Howard County 
quadrangles. The approximate position of Dockum Site 7 General 
(TMM 41936) in close-up view of Howard County is modified after 
Nesbitt and Ezcurra (2015).

Figure 2. Simplified columnar section of the Dockum Group in 
Garza County, Texas, including the stratigraphic positions of the 
dinosaur-bearing quarries in bold (modified after Martz 2008, 
Martz et al. 2013).
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Figure 3. Complete listing of published Dockum dinosaur vouchered specimens, except the controversial taxon Protoavis texensis. Strati-
graphic sections simplified after Lucas and Anderson (1993) and Martz et al. (2013). Lithologic thicknesses are not to scale. Note that the 
exact collection location of the specimen UMMP 8870 of Case (1927) is unknown.
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Macy Ranch Sandstone (Martz 2008), whereas the Macy 
Ranch (MOTT 3927) lies about 20–25 meters below Macy 
Ranch Sandstone, and the Lott Kirkpatrick (MOTT 3634) 
locality is placed about 10 meters below the Macy Ranch 
fossil quarry (Martz 2008).

Two other dinosaur fossil producing localities are located 
in Howard County: Otis Chalk Quarry 3 (MOTT 2000) and 
Dockum Site 7 General (TMM 41936) near Signal Peak, 
which is located northwest of the Otis Chalk Quarry 3 (Figs. 
1, 3). The various Otis Chalk quarries are situated low in the 
Dockum Group and the stratigraphic placement of Dockum 
Site 7 General is provisionally accepted to be close to the Otis 
Chalk Quarries based on their faunal assemblages (Nesbitt 
and Ezcurra 2015, Sarıgül 2016) (Fig. 3). Nevertheless, the 
lithostratigraphic correlation of Dockum Group strata be-
tween Garza and Howard counties is not robustly supported 
as mentioned above.

MATERIALS AND METHODS
There are seven theropod specimens described in this 

work. Five of them (TTU-P11175, TTU-P12531X, TTU-
P12587X, TTU-P14786 and TTU-P16789) are previously 
unreported specimens and each is represented by a single 
bone. The formerly described specimen TTU-P10082 
consists of pelvic fragments (Lehman and Chatterjee 2005, 
Nesbitt and Chatterjee 2008, Martz et al. 2013) and some 
remarks will be made here on the postacetabular portion of 
the ilium. Furthermore, a more detailed description for the 
previously published specimen, TTU-P10546, is provided 
for the first time. All of the new specimens treated in this 
work were collected from Garza County, Texas by Bill Muel-
ler and Doug Cunningham in the first decade of the 21st 
century, and together with previously published theropod 
specimens from the Dockum Group of Texas, are reposited in 
the collections of the Museum of Texas Tech University with 
a specific voucher number pertaining to the palaeontology 
division of the museum (viz. TTU-P). All the bones were 
mechanically prepared, adhesives applied to the fractured 
parts and cellulose sculpting medium used to complete the 
large fractures and missing portions of TTU-P10082 and 
TTU-P10534. Preliminary information for these specimens 
was incorporated into a PhD dissertation dealing with the 
Dockum dinosauromorphs of Texas, together with other 
published or unpublished dinosauromorph specimens from 
the Museum of Texas Tech University (see Sarıgül 2014).

In this study, the term basal theropods define the non-
neotheropod members of Theropoda Marsh, 1881 and her-
rerasaurids, and they are considered to be a monophyletic 
clade that includes Herrerasaurus ischigualastensis Reig, 
1963 and Staurikosaurus pricei Colbert, 1970 (e.g., Benedetto 

1973, Novas 1992, Rauhut 2003, Nesbitt 2011). Chindesaurus 
bryansmalli Long and Murry, 1995 was originally defined as 
a herrerasaurid and this assignment is supported by various 
cladistic analyses, and is adopted here (e.g., Nesbitt et al. 2009, 
Langer et al. 2011). A possible recovery of Chindesaurus as a 
taxon more closely related to neotheropods is suggested after 
the discovery of Lepidus praecisio Nesbitt and Ezcurra, 2015, 
but this novel placement depends on which specimens are 
referred to L. praecisio (Nesbitt and Ezcurra 2015).

Institutional Abbreviations—MCZ: Museum of Com-
parative Zoology, Harvard University; MOTT: prefix for 
Museum of Texas Tech University localities; PEFO: Petrified 
Forest National Park, Arizona; PVSJ: Museo de Ciencias 
Naturales, Universidad Nacional de San Juan; TTU-P: prefix 
for Museum of Texas Tech University specimens; NMMNH: 
New Mexico Museum of Natural History; TMM: Texas Me-
morial Museum; UMMP: University of Michigan Museum 
of Paleontology.

SYSTEMATIC PALEONTOLOGY

DINOSAURIA Owen, 1842 sensu Padian and May, 1993
SAURISCHIA Seeley, 1887 sensu Gauthier, 1986

THEROPODA Marsh, 1881 sensu Gauthier, 1986
HERRERASAURIDAE Benedetto, 1973

Figs. 4–8

Referred specimens— TTU-P10082, nearly complete left 
pubis and postacetabular process of left ilium with a proximal 
fragment of the ischium attached; TTU-P12531X, proximal 
end of right femur; TTU-P16789, posterior dorsal vertebra.

Localities— The referred specimens were collected from 
the Garza County localities of Post Quarry (MOTT 3624), 
Headquarters South (MOTT 3898) and Patricia Quarry 
(MOTT 3870), respectively (Figs. 1, 2).

Horizons—Post Quarry is situated at the lower unit of 
the Cooper Canyon Formation (sensu Martz 2008), Head-
quarters South (MOTT 3898) is placed in the middle unit of 
the Cooper Canyon Formation (sensu Martz 2008), whereas 
Patricia Quarry (MOTT 3870) horizon falls within the upper 
unit of the Cooper Canyon Formation (sensu Martz 2008) 
(Fig. 3).

Description and remarks
TTU-P10082—This specimen is a rectangular, low and 

robust postacetabular (or posterior) process of the left ilium 
and a left pubis with the pubic peduncle attached (Figs. 4A, 
B, 5A–D). TTU-P10082 was previously described in detail 
(Nesbitt and Chatterjee 2008, Martz et al. 2013), and shown 
to represent an undetermined herrerasaurid. But a closer 
look at the postacetabular process of the ilium suggests a 
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different anatomical reconstruction. The anterior fragment 
of this element is composed of an antitrochanter and an 
ischial peduncle, where the posterior fragment represents 
the posterior iliac blade, including a medial shelf (sensu 
Hutchinson, 2001). These two fragments were glued together 
assuming that they were adjacent pieces, on which the pel-
vic reconstructions of TTU-P10082 are based (Nesbitt and 
Chatterjee 2008, figs. 1c and 1d; Martz et al. 2013, figs. 15a 
and 15b). However, the boundary between the two frag-
ments is discontinuous at the ventral border in lateral view, 
indicating that there is a missing portion in-between (Fig. 
6A). The missing part between the two iliac fragments likely 
housed the origin for M. caudofemoralis brevis. But more 
importantly, the assumed reconstruction from the previous 
papers creates an anatomically implausible position for the 
posterior portion of the bone, where the sacral ribs aligned 
in posterodorsal-anteroventral direction and deviated at a 
35° angle from the anteroposterior axis (Fig. 6B).

A hypothetical restoration of the postacetabular process 

with a continuous ventral border and aligned sacral verte-
brae is presented here (Fig. 6C, D). The sacral column of 
herrerasaurids is more or less straight in anteroposterior 
direction (e.g., Sereno and Novas 1992, Alcober and Marti-
nez 2010) and this vertebral alignment is emphasized here 
in the reconstruction of TTU-P10082. Another parameter 
is the correct placement of the iliac antitrochanter, which is 
located on the posterior side of the acetabulum (Novas 1996). 
The morphology of the postacetabular process now becomes 
very similar to an iliac fragment (UMMP 8870) referred to 
a North American herrerasaurid (Long and Murry 1995, 
Novas 1997, Hunt et al. 1998) or at least to a North American 
dinosaur (Nesbitt and Chatterjee 2008). TTU-P10082 and 
UMMP 8870 share a long and low postacetabular process 
with the posterodorsal rugosity (that is significantly larger 
in TTU-P10082), and also a pronounced shelf on the medial 
side of the bone that is concurrent with the lack of a brevis 
fossa (Nesbitt et al. 2007). Although no attached sacral ver-
tebrae were found on UMMP 8870, it is hypothesized that 

Figure 4A, B. Dockum herrerasaurid, iliac postacetabular process, TTU-P10082. A. Left postacetabular process in lateral view. B. Medial 
view. Abbreviations: act, acetabulum; ant, antitrochanter; ip, ischial peduncle; is, ischium; ms, medial shelf; ru, rugose surface; sc, sacral 
rib. Hatching indicates the damaged areas; portions in grey represent cellulose sculpting medium.
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this specimen possesses the ancestral state of having only 
two sacral vertebrae because of the small size of the postac-
etabular process (Long and Murry 1995), where the medial 
shelf serves as a dorsal support only for the second sacral rib 
(Langer 2004). However, the two sacral ribs found attached 
on the postacetabular process indicates that TTU-P10082 
possibly had a minimum of three sacral vertebrae since 
the first primordial sacral rib in early theropods is always 

placed anterior to the ischial peduncle, generally around the 
acetabular area (Novas 1996, Nesbitt and Chatterjee 2008). 
This situation implies that UMMP 8870 might have had three 
sacrals as well. Unlike the almost horizontal medial shelf of 
UMMP 8870, the medial shelf of the reconstructed TTU-
P10082 postacetabular process exhibits slight posteroventral 
deflection; however, this appears to be a homoplastic trait as 
a similar kind of curvature is also present in medial shelves of 

Figure 5A–D. Dockum herrerasaurid, pubis and attached pubic peduncle, TTU-P10082. A. Left pubis and pubic peduncle in lateral view. 
B. Posterior view. C. Medial view. D. Anterior view. Abbreviations: ab, anterior bevel; act, acetabulum; of, obturator fenestra; pb, pubic 
boot; pub, pubis; pup, pubic peduncle; sac, supraacetabular crest; sym, symphysis for pubic apron. Hatching indicates the damaged areas; 
portions in grey represent cellulose sculpting medium.
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Figure 6A–D. Two interpretations for the postacetabular process of Dockum herrerasaurid (TTU-P10082). A, B. The reconstruction in 
previous works of Nesbitt and Chatterjee (2008) and Martz et al. (2013), in lateral and medial views. C, D. The reconstruction in this study 
in lateral and medial views. Note that the dashed lines in yellow demonstrate the discontinuous ventral margin and the non-horizontal 
alignment of the sacral vertebrae; whereas the black dashed lines suggest a more plausible morphology, as discussed in the text.

Figure 7A–E. Dockum herrerasaurid, proximal end of right femur, TTU-P12531X. A. Partial femur in proximal view. B. Anterior view. C. 
Medial view D. Posterior view. E. Lateral view. Abbreviations: amt, anteromedial tuber; tf, trochanteric fossa; sfl, sulcus for femoral liga-
ment. Proximal view has its own scale. Hatching indicates the damaged areas. Arrow indicates anterior side for the proximal (A) view.
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Figure 8A–F. Dockum herrerasaurid, posterior dorsal vertebra, TTU-P16789. A. Vertebra in anterior view. B. Posterior view. C. Right lat-
eral view. D. Left lateral view. E. Dorsal view. F. Ventral view. Abbreviations: acdl, anterior centrodiapophyseal lamina; c, vertebral centrum; 
hsp, hyposphene; htr hypantrum; lf, lateral fossa; nc, neural canal; pap, parapophysis; pcdl, posterior centrodiapophyseal lamina; podl, 
postzygodiapophyseal lamina; poz, postzygapophysis; prdl, prezygodiapophyseal; prz, prezygapophysis. Hatching indicates the damaged 
areas.

dromaeosaurids, e.g, Deinonychus antirrhopus Ostrom, 1969 
(MCZ 4371, MCZ 4142), Bambiraptor feinbergi Burnham et 
al., 2000 (Burnham 2004) and Mahakala omnogovae Turner 
et al., 2007. Unfortunately, the iliac blades of all Triassic orni-
thodirans found in southwestern North America are missing 
different portions and therefore, a taxonomic assignment to 
genus for TTU-P10082 cannot be made (Nesbitt and Chat-
terjee 2008, pp. 145–146).

TTU-P12531X—The periphery of the proximal surface of 
this right femur is slightly eroded (Fig. 7A). The anteromedial 
tuber of the femoral head (sensu Nesbitt 2011) is small and 
well rounded (Fig. 7B, C), whereas the posteromedial and 
anterolateral tubera are not visible (Fig. 7D, E). The shallow 

femoral ligament (ligamentum capitis femoris) groove cre-
ates a distinct notch on the anteromedial side of the proxi-
mal surface as is typical of a dinosauriform femur (Novas 
1996, Rauhut 2003: character 197). The helical trochanteric 
fossa, or fossa trochanterica sensu Langer (2004) is highly 
developed and expanded over the proximal surface, where it 
obliterates the typical longitudinal groove of dinosauriforms 
on the proximal surface of the femur (Fig. 7A, D).

Presence of a trochanteric fossa is a good synapomorphy 
for Dinosauromorpha, but this character occurs homoplasti-
cally in the proximal femur of shuvosaurids, which differs 
from the dinosauromorph femur by possesing a distinctly 
recurved anteromedial tuber (Nesbitt 2011: characters 300, 
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laminae and hyposphene-hypantrum articulation also occur 
in some paracrocodylomorphs (e.g., Wilson 1999, Weinbaum 
2013) and some aetosaurs (e.g., Parker 2008, Desojo et al. 
2012). However, the vertebral centra are relatively elongated 
in paracrocodylomorphs (sensu Nesbitt 2011) rather than 
being spool shaped (e.g., Postosuchus kirkpatricki Chatterjee, 
1985 [TTU-P09002]) and both rib facets are on the transverse 
process of the dorsal vertebrae in aetosaurs. Parapophyses 
are located on the neural arch of dorsal vertebrae, and both 
zygapophyses and hyposphene-hypantrum articulations 
are relatively gracile in herrerasaurids, similar to what is 
observed for TTU-P16789.

THEROPODA Marsh, 1881 sensu Gauthier, 1986
Figs. 9, 10

Referred specimens—TTU-P11175, complete right tibia; 
TTU-P12587X, proximal end of left femur.

Localities—TTU-P11175 has been discovered in Head-
quarters Northwest (MOTT 3899) and TTU-P12587X was 
unearthed from Macy Ranch (MOTT 3927), Garza County, 
Texas (Figs. 1, 2).

Horizons—Headquarters Northwest (MOTT 3899) is 
placed in the middle unit of the Cooper Canyon Formation 
(sensu Martz 2008) and Macy Ranch (MOTT 3927) is located 
in the upper unit of the Cooper Canyon Formation (sensu 
Martz 2008) (Fig. 3).

Description and remarks
TTU-P11175—The slender right tibia has a sub-triangular 

proximal surface, including a crescentic cnemial crest with a 
smooth tibial notch and distinct medial and lateral condyles 
(Fig. 9A). The curvature of the cnemial crest does not reach 
to the lateral border (Fig. 9B). The medial border is slightly 
elevated; the rest of the proximal surface is mostly flat (Fig. 
9A, C). The posterior condyles are aligned posteriorly and 
separated by a shallow intercondylar notch (Fig. 9D). These 
two distinctive basal theropod characters are also shared by 
Silesaurus opoloensis Dzik, 2003 and Sacisaurus agudoensis 
Ferigolo and Langer, 2007; posterior margins of the condyles 
are contiguous in Eucoelophysis baldwini Sullivan and Lucas, 
1999, whereas the posterior condyles of neotheropods are 
separated by a deeper cleft (Rauhut 2003: character 205; 
Ezcurra 2006: character 250; Langer and Benton 2006: char-
acter 85; Nesbitt 2011: character 331). The medial condyle 
is somewhat larger than the lateral (fibular) condyle, which 
has a flattened lateral surface as in Herrerasaurus, Stauriko-
saurus, Tawa and some other neotheropods (Nesbitt 2011: 
character 332) (Fig. 9E). Unlike Silesaurus, Sacisaurus and 
neotheropods, no fibular crest is present (Nesbitt et al. 2009, 

313). Having a small anteromedial tuber and a reduced 
posteromedial tuber are diagnostic for dinosauriforms, 
except Tawa hallae Nesbitt et al., 2009 and neotheropods 
(Novas 1996: character 28; Nesbitt 2011: characters 300, 301; 
Langer et al. 2013). However, the two characters described in 
TTU-P12531X, a reduced anterolateral tuber and an over-
expanded trochanteric fossa, are very uncommon among 
dinosauriforms. The absence of an anterolateral tuber is 
recognized only in lagerpetids and in Herrerasaurus (PVSJ 
373) and Chindesaurus (PEFO 10395) among early dino-
sauriforms (Nesbitt et al. 2009, character 225, Nesbitt 2011: 
character 302). Moreover, Herrerasaurus and Chindesaurus 
also lack the longitudinal groove on the proximal surface 
of the femur due to the over-expansion of the trochanteric 
fossa (Langer 2004, Nesbitt and Chatterjee 2008, Nesbitt 
2011: character 314). The absence of this groove is described 
in another herrerasaurid, Sanjuansaurus gordilloi Alcober 
and Martinez, 2010, although it lacks a trochanteric fossa. 
Unlike TTU-P12531X and Herrerasaurus, Chindesaurus is 
missing the femoral ligament groove (Long and Murry 1995). 
Although the preserved portion is so inadequate to provide a 
more definitive diagnosis, the morphology of TTU-P12531X 
indicates a close resemblance to Herrerasaurus.

TTU-P16789—This specimen is a fairly complete vertebra, 
except for the damaged anterior centrum face and broken tips 
of the transverse processes and that of the neural spine (Fig. 
8A–F). The neural arch retains the saurischian synapomor-
phy of a hyposphene-hypantrum accessory intervertebral 
articulation (Gauthier 1986), and principal diapophyseal 
laminae described in saurischians, namely anterior centro-
diapophyseal (acdl), posterior centrodiapophyseal (pcdl), 
prezygodiapophyseal (prdl) and postzygodiapophyseal 
(podl) laminae on the transverse processes (Wilson 1999) 
(Fig. 8A–D). Vertebral laminae are one of the important 
saurischian features; however, the neural arch is too dam-
aged to diagnose all the characteristic laminae with certainty. 
Tiny ridges decorate the periphery of the posterior end. The 
centrum is anteroposteriorly short and spool shaped, which 
is diagnostic in herrerasaurid dorsal centra (Novas 1992, 
Langer and Benton 2006). The parapophyseal facet for the 
rib attachment is not located on the centrum but closer to 
the neural spine, a situation that indicates TTU-P16789 is a 
posterior dorsal vertebra. There is also a blind fossa on each 
side (Fig. 8C, D). These types of shallow excavations on dorsal 
vertebrae are previously documented in Herrerasaurus (No-
vas 1993), Chindesaurus (Long and Murry 1995), many other 
dinosauriforms (Rauhut 2003, character 106), and various 
archosauriforms (e.g., Alcober and Parrish 1997, Parker and 
Barton 2008), but they do not represent the true pleurocoels 
of derived saurischians, which pierce the vertebral centra 
(e.g., Wedel 2007).

As a result of convergent evolution, both diapophyseal 



10           PALEOBIOS, VOL. 34, FEBRUARY 2017	

sub-rounded distal surface that possesses a small posterior 
process, matching the basal theropod condition (e.g., Novas 
1989, 1996, Rauhut 2003: character 208; Langer and Benton 
2006: character 87; Nesbitt 2011: characters 335, 336, 338).

TTU-P12587X—This specimen is the proximal end of 
a left femur. The femoral head is rounded and all three 
proximal tubera (sensu Nesbitt 2011) are recognized on the 
proximal surface (Fig. 10A). The anteromedial tuber is well 

Nesbitt 2011). The shaft is hollow and rounded in transverse 
section and gets somewhat waisted towards the distal end 
without any noticeable structure, except the nutrient fora-
men located below to the lateral condyle. The distal end 
bears a longitudinal groove, contiguous with the ventrolat-
eral notch (sensu Novas 1989) on the distal surface for the 
reception the ascending process of the astragalus (Fig. 9F). 
The ventrolateral notch does not deeply penetrate into the 

Figure 9A–F. Dockum basal theropod, right tibia, TTU-P11175. A. Tibia in proximal view. B. Anterior view. C. Medial view D. Posterior 
view. E. Lateral view. F. Distal view. Abbreviations: cc, cnemial crest; icn, intercondylar notch; lc, lateral condyle; lg, longitudinal groove 
(that gave rise to the distal notch); mc, medial condyle; nf, nutrient foramen; pp, posterior process; tn, tibial notch. Proximal and distal 
views share the 1 cm. scale bar. Hatching indicates the damaged areas. Arrow indicates anterior side for the proximal (A) and distal (F) 
views.
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developed and expanded medially as in Tawa and neothe-
ropods; where the anterolateral and posteromedial tubera 
are also pronounced as well as the groove for the ligament 
femoris capitis (Rauhut 2003: character 197, Nesbitt 2011: 
characters 300–302) (Fig. 10B–D). The posterolateral por-
tion of TTU-P12587X, including part of the trochanteric 
fossa (i.e., facies articularis antitrochanterica), is missing 
(Fig. 10D, E).

TTU-P12587X has almost the same suite of character 
states with the femur of TTU-P10072, another Dockum 
specimen that was assigned to a basal theropod, closer to 
neotheropods than herrerasaurids (Nesbitt and Chatterjee 
2008). TTU-P12587X differs from TTU-P10072 by the 
smaller size and in lacking a longitudinal groove on the 
proximal surface.

THEROPODA Marsh, 1881 sensu Gauthier, 1986
NEOTHEROPODA Bakker, 1986 sensu Sereno, 1998

Figs. 11, 12

Referred specimens—TTU-P10534, left tibia; TTU-
P14786, distal end of left tibia.

Localities—TTU-P10534 was collected from Patty East 
(MOTT 3880) and TTU-P14786 was found in Headquarters 
South (MOTT 3898), both in Garza County, Texas (Figs. 1, 2).

Horizons—Upper unit of the Cooper Canyon Formation 

(sensu Martz 2008) for the former quarry, middle unit of the 
Cooper Canyon Formation (sensu Martz 2008) for the latter 
quarry (Fig. 3).

Description and remarks
TTU-P10534—The proximal surface of TTU-P10534 

is sub-triangular, anteroposteriorly longer than wide and 
slightly eroded around the edges (Fig. 11A). An elongated 
groove on the medial edge and a depression on the central 
part of the proximal surface probably served as an insertion 
point for some ligaments occurring between the femur and 
tibia. This central depression not only demarcates the cnemial 
crest from the posterior condyles, but it also extends between 
the two condyles. The anterior part of the cnemial crest is 
slightly damaged and weakly bent towards the fibular side, 
leaving the smooth-surfaced tibial notch uncovered (Fig. 
11B). A well-developed fibular crest is present on the lateral 
side that gradually projects towards the distal portion (Fig. 
11B, C). Both condyles are pronounced where the lateral (or 
fibular) condyle is rounded and slightly smaller than the me-
dial condyle, which possesses a proximally oriented medial 
edge (Fig. 11D, E). The posterior margins of the condyles are 
contiguous. The sub-circular shaft is broken just below the 
proximal head, where the nutrient foramen should be lo-
cated, and was restored with cellulose sculpting medium. The 
shaft is slightly bowed to the medial side due to taphonomic 

Figure 10A–E. Dockum basal theropod, proximal end of left femur, TTU-P12587X. A. Partial femur in proximal view. B. Anterior view. 
C. Medial view. D. Posterior view. E. Lateral view. Abbreviations: alt, anterolateral tuber; amt, anteromedial tuber; flg, femoral ligament 
(ligament femoris capitis) groove; tf, trochanteric fossa; pmt, posteromedial tuber. Hatching indicates the damaged areas. Arrow indicates 
anterior side for the proximal (A) view.
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conditions, where some cracks and compression marks are 
visible, especially at the distal part displaying damage. The 
distal end is rhomboidal/sub-rectangular in distal view, pos-
sesses an enlarged posterior process (i.e., a post-fibular wing), 
a deeply penetrated articulation groove for the ascending 
process of the astragalus. A robust longitudinal ridge is also 
present on the distal margin of the posterior side (Fig. 11F).

This specimen was first mentioned in an abstract, then 
introduced elsewhere as “TTUP unnumbered” and referred 
to an undetermined theropod in the same work (Cunning-
ham et al. 2002, Nesbitt et al. 2007). Complementing this 
preliminary identification, the distal articular surface pattern, 

a robust fibular crest and a longitudinal ridge on the poste-
rior side of the distal end indicates TTU-P10534 represents 
a neotheropod (Rauhut 2003: character 208; Nesbitt 2011: 
characters 331, 336). Despite being almost half the size, the 
tibial morphology of TTU-P10534 closely resembles that of 
Dilophosaurus wetherilli Welles, 1984 (also see Rauhut 2003, 
text-fig. 45B), in particular the robust and poorly flared cne-
mial crest, slightly elevated medial border of the proximal 
surface, relative sizes of tibial condyles, the triangular fibular 
crest and the shape of the distal articular surface.

TTU-P14786—This specimen is the distal end of a left 
tibia. Although this is the only portion preserved, a deeply 

Figure 11A–F. Dockum neotheropod, right tibia, TTU-P10534. A. Tibia in proximal view. B. Anterior view. C. Lateral view. D. Posterior view. E. 
Medial view. F. Distal view. Abbreviations: af, articular facet for astragalus; cc, cnemial crest; g, groove; lc, lateral condyle; mc, medial condyle; pp, 
posterior process; r, posterior ridge; tn, tibial notch. Proximal and distal views share the 3 cm. scale bar. Hatching indicates the damaged areas; por-
tions in grey represent cellulose sculpting medium. Arrow indicates anterior side for the proximal (A) and distal (F) views.
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penetrated articulation facet on the rhomboidal distal sur-
face for the ascending process of the astragalus, an enlarged 
posterior process on the lateral side, and a characteristic 
longitudinal ridge on the posterior side strongly support 
the neotheropod affinity of this specimen (Fig. 12A–E), 
as explained for TTU-P10534 above. The morphology of 
TTU-P14786 is similar to the distal section of TTU-P11044, 
a larger neotheropod tibia described from the Post Quarry 
(Nesbitt and Chatterjee 2008, Martz et al. 2013).

DISCUSSION AND CONCLUSIONS
Despite such prolific theropod diversity documented in 

the Upper Triassic Dockum Group, no ornithischian or sau-
ropodomorph fossils are confirmed so far. Among the taxa 
that were previously described as ornithischians, Technosau-
rus smalli Chatterjee, 1984 is now reassigned as a silesaurid 
based on similar jaw and dental morphology (e.g., Nesbitt 
et al. 2007, Martz et al. 2013) and Revueltosaurus callenderi 
Hunt, 1989 is now considered to be a pseudosuchian possibly 

related to aetosaurs, after the discovery of the postcranial 
skeleton and skull (Parker et al. 2005, Nesbitt 2011). On the 
other hand, Tecovasaurus murryi Hunt and Lucas, 1994, Luci-
anosaurus wildi Hunt and Lucas, 1994, Protecovasaurus lucasi 
Heckert, 2004 and Crosbysaurus harrisae Heckert, 2004 are 
all diagnosed solely on isolated teeth as ornithischians (Hunt 
and Lucas 1994, Hunt et al. 1998, Heckert 2004); however, 
the described dental morphology appears to be homoplastic 
among archosauriforms, and the phylogenetic placement of 
these taxa remains uncertain (Irmis et al. 2007a). Moreover, 
reported prosauropod body fossils (e.g., Hunt et al. 1998, 
Harris et al. 2002) are too incomplete to be assigned to this 
clade with certainty (Nesbitt et al. 2007).

Presently, the Dockum dinosaur fauna consists solely of 
theropods (Nesbitt et al. 2007). In contrast, the Dockum 
Group of New Mexico has produced few confirmed dinosaur 
fossils (contra Hunt 2001). One of them is Chindesaurus bry-
ansmalli to which a proximal end of a left femur and some 
vertebrae were referred (Long and Murry 1995, p. 174). There 

Figure 12A–E. Dockum neotheropod, distal portion of left tibia, TTU-P14786. A. Partial tibia in anterior view. B. Lateral view. C. Posterior 
view. D. Medial view. E. Distal view. Abbreviations: af, articular facet; pp, posterior process; r, posterior ridge. Proximal and distal views 
share the 1 cm. scale bar. Hatching indicates the damaged areas. Arrow indicates anterior side for the distal (E) view.



14           PALEOBIOS, VOL. 34, FEBRUARY 2017	

are two additional fragmentary skeletons; one of them is Go-
jirasaurus quayi Carpenter, 1997, which possibly represents 
another member of Coelophysoidea (Rauhut 2003, Nesbitt et 
al. 2007), and the other is an incomplete skeleton (NMMNH 
P-4569) that belongs to an indeterminate saurischian that was 
originally diagnosed as a theropod (e.g., Hunt 1994, Hunt 
2001, Nesbitt et al. 2007).

A Historical Overview of the Dockum Theropod Fauna 
of Texas, USA

The history of fossil discoveries in the Dockum Group 
of Texas spans more than a century and many specimens 
have been referred to theropods since the earliest years. 
Some isolated teeth collected by William Fletcher Cummins 
(1840–1931), who first coined the name Dockum in 1889 for 
the Triassic red beds of Texas (Cummins 1890), represent the 
earliest fossils attributed to theropods from this region. The 
teeth collected by Cummins were assigned to three taxa in 
1893 by Edward Drinker Cope (1840–1897) as an unnamed 
species of Clepsysaurus Lea, 1851, Palaeoctonus orthodon 
Cope, 1893 and P. dumblianus Cope, 1893. More specimens 
were published by Ermine Cowles Case (1871–1953) during 
the first half of the 20th century. First, a series of presacral 
vertebrae with relatively long neural spines (UMMP 7507), 
a partial braincase (UMMP 7473) and a left femur (UMMP 
3396) were reported from Crosby County (Case 1922). 
Subsequently, an isolated right ilium (UMMP 8870), few 
undetermined vertebrae (UMMP 7277), some caudal verte-
brae (UMMP 9805) and various compressed, recurved teeth 
(e.g., UMMP 2680) were added to the Dockum fossil record 
from the same county (Case 1927). All of the mentioned 
specimens were assigned to Coelophysis Cope, 1889, one of 
the earliest described dinosaurs and an iconic taxon of the 
American Southwest, or to a closely related “coelurosaurid” 
taxon by Case himself. In 1932, discovery of a series of asso-
ciated caudal vertebrae (UMMP 13670) and several isolated 
teeth (e.g., UMMP 13765 and UMMP 13766) from Potter 
County were also attributed to Coelophysis (Case 1932). In 
the same year, Friedrich von Huene (1875–1969) proposed 
a new theropod taxon, Spinosuchus caseanus von Huene, 
1932, based on the vertebral column (UMMP 7507) and the 
partial braincase (UMMP 7473) that were first introduced by 
Case in 1922. Furthermore, the caudal vertebrae and teeth 
described by Case in 1927 were also referred to this taxon by 
von Huene. In contrast, von Huene declared that the rest of 
the skeletal elements collected by Case could not be attrib-
uted to Coelophysis, whereas some elements were ascribed to 
parasuchids, including UMMP 8870. More specimens were 
referred to Coelophysis from various other Texas Panhandle 
localities in Howard, Borden, Crosby, Randall, and Potter 

counties by Joseph T. Gregory (1914–2007) and Ruth L. Elder 
(1954–2014) during the 20th century (e.g., Gregory 1945, 
1972, Elder 1978, 1987), including the Otis Chalk quarries 
where digging was started by the Works Progress Adminis-
tration project during the late 1930s (Fig. 1).

The dinosaur affinity of all of these specimens has been re-
cently questioned in a series of comprehensive re-evaluations 
and the results demonstrate quite a different picture. The 
three taxa described by Cope (1893) based on dental remains 
are now considered phytosaurs nomia dubia (e.g., Stocker and 
Butler 2013). Following the assignment of the partial brain-
case (UMMP 7473) to Postosuchus kirkpatricki (Chatterjee 
1985), the holotype of Spinosuchus caseanus was restricted 
to the vertebral column (UMMP 7507) and the taxonomic 
status of this taxon remained as nomen dubium for long time 
(Padian 1986, Murry 1986, Long and Murry 1995, Murry and 
Long 1997). The vertebral column was initially referred to 
an undetermined archosauriform (Nesbitt et al. 2007), but 
recent works conclude that S. caseanus is a trilophosaurid 
(Spielmann et al. 2009, Nesbitt et al. 2015). Moreover, the 
ilium (UMMP 8870) identified by Case (1927) was first 
attributed to an indeterminate herrerasaurid (Murry 1986, 
1989), then assigned to Chindesaurus bryansmalli together 
with the proximal extremity of a left femur (TMM 31100-
523) from the Otis Chalk Quarry 3 (Long and Murry 1995, 
also see Langer 2004). Shortly afterwards, UMMP 8870 was 
designated as a holotype of a new taxon Caseosaurus cros-
byensis Hunt et al., 1998, and TMM 31100-523 was referred 
to an undetermined dinosaur (Hunt et al. 1998). Although 
UMMP 8870 has some characters in common with the basal 
theropods, the taxonomic placement of this element is still 
uncertain, but TMM 31100-523 remains assignable to C. 
bryansmalli (Nesbitt et al. 2007, Nesbitt and Chatterjee 2008).

On the other hand, the caudal vertebrae described by 
Case in 1932 appear to represent a rauisuchid (Murry and 
Long 1997), whereas the teeth introduced in the same work 
do not offer any diagnostic features to pinpoint a taxon 
more inclusive than Archosauria (Hunt et al. 1998). Finally, 
the dinosaur affinities of the specimens introduced by J. T. 
Gregory and R. D. Elder remain unconfirmed (Murry and 
Long 1997). The taxonomic status of Protoavis texensis, an-
other alleged theropod from the Dockum Group of Texas, 
is not yet resolved (e.g., Ostrom 1991, Chiappe 1995, Padian 
and Chiappe 1998, Nesbitt et al. 2007, Martz et al. 2013). 
This taxon is excluded from the present study because of its 
controversial status.

Additionally, re-appraisal of some taxa, which were origi-
nally referred to Dinosauria, reveals that they are actually 
pseudosuchians. The pseudosuchians Poposaurus gracilis 
Mehl, 1915 (UMMP 11748, Colbert 1961) and Shuvosaurus 
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inexpectatus Chatterjee, 1993 were once treated as thero-
pods, where Postosuchus kirkpatricki was initially described 
as a carnivorous thecodont, which might have given rise to 
tyrannosaurs (Chatterjee 1985). A cladistic approach reveals 
a clear split between pseudosuchian and dinosaurian lineages 
(e.g., Gauthier 1986, Benton and Clark 1988, Sereno 1991, 
Long and Murry 1995, Nesbitt and Norell 2006) and the 
establishment of this new method resulted in elimination of 
the former from the Dockum theropod fauna.

Current status of the Dockum theropod fauna
None of the reported specimens in the early works 

mentioned above belong to a theropod, except a proximal 
fragment of a femur (TMM 31100-523) and possibly a right 
ilium (UMMP 8870) (Fig. 3). In contrast, almost all of the 
verified theropod specimens from the Upper Triassic Doc-
kum Group of Texas were collected in the last 40 years. The 
bulk of unequivocal theropod elements were collected by 
Sankar Chatterjee and his crew from the Museum of Texas 
Tech University, as part of current and ongoing studies of 
the Dockum terrestrial tetrapod fauna in Texas that started 
in the 1980s (e.g., Chatterjee 1986, Lehman and Chatterjee 
2005). Despite these specimens originally being referred 
to Coelophysis, taxonomic reassessment of the collected 
material (TTU-P10071, TTU-P10072, TTU-P10082, TTU-
P10534 and TTU-P11044) indicates the presence of basal 
theropods (e.g., herrerasaurids) and neotheropods (Nesbitt 
et al. 2007, Nesbitt and Chatterjee 2008, Martz et al. 2013, 
also see above) (Fig. 3). The recent discoveries of Lepidus 
praecisio (holotype TMM 41936-1.3 and paratypes TMM 
41936-1, TMM 41936-1.1), a new neotheropod from near the 
distinct landform named Signal Peak, which is also close to 
the Otis Chalk quarries, and a few isolated limb bones such 
as a femur (TTM 31100-545) and a tibia (TMM 31100-1324) 
from the Otis Chalk Quarry 3 (MOTT 2000), complement 
the previously described specimens (Stocker 2013, Nesbitt 
and Ezcurra 2015) (Fig. 3). 

Dockum theropod diversity in Texas now includes more 
theropod specimens with the majority belonging to basal 
theropods (TTU-P11175, TTU-P12531X, TTU-P12587X, 
TTU-P16789) and a new neotheropod specimen (TTU-
P14786) (Fig. 3). Collected from multiple quarries at dif-
ferent stratigraphic horizons, the specimens increase the 
relative abundance of theropods in the Dockum Group. 
Morphological disparity of the Dockum theropods differ 
from tiny and gracile limb elements with shaft diameters of 
about one centimeter (e.g., TTU-P12587X, TTU-P14786) to 
much larger specimens (e.g., TTU-P10082, TTU-P10534). 
The up-section extension of the biostratigraphic ranges of 
Dockum theropods demonstrates that the basal theropods 

and neotheropods coexisted during the entire Late Triassic, at 
least in western Texas (see also Irmis et al. 2007b). However, 
the fragmentary condition of the specimens prevent a more 
definitive taxonomic designation to genus and/or species in 
most cases, and thus, are not currently very useful for faunal 
correlation. Nevertheless, future studies of dinosaurs in the 
Late Triassic tetrapod terrestrial fauna appear promising, as 
the potential is high for the finding of new more complete 
theropod (or even ornithischian and sauropodomorph) fos-
sils in the Dockum Group.

ACKNOWLEGEMENTS
The author is thankful to Sankar Chatterjee for providing 

the material and workspace, to Bill Mueller for taking the 
photographs of the specimens and for sharing his personal 
data and observations, and to the Museum of Texas Tech 
University staff for their friendly attitude. The author is also 
grateful to the anonymous reviewers’ valuable comments 
that improved this paper and to the editor Diane M. Erwin.

LITERATURE CITED
Alcober, O, and Parrish, J.M. 1997. A new poposaurid from the Upper 

Triassic of Argentina. Journal of Vertebrate Paleontology 17:548–556.
Alcober, O, and Martinez, R.N. 1997. A new herrerasaurid (Dinosauria, 

Saurischia) from the Upper Triassic Ischigualasto Formation of north-
western Argentina. Zookeys 63:55–81.

Bakker, R.T. 1986. The Dinosaur Heresies. William Morrow, New York. 
481 pp.

Benedetto, J.L. 1973. Herrerasauridae, nueva familia de saurisquios triási-
cos. Ameghiniana 10:89-102.

Benton, M.J., and Clark, J.M. 1988. Archosaur phylogeny and the rela-
tionships of the Crocodylia. Pp. 295–338 in M.J. Benton (ed.). The 
Phylogeny and Classification of the Tetrapods Volume 1: Amphibians 
and Reptiles. Clarendon Press, Oxford.

Burnham, D.A., Derstler, K.L., Currie, P.J., Bakker, R.T., Zhou, Z., and 
Ostrom, J.H. 2000. Remarkable new birdlike dinosaur (Theropoda: 
Maniraptora) from the Upper Cretaceous of Montana. The University 
of Kansas Paleontological Contributions 13:1–14.

Burnham, D.A. 2004. New information on Bambiraptor feinbergi (Thero-
poda: Dromaeosauridae) from the Late Cretaceous of Montana. Pp. 
67–111 in P.J. Currie, E.B. Koppelhaus, M.A. Shugar, and J.L. Wright 
(eds.). Feathered Dragons. Indiana University Press, Bloomington.

Carpenter, K. 1997. A giant coelophysoid (Ceratosaruia) theropod from 
the Upper Triassic of New Mexico, USA. Neues Jahrbuch für Geologie 
und Paläontologie Abhandlungen 205:198–208.

Case, E.C. 1922. New reptiles and stegocephalians from the Upper Triassic 
of West Texas. Carnegie Institution of Washington Publication 321:1–84.

Case, E.C. 1927. The vertebral column of Coelophysis Cope. Contributions 
from the Museum of Paleontology, University of Michigan 11:209–222.

Case, E.C. 1932. On the caudal region of Coelophysis sp. and on some 
new or little known forms from the Upper Triassic of western Texas. 
Contributions from the Museum of Paleontology, University of Michigan 
4:81–91.

Cather, S.M., Zeigler, K.E., Mack, G.H., and Kelley, S.A. 2013. Towards 
standardization of Phanerozoic stratigraphic nomenclature in New 
Mexico. Rocky Mountain Geology 48:101–124.

Chatterjee, S. 1984. A new ornithischian dinosaur from the Triassic of 
North America. Naturwissenschaften 71:630–631.

Chatterjee, S. 1985. Postosuchus, a new thecodontian reptile from the Trias-
sic of Texas and the origin of tyrannosaurs. Philosophical Transactions 



16           PALEOBIOS, VOL. 34, FEBRUARY 2017	

of the Royal Society London Series B, 309:395–460.
Chatterjee, S. 1986. The Late Triassic Dockum vertebrates: their strati-

graphic and paleobiogeographic significance Pp. 139–150 in K. Padian 
(ed.). The Beginning of the Age of Dinosaurs: Faunal Change across the 
Triassic-Jurassic Boundary. Cambridge University Press, Cambridge.

Chatterjee, S. 1991. Cranial anatomy and relationships of a new Triassic 
bird from Texas. Philosophical Transactions of the Royal Society London 
Series B 332:277–342.

Chatterjee, S. 1993. Shuvosaurus, a new theropod. National Geographic 
Research and Exploration 9:274–285.

Chiappe, L.M. 1995. The first 85 million years of avian evolution. Nature 
378:349–355.

Colbert, E.H. 1961. The Triassic reptile, Poposaurus. Fieldiana 14:59–78.
Colbert, E.H. 1970. A saurischian dinosaur from the Triassic of Brazil. 

American Museum Novitates 2405:1–39.
Cope. E.D. 1889. On a new genus of Dinosauria. American Naturalist 

23:626.
Cope, E.D. 1893. A preliminary report on the vertebrate paleontology 

of the Llano Estacado. B. C. Jones and Company, Austin. 137 pp. + 
XXIII plates.

Cummins, W.F. 1890. The Permian of Texas and its overlying beds. First 
Annual Report of the Geological Survey of Texas (for 1889):185-197.

Cunningham, D.P., Hungerbühler, A., Chatterjee, S., and McQuilkin, K. 
2002. Late Triassic vertebrates from the Patricia site near Post, Texas. 
Journal of Vertebrate Paleontology 22:47A.

Desojo, J.B., Ezcurra, M.D., and Kischlat E.E. 2012. A new aetosaur genus 
(Archosauria: Pseudosuchia) from the early Late Triassic of southern 
Brazil. Zootaxa 3166:1–33.

Dzik, J. 2003. A beaked herbivorous archosaur with dinosaur affinities 
from the early Late Triassic of Poland. Journal of Vertebrate Paleontol-
ogy 23:556-574.

Elder, R.L. 1978. Paleontology and paleoecology of the Dockum Group, 
Upper Triassic, Howard County, Texas. Unpublished M.Sc. thesis, 
University of Texas, Austin, Texas, USA.

Elder, R.L. 1987. Taphonomy and paleoecology of the Dockum Group, 
Howard County, Texas. Journal of the Arizona-Nevada Academy of 
Science 22:85–94. 

Ezcurra, M.D. 2006. A review of the systematic position of the dinosauri-
form archosaur Eucoelophysis baldwini (Sullivan & Lucas, 1999) from 
the Upper Triassic of New Mexico, USA. Geodiversitas 28:649–684.

Ferigolo, J., and Langer, M.C. 2007. A Late Triassic dinosauriform from 
south Brazil and the origin of the ornithischian predentary bone. 
Historical Biology 19:23–33.

Gauthier, J.A. 1986. Saurischian monophyly and the origin of birds. Mem-
oirs of California Academy of Sciences 8:1–55.

Gregory, J.T. 1945. Osteology and relationships of Trilophosaurus. Univer-
sity of Texas Publication 4401:273-359.

Gregory, J.T. 1972. Vertebrate faunas of the Dockum Group, Triassic, 
Eastern New Mexico and Texas. Pp. 120–124 in V.C. Kelley, and F.D. 
Trauger (eds.). Guidebook of East-Central New Mexico, New Mexico 
Geological Society, Albuquerque.

Harris, S.K., Heckert, A.B., Lucas, S.G., and Hunt, A.P. 2002. The oldest 
North American prosauropod, from the Upper Triassic Tecovas For-
mation of the Chinle Group (Adamanian: latest Carnian), West Texas. 
in A.B. Heckert, and S.G. Lucas (eds.). Upper Triassic Stratigraphy 
and Paleontology. Museum of Natural History and Science Bulletin 
21:249–252. 

Heckert, A.B. 2004. Late Triassic microvertebrates from the lower Chinle 
Group (Otischalkian-Adamanian: Carnian), southwestern U.S.A. New 
Mexico Museum of Natural History and Science Bulletin 27:1–170.

von Huene, F.R.F. 1932. Die fossile Reptil-Ordnung Saurischia, Ihre 
Entwicklung und Geschiehte. Monographien zur Geologie und Palae-
ontologie 1:1–362.

Hunt, A.P. 1989. A new? ornithischian dinosaur from the Bull Canyon 
Formation (Upper Triassic) of east-central New Mexico. Pp 355–358 
in S.G. Lucas and A.P. Hunt (eds.). Dawn of the Age of Dinosaurs in 

the American Southwest. New Mexico Museum of Natural History, 
Albuquerque.

Hunt, A.P. 1994. Vertebrate paleontology and biostratigraphy of the Bull 
Canyon Formation (Chinle Group: Norian), east-central New Mexico 
with revisions of the families Metoposauridae (Amphibia: Temnospon-
dyli) and Parasuchidae (Reptilia: Archosauria). Unpublished Ph.D. dis-
sertation, University of New Mexico, Albuquerque, New Mexico, USA.

Hunt, A. P. 2001. The vertebrate fauna, biostratigraphy and biochronology 
of the type Revueltian faunachron, Bull Canyon Formation (Upper 
Triassic), east-central New Mexico. New Mexico Geological Society 
Guidebook 52:123–152.

Hunt, A.P., and Lucas, S.G. 1994. Ornithischian dinosaurs from the Upper 
Triassic of the United States. Pp. 225–241 in N.C. Fraser, and H.-D. 
Sues (eds). In the Shadow of the Dinosaurs: early Mesozoic tetrapods. 
Cambridge University Press, Cambridge.

Hunt, A.P., Lucas, S.G., Heckert, A.B., Sullivan, R.M., and Lockley, M.G. 
1998. Late Triassic dinosaurs from the western United States. Geobios 
31:511–531.

Hutchinson, J. R. 2001. The evolution of pelvic osteology and soft tissues 
on the line to extant birds (Neornithes). Zoological Journal of the Lin-
nean Society 131:123-168.

Irmis, R.B., Parker, W.G., Nesbitt, S.J., and Liu, J. 2007a. Early ornithischian 
dinosaurs: the Triassic record. Historical Biology 19:3–22.

Irmis, R.B., Nesbitt, S.J., Padian, K., Smith, N.D., Turner, A.H., Woody, 
D., and Downs, A. 2007b. A Late Triassic dinosauromorph assemblage 
from New Mexico and the rise of dinosaurs. Science 317:358–361.

Langer, M.C. 2004. Basal Saurischia. Pp. 24–46 in D.B. Weishampel, P. 
Dodson, and H. Osmólska (eds.). The Dinosauria, second edition. 
University of California Press, Berkeley.

Langer, M.C., and Benton, M.J. 2006. Early dinosaurs: A phylogenetic 
study. Journal of Systematic Palaeontology 4:309-358.

Langer, M.C., Bittencourt, J.S., and Schultz, C.L. 2011. A reassessment of 
the basal dinosaur Guaibasaurus candelariensis, from the Late Triassic 
Caturrita Formation of south Brazil. Earth and Environmental Science 
Transactions of the Royal Society of Edinburgh 101:301–332.

Langer, M.C., Nesbitt, S.J., Bittencourt, J.S. ,and Irmis, R.B. 2013. Non-
dinosaurian Dinosauromorpha. in S.J. Nesbitt, J.B. Desojo, and R.B. Ir-
mis (eds.). Anatomy, Phylogeny and Palaeobiology of Early Archosaurs 
and Their Kin. Geological Society Special Publications 379:157–187.

Lea, I. 1851. Remarks on Clepsysaurus pennsylvanicus. Proceedings of the 
Academy of Natural Sciences of Philadelphia 5: 204–205. 

Lehman, T.M. 1994a. The saga of the Dockum Group and the case of the 
Texas/New Mexico boundary fault. New Mexico Bureau Mines and 
Mineral Resources Bulletin 150:37–51.

Lehman, T.M. 1994b. Save the Dockum Group. West Texas Geological 
Society Bulletin 34:5–10.

Lehman, T.M., and Chatterjee, S. 2005. The depositional setting and ver-
tebrate biostratigraphy of the Triassic Dockum Group of Texas. Indian 
Journal of Earth System Science 114:325-351.

Lehman, T.M., Chatterjee, S., and Schnable, J.P. 1992. The Cooper Can-
yon Formation (Late Triassic) of western Texas. The Texas Journal of 
Science 44:349–355.

Long, R.A., and Murry, P.A. 1995. Late Triassic (Carnian and Norian) 
tetrapods from the southwestern United States. New Mexico Museum 
of Natural History and Science Bulletin 4:1–254.

Lucas, S.G., and Hunt, A.P. 1989. Revised Triassic stratigraphy in the 
Tucumcari basin, east-central New Mexico. Pp. 150–169 in Lucas, S.G. 
and Hunt, A.P. (eds.). Dawn of the Age of Dinosaurs in the American 
Southwest, New Mexico Museum of Natural History, Albuquerque.

Lucas, S.G., and Anderson O.J. 1993. Triassic stratigraphy in southeast-
ern New Mexico and southwestern Texas. Pp. 231-235 in Love, D.W., 
Hawley, J.W., Kues, B.S., Adams, J.W., Austin, G.S., and Barker, J.M. 
(eds.). New Mexico Geological Society Field Conference Guidebook 
44, New Mexico Geological Society, Albuquerque.

Lucas, S.G., and Anderson O.J. 1995. Dockum (Upper Triassic) stratigra-
phy and nomenclature. West Texas Geological Society Bulletin 34:5–11.



        SARIGÜL—NEW THEROPODS FROM THE DOCKUM GROUP OF TEXAS, USA 	 17

Marsh, O.C. 1881. Principal characters of American Jurassic dinosaurs. 
American Journal of Science 21:417–423 + plates XII-XVIII.

Martz, J.W. 2008. Lithostratigraphy, chemostratigraphy, and vertebrate 
biostratigraphy of the Dockum Group (Upper Triassic), of southern 
Garza County, West Texas. Unpublished Ph.D. dissertation, Texas Tech 
University, Lubbock, Texas, USA.

Martz, J.W., Mueller, B.D., Nesbitt, S.J., Stocker, M.R., Parker, W.G., 
Atanassov, M., Fraser, N., Weinbaum, J., and Lehane, J.R. 2013. A 
taxonomic and biostratigraphic re-evaluation of the Post Quarry 
vertebrate assemblage from the Cooper Canyon Formation (Dockum 
Group, Upper Triassic) of southern Garza County, western Texas. 
Earth and Environmental Science Transactions of the Royal Society of 
Edinburgh 103:339–364.

Mehl, M.G. 1915. Poposaurus gracilis, a new reptile from the Triassic of 
Wyoming. Journal of Geology 23:516-522.

Murry, P.A. 1986. Vertebrate paleontology of the Dockum Group, western 
Texas and eastern New Mexico, Pp. 109-137 in K. Padian (ed.). The 
Beginning of the Age of Dinosaurs: Faunal Change across the Triassic-
Jurassic Boundary. Cambridge University Press, Cambridge.

Murry, P.A. 1989. Geology and paleontology of the Dockum Formation 
(Upper Triassic), West Texas and eastern New Mexico Pp. 102–144 
in S.G. Lucas, and A.P. Hunt (eds.). Dawn of the Age of Dinosaurs in 
the American Southwest. New Mexico Museum of Natural History, 
Albuquerque.

Murry, P.A., and Long, R.A. 1997. Dockum Group. Pp. 191–193 in P.J. 
Currie, and K. Padian (eds.). Encyclopedia of Dinosaurs. Academic 
Press, San Diego.

Nesbitt, S.J. 2011. The early evolution of archosaurs: relationships and the 
origin of major clades. Bulletin of the American Museum of Natural 
History 352:1–292.

Nesbitt, S.J., and Chatterjee, S. 2008. Late Triassic dinosauriforms from the 
Post Quarry and surrounding areas, west Texas, USA. Neues Jahrbuch 
für Geologie und Paläontologie Abhandlungen 249:143–156.

Nesbitt, S.J., and Norell, M.A. 2006. Extreme convergence in the body 
plans of an early suchian (Archosauria) and ornithomimid dinosaurs 
(Theropoda). Proceedings of the Royal Society of London Series B 
273:1045-1048. 

Nesbitt, S.J., and Ezcurra, M.D. 2015. The early fossil record of dinosaurs in 
North America: A new neotheropod from the base of the Upper Triassic 
Dockum Group of Texas. Acta Palaeontologica Polonica 60:513-526.

Nesbitt, S.J., Irmis, R.B., and Parker, W.G. 2007. A critical re-evaluation of 
the Late Triassic dinosaur taxa of North America. Journal of Systematic 
Palaeontology 5:209–243.

Nesbitt, S.J., Smith, N.D., Irmis, R.B., Turner, A.H., Downs, A., and Norell, 
M.A. 2009. A complete skeleton of a Late Triassic saurischian and the 
early evolution of dinosaurs. Science 326:1530–1533.

Nesbitt, S.J., Sidor, C.A., Irmis, R.B., Angielczyk, K.D., Smith, R.M.H., and 
Tsuji, L.A. 2010. Ecologically distinct dinosaurian sister group shows 
early diversification of Ornithodira. Nature 464:95–98.

Nesbitt, S.J., Flynn, J.J., Pritchard, A.C., Parrish, J.M., Ranivoharimanana, 
L. and Wyss, A.R. 2015. Postcranial osteology of Azendohsaurus 
madagaskarensis (?Middle to Upper Triassic, Isalo Group, Madagascar) 
and its systematic position among stem archosaur reptiles. American 
Museum of Natural History Bulletin 398:1–126.

Novas, F.E. 1989. The tibia and tarsus in Herrerasauridae (Dinosauria, 
incertae sedis) and the origin and evolution of the dinosaurian tarsus. 
Journal of Paleontology 63:677–690.

Novas, F.E. 1992. Phylogenetic relationships of the basal dinosaurs, the 
Herrerasauridae. Palaeontology 35:51-62.

Novas, F.E. 1993. New information on the systematics and postcranial 
skeleton of Herrerasaurus ischigualastensis (Theropoda: Herrerasauri-
dae) from the Ischigualasto Formation (Upper Triassic) of Argentina. 
Journal of Vertebrate Paleontology 13:400–423.

Novas, F.E. 1996. Dinosaur monophyly. Journal of Vertebrate Paleontology 
16:723–741.

Novas, F.E. 1997. Herrerasauridae. Pp. 303–311 in P.J. Currie, and K. 

Padian (eds.). Encyclopedia of Dinosaurs. Academic Press, San Diego.
Ostrom, J.H. 1969. Osteology of Deinonychus antirrhopus, an unusual 

theropod from the Lower Cretaceous of Montana. Peabody Museum 
of Natural History Bulletin 30:1–165.

Ostrom, J.H. 1991. The bird in the bush. Nature 353:212.
Owen, R. 1842. Report on British fossil reptiles, part II. Report of the 

eleventh meeting of the British Association for the Advancement of Sci-
ence 1841:60–204.

Padian, K. 1986. On the type material of Coelophysis Cope (Saurischia: 
Theropoda), and a new specimen from the Petrified Forest of Arizona. 
Pp. 45–60 in K. Padian (ed.). The Beginning of the Age of Dinosaurs: 
Faunal Change Across the Triassic-Jurassic Boundary. Cambridge 
University Press, Cambridge.

Padian, K., and May, C.L. 1993. The earliest dinosaurs, in S.G. Lucas and 
M. Morales (eds.). The Nonmarine Triassic. New Mexico Museum of 
Natural History and Science Bulletin 3:379–381.

Padian, K., and Chiappe, L.M. 1998. The origin and early evolution of 
birds. Biological Reviews 73:1–42.

Parker, W.G. 2008. Description of new material of the aetosaur Desmato-
suchus spurensis (Archosauria: Suchia) from the Chinle Formation of 
Arizona and a revision of the genus Desmatosuchus. PaleoBios 28:1–40. 

Parker, W.G., and Barton, B.J. 2008. New information on the Upper 
Triassic archosauriform Vancleavea campi based on new material 
from the Chinle Formation of Arizona. Palaeontologia Electronica 
11(3.14A):1–20.

Parker, W.G., Irmis, R.B., Nesbitt, S.J., Martz J.W., and Browne, L.S. 2005. 
The Late Triassic pseudosuchian Revueltosaurus callenderi and its 
implications for the diversity of early ornithischian dinosaurs. Philo-
sophical Transactions of the Royal Society London B 272:963–969. 

Rauhut, O.W.M. 2003. The interrelationships and evolution of basal the-
ropod dinosaurs. Special Papers in Palaeontology 69:1–214.

Reig, O.A. 1963. La presencia de dinosaurios saurisquios en los “Estratos 
de Ischigualasto” (Mesotriásico superior) de las provincias de San Juan 
y La Rioja (República Argentina). Ameghiniana 3:3-20.

Riggs, N.R., Lehman, T.M., Gehrels, G.E., and Dickinson, W.R. 1996. 
Detrital zircon link between headwaters and terminus of the Upper 
Triassic Chinle-Dockum Paleoriver system. Science 273:97–100.

Rowe, T. 1989. A new species of the theropod dinosaur Syntarsus from 
the Early Jurassic Kayenta Formation of Arizona. Journal of Vertebrate 
Paleontology 9:125–136.

Sarıgül, V. 2014. Anatomy of the Late Triassic Dinosauromorphs from the 
Dockum Group of Texas: Their Biostratigraphic, Paleobiogeographic 
and Evolutionary Significance. Unpublished Ph.D. dissertation, Texas 
Tech University, Lubbock, Texas, USA.

Sarıgül, V. 2016. New basal dinosauromorph records from the Dockum 
Group of Texas, USA. Palaeontologia Electronica 19(2.21A):1–16.

Seeley, H.G. 1887. On the classification of the fossil animals com-
monly named Dinosauria. Proceedings of the Royal Society of London 
43:165–171.

Sereno, P.C. 1991. Basal archosaurs: Phylogenetic relationships and func-
tional implications. Society of Vertebrate Paleontology Memoirs 2:1–53.

Sereno, P.C. 1998. A rationale for phylogenetic definitions, with applica-
tion to the higher level taxonomy of Dinosauria. Neues Jahrbuch für 
Geologie und Paläontologie Abhandlungen 210:41–83.

Sereno, P.C., and Novas, F.E. 1992. The complete skull and skeleton of an 
early dinosaur. Science 258:1137–1140.

Spielmann, J.A., Lucas, S.G., Heckert, A.B., Rinehart, L.F., and Richards, 
H.R., III, 2009. Redescription of Spinosuchus caseanus (Archosauro-
morpha: Trilophosauridae) from the Upper Triassic of North America. 
Palaeodiversity 2:283–313.

Stocker, M.R. 2013. Contextualizing vertebrate faunal dynamics: New Per-
spectives from the Triassic and Eocene of Western North America. Un-
published Ph.D. dissertation, University of Texas, Austin, Texas, USA.

Stocker, M.R., and Butler, R.J. 2013. Phytosauria, in S.J. Nesbitt, J.B. 
Desojo, and R.B. Irmis (eds.). Anatomy, Phylogeny and Palaeobiol-
ogy of Early Archosaurs and Their Kin. Geological Society Special 



18           PALEOBIOS, VOL. 34, FEBRUARY 2017	

Publications 379:91–117.
Sullivan, R.M., and Lucas, S.G. 1999. Eucoelophysis baldwini, a new thero-

pod dinosaur from the Upper Triassic of New Mexico, and the status 
of the original types of Coelophysis. Journal of Vertebrate Paleontology 
19:81-90.

Turner, A.H., Pol, D., Clarke, J.A., Erickson, G.M., Norell, M.A. 2007. A 
basal dromaeosaurid and size evolution preceding avian flight. Science 
317:1378–1381.

Wedel, M. 2007. What pneumaticity tells us about ‘prosauropods’, and vice 
versa. Special Papers in Palaeontology 77:207–222.

Weinbaum, J.C. 2013. Postcranial skeleton of Postosuchus kirkpatricki 
(Archosauria: Paracrocodylomorpha), from the upper Triassic of 
the United States, in S.J. Nesbitt, J.B. Desojo, and R.B. Irmis (eds.). 
Anatomy, Phylogeny and Palaeobiology of Early Archosaurs and Their 
Kin. Geological Society Special Publications 379:525–554.

Welles, S.P. 1984. Dilophosaurus wetherilli (Dinosauria, Theropoda) os-
teology and comparisons. Palaeontographica Abteilung A 185:85–180.

Wilson, J.A. 1999. A nomenclature for vertebral laminae in sauropods 
and other saurischian dinosaurs. Journal of Vertebrate Paleontology 
19:639–653.


