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Conceptualizations of actual biological patterns as preserved in the fossil record 

must accommodate the results of biotic and abiotic drivers of faunal dynamics. However, 

those conceptualizations also may reflect cognitive biases resulting from foundational 

philosophical stances. Whether fossils are conceptualized as the remains of biological 

entities or as geological objects will affect both taxonomic identifications and secondary 

inferences derived from those identifications. In addition, operational research bias 

centered on relativistic views of ‘importance’ of particular components (i.e., taxonomic 

or skeletal region) of the assemblage results in preferential documentation of some taxa 

and marginalization of others. I explored the consequences of those specific cognitive 

and operational biases through examination of Triassic and Eocene faunal assemblages in 

western North America. For the Triassic I focused on taxonomic and systematic 

treatments of Paleorhinus, a group of phytosaurs important for the establishment of 

biochronologic correlations. Specimen-level reexamination of Paleorhinus supported a 

restricted usage of Paleorhinus as a clade, dissolved a biochronologic connection 



 x 

between terrestrial and marine deposits, and indicated a prior compression of the early 

part of the Late Triassic as a result of previous conceptualizations of species. I 

reexamined the Otis Chalk tetrapod assemblage in light of new specimens and modern 

phylogenetic frameworks. My examination supported a restricted usage of the 

Otischalkian for biochronologic correlation of the Late Triassic, and emphasized the 

importance of apomorphic character-based specimen examinations in conjunction with 

detailed lithostratigraphy prior to the development of biochronologic schema. For the 

Eocene I focused on undocumented terrestrial reptiles from the late Uintan fauna of West 

Texas. Specifically I discovered new taxa and new geographic occurrences of 

amphisbaenians and caimanine crocodylians. The amphisbaenians represent the 

southernmost record of the clade in the North American Paleogene, and, when combined 

with other amphisbaenian records, document that the clade responded to late Paleogene 

climatic changes in ways different from the inferred mammalian response. The new taxon 

of caimanine crocodylian represents a new geographic and temporal record of that clade. 

That new record indicates that the biogeographic range of extant caimans represents a 

climate-driven restriction from a formerly more expansive range, and suggests that the 

previous geographic and temporal gap in paleodistribution data is related to sampling 

biases and is not a solely a biological phenomenon. These data indicate that reliable 

characterization of vertebrate faunal dynamics requires open acknowledgment and 

appropriate documentation of cognitive and operational biases that affect interpretations 

of paleontological data. 
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Chapter 1: Introduction to the Dissertation 

WHAT IS FAUNAL DYNAMICS? 
The study of faunal dynamics involves the examination of large-scale 

evolutionary questions regarding biotic changes through time and the mechanisms and 

events that influenced those changes. Largely, it examines possible links between 

biodiversity, biogeography, and biotic and abiotic events in Earth history. Those links 

can include changes to vertebrate diversity and distribution through time with respect to 

the known record of changes in climatic conditions. They also can include changes in 

diversity and distribution with respect to tectonic events such as continental rifting, large-

scale volcanism, orogenic events, or sea-level fluctuations. In all cases, a temporal 

context is necessary for understanding the tempo of evolution in light of those events. 

There is a paucity of numerical ages inferred by radioisotopic dating methods for 

terrestrial, fossiliferous localities. Biostratigraphic and biochronologic correlations 

provide an alternative temporal context for examining macroevolutionary questions in 

most of the terrestrial fossil record, and this utilizes the successive sequences of fossils in 

the rock record to determine relative age data. 

It is the ways fossils are conceptualized that are the first interpretation away from 

the primary data of the morphology, stratigraphic order, and geographic provenance of 

the fossils themselves. Those conceptualizations may reflect cognitive biases resulting 

from foundational philosophical stances. Whether fossils are conceptualized as the 

remains of biological entities or as geological objects will affect both taxonomic 

identifications and secondary inferences derived from those identifications. Furthermore, 
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the philosophical and methodological framework in which specimen identifications are 

made (i.e., the traditional method using similarities, or a modern method utilizing 

character state transformations determined to be apomorphic through tested cladistic 

analyses) affects the types of groups that are recognized (non-monophyletic versus 

monophyletic, respectively) and will translate to issues with taxonomy, inferences of 

species longevity, and paleogeographic distribution. In addition, operational research bias 

centered on relativistic views of ‘importance’ of particular components (i.e., taxonomic 

or skeletal region) of the assemblage results in preferential documentation of some taxa 

and marginalization of others. 

WHY STUDY THE TRIASSIC AND THE EOCENE? 
For my dissertation, I explored the consequences of those specific cognitive and 

operational biases through examination of Triassic and Eocene faunal assemblages in 

western North America. Because I focused on more than one time in Earth history, my 

study has the potential to illuminate the consequences of those biases across geologic 

time and across multiple taxa. The Triassic and Eocene both have been identified as ‘the 

beginning of the modern fauna’, and they are both times of major climatic and tectonic 

changes. The Triassic portion of my work provides a deep-time aspect of the origin and 

diversification of many major, modern groups of tetrapods, including the first relatives of 

modern mammals, the first turtles, some of the first squamates, and archosaurs. Recent 

changes to the Triassic timescale, along with multiple recent studies identifying new taxa, 

new specimens of known taxa, and providing modern cladistic analyses of relationships 

and character evolution provided a counterpoint to the historic biochronologic framework 
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under which terrestrial correlations are made. The Eocene portion of my work utilizes an 

existing, rigorous, and multifaceted temporal framework. However, the emphasis on 

mammalian fossils for biochronologic correlations resulted in hypotheses of terrestrial 

tetrapod response to climatic fluctuations that were generalized for the entire fauna. For 

both the Triassic and Eocene portions of my dissertation, fossiliferous localities in Texas 

proved key for investigating the effects of conceptual bias on terrestrial vertebrate faunal 

dynamics. 

SUMMARY OF CHAPTERS 

Summary of Chapter 2: The Influence of Cladistics on ‘Diagnostic’ Characters 
In Chapter 2, I focused on the taxonomic and systematic complexities of 

phytosaurs because they formed the basis for previous biochronologic correlations for the 

Late Triassic. I used a modern evolutionary philosophy and methodology for specimen 

identification and developed an updated, comparative evaluation of phytosaur taxonomy 

and systematics. My methods modified specimen identifications, and I found that 

previous biochronologic correlations are faulty and non-evolutionary. 

Summary of Chapter 3: Taxonomic Identifications and Their Effects on 
Biostratigraphic and Biochronologic Correlations 

In Chapter 3, I reevaluated the Otis Chalk tetrapod assemblage and found extreme 

differences in taxonomic composition, diversity, and biochronologic correlations when 

compared to previous work and to other ‘contemporaneous’ assemblages. 
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Summary of Chapters 4 and 5: Biochronology and the Marginalization of 
‘Uninformative’ Taxa 

Chapters 4 and 5 center on taxa that previously were marginalized because of a 

predominant focus on mammalian fossils. I recognized the first herpetofauna from the 

Middle Eocene of West Texas. Significantly, I recognized the first amphisbaenians from 

Texas and the youngest known caimanine from North America. I demonstrated that 

some, but not all, of the reptiles may have experienced a range contraction coincident 

with Paleogene climate change as was hypothesized for the mammalian taxa. However, I 

found an increase, rather than decrease, in diversity in the Middle Eocene because of 

previously overlooked biodiversity. 
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THE INFLUENCE OF CLADISTICS ON ‘DIAGNOSTIC’ 

CHARACTERS 

 

Chapter 2: A New Taxonomic Arrangement for Paleorhinus scurriensis 

Langston 1949 

 

 

ABSTRACT 
The paraphyletic genus ‘Paleorhinus’ is understood currently as a cosmopolitan 

phytosaur taxon from the Late Triassic. There is no consensus regarding the number of 

species of ‘Paleorhinus,’ with multiple species and genera synonymized into a single 

genus or even a single species at various points in its published history. The taxonomy is 

confounded by historical descriptions without the benefit of comparisons to more 

recently collected specimens, emphasis on plesiomorphic cranial morphology as 

diagnostic features of the genus, and lack of cladistic analyses. When included in a 

recent, explicitly cladistic phylogenetic analysis, the holotype of ‘Paleorhinus’ 

scurriensis (TTU P-00539) was found as the earliest-branching phytosaur with respect to 

other North American specimens previously referred to ‘Paleorhinus,’ and is generically 

distinct from Paleorhinus. ‘Paleorhinus’ scurriensis differs from all known phytosaurs in 
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four unambiguous characters: basitubera widely separated mediolaterally; ridge present 

on lateral surface of jugal; thickened shelf present along posteroventral edge of expanded 

pterygoid-quadrate wing; ‘septomaxillae’ separated and excluded from internarial 

septum; and nasal swelling present posterior to posterior borders of nares. This detailed 

morphological description of an early-branching phytosaur taxon is a first step towards 

resolving longstanding issues surrounding specific anatomical features and relationships 

among early members of the clade. 

INTRODUCTION 
Phytosauria is recognized as a monophyletic group of archosauriforms (Sereno, 

1991; Brusatte et al., 2010; Nesbitt, 2011), and most recently the clade was hypothesized 

to be the sister taxon to Archosauria (Nesbitt, 2011). Recent phylogenetic analyses 

recovered increasingly resolved relationships within Phytosauria (Hungerbühler, 2002; 

Parker and Irmis, 2006; Stocker, 2010a, 2012). However, those phylogenies were focused 

on resolving relationships among derived phytosaurid phytosaurs; relationships among 

non-phytosaurid phytosaurs and their taxonomy remain contentious and unresolved. 

Paleorhinus was named based on a fragmentary specimen (FMNH UC 632; 

holotype specimen of Paleorhinus bransoni Williston, 1904; Lees, 1907) from the Popo 

Agie Formation of Wyoming. Other species of Paleorhinus were since named based on 

additional specimens from the Popo Agie Formation (Paleorhinus parvus Mehl, 1928), 

from the Dockum Group of Texas (Paleorhinus scurriensis Langston, 1949; Paleorhinus 

sawini Long and Murry, 1995), and from the Late Triassic of Morocco (Paleorhinus 

magnoculus Dutuit, 1977). Additionally, the name Paleorhinus was applied to other 
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specimens of non-phytosaurid phytosaurs from the Late Triassic of India (= Parasuchus 

hislopi), Poland (multiple specimens from the Krasiejów clay pit; Dzik and Sulej, 2007), 

Austria (= ‘Francosuchus’ trauthi), and Germany (= Mesorhinosuchus fraasi, 

Paleorhinus angustifrons [sensu Butler et al., 2012], Francosuchus latus, Ebrachosuchus 

neukami, Francosuchus broilii), and from the United States, specifically Arizona (MNA 

V3728 from the Downs Quarry) and Texas (Promystriosuchus ehlersi, specimens from 

the Otis Chalk localities). Most of those taxa were synonymized within 

Paleorhinus/Parasuchus (Gregory, 1962; Ballew, 1989; Hunt and Lucas, 1991; Long and 

Murry, 1995) based on shared plesiomorphic morphological characters and low 

stratigraphic positions within their respective lithologic units. 

Several researchers proposed the possibility that ‘Paleorhinus’ is a paraphyletic 

group of non-phytosaurid phytosaurs (Hungerbühler, 1998, 2000; Wroblewski, 2003; 

Irmis, 2005; Parker and Irmis, 2006). The hypothesis of a paraphyletic Paleorhinus was 

supported by a recently published cladistic analysis (Stocker, 2010a). In that study, 

‘Paleorhinus’ scurriensis was recovered as the basal-most phytosaur taxon included in 

the analysis (Figure 2.1). Additionally, characters that had been considered diagnostic of 

Paleorhinus (e.g., Ballew, 1989) were reinterpreted as plesiomorphic for Phytosauria 

(Stocker, 2010a). 

A challenge to understanding the phylogenetic relationships and taxonomy of 

non-phytosaurid phytosaurs is the limited inclusion of those species in published 

phylogenetic analyses (Ballew, 1989; Hungerbühler, 2002; Parker and Irmis, 2006; 

Stocker, 2010a, 2012). Most phylogenetic analyses that examined phytosaur ingroup 
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relationships were focused on more derived leptosuchomorph phytosaurs, and included a 

limited sample of non-phytosaurid phytosaurs or a single non-phytosaurid phytosaur as 

an outgroup taxon only. Those analyses were not developed to test which characters – if 

any – are synapomorphies that unite various species in a monophyletic Paleorhinus. 

Additionally, the majority of specimens referred to ‘Paleorhinus’ require a modern 

comparative description of their anatomy in order to better understand morphological 

evolution at the base of Phytosauria. 

The type and only known specimen of ‘Paleorhinus’ scurriensis (TTU P-00539) 

is a partial skull collected from the base of the Dockum Group in Scurry County, Texas, 

(Langston, 1949) and is an important specimen with respect to the application of the 

Otischalkian land vertebrate faunachron (lvf) (Hunt and Lucas, 1991). TTU P-00539 was 

first described over sixty years ago (Langston, 1949). Using an explicitly cladistic 

framework, I reexamine the holotype of ‘Paleorhinus’ scurriensis and provide a full 

redescription of that specimen in a comparative context. I focus on where my 

interpretation differs from the original description or where the new morphology is 

visible because of further preparation, and I provide comparisons with other North 

American specimens previously referred to ‘Paleorhinus,’ as well as to a number of other 

taxa of phytosaurs. 

INSTITUTIONAL ABBREVIATIONS 
AMNH FARB, American Museum of Natural History, Fossil Amphibian, 

Reptile, and Bird collections, New York, New York; BSPG, Bayerische Staatssammlung 

für Paläontologie und Geologie, Munich, Germany; FMNH UC, Field Museum of 
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Natural History, University of Chicago collections, Chicago, Illinois; MNA, Museum of 

Northern Arizona, Flagstaff, Arizona; MNHN, Muséum National d’Histoire Naturelle, 

Paris, France; MU, University of Missouri, Columbia, Missouri; NHMW, 

Naturhistorisches Museum Wien, Vienna, Austria; PEFO, Petrified Forest National Park, 

Arizona; SMNS, Staatliches Museum für Naturkunde, Stuttgart, Germany; TMM, 

Vertebrate Paleontology Laboratory, Texas Natural Science Center, Austin, Texas; TTU 

P, Texas Tech University, Lubbock, Texas; UCMP, University of California Museum of 

Paleontology, Berkeley, California; UMMP, University of Michigan Museum of 

Paleontology, Ann Arbor, Michigan; ZPAL, Institute of Palaeobiology, Polish Academy 

of Sciences, Warsaw, Poland. 

GEOGRAPHIC AND GEOLOGIC SETTING 
TTU P-00539 was collected by Dr. John Clark in 1937 from a “white, fine-

grained, calcareous sandstone” on the H. G. Bryan farm, 2.5 miles northeast of the town 

of Camp Springs, Scurry County, Texas (Langston, 1949, p. 324; B. Mueller, pers. com., 

2011; Figure 2.2) within what is now known as the Camp Springs Formation of the 

Dockum Group. That unit originally was called the Camp Springs Conglomerate (Beede 

and Christner, 1926) and referred to the lower part of the Dockum Group in this area of 

Texas. The precise stratigraphic location of the locality is unclear because of the complex 

sedimentology and stratigraphy of the basal conglomeratic units of the Dockum Group 

(e.g., Lehman, 1994; Lucas et al., 1994; Riggs et al., 1996; Martz, 2008). The Camp 

Springs Member tentatively was correlated with the Santa Rosa Sandstone, the basalmost 

unit of the Dockum Group in both Texas and New Mexico (Martz, 2008). However, the 
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Santa Rosa Sandstone potentially comprises two units, with the Camp Springs Formation 

in Texas only correlative to the lower, Tecololito Member of the Santa Rosa Formation in 

New Mexico (Lehman, 1994; Lucas et al., 1994; Martz, 2008). 

The age of the base of the Dockum Group is not well constrained. The Camp 

Springs Formation was correlated with the Colorado City Formation (= the Iatan Member 

of Lucas and Hunt [1993], encompassing the Otis Chalk localities) within the 

Otischalkian lvf because of the shared presence of Paleorhinus (Hunt and Lucas, 1991; 

Lucas and Hunt, 1993). The age of the Otischalkian was hypothesized based on 

correlations with the Opponitzer Limestone (late Carnian) of Austria using the presence 

of NHMW 1905/0007/0052, a fragmentary rostrum that was identified as Paleorhinus 

trauthi (e.g., Huene, 1939; Trauth, 1948; Hunt and Lucas, 1991). However, reevaluation 

of Paleorhinus trauthi revealed that it differs from other non-phytosaurid phytosaurs in 

multiple features, and instead that specimen more likely represents a non-phytosaurian 

saurian (Butler et al., 2012). Based on radioisotopic and magnetostratigraphic revisions to 

the Late Triassic timescale (Furin et al., 2006; Muttoni et al., 2004), the Carnian-Norian 

boundary was redated at approximately 228 Ma. That change to the placement of the 

Carnian-Norian boundary, along with recent radioisotopic dates for portions of the Chinle 

Formation (e.g., Ramezani et al., 2011; Irmis et al., 2011), indicate that exposures of 

Chinle Formation in Arizona and New Mexico are entirely post-Carnian (Irmis et al., 

2010, 2011; Olsen et al., 2011; Martz et al., In press). If the Santa Rosa Sandstone is 

equivalent to the Norian-aged Shinarump Member as demonstrated by detrital zircon 

signatures (Riggs et al., 1996), then that is additional supporting data for a Norian age of 
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the base of the Dockum Group. Based on the Adamanian (Norian) age of the Post 

Quarry, which is within the stratigraphically higher Cooper Canyon Formation of the 

Dockum Group, the Santa Rosa Sandstone can be constrained to be older than the 

hypothesized age range of 220-215 Ma for the Post Quarry (Martz et al., In press). 

MATERIAL AND METHODS 
The specimen described here (TTU P-00539) is preserved in two parts: one part 

includes the posterior portion of the skull roof including the frontals, parietals, 

squamosals, the dorsal portions of the quadrates and quadratojugals, and the braincase; 

and the second part includes the region around the nares and antorbital fenestrae 

including the anterior portions of the jugals and lacrimals, the right ectopterygoid, parts 

of the pterygoids, the palatines, maxillae, nasals, ‘septomaxillae,’ and posterior portions 

of the premaxillae. No recognizable portions of the prefrontals, postfrontals, or 

postorbitals are present. No mandibles or postcrania were collected with this specimen. 

Original preparation methods for TTU P-00539 are not fully known. However, 

the specimen already was prepared and coated with what was interpreted as an orange-

colored shellac prior to its original description (W. Langston, pers. com., 2011). In order 

to remove that material, Langston scrubbed the specimen with rags dipped in acetic acid. 

A coating of Butvar B-78 was applied over the outer surface of the entire skull in the late 

1990s, and both segments were molded in March of 2010 (B. Mueller, pers. com., 2011). 

SYSTEMATIC PALEONTOLOGY 
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Archosauriformes Gauthier et al., 1988 

Phytosauria Meyer, 1861, sensu Doyle and Sues, 1995 

New Taxon 

Figures 2.3-2.8 

Holotype: TTU P-00539, partial skull preserved in two parts. 

Diagnosis: The new taxon differs from all other phytosaurs in the following 

characters: basitubera that are widely separated mediolaterally; presence of a ridge on the 

lateral surface of the jugal; presence of a thickened shelf along the posteroventral edge of 

an expanded pterygoid-quadrate wing; ‘septomaxillae’ that do not contact one another 

and do not form part of the internarial septum; and presence of a nasal swelling posterior 

to the posterior borders of the nares. The new taxon shares the following characters with 

all other phytosaurs (based on cladistic analyses by Stocker [2010], Nesbitt [2011], and 

Stocker [2012]): nares directed dorsally (Stocker 2010: 1[1]); nares nonterminal (Stocker, 

2010a: 2[1+2]; Nesbitt, 2011: 139[1+2]); interpremaxillary fossa present (Stocker, 2010a: 

8[1+2]); facial portion of the maxilla anterior to anterior edge of antorbital fenestra equal 

in length or longer than portion posterior to anterior edge of fenestra (Nesbitt, 2011: 

14[1]); anterior extent of the maxilla anterior to the nasals (Nesbitt, 2011: 19[1]); 

posterior portion of the maxilla ventral to the antorbital fenestra expands dorsoventrally 

at the posterior margin of the maxilla (Nesbitt, 2011: 27[2]); dorsal head of the quadrate 

has a sutural contact with the paroccipital process of the opisthotic (Nesbitt, 2011: 77[1]); 

presences of separate ossification (=‘septomaxilla’) anterior to the nasals surrounded by 

the premaxilla (Nesbitt, 2011: 150[1]). The new taxon differs from leptosuchomorph 
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phytosaurs in possessing supratemporal fenestrae that are in the same horizontal plane as 

the skull roof (Stocker, 2010a: 32[0]) and are exposed dorsally (Stocker, 2010a: 33[0]; 

shared with Paleorhinus bransoni, Paleorhinus angustifrons, Ebrachosuchus neukami, 

‘Paleorhinus’ sawini, Angistorhinus, and Brachysuchus megalodon). The new taxon 

differs from Angistorhinus and Brachysuchus megalodon in possessing nares with their 

posterior borders anterior to the anterior borders of the antorbital fenestrae (Stocker, 

2010a: 2[1]; shared with Paleorhinus bransoni, Paleorhinus angustifrons, and 

Ebrachosuchus neukami). The new taxon differs from Angistorhinus, Brachysuchus 

megalodon, and ‘Paleorhinus’ sawini in having parietal-squamosal bars that trend 

straight posterior to their attachments on the squamosals (Stocker, 2010a: 34[0]; shared 

with Paleorhinus bransoni, Paleorhinus angustifrons, and Ebrachosuchus neukami). The 

new taxon differs from Paleorhinus bransoni in lacking a premaxilla-palatine contact 

(Stocker, 2010a: 42[0]; shared with Paleorhinus angustifrons and Ebrachosuchus 

neukami). The new taxon differs from Paleorhinus bransoni and Paleorhinus 

angustifrons in the presence of a ridge, rather than a row of nodes, on the lateral surface 

of the jugal. 

Occurrence: Camp Springs Formation, Dockum Group, Scurry County, Texas. 

 

MORPHOLOGICAL DESCRIPTION 

Premaxilla 
The premaxillae are incomplete; they are broken transversely at the lateral 

exposure of the premaxilla-maxilla suture (Figures 2.3, 2.4). I infer from the preserved 
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portions that the premaxillae are narrow mediolaterally and possibly tube-like. The 

presence or absence of a premaxillary crest cannot be confirmed. The contact between the 

premaxilla and maxilla is a zig-zag suture on the lateral surface of the rostrum, with an 

anterior process of the maxilla inserted between a smaller, lower process and a larger, 

posteriorly-directed ascending process of the premaxilla. That posterior process does not 

appear to be as extensive on the right side as on the left (Figure 2.3A); on the left side, 

the laterally-directed ascending process of the premaxilla extends posteriorly almost to 

the posterior margin of the nares (Figure 2.3B). Narrow processes of the premaxillae 

comprise approximately three-fourths of the anteroposterior length of the internarial 

septum; the nasals contribute the remaining one-fourth of the septum. The premaxillae 

are separated from the medial margins of the nares by thin extensions of both the 

‘septomaxillae’ and nasals. 

On the palatal surface, alveolar ridges extend anteriorly as sharp crests on either 

side of a wide, rounded interpremaxillary groove. Palatal processes of the premaxillae 

posteriorly extend to the choanae and contribute to their anteromedial margins; the 

choanae are located slightly more posterior than the nares. The premaxilla does not 

contact the palatine in TTU P-00539, whereas the premaxilla and palatine contact in all 

other North American phytosaurs I examined. A premaxilla-palatine contact previously 

was cited as a synapomorphy of Phytosauria (Sereno, 1991). However, Paleorhinus 

angustifrons, Ebrachosuchus neukami, and the Krasiejów phytosaur also lack a 

premaxilla-palatine contact. The anterior-most alveolus present on the right side, and 

possibly the anterior-most on the left, are preserved in small, posterior fragments of the 
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premaxillae that remain articulated with the maxillae. Those alveoli are small and 

rounded. No teeth appear to be preserved in any of the premaxillary alveoli. 

Maxilla 
The maxilla is bordered dorsally by the lateral ascending process of the 

premaxilla and by the nasal posterior to the posterior tip of the premaxilla. The maxilla 

surrounds the anterior border of the antorbital fenestra; an antorbital fossa is present on 

the maxilla anterodorsally (Figure 2.4A) but not on the maxilla at the ventral border of 

the fenestra (Figure 2.3). The lateral surfaces of the maxillae are oriented dorsoventrally 

and are marked by multiple small foramina randomly distributed anterior to the antorbital 

fenestra. The maxillae gently widen posterior to the anterior borders of the antorbital 

fenestrae. There they become much wider mediolaterally, though the posterior processes 

do not increase in dorsoventral thickness. The suture with the jugal is directed 

posteroventrally from the posterior edge of the antorbital fenestra and is clearly visible on 

the right side. 

Ventrally, the maxillae have narrow palatal processes. The alveolar ridges 

continue posteriorly from the premaxillae, but the ridges remain low and are not visible 

in lateral view. The maxillae gently widen posteriorly until approximately the eighth 

alveolus from the posterior end of the tooth row. There, the maxillae widen much more 

dramatically and have laterally convex lateral margins around the last five alveoli. The 

posterior tip of the maxilla contacts the ectopterygoid and the jugal in ventral view. The 

maxilla forms the anterolateral margin of the suborbital fenestra. Just anterior to the 

suborbital fenestra, at the lateral apex of the palatine, is another, smaller fenestra. This 
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smaller fenestra also is bordered laterally by the maxilla but is cut medially into the 

palatine. Lateral to the posterior tips of the palatal processes of the premaxillae, the 

palatal processes of the maxillae form rounded margins of the choanae. 

All preserved alveoli that were mechanically prepared are separated by bony 

septa. The lateral edges of the alveoli are not more ventrally expanded than their medial 

edges. There are 16 alveoli preserved in the right maxilla, and at least five of those 

alveoli preserve broken teeth. All alveoli are circular in outline, though their diameters 

vary. TTU P-0539 exhibits anterior maxillary alveoli that are smaller in diameter than 

more posterior maxillary alveoli and smaller than the few preserved premaxillary alveoli; 

Nicrosaurus kapffi also features a reduction in size of the anteriormost maxillary alveoli 

posterior to the maxilla-premaxilla suture (Hungerbühler, 2000). The lack of a 

mediolateral constriction of the rostrum at the premaxilla-maxilla suture indicates the 

presence of a bipartite dentition (Hungerbühler, 2000). The teeth preserved in the right 

maxilla are too fragmentary to make detailed observations; however, the two that are 

visible in the posterior portion of the maxilla appear to have long axes oriented 

mesiodistally with labial surfaces that are more laterally convex than their lingual 

surfaces. 

‘Septomaxilla’ 
The triangular ‘septomaxillae’ (see Stocker [2010] for discussion the homology of 

this element in phytosaurs) form the slightly tapered anterior borders of the nares. The 

anterior tips of the ‘septomaxillae’ do not extend as far anteriorly as the anterior 

processes of the maxillae. The dorsal surfaces of the ‘septomaxillae’ are faintly 
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roughened, unlike the anteroposteriorly-grooved dorsal surfaces of the ‘septomaxillae’ of 

Paleorhinus angustifrons (BSPG 1931 X 502), Ebrachosuchus neukami (BSPG 1931 X 

501), Brachysuchus megalodon (UMMP 10336), Angistorhinus grandis (FMNH UC 

631), some Angistorhinus-like specimens from the Otis Chalk localities (e.g. TMM 

31098-1, TMM 31100-1332), and Angistorhinus talainti (MNHN TAL 1). Medially, the 

‘septomaxillae’ in TTU P-00539 are separated from each other completely by the 

ascending processes of the premaxillae (Figure 2.4A), rather than sutured to each other 

along the midline and forming most or all of the internarial septum as Sereno stated was 

characteristic for phytosaurs (Sereno, 1991, p. 16). Thin laminae continue posteriorly to 

form the medial margins of the nares. Laterally, the ‘septomaxillae’ contact the nasals to 

form part of the lateral borders of the nares. 

Nasal 
The anterior process of the nasal articulates with the ‘septomaxilla’ dorsally and 

the premaxilla ventrally. Medially, thin laminae project anteriorly lateral to the 

premaxillae to form the medial margins of the nares, and those laminae contact the 

‘septomaxillae’ approximately 2 cm anteriorly along the anteroposterior length of the 

internarial septum. The nasals form the majority of the lateral borders of the nares, which 

are inclined anterodorsally. The lateral edges of the nares project more dorsally than the 

internarial septum, and this projection is more prominent posteriorly. At the squared-off 

posterior borders of the nares, the nasals form a dorsal prominence. However, it can be 

inferred that the nares would not have been dorsal to the level of the skull roof. A slight 

constriction in mediolateral width is present just ventral to the narial margins, and this 
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exaggerates the posterior widening of the nares in dorsal view. Laterally, the nasals are 

sculptured slightly by faint grooves and ridges that are oriented dorsoventrally. The 

posterolateral portions of the nasals are broken away, and as currently preserved the 

nasals do not form any part of the inset antorbital fossae. The dorsal margins of the 

antorbital fenestrae are too damaged to determine whether the nasals contributed to those 

margins or whether the maxillae excluded the nasals. Posterior to the nares, the nasals 

possess a concave morphology that is ornamented more heavily. The articulations with 

the frontals are not preserved. 

Frontal 
The frontals are broken across their midsections, and the anterior portions are 

missing. The posterior portions of the frontals are preserved in articulation with the 

parietals. The anteroposteriorly oriented interdigitating suture between the left and right 

frontal is raised on a low ridge along the preserved length. At the posterior termination of 

that suture, an irregular depression is present at the junction of the frontals and the 

parietals. The distance between the orbits was hypothesized to have been narrower in 

TTU P-00539 than in Paleorhinus bransoni (Langston, 1949). The amount of breakage 

across the frontals requires a cautious assessment of interorbital width in TTU P-00539, 

and the incomplete rostrum makes estimation of skull length difficult. The frontals were 

at least 25 mm wide versus a length of approximately 340 mm from the premaxilla-

maxilla suture to the occipital condyle in TTU P-00539, whereas the measured widths in 

two specimens of Paleorhinus bransoni are approximately 38 mm wide versus an 
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approximate length of 342 mm in TMM 31100-101, and approximately 27 mm wide 

versus an approximate length of 345 mm in TMM 31025-172. 

Lacrimal 
The lacrimals form a large antorbital fossa around the dorsal and posterior borders 

of the antorbital fenestra (Figure 2.4). Dorsally, the lacrimal portion of the antorbital 

fossa contacts a contribution from the maxilla, thus appearing to exclude the nasal from 

the margin of the antorbital fenestra. Though both right and left lacrimals are incomplete 

posterior to their portions of the antorbital fossae, the left lacrimal is less distorted than 

the right. The smooth fossa surrounding the posterior corner of the antorbital fenestra is 

widest at the posteroventral portion. Along the ventral margin of the antorbital fenestra, 

the lacrimal is reduced to a thin, anteriorly-directed process that excludes the jugal from 

participation in the antorbital fenestra. 

Jugal 
The anterior rami of both left and right jugals articulate along an anterodorsally-

posteroventrally oriented suture with the maxillae. The anterior ramus of the jugal 

extends anterior to the posterior corner of the antorbital fenestra, but it does not appear to 

participate in any part of the margin of the fenestra or the fossa. At the ventral expression 

of the maxilla-jugal suture the mediolateral width of the skull decreases, enhancing the 

swollen appearance of the posterior portions of the maxillae in ventral view. Posteriorly, 

the ventral margin of the jugal curves posterodorsally so that the posterior ramus of the 

right jugal is raised relative to the ventral margin of the maxilla and the ectopterygoid is 
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visible in lateral view (Figure 2.3). The most posterior portion of the jugal is preserved as 

a rod-like process, and the contact with the quadratojugal is not preserved. On the lateral 

surface of the jugal, a continuous ridge slopes posteriorly from the posterior corner of the 

antorbital fossa and along the posterior ramus of the jugal. This continuous ridge differs 

from the row of raised nodes present on the lateral surface of the jugal in Paleorhinus 

bransoni (e.g., TMM 31100-101), Paleorhinus angustifrons (BSPG 1931 X 502), and the 

Krasiejów phytosaurs (Dzik and Sulej, 2007). 

Parietal 
The parietals articulate along the midline of the skull roof with an interdigitating 

suture. At approximately midlength along that suture, an elongate pit is present (Figure 

2.5). This pit was hypothesized to be separated from the endocranial cavity (Langston, 

1949), but infilled matrix prevents further definitive assessment of Langston’s 

interpretation. The parietals do not greatly overhang the dorsal portion of the 

supraoccipital, but they form a slight lip at the posterior margin of the skull roof. The 

parietals have long, mediolaterally narrow squamosal processes that are dorsally exposed 

and in the plane of the skull roof. Small depressions are present in the dorsal surface of 

the parietals at the base of those processes. Along the posterolateral extension of the 

squamosal processes, the parietals clearly form mediolaterally thin extensions. It is 

unclear how far dorsoventrally the parietals expand. In posterior view, it appears that the 

parietals could be only the thin dorsal expressions of the squamosal processes (Figure 

2.6) and separate ossifications may be in place between the parietals and supraoccipital. 
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However, sutures in this area often are difficult to delimit, and the dorsal edges of the 

parietal-squamosal bars are slightly damaged. 

Squamosal 
Only the posterodorsal corners of the squamosals are preserved. What remains of 

the squamosals appears to be ornamented dorsally with rugose ridges and grooves. On the 

dorsal surface of the right squamosal, a trace of an anteroposteriorly trending groove is 

preserved. The squamosals posteriorly enclose large supratemporal fenestrae that have 

rounded posterior borders in dorsal view (Figure 2.5). The squamosals lack posterior 

processes; there is no posterior expansion of the squamosals beyond the paroccipital 

processes of the otoocciptials (see below for note on nomenclature). There appears to be 

a long descending process of the squamosal anterior to the quadratojugal, but 

preservation in that area of the skull is poor. 

Quadratojugal and Quadrate 
Only the dorsal-most portion of the right quadratojugal is preserved, and no new 

observations can be made. The dorsal portion of the right quadrate also is preserved. A 

tab-like flange is visible laterally and forms part of the dorsal and lateral edges of a large, 

posteriorly-oriented quadrate foramen. On both the left and right sides, the large, flat 

quadrate flanges of the pterygoid-quadrate wings are preserved. Those wings are oriented 

with their flat surfaces directed anterolaterally (Figure 2.6). A faint suture is 

distinguishable on the anterior surface of each pterygoid-quadrate wing indicating the 
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overlapping contact of the quadrate on the pterygoid. Portions of the sutures are visible 

posteriorly, but poor preservation prevents observation of the entire suture. 

Vomer 
Portions of the vomers may be present along the midline of the palate, but that 

area is poorly preserved. The articulated vomers appear to comprise the choanal septum, 

though a fracture separates the vomers from the premaxillae. 

Palatine 
The well-preserved palatines are triangular in ventral view. Their medial edges 

are slightly convex and diverge from each other posteriorly. They are approximately 3.5 

cm apart anteriorly and approximately 7.5 cm apart at their posterior corners. Anteriorly, 

small points of the palatines insert into the maxillae at the widest points of the choanae. 

The interdigitating sutures between the anterior portions of the palatines and maxillae are 

well defined by matrix (Figure 2.4B). Posteriorly, the connection between the palatines 

and maxillae becomes irregular with asymmetrical fenestrae present near the lateral 

apices of the palatines. The posterolateral edges of the palatines form the medial edges of 

the elongate suborbital fenestrae. Those fenestrae have long axes oriented 

posteromedially. On the left side the posterior-most portion of the palatine appears to be 

broken away, though the right is complete and articulates with the ectopyterygoid along a 

short straight suture. Portions of the dorsomedial flanges of the palatines are preserved 

and visible though it is difficult to distinguish palatine from pterygoid on the right side. A 
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slight curved ridge is present along the length of the palatine on each side at the juncture 

between the palatal flange and the dorsomedial flange. 

Pterygoid 
The pterygoids are preserved on both parts of the skull as it is preserved currently. 

The right anterior process is articulated with the right palatine on the facial portion of the 

skull, and the posterior portions of both the left and right pterygoids are preserved in 

articulation with the quadrates and basipterygoid processes of the parabasisphenoid on 

the braincase portion of the skull. The anterior portion of the right pterygoid is difficult to 

observe because that area of the palate was not fully prepared; however, it does not 

appear that the pterygoids form the midline of the palate or the choanal septum. 

Posteriorly, the pterygoids articulate with the quadrates by overlapping flanges on 

the dorsoventrally deep pterygoid-quadrate wings (Figure 2.6). A sharp shelf is formed 

by the ventral edge of the pterygoids on their posterior surfaces. Those shelves become 

more pronounced toward the midline as they approach the basipterygoid processes, 

terminating by wrapping anteriorly around the basipterygoid processes with broken 

anterior edges. 

Ectopterygoid 
The base of the right ectopterygoid is preserved articulated with the maxilla and 

jugal laterally and the palatine and pterygoid medially and posteriorly (Figures 2.3, 2.4). 

The suborbital fenestra extends between the ectopterygoid and the palatine for 

approximately two-thirds of the length of the fenestra, and the posteriormost corner of the 
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fenestra is incised into the ventral surface of the ectopterygoid. Along the edge of that 

fenestra the ectopterygoid has a rough and undulating edge. In lateral view, the body of 

the ectopterygoid has a strong ventral curvature posterior to the articulation with the jugal 

and maxilla so that the entirety of the element is visible in lateral view. The posterior 

process of the ectopterygoid is poorly preserved, and both the ectopterygoid foramen and 

the articulation with the pterygoid are broken away. Only the lateral portion of the left 

ectopterygoid is preserved still articulated with the maxilla and a small section of the left 

jugal, but this side does not contribute additional information about the element. 

Epipterygoid 
Both left and right epipterygoids are preserved in articulation with the lateral 

surfaces of the endocranial region (Figures 2.7, 2.8). Each long, slender epipterygoid is 

angled approximately 45˚ anterodorsally from its ventral articulation with the pterygoid 

and basipterygoid process to its tapered dorsal point near the exit for the trigeminal nerve 

in the prootic. The epipterygoids do not appear to be rounded in cross-section but rather 

they have flat lateral surfaces. 

Basioccipital and Parabasisphenoid 
The rounded occipital condyle is visible in dorsal view protruding posteriorly 

beyond the edge of the supraoccipital though the exoccipital portions of the otooccipitals 

meet to cover nearly the entire dorsal surface of the condyle and exclude the basioccipital 

from the floor of the foramen magnum. In posterior view, the basioccipital is a tall 

element (approximately 4.5 cm in dorsoventral height) with the basitubera completely 
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visible ventral to the condyle. Ventrally, the basioccipital has a sharp edge separating the 

condyle from the anteroposteriorly short neck (Figure 2.7). The basioccipital forms the 

posterior portions of the basitubera, and the suture with the parabasisphenoid appears to 

be exposed more posteriorly than ventrally. A deep anteroposterior cleft widely separates 

the tubera along the midline, and at the posteriormost expression of this cleft there 

appears to be a basioccipital recess (sensu Gower, 2002). The basitubera extend further 

laterally than do the basipterygoid processes, unlike the morphology in Paleorhinus 

bransoni (TMM 31100-101) where the basipterygoid processes are wider than the 

basitubera. 

The parabasisphenoid forms the anterior portions of the basitubera and has a 

much smoother surface than the basioccipital portions of the basitubera. The basitubera 

and basipterygoid processes in TTU P-00539 are anteroposteriorly separated from each 

other by no more than 1 cm; most of the separation between these structures is in a 

dorsoventral direction because the basipterygoid processes extend farther ventrally than 

do the basitubera. At the midline between the basitubera and the basipterygoid processes 

is a rounded, ventrally concave depression that may be homologous with the median 

pharyngeal recess of other archosaurs (Witmer, 1997; Gower, 2002). The basipterygoid 

processes are surrounded laterally and anteriorly by portions of the pterygoids. The exits 

for the internal carotid arteries are not visible ventrally; the foramina should exit the 

parabasisphenoid laterally in phytosaurs (Gower, 2002), and in this specimen they are 

most likely blocked from view by the epipterygoids. Anteriorly, the cultriform process of 

the parabasisphenoid is in the same transverse plane as the basioccipital and a small 
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raised tubercle is present on its anteroventral surface. The preserved portion of the 

cultriform process is broken just anterior to its base, although a portion of it may continue 

into the broken posterior portion of the palate in the other part of the specimen (Figure 

2.4B). 

Laterosphenoid 
The left and right laterosphenoids are articulated with the ventral surfaces of the 

frontals and parietals and with the prootics posteriorly (Figure 2.8). These complex 

elements enclose two anteriorly directed foramina for the passage of cranial nerves I and 

II (Figure 2.8). Two additional small foramina are visible on the lateral surface of the left 

laterosphenoid; these may be for other cranial nerves (possibly CN III and IV), but it is 

unclear which nerves would pass through each foramen or if they are actually blind pits 

that do not communicate with the endocranium. A faint groove is present that crosses the 

posteriormost foramen on the lateral surface of the laterosphenoid, and this may have 

held a branch of cranial nerve V that exited dorsally from the prootic. 

Prootic 
The prootic is a large element that is exposed on the lateral surface of the 

braincase (Figure 2.8). An extensive articulation with the parietal is present at the dorsal 

margin of the prootic, and a foramen (possibly for the dorsal head vein) sits in a deep 

pocket at the posterodorsal contact between the prootic and the parietal. Posteroventrally, 

the prootic forms the crista prootica, which dorsally covers cranial nerve VII and forms 

the anteromedial border of the pteroccipital fenestra in this specimen. The trigeminal 
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foramen is oriented anterodorsally near the anteroventral edge of the prootic, but it is 

difficult to discern whether the prootic forms the entire foramen in this specimen. 

Otooccipital 
The opisthotic and exoccipital appear to be indistinguishably fused to one 

another; therefore, the two elements are described together here as the otooccipital (sensu 

Evans, 2008). The exoccipital pillars are angled posteroventrally to meet posteriorly on 

the occipital condyle and nearly cover the basioccipital in dorsal view. Posteriorly, the 

otooccipitals form nearly the entire border of the circular foramen magnum (Figure 2.6). 

Small depressions are present on the ventrolateral surfaces of the pillars, and these are 

interpreted as the exits for cranial nerve XII. The anterior edges of the pillars form the 

posterior borders of the metotic foramina, and those foramina are each separated from the 

fenestra ovale on each side by the crista interfenestralis (=ventral ramus of the opisthotic; 

Gower, 2002; Nesbitt, 2011). 

The nearly unexpanded paroccipital processes extend posterolaterally from their 

bases and form the ventral borders of small, almond-shaped post-temporal fenestrae. 

Proximally, the otooccipitals contact the supraoccipital in approximately horizontal 

sutures. Distally, the paddle-like paroccipital processes contact the squamosals and 

quadrates. That area is too damaged on the left side to discern sutures among these 

elements, though on the right side the paroccipital process appears to articulate against 

the posterior-most portion of the squamosal dorsomedially without covering the dorsal 

surface of the squamosal. The distal edges of the paroccipital processes may have been 
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expanded more posteriorly at their ventral corners, but erosion of the tips of both 

processes prevents direct confirmation. 

Supraoccipital 
The wide supraoccipital is dorsally exposed and barely contacts the dorsal edge of 

the foramen magnum, which instead is bordered almost completely by the exoccipital 

processes of the otooccipitals. The suture with the otooccipitals nearly is horizontal, and 

the supraoccipital tapers to a point at the median corners of the posttemporal fenestrae. 

On the dorsally-exposed surface an anteroposterior ridge trends along the midline of the 

element and terminates just slightly under the posterior edge of the parietals (Figure 2.5). 

There may be two small fenestrae on either side of the midline at the anterior end of the 

supraoccipital ridge, but this is difficult to interpret without further preparation. 

DISCUSSION 
Many diagnoses for phytosaur taxa, including the original diagnosis of 

‘Paleorhinus’ scurriensis, were published at a time when paraphyly was accepted and 

embraced as evidence of evolution of multiple lineages from an ‘ancestral stock’ 

(Simpson, 1944). Specimens were assigned to taxa based on the presence of shared 

characters, irrespective of character polarity. With the introduction of cladistic 

methodology there was a modification of taxonomic methods; shared characters were 

examined with respect to a single, shared ancestry and went from defining a group or 

specimen as part of a particular ‘kind’ to diagnosing a monophyletic group (Rowe, 1987). 

Because of this change in perception, characters that were thought previously to be 
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synapomorphies of a group often were recognized as plesiomorphies for a clade. It is 

only from examinations that are grounded in an evolutionary framework of monophyly 

that it is possible to recognize those characters and analyse sequences of evolutionary 

character transformations and speciation events. Reassessment of those character state 

distributions in the framework of monophyly will limit arbitrary and unnatural taxonomic 

identifications and will form the basis for testable diagnoses. 

The original species-level diagnosis of ‘Paleorhinus’ scurriensis was based on its 

small size, the anterior position of the nares, a laterally visible though posteriorly-

positioned quadrate foramen, dorsoventral flattening of the skull, an internarial septum 

composed of premaxillae and nasals, ‘septomaxillae’ not meeting on the midline, 

exceptionally large palatine foramina (=suborbital fenestrae), elongate posttemporal 

fenestrae, and presence of a persistent parietal foramen in immature individuals 

(Langston, 1949), though only a single specimen (TTU P-00539) was known at the time 

of publication. Of those characters, some have potential phylogenetic utility but were not 

examined in the context of all known phytosaur specimens or non-phytosaurian 

archosauriform outgroups. 

Characters traditionally utilized to diagnose Paleorhinus must be reexamined now 

that most are demonstrated to be distributed across a grade of taxa at the base of 

Phytosauria (Hungerbühler, 1998; Stocker, 2010a, 2012). An anterior position of the 

nares with respect to the antorbital fenestrae was listed as a diagnostic character of 

‘Paleorhinus’ scurriensis and as suggesting “a close relationship to the genus 

Paleorhinus” (Langston, 1949, p.325). However, nares completely anterior to the 
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antorbital fenestrae characterize not just all non-phytosaurid phytosaurs, but 

archosauriforms generally (e.g., Stocker, 2010a; Nesbitt, 2011). Phytosaurid phytosaurs 

such as Angistorhinus and Machaeroprosopus have nares with posterior borders that are 

either parallel with, or posterior to, the anterior borders of the antorbital fenestrae 

(Stocker, 2010a), and it is the plesiomorphic lack of this character that characterizes non-

phytosaurid phytosaurs. Using plesiomorphic characters to identify all basal phytosaurs 

as ‘Paleorhinus’ masks what is actually a much greater diversity of non-phytosaurid 

phytosaurs than was recognized previously. 

The “apparent presence of a persistent parietal foramen” and the “uncrowded 

arrangement” of the maxillary dentition were identified as morphological features that 

could be indicative of immaturity in TTU P-00539 (Langston, 1949, p. 325). 

Morphological transformations of phytosaur external anatomy that are associated with 

ontogeny currently are limited to features of the vertebrae (Irmis, 2007). The presence of 

a parietal foramen in phytosaurs is a character that remains unresolved. In addition to the 

holotype specimen of the new taxon described here, a parietal foramen was reported as 

present for a small, potentially immature specimen referred to Smilosuchus 

lithodendrorum (UCMP 27181; Camp, 1930), whereas the holotype of ‘Paleorhinus’ 

magnoculus (MNHN ALM 1) possesses multiple morphological features that indicate its 

juvenile status (Fara and Hungerbühler, 2000) and does not preserve a parietal foramen. 

In the holotype specimen of Pravusuchus hortus (AMNH FARB 30646) there is a small 

dorsal convexity of the parietals in this location, but it is not open dorsally (Stocker, 

2010a). The absence of a parietal foramen is a synapomorphy of Archosauriformes 
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(Nesbitt, 2011), and other than the potential presence in UCMP 27181 and TTU P-00539 

no archosauriforms show a reversal of this character. Rigorous evaluation of this feature 

in phytosaurs requires evaluation of external and internal cranial morphology to 

determine whether the openings in the parietals of TTU P-00539 and UCMP 27181 are 

natural structures associated with immaturity, teratologies, or the result of preparation 

methods. 

Both Camp (1930) and Colbert (1947) noted that smaller phytosaur specimens 

tended to have more widely spaced alveoli, and in larger specimens the dentition became 

‘crowded’ and small alveoli often were obliterated. Where the maxillary alveoli are free 

from matrix in TTU P-00539, bony divisions separate the alveoli, and no preserved 

alveoli in TTU P-00539 appear to be confluent. However, maxillary alveoli are also 

separated by septa in Smilosuchus adamanensis (UCMP 26699) and Machaeroprosopus 

pristinus (sensu Parker et al., In press; MU 525), though the maxillary alveoli in 

Smilosuchus gregorii (UCMP 27200) are separated by thin septa or are confluent. Among 

other archosauriforms, the maxillary alveoli in Euparkeria capensis also are separated by 

bony septa (Senter, 2003). The presence of septa, and their thicknesses, appears to be a 

complex relationship between ontogeny, overall skull size, and robustness of the rostrum. 

Collection and careful preparation of new, small specimens can provide the basis for a 

badly needed examination of skeletal transformations associated with ontogeny in 

phytosaurs. 
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Comparisons with other non-phytosaurid phytosaurs 
The new taxon (TTU P-00539), Paleorhinus angustifrons (BSPG 1931 X 502), 

Ebrachosuchus neukami (BSPG 1931 X 501), and the Krasiejów phytosaur (Dzik and 

Sulej, 2007) lack a premaxilla-palatine contact, though the premaxilla and palatine 

contact each other in Paleorhinus bransoni (TMM 31100-101). All other known 

phytosaurs also have a premaxilla-palatine contact. 

In TTU P-00539, the internarial septum is formed mainly by the premaxillae with 

a small contribution supplied by the nasals, whereas in Paleorhinus bransoni (TMM 

31100-101) and Paleorhinus angustifrons (BSPG 1931 X 502) the ‘septomaxillae’ 

contact the nasals and form the posterior portions of the internarial septum. The 

‘septomaxillae’ of TTU P-00539 do not contact each other, are separated completely by 

the premaxillae, and are limited to the anterior borders of the nares, whereas in 

Paleorhinus bransoni (TMM 31100-101, TMM 31025-172), and possibly ‘Paleorhinus’ 

sawini (TMM 31213-16), the ‘septomaxillae’ contact each other posteriorly, and in 

leptosuchomorphs (e.g., UCMP 27200, PEFO 34852) the ‘septomaxillae’ contact along 

nearly their entire length. 

The large swelling of the nasals surrounding the posterior borders of the nares is 

unique in TTU P-00539. A slightly similar swelling is present in Paleorhinus 

angustifrons (BSPG 1931 X 502), but posterior to the swelling in P. angustifrons is a 

depression that is not present in the new taxon (TTU P-00539). Paleorhinus bransoni 

(TMM 31100-101), ‘Paleorhinus’ sawini (TMM 31213-16), and Ebrachosuchus neukami 

(BSPG 1931 X 501) lack a swelling of the nasals posterior to the nares. 
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The antorbital fenestrae in TTU P-00539 nearly are surrounded by wide antorbital 

fossae that are also seen in Paleorhinus angustifrons (BSPG 1931 X 502). The long axis 

of the antorbital fenestra in TTU P-00539 is angled posterodorsally, whereas the 

fenestrae in P. angustifrons and Ebrachosuchus neukami are approximately parallel with 

the horizontal ventral margin of the skull. The antorbital fossa in TTU P-00539 nearly 

surrounds the antorbital fenestra except for a small area on the dorsal edge of the ventral 

margin as formed by the maxilla; a similar, though not quite as wide exposure is observed 

in Paleorhinus bransoni and P. angustifrons, and is much more extensive than that in 

Ebrachosuchus neukami (BSPG 1931 X 501), where it is not expressed on the dorsal 

border of the antorbital fenestra. 

A ridge present on the lateral surface of the posterior ramus of the jugal in TTU P-

00539 is similar to the ridge present on the lateral surface of the jugal in the 

proterochampsid Chañaresuchus and the early theropod dinosaurs Herrerasaurus 

ischigualastensis and Coelophysis bauri (Nesbitt, 2011: 75[1]). In Paleorhinus bransoni 

(TMM 31100-101, TMM 31025-172), Paleorhinus angustifrons (BSPG 1931 X 502), 

and the Krasiejów phytosaur (Dzik and Sulej, 2007) the lateral surface of the jugal is 

ornamented with a row of low nodules rather than a ridge, in Ebrachosuchus neukami 

(BSPG 1931 X 501) there is a raised rugose surface in this area of the jugal, and in 

‘Paleorhinus’ sawini (TMM 31213-16) and some leptosuchomorph phytosaurs (e.g., 

Leptosuchus studeri: UMMP 14267; Smilosuchus adamanensis: UCMP 26699) the 

surface is unadorned. 
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The suborbital fenestra in TTU P-00539 is long and straight as in Ebrachosuchus 

neukami (BSPG 1931 X 501), though it is wider in TTU P-00539; in Paleorhinus 

angustifrons (BSPG 1931 X 502) the suborbital fenestra has two main axes that form an 

approximately 150˚ angle, and in the Krasiejów phytosaur (ZPAL Ab III 200, 1943, Dzik 

and Sulej, 2007) the suborbital fenestra is curved. The basitubera of TTU P-00539 are 

widely separated as in Paleorhinus angustifrons (BSPG 1931 X 502), but they are 

rounded in TTU P-00539. The basitubera of Paleorhinus bransoni (TMM 31025-172, 

TMM 31100-101) and Ebrachosuchus neukami (BSPG 1931 X 501) are wider, not as 

widely separated from each other, and possess a weakly-developed mediolateral ridge 

seen in leptosuchomorph phytosaurs (e.g., UMMP 14267, AMNH FARB 30646, UCMP 

26699). 

TTU P-00539 bears a thickened, sharp shelf along the posteroventral edge of the 

deeply expanded pterygoid-quadrate wing; in Paleorhinus bransoni (TMM 31100-101), 

Paleorhinus angustifrons (BSPG 1931 X 502), and Ebrachosuchus neukami (BSPG 1931 

X 501) the posteroventral edge of the unexpanded pterygoid-quadrate wing does not have 

a shelf though there is a slight posterior curvature to the quadrate portion of the wing near 

the quadrate body. The pterygoid-quadrate wings of Paleorhinus angustifrons (BSPG 

1931 X 502) and Ebrachosuchus neukami (BSPG 1931 X 501) likely were affected by 

dorsoventral compression. 

A small partial skull previously catalogued as ‘Paleorhinus’ scurriensis (TTU P-

11422) does not share any diagnostic characters with the holotype specimen of the new 

taxon (TTU P-00539). TTU P-11422 does not preserve the braincase or palate, and the 
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only portion of this specimen that includes elements also found in TTU P-00539 is the 

area surrounding the right antorbital fenestra. TTU P-11422 does have a large antorbital 

fossa with a slightly posterodorsally inclined antorbital fenestra, but the nasals just 

posterior to the nares are not swollen. The skull is incomplete and embedded in a hard 

matrix, but further preparation of TTU P-11422 may reveal additional morphological 

details that would facilitate comparisons with other non-phytosaurid phytosaurs. 

TTU P-00539 clearly differs from other North American phytosaurs (Stocker, 

2010a, 2012). In previously published analyses of mainly North American phytosaurs 

(Stocker, 2010a, 2012), TTU P-00539 was shown to lack a contact between the 

premaxilla and palatine, possess an internarial septum formed mainly by the premaxillae, 

possess ‘septomaxillae’ that do not contact one another, and possess much more 

separated basitubera; all other phytosaurs included in those analyses have a premaxilla-

palatine contact, have ‘septomaxillae’ that contact and form at least some part of the 

internarial septum, and have basitubera that are closer together and have a mediolaterally-

oriented ridge on their ventral surfaces. However, additional comparisons with the non-

phytosaurid phytosaurs Paleorhinus angustifrons, the Krasiejów phytosaur, and 

Ebrachosuchus neukami reveal a more complex distribution of morphological characters 

at the base of Phytosauria. 

Distribution and Correlations 
Non-phytosaurid phytosaurs are not confined to a single depositional basin or 

regional area but are found in both the Dockum Group of Texas and the Popo Agie 

Formation of Wyoming in North America (Williston, 1904; Langston, 1949; Hunt and 
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Lucas, 1991; Long and Murry, 1995). Specimens from Poland (Dzik and Sulej, 2007), 

Germany (Paleorhinus angustifrons and Ebrachosuchus neukami), India (Parasuchus 

hislopi), and Morocco (Fara and Hungerbühler, 2000) reveal a nearly worldwide 

distribution of early-branching phytosaur taxa (Hunt and Lucas, 1991). This indicates that 

the clade was already widespread by the time the earliest recognized phytosaur fossils 

from the Late Triassic. However, this study demonstrates that the early radiation was not 

a diversification of a single basal clade of phytosaurs; rather it represents multiple 

cladogenetic events along the spine of Phytosauria. The results of recent cladistic analysis 

of Archosauriformes (Nesbitt, 2011) incorporating Xilosuchus (Nesbitt et al., 2011a) and 

Ctenosauriscus (Butler et al., 2011) support an Early Triassic time of divergence for 

Phytosauria. The lack of known phytosaur specimens from the Early and Middle Triassic 

is a limiting factor with respect to the understanding of character transformations in the 

early history of the clade. 

The occurrences of phytosaur specimens are integral in the biostratigraphic and 

biochronologic correlation of Late Triassic deposits because of the paucity of numerical 

dates for that time. Although more radioisotopic dates were inferred recently (Irmis and 

Mundil, 2008; Mundil et al., 2010; Irmis et al., 2011; Ramezani et al., 2011), there are 

still few localities where both phytosaur specimens and numerical dates are known or can 

at least be correlated unambiguously using lithostratigraphic data. For the early part of 

the Late Triassic, several localities previously were correlated with the Otischalkian land-

vertebrate faunachrons (LVFs) based on the presence of Paleorhinus (Hunt and Lucas, 

1991; Lucas and Hunt, 1993; Lucas, 1998). The Placerias Quarry in the Chinle 
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Formation of Arizona was correlated with the Adamanian based on the presence of 

“Rutiodon” (Lucas et al., 1997). However, an isolated narial region of a phytosaur 

rostrum (MNA V3728; Long and Murry, 1995) identified as Paleorhinus based on an 

anterior position of the nares (Hunt and Lucas, 1991) created a potential overlap of 

Paleorhinus and “Rutiodon” (Lucas et al., 1997). That identification was criticized 

(Padian, 1994; Irmis, 2005) because it was based on morphology that is plesiomorphic 

for Archosauriformes, and Irmis (2005) suggested that MNA V3728 could be constrained 

only as a non-phytosaurid phytosaur. The posterior borders of the nares of MNA V3728 

are not unambiguously anterior to the anterior border of the antorbital fenestra as they are 

in TTU P-00539, Paleorhinus, and Ebrachosuchus. Instead, the posterior borders of the 

nares in MNA V3728 are just posterior to the anterior borders of the antorbital fenestrae 

(Stocker, 2010a: 2[2]), though not as far posterior as is observed for Brachysuchus 

(UMMP 10336), Angistorhinus (FMNH UC 631), or leptosuchomorph phytosaurs. The 

position of the nares in MNA V3728 most closely resembles that of the holotype of 

‘Paleorhinus’ sawini (TMM 31213-16). Therefore, MNA V3728 is not diagnosable as 

Paleorhinus, but it does not clearly share the morphology of other non-phytosaurid 

phytosaurs either. Furthermore, this modified identification removes any possible 

correlation between the Placerias Quarry in the Chinle Formation and the Otis Chalk 

localities in the Dockum Group based on Paleorhinus. This may mean that much of our 

understanding of the early part of the Late Triassic was compressed artificially to a 

shorter time interval because of the previous practice of identifying all non-phytosaurid 

phytosaurs as Paleorhinus. More accurate specimen identifications based on unique 
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combinations of characters and autapomorphies in a phylogenetic systematic context will 

yield more refined biostratigraphic and biochronologic signals for the early Late Triassic 

and will lead to a more robust understanding of the early history of the Phytosauria. 

Resolution of the taxonomic and phylogenetic issues that have plagued 

Paleorhinus for nearly a century has important consequences for archosauriform 

relationships. Recognizing the species previously referred to Paleorhinus as a 

paraphyletic grade documents extensive, previously hidden, morphological diversity at 

the base of Phytosauria. Moreover, fragmentary specimens cannot be diagnosed as 

Paleorhinus based on characters demonstrated to be plesiomorphic for Phytosauria. 

Recovery of previously referred species of Paleorhinus as a paraphyletic assemblage of 

taxa consequently impacts the use of Paleorhinus for early Late Triassic biostratigraphy. 

Because Paleorhinus is the current index taxon for the Otischalkian land vertebrate 

faunachron (Hunt and Lucas, 1991; Lucas and Hunt, 1993; Lucas, 1998), a reassessment 

of all specimens previously identified as Paleorhinus is required before their continued 

use for Late Triassic biostratigraphy and biochronology can be supported or sustained. 
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FIGURES 

 

 
 
Figure 2.1. Strict consensus based on Stocker (2010) showing position of TTU P-
00539 and paraphyly of ‘Paleorhinus’. Bootstrap values are listed to the lower left of 
the node, and Bremer support values are listed to the upper left of the node. 
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Figure 2.2. Map of Texas, U.S.A., showing surface exposure of the Upper Triassic 
Dockum Group. Arrow indicates the general location of the town of Camp Springs 
within those exposures. Larger map indicating the approximate location of the type 
locality (within the dashed box) of TTU P-00539 with respect to the cities of Snyder, 
Sweetwater, Colorado City, and Big Spring based on locality information reported by 
Langston (1949). 
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Figure 2.3. Type specimen of New Taxon (TTU P-00539). A. Antorbital region of skull 
in right lateral view with line drawing interpretation. Anterior is to the right. B. 
Antorbital region of skull in left lateral view with line drawing interpretation. Anterior is 
to the left. Abbreviations: AOF, antorbital fenestra; ect, ectopterygoid; j, jugal; la, 
lacrimal; m., matrix; mx, maxilla; n, nasal; NA, nares; pal, palatine; pm, premaxilla; 
‘sm’, ‘septomaxilla’; t., tooth. Scale bar equals 1 cm. 
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Figure 2.4. Type specimen of New Taxon (TTU P-00539). A. Antorbital region of skull 
in dorsal view with line drawing interpretation. B. Antorbital region of skull in ventral 
view with line drawing interpretation. Anterior is to the top of the page. Abbreviations: 
AOF, antorbital fenestra; CH, choana; ect, ectopterygoid; j, jugal; la, lacrimal; m., matrix; 
mx, maxilla; n, nasal; NA, nares; pal, palatine; pm, premaxilla; ‘sm’, ‘septomaxilla’; 
SOF, suborbital fenestra. Scale bar equals 1 cm. 
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Figure 2.5. Type specimen of New Taxon (TTU P-00539). Braincase region of skull 
in posterodorsal view with line drawing interpretation. Abbreviations: bo, 
basioccipital; bs, basisphenoid; FM, foramen magnum; m., matrix; oto, otooccipital; p.f., 
possible parietal foramen; pa, parietal; par, paroccipital process of the opisthotic; pt, 
pterygoid; PTF, posttemporal fenestra; q, quadrate; so, supraoccipital; sq, squamosal; 
STF, supratemporal fenestra. Scale bar equals 1 cm. 
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Figure 2.6. Type specimen of New Taxon (TTU P-00539). Braincase region of skull 
in posterior view with line drawing interpretation. Abbreviations: bo, basioccipital; 
bs, basisphenoid; fo, foramen ovale; FM, foramen magnum; m., matrix; mf, metotic 
foramen; oto, otooccipital; pa, parietal; par, paroccipital process of the opisthotic; pt, 
pterygoid; PTF, posttemporal fenestra; q, quadrate; so, supraoccipital. Scale bar equals 1 
cm. 
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Figure 2.7. Type specimen of New Taxon (TTU P-00539). Braincase region of skull 
in ventral view with line drawing interpretation. Abbreviations: bo, basioccipital; bs, 
basisphenoid; CN I, cranial nerve I; CN II, cranial nerve II; epi, epipterygoid; ls, 
laterosphenoid; m., matrix; pa, parietal; pbs, parabasisphenoid rostrum; pr, prootic; pt, 
pterygoid; PTF, posttemporal fenestra; q, quadrate; sq, squamosal. Scale bar equals 1 cm. 
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Figure 2.8. Type specimen of New Taxon (TTU P-00539). Braincase region of skull 
in left lateral view with line drawing interpretation. Abbreviations: bs, basisphenoid; 
CN I, cranial nerve I; CN II, cranial nerve II; CN V, cranial nerve V; CN VII, cranial 
nerve VII; epi, epipterygoid; f, frontal; ls, laterosphenoid; pa, parietal; pbs, 
parabasisphenoid rostrum; pr, prootic; pt, pterygoid; q, quadrate; sq, squamosal. Scale bar 
equals 1 cm. 
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TAXONOMIC IDENTIFICATIONS AND THEIR EFFECTS ON 

BIOSTRATIGRAPHIC AND BIOCHRONOLOGIC 

CORRELATIONS 

Chapter 3: A Reassessment of the Otis Chalk Tetrapod Assemblage and 

Revised Biochronologic Correlations and Diversity Estimates for the 

Base of the Late Triassic Sequence of Texas 

 

ABSTRACT 
Correlation among Late Triassic terrestrial fossil localities is hampered by a 

paucity of numerical dates for independent age assessment, and the most recent 

correlations are based on the occurrences of specific vertebrate taxa. The Otis Chalk 

faunal assemblage includes an exceptional collection of Late Triassic vertebrate fossils, 

and it is the type assemblage for the Otischalkian Land-Vertebrate Faunachron. 

Previously developed biochronologic correlations used specimens of Paleorhinus to 

support a basal position for the assemblage within the Dockum Group sequence and a 

biochronologic correlation with the Carnian Stage. I reexamined the specimens from the 

Otis Chalk assemblage in an explicitly evolutionary and apomorphic framework in order 

to establish a framework of accurate specimen identifications for precise and detailed 

biostratigraphy and biochronology. Many specimens previously were identified as 
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Paleorhinus based on plesiomorphic morphological features, and Paleorhinus as 

traditionally recognized does not represent a monophyletic group. I confirm the 

occurrences of Colognathus obscurus, Koskinonodon howardensis, Trilophosaurus 

buettneri, Brachysuchus megalodon, Angistorhinus alticephalus, Longosuchus meadei, 

and Lucasuchus hunti. I recognize new occurrences of Drepanosauromorpha, Doswellia 

kaltenbachi, a new and unique archosauromorph, Silesauridae, and Theropoda. Some 

specimens previously identified to the species-level only possess apomorphies that 

support identification to a more inclusive clade. Although comparisons of the Otis Chalk 

assemblage to other Late Triassic assemblages previously highlighted taxonomic 

differences among those localities, my reassessment of the Otis Chalk assemblage 

indicates much greater similarity overall, but differences among the phytosaur taxa. The 

confirmed occurrences of a restricted Paleorhinus continue to allow correlation between 

some of the lower portions of the Dockum Group- including the Otis Chalk assemblage- 

with the Popo Agie Formation of Wyoming, the Blasensandstein of Germany, and the 

Timesgadouine Formation of Morocco. Biochronologic correlations between the type 

Carnian marine deposits and the Otis Chalk assemblage based on the purported shared 

presence of Paleorhinus no longer are supported. In order to establish accurate and 

testable biochronologic correlations, explicit reasoning and support must be given for 

every specimen identification and those specimens must be precisely ordered within fine-

scale lithostratigraphic contexts and, ideally, supported by additional dates that are 

independent of the biota. Only then can Late Triassic faunal assemblages be placed in a 
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useful biochronologic framework from which larger macroevolutionary hypotheses may 

be addressed. 

INTRODUCTION 
A chronologic framework is essential for understanding the tempo of vertebrate 

evolution. This can be based on either independent geochronological data (i.e., 

determined with numerical dates obtained through radioisotopic dating methods or 

paleomagnetic data) or on a detailed biochronologic framework (i.e., a temporal and 

time-rock framework derived from the vertical distribution of fossils in superpositional 

sections sensu Walsh [1998]). For many fossiliferous localities, biologically independent 

geochronologies currently remain unavailable because of the lack of readily datable 

lithologic materials. In those cases, a biochronologic framework must be established 

based on the dense, precise, and accurate sampling of fossils for biostratigraphic data. 

Those biostratigraphic data additionally depend on both a detailed and accurate 

lithostratigraphic framework and accurate specimen identifications with precise 

taxonomic range and superpositional information (e.g., Walsh, 1998, 2000). Without 

those stratigraphic and taxonomic foundations, secondary correlations will be 

misunderstood and inaccurate (Martz and Parker, 2010).  

In recent years there was much progress in obtaining radioisotopic dates for 

portions of the Late Triassic of North America (e.g., Irmis and Mundil, 2008; Mundil et 

al., 2010; Ramezani et al., 2011; Irmis et al., 2011), with many recent studies focused on 

the stratigraphically highest and youngest localities in the Chinle Formation of Arizona 

and New Mexico. However, there are many fossiliferous localities still without 
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biologically independent age estimates within the Late Triassic sequence. The ages of 

those localities must at present be inferred based solely on correlations of the vertebrate 

fossils that were collected (Lucas, 1998; Nesbitt and Stocker, 2008). 

The Triassic was a time of diversification of multiple clades that are part of the 

‘modern fauna,’ including lepidosaurs, turtles, mammaliaforms, lissamphibians, and 

crocodylomorphs, in addition to the diversification of those archosauromorphs that are 

restricted to the Triassic (Sues and Fraser, 2010). Many of the recent studies focused on 

the taxonomic composition and faunal associations during the Late Triassic were 

concerned with addressing questions pertaining to dinosaur origins and ornithodiran 

diversification (Irmis et al., 2007; Irmis, 2008; Nesbitt et al., 2009a, 2009b). However, 

there were also recent revisions of the systematics and taxonomy of phytosaurs (Stocker, 

2010a, 2012), aetosaurs (Desojo and Heckert, 2004; Parker and Martz, 2010; Parker et 

al., 2008), and paracrocodylomorphs (Nesbitt, 2011) that facilitate more nuanced 

examination of the evolution of the tetrapod biota. 

The Dockum Group is Late Triassic in age (e.g., Long and Murry, 1995; Riggs et 

al., 1996) and is an extremely fossiliferous stratigraphic unit. The many fossil vertebrate 

assemblages within the Dockum Group present an opportunity to address large 

macroevolutionary questions using the broad taxonomic diversity known from multiple 

localities during the time of its deposition. Those include the Boren and Post quarries in 

Garza County, Texas, and the Otis Chalk localities, farther south in Howard County, 

Texas (Figure 3.1). A refined lithostratigraphy and character-based reevaluation of the 

faunal content recently were presented for the Post Quarry (Martz et al., in press). 
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Multiple specimens of Late Triassic tetrapods were described from the Otis Chalk 

localities (hereafter referred to collectively as the Otis Chalk assemblage) since the 1920s 

(Case, 1922; Stovall and Wharton, 1936; Gregory, 1945; Sawin, 1945; Wilson, 1948; 

Schaeffer, 1967; Parks, 1969; Chatterjee, 1986a), and a major assessment of the faunal 

assemblage was presented by Elder (1978, 1987) in order to document taphonomic 

processes and interpret the paleoecology. However, a detailed lithostratigraphic 

framework and a modern reevaluation of the tetrapods in light of cladistically tested 

morphological characters were lacking for the Otis Chalk assemblage. The need for a 

modern understanding of the Otis Chalk assemblage is even more acute because of its 

utilization for Late Triassic biochronologic correlations (Lucas and Hunt, 1993). 

According to those correlations, the taxa known from the Otis Chalk assemblage were 

hypothesized to be indicative of and correlative with the oldest Late Triassic-aged strata 

within western North America (Lucas and Hunt, 1993; Lucas et al., 1993) and more 

globally with respect to the type Carnian Stage (Hunt and Lucas, 1991a, 1991b; Lucas, 

1998). 

Here I reevaluate the taxonomic identifications of members of the Otis Chalk 

assemblage. From revised identifications based on cladistically tested morphological 

characters, I will create the biological framework in which to assess the possible 

biostratigraphic and biochronologic correlations of the Otis Chalk assemblage to those 

from other Late Triassic localities. I include the previously known specimens examined 

by Elder (1978) as well as many newly prepared specimens from the original collection 

efforts. My taxonomic identifications are based on the data available from the specimens 
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themselves in that I use the apomorphic morphological character states expressed by the 

individual specimens for their identification; that is an approach that allows for the 

identifications to be testable hypotheses on a specimen-by-specimen basis (Nesbitt and 

Stocker, 2008). I explore the consequences of reevaluating the Otis Chalk specimens in 

an explicitly evolutionary (i.e., cladistic) framework, as well as implications for 

biochronologic correlation with respect to other Late Triassic assemblages. 

INSTITUTIONAL ABBREVIATIONS 
FMNH UC, Field Museum of Natural History, University of Chicago 

Collections, Chicago, Illinois; GR, Museum of Ghost Ranch, Abiquiu, New Mexico; 

ISIR, Indian Statistical Institute, Kolkata, India; MNHN ALM, Muséum National 

d’Histoire Naturelle, Paris, France; NCMNS, North Carolina Museum of Natural 

Sciences, Raleigh, North Carolina; NHMW, Naturhistorisches Museum Wien, Vienna, 

Austria; NMMNH P, New Mexico Museum of Natural History and Science, 

Paleontology, Albuquerque, New Mexico; OMNH, Sam Noble Oklahoma Museum of 

Natural History, Norman, Oklahoma; PEFO, Petrified Forest National Park, Petrified 

Forest, Arizona; TMM, Vertebrate Paleontology Laboratory, Texas Natural Science 

Center, Austin, Texas; TTU P, Texas Tech University Paleontology, Lubbock, Texas; 

UCMP, University of California Museum of Paleontology, Berkeley, California; 

UMMP, University of Michigan Museum of Paleontology, Ann Arbor, Michigan; 

USNM, United States National Museum, Washington, D. C. 
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GEOLOGICAL SETTING 
The Upper Triassic Dockum Group is a fluvial and lacustrine depositional system 

that accumulated in a basin throughout eastern New Mexico, portions of Kansas, 

Oklahoma, and Colorado, and through much of the Texas Panhandle (McGowen et al., 

1979). Though over 100 years have passed since the first geological studies of the 

Dockum Group (e.g., Cummins, 1893; Drake, 1892; Gould, 1907), the stratigraphic 

relationships of many of the Late Triassic fossiliferous localities remain unresolved. Part 

of the confusion exists because there is no single, detailed lithostratigraphic framework 

for the entire Dockum Group based on the exposures that crop out throughout Texas. The 

extensive exposures of the Dockum Group in the Canadian River valley are separated 

from the exposures of the Dockum Group farther south, along the Llano Estacado, and 

exposures often are outcrops of individual members separated laterally by Quaternary 

alluvial cover (McGowen et al., 1979; Chatterjee, 1986b; Murry, 1987; Lehman, 1994; 

Martz, 2008). The application of stratigraphic unit names from one area to the other 

based on similarities in the sedimentology and lithology of different units within the 

Dockum Group were not necessarily consistent (e.g., Chatterjee, 1986b; Lehman, 1994). 

Those included attempts to extend usage of ‘Chinle Formation’ from the Upper Triassic 

exposures in Arizona and north-central New Mexico to the exposures in Texas (e.g., 

Lucas, 1993; Lucas et al., 1994). A five-part division of the Dockum Group currently is 

recognized (e.g., Lehman, 1994), and consists of (from lowest to highest units) the Santa 

Rosa Sandstone (including units previously called the Camp Springs Conglomerate; 

Beede and Christner, 1926), the Tecovas Formation, the Trujillo Formation, the Cooper 
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Canyon Formation (= Cooper Member of Chatterjee [1986b]; = Bull Canyon Formation 

of Lucas and Hunt [1989]), and the Redonda Formation (absent in Texas; Lehman, 1994). 

The Santa Rosa Sandstone complex is dominated by sandstones and conglomerates 

(Lehman, 1994; Lehman and Chatterjee, 2005; Martz, 2008). The remaining units 

broadly are distinguished based on sedimentological differences (i.e., the Tecovas 

Formation generally comprises shales and siltstones, whereas the Trujillo Formation is 

dominated by sandstones; McGowen et al., 1979; Chatterjee, 1986b), though both the 

Tecovas and the Trujillo formations contain reddish mudstone beds (Lehman and 

Chatterjee, 2005; Martz, 2008). Reported differences in the vertebrate assemblage 

additionally were used to separate the lower units from the upper units (Chatterjee, 

1986b; Long and Murry, 1995). 

The Otis Chalk localities are located approximately 25 miles southeast of Big 

Spring in Howard County, Texas. The Otis Chalk localities were assigned stratigraphic 

positions within a lower ‘pre-Tecovas‘ horizon (Long and Murry, 1995) or the Colorado 

City Member (formerly ’Iatan Member‘; Lucas et al., 1994; Martz, 2008) and, 

alternatively, a much higher lithostratigraphic placement within the Cooper Canyon 

Formation (Lehman, 1994; Lehman and Chatterjee, 2005). Though recent detailed 

stratigraphic studies reinterpreted the lithostratigraphy of the Chinle Formation in 

Arizona (Martz and Parker, 2010) and the Dockum Group in southern Garza County 

(Martz, 2008), no fine-scale lithostratigraphic interpretation exists for the Triassic 

exposures in Howard County. In Howard County, the Colorado City Member appears to 

be equivalent to, or to interfinger with, the Cooper Canyon Formation and the Boren 
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Ranch Sandstone/beds of Garza County (Martz, 2008). Therefore, the Otis Chalk 

localities are herein considered to be within the Colorado City Member of the Cooper 

Canyon Formation of the Dockum Group (Figure 3.2; Lehman, 1994; Lucas et al., 1994; 

Martz, 2008). Because the Otis Chalk localities generally are thought to be among the 

stratigraphically lowest fossil assemblages in the Dockum Group (Murry, 1989a; Long 

and Murry, 1995), they were, therefore, inferred to be among the biochronologically 

oldest fossil assemblages in the Dockum Group. 

HISTORY OF COLLECTION 
Early surveys of the geology of Texas included collection of fragmentary 

vertebrate fossils from the Dockum Group (e.g., Cope, 1893), but those surveys began a 

long and rich study of Triassic paleontology in Texas. The fossils that were collected 

include multiple holotype specimens, and they greatly increased knowledge of the 

vertebrate fauna of the Late Triassic. The University of Michigan expeditions, led by E. 

C. Case (e.g., Case, 1922, 1929) were the first regular field excursions to the area near the 

Otis Chalk localities. Only a few specimens were recovered and published as the result of 

Case’s fieldwork in that area (Brachysuchus megalodon; UMMP 10336 and 10336A; 

Case, 1929); additionally, no maps or field notes remain, if they existed, to determine the 

precise stratigraphic and geographic provenance of Case’s specimens (pers. obs.). The 

University of Oklahoma made additional collections near the Otis Chalk localities in late 

1931 (Stovall and Wharton, 1936) with the collection of the holotype material of the 

phytosaur Angistorhinus alticephalus (OMNH 733).  
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The largest paleontological survey to include excavations and collections within 

the Dockum Group was completed by the Works Progress (later ‘Project’) 

Administration (WPA) from 1939 to 1941 and provided the majority of the Triassic 

collection at The University of Texas at Austin (e.g., Gregory, 1945; Sawin, 1945; Parks, 

1969; Elder, 1978, 1987). Focused near the city of Big Spring, Texas, one crew, working 

as part of the State-Wide-Paleontologic-Mineralogic Survey (Official Project Number 

665-66-3-233; Gregory, 1945) collected vertebrate fossils in Howard, Crosby, and 

Borden counties, with the bulk of the collected material excavated from the Otis Chalk 

localities in Howard County, Texas. 

Approximately 11,000 specimens were collected by the WPA (J. C. Sagebiel, 

pers. comm., 2012) through quarrying operations at four main localities (Quarry 1: TMM 

31025; Quarry 2: TMM 31099; Quarry 3: TMM 31100; Quarry 3A: TMM 31185) and 

through surface collection of several other general localities (Site 3 General: TMM 

31098; Site 7 General: TMM 41936) in Howard County (Figure 3.1). The precise 

stratigraphic relationships among the individual localities are unclear, though they are all 

within the Colorado City Member of the Dockum Group (Elder, 1978). In general, the 

Otis Chalk localities produced assemblages that are taxonomically multidominant (sensu 

Eberth et al., 2007) though some individual localities were interpreted as multitaxic and 

monodominant (i.e., TMM 31025 is known colloquially as the ‘Trilophosaurus Quarry’; 

Elder, 1978). The localities TMM 31025 and TMM 31099 were thought to be dominated 

by more terrestrial taxa, whereas TMM 31100 was hypothesized to be dominated by 

semiaquatic taxa (Elder, 1987). However, uneven sampling during the WPA excavations 
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may have affected interpretations of abundance and diversity at the four main localities. 

For example, excavations at TMM 31025 emphasized the effort to find complete 

skeletons of Trilophosaurus (Gregory, 1945). 

Collection from the Otis Chalk localities subsequent to the work by the WPA was 

limited. In the 1950s and 1960s, crews led by Bob Schaeffer of the American Museum of 

Natural History collected redfieldiid fish specimens from a small pond deposit near the 

main WPA localities (Schaeffer, 1967). Additionally, specimens at the University of 

California, Berkeley, are the result of both specimen exchanges with The University of 

Texas at Austin in the 1940s and a short collecting trip by a party from UCMP in 1963 

(field notes housed at UCMP). More recent collections from the general area of the 

original WPA localities mainly consist of surface-collected material that were added to 

the TMM collections (catalogued under locality TMM 42060; Elder, 1978, 1987) or are 

in private collections (Lucas et al., 1993). Additionally, screen-washed microvertebrate 

material was recovered from TMM 31025 and is reposited at Southern Methodist 

University (=SMU Locality 122; Murry, 1987). 

BIOSTRATIGRAPHY AND BIOCHRONOLOGY OF THE LATE TRIASSIC OF NORTH 
AMERICA 

Biostratigraphic and biochronologic frameworks remain important for 

chronologic ordering of many Late Triassic localities and their associated faunal 

assemblages because the majority of Triassic sediments in western North America 

continue to lack numerical dates (Martz, 2008; Mundil et al., 2010; Martz et al., in press). 

Additionally, terrestrial sediments often do not interfinger with the marine strata that 
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provide biologically-based Stage divisions of the Triassic and are used to define the 

Global Stratotype Sections and Points (GSSPs) (Irmis et al., 2010). 

A biostratigraphic framework was informally in place early in the 20th century 

based on the vertebrate fossils that had been collected from the Upper Triassic sediments 

of western North America (Huene, 1926; Camp, 1930). In those studies, phytosaurs were 

used as ‘index taxa’ for correlation because of their nearly cosmopolitan distribution, 

fossil record restricted to the Late Triassic, recognizable morphology, and taxonomic 

diversity (e.g., Huene, 1926; Camp, 1930; Colbert and Gregory, 1957; Gregory, 1957, 

1962, 1972). Their cranial morphology was interpreted essentially in terms of the ‘stage 

of evolution’ of portions of the cranial morphology among the known taxa, from 

phytosaurs with anteriorly positioned nares and dorsally-open supratemporal fenestrae to 

phytosaurs with more posteriorly positioned nares and supratemporal fenestrae that were 

essentially hidden by expanded parietal-squamosal bars (Camp, 1930). The work by 

Gregory (1957) on the stratigraphic distribution of those phytosaur specimens formed a 

four-part division of the Late Triassic. 

Most recently, a more codified, though informal, set of biochronologic divisions 

and correlations, the Land-Vertebrate Faunachrons (LVFs), were proposed for the 

western United States (Lucas, 1991, 1993, 1998, 2010; Lucas and Hunt, 1993). That 

correlation scheme divided Late Triassic time based in part on the biostratigraphic 

divisions of phytosaurs that were recognized by Gregory (1957). The system emphasizes 

a stratigraphic, and therefore inferred chronologic, progression of phytosaur genera based 

on their first appearance data (FAD, but see below; Figure 3.3; Lucas and Hunt, 1993). 
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Proposed nonmarine standards for the Triassic (Lucas, 1992) used the phytosaurs from 

the fossiliferous, well sampled, and extensive Chinle Formation and Dockum Group of 

the American Southwest as evidence of several distinct faunal assemblages that could be 

utilized for biochronologic correlations of the Late Triassic. In the oldest division, the 

Otischalkian, Paleorhinus and Angistorhinus are both known from multiple specimens 

(Hunt and Lucas, 1991a). The next younger division, the Adamanian, was recognized by 

the first appearance of Rutiodon. The first appearance of Machaeroprosopus 

(=Pseudopalatus sensu Parker et al., in press) defined the beginning of the Revueltian, 

and the first appearance of Redondasaurus defined the uppermost division, the Apachean 

(Lucas and Hunt, 1993). 

The type assemblage of the Otischalkian encompassed “fossil vertebrates from the 

Camp Springs and Iatan Members of the Dockum Formation in West Texas” (Lucas and 

Hunt, 1993:327). Longosuchus and Metoposaurus were listed as “index taxa,” and 

“characteristic taxa” included Metoposaurus, Buettneria, Longosuchus, Paleorhinus, and 

Angistorhinus (Lucas and Hunt, 1993:327). In addition to including the tetrapod 

assemblage represented by the Dockum Group Otis Chalk localities, the Otischalkian was 

applied to the Popo Agie Formation of Wyoming (Lucas and Hunt, 1993), presumably 

based upon the known occurrences of Paleorhinus and Angistorhinus from those 

sediments. Subsequent modifications to the LVFs redefined the Adamanian and 

Revueltian faunachrons on the basis of the first appearance data of the phytosaur taxa 

Leptosuchus and Pseudopalatus (Lucas, 1998). 
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Marine biochronology was the preferred method for correlating Triassic strata in 

western North America to the established standard global chronostratigraphic scale of the 

European Triassic (Huene, 1926; Lucas, 1991, 1999), but the preservation of nonmarine 

tetrapods in marine sediments was used as evidence that global correlation was possible. 

For the early Late Triassic, the presence of Paleorhinus was utilized for a ‘Paleorhinus 

biochron’ (Hunt and Lucas, 1991; Lucas, 1998). The Paleorhinus biochron correlated the 

reported terrestrial records of Paleorhinus with the Carnian-aged marine Opponitzer 

Schichten because of a specimen from those marine units that was identified as 

Paleorhinus (Trauth, 1948; Hunt and Lucas, 1991; Lucas, 1991, 1998; Sues and Fraser, 

2010). 

In their current form, LVFs are plagued with imprecision and a lack of clarity. 

Multiple issues exist regarding the current definitions of the LVFs and how they are used 

for correlation (Rayfield et al., 2005; Irmis et al., 2010; Parker and Martz, 2011). The 

fossil record and the paleobiological events interpreted from it naturally are 

conceptualized in separate ways, and thus precise terminology and clarity of usage are 

essential (Walsh, 1998). Use of the term ‘FAD’ is an example of this problem. A direct 

reading of the known fossil record in a restricted area would reveal the lowest known 

stratigraphic datum (LSDk) and the highest known stratigraphic datum (HSDk), 

respectively (Walsh, 1998) for known (collected or recorded) specimens of specific taxa. 

However, the lowest and highest known fossils likely are never the lowest or highest 

actual stratigraphic occurrences (LSDa and HSDa, respectively; Walsh, 1998). In this 

way, there already is a problem with whether the first appearance datum references the 
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lowest known specimen or the lowest actual (and unknown) specimen of a taxon. The 

known stratigraphic record of a taxon is merely the truncated, preserved evidence of a 

usually longer and more widespread biological existence. Layering inferences of 

paleobiological events onto the known fossil record of a taxon, the first appearance datum 

could also be interpreted as the first historical appearance (FHA) of a taxon, which refers 

to the origin, dispersal, or emigration of a taxon into a geographic area and is not 

associated directly with any known fossil specimen (Walsh, 1998). Because of those 

issues, the LVFs were reinterpreted as biostratigraphic units rather than biochronologic 

units (Parker and Martz, 2011). Correspondingly, the LVFs were referred to as biozones 

rather than faunachrons to recognize their association with the stratigraphic and 

superpositional distribution of the defining taxa. Parker and Martz (2011) recognized The 

biochronologic implications of ‘first appearance datum’ were recognized by Parker and 

Martz (2011), and they based their work for the Adamanian and Revueltian on the LSDks 

of the defining phytosaur taxa. The ‘Adamanian biozone’ was used rather than applying 

the “cumbersome” term “‘Leptosuchus’/Pseudopalatus lowest occurrence interval zone” 

(Parker and Martz (2011:235). However, the term ‘biozone’ is “often applied to the time 

represented by the lifespans (or partial lifespans) of one or more taxa […], or to the sets 

of strata deposited during such biochrons” (Walsh, 1998:155). ‘Biozone’ thus is not 

purely a superpositional and biostratigraphic term and continues to give the LVFs 

imprecise meanings. 

Global-scale correlations using the LVFs were not the initial goal of their 

establishment, but they were meant to be based on biochronologies at the local and 
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regional scale, and based on short intervals of time (Lucas, 1990). Global correlations 

were thought to be possible only after local and regional biochronologies were tested and 

well established (Lucas, 1990); however, global correlations were adopted quickly (e.g., 

Lucas, 1998) as part of a nonmarine standard sequence for the terrestrial deposits of 

Pangea (Lucas, 1991, 1992). The widespread distribution of specimens identified as 

Paleorhinus and Metoposaurus (e.g., Lucas, 1998; Rayfield et al., 2005) supported the 

use of those taxa to recognize a global biochronologic division of the Late Triassic. 

Taxonomic instability later was cited as hampering correlations based on those taxa 

(Rayfield et al., 2005). Specifically for phytosaurs, the complex taxonomic and 

systematic history of the group led to generic names that did not have consistent meaning 

or membership. Reference to a specific taxonomic and/or systematic scheme (e.g., all 

phytosaur taxa ‘sensu Ballew [1989]’ by Lucas and Huber [2003:146]) clarified some 

amount of confusion and provided some stability at least in name. However, recent 

analyses (Hungerbühler, 2002; Stocker, 2010a) supported hypotheses that multiple 

phytosaur genera, as previously conceived, were paraphyletic or polyphyletic, and 

correlations as originally proposed needed to be re-evaluated in light of revised 

taxonomy. The biostratigraphic and biochronologic utility of non-monophyletic taxa or 

‘grade-level taxa’ has yet to be fully determined, though using non-monophyletic taxa 

may assume an incorrect stratigraphic range and temporal duration of a taxon and lead to 

spurious correlations (Angielczyk and Kurkin, 2003; Irmis et al., 2010; Stocker, in press). 

Use of ‘grade-level’ taxa may be uninformative because of the lack of taxonomic and 

often phylogenetic clarity associated with a taxon or specimen. A specimen identified as 
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part of a ‘grade’ often is identified by the plesiomorphic characters it preserves rather 

than any derived features it may have that would indicate its phylogenetic affinities. That 

practice results in a lack of precision in taxonomic identification and in correlation. This 

issue is especially relevant to the Otischalkian, which was defined by the ‘first 

appearance datum’ of Paleorhinus, a non-phytosaurid phytosaur that, until recently, was 

identified based on morphology that now is considered plesiomorphic for Phytosauria 

and includes species that are not associated with the type (Stocker, 2010a; Butler et al., 

2012; Stocker, in press). 

Correlation of terrestrial deposits to the type Carnian deposits is particularly 

problematic for the Otischalkian. The specimen that was identified by Hunt and Lucas 

(1991) as Paleorhinus (= ‘Francosuchus’ trauthi Huene 1939; NHMW 1905/0007/0052) 

from the Opponitzer Schichten (Trauth, 1948), possesses no morphological characters 

that allow its identification as Paleorhinus, and it may be representative of a 

thallatosuchian rather than a phytosaur (Butler et al., 2012; Stocker, in press). Therefore, 

phytosaurs do not provide a tie-point between the terrestrial Upper Triassic sediments and 

the marine standard.  

Ideally, all specimens that are the basis for correlation would be identified based 

upon diagnostic morphological characters that are observable in the specimens, rather 

than upon plesiomorphic morphology, general similarity to other known taxa, or 

stratigraphic or geographic convenience for correlation. Underneath all correlations are 

assumptions that the identifications of specimens used for correlation are accurate and 

testable (Rayfield et al., 2005; Parker and Martz, 2011; Bell et al., 2010; Bell and Jass, 
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2011), and it is clear that those assumptions often may be violated. The expansion of 

revised systematic hypotheses for multiple taxa known from the Late Triassic presents 

the opportunity to explore the effects of rigorously evaluated systematics and taxonomy 

on fossil identifications and their secondary inferences within a biostratigraphically and 

biochronologically important assemblage. 

MATERIALS AND METHODS 
The four main Otis Chalk quarries likely did not sample identical stratigraphic 

horizons, though they were all within approximately five square kilometers of each other 

(Elder, 1978). General lithostratigraphic sections depicted for TMM 31025 and TMM 

31099 placed the fossiliferous layers stratigraphically above a granule conglomerate and 

below a “massive red mudstone” (Elder, 1978:36, 1978:40), but the lithostratigraphic 

relationships of TMM 31100 and TMM 31185 were undefined. A composite stratigraphic 

section with each of those localities in superpositional order was not presented by Elder 

(1978), and the individual Otis Chalk localities have been treated as a single assemblage 

(e.g., Hunt and Lucas, 1991a, 1991b; Long and Murry, 1995; Lucas, 1998). Because 

there is no superpositional data for the specimens collected by the WPA and no detailed 

lithostratigraphy exists that encompasses the Otis Chalk localities, I will continue to treat 

all specimens from those localities as a single assemblage. 

The diversity of the Otis Chalk assemblage was discussed comprehensively by 

Elder (1978, 1987) based on the WPA-collected material that was already prepared at that 

time. However, Elder noted (1987:87) that her “conclusions drawn are based solely on 

prepared and catalogued specimens” and “preparation is likely to reveal further evidence 
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of the poorly known members of the fauna and possibly additional new taxa.” The 

remaining unprepared and uncatalogued TMM material collected by the WPA still 

exceeds the prepared and catalogued specimens (2784 accession numbers are assigned to 

10,786 fossils in the VPL specimen database as of September 6, 2012; J. C. Sagebiel, 

pers. comm., 2012), though recent specimen preparation supports her hypothesis (e.g., 

Stocker, 2009, 2010b). Therefore, a modern, holistic study of the tetrapod diversity of the 

Otis Chalk assemblage is needed. 

In order to reassess the taxonomic diversity of the Otis Chalk assemblage, I 

examined specimens in the collections of The University of Texas at Austin (TMM), in 

which the vast majority of referenced tetrapod fossils from Howard County are housed 

(Elder, 1978). I examined additional comparative material from Howard County housed 

in the collections of UMMP (Case, 1929; Gregory, 1945), OMNH (Stovall and Wharton, 

1936), UCMP (Long and Murry, 1995), as well as in the literature (Murry, 1987), and 

those specimens are referenced when discussed. My focus is on the macrovertebrate 

fossils. However, future examination of the microvertebrate specimens from Howard 

County housed at Southern Methodist University will add important data about a still-

undersampled aspect of the faunal assemblage.  

Whenever possible, I use an apomorphy-based method of specimen identification 

following the methods of Bell et al. (2004, 2010), Bever (2005), and Nesbitt et al. (2007). 

For each identification, I list at least one voucher specimen and my reasoning for 

assigning that specimen to that taxon following the methods outlined by Nesbitt and 

Stocker (2008). I systematically checked taxonomic identifications in published literature 
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when possible (i.e., if it was possible to find a specimen number associated with either a 

written or photographic reference to a taxon), and I prepared and identified additional 

specimens from the uncatalogued WPA material in the TMM collections. All 

identifications are based on examination of comparative material as well as 

morphological character support from recently published phylogenetic analyses that have 

been well-tested, resulting in observations that can be tested in future studies. 

SYSTEMATIC PALEONTOLOGY 
 

Gnathostomata, Gegenbaur, 1874 

Colognathus obscurus (Case, 1928a) 

Figure 3.4 

Voucher specimen: TMM 31100-1300, tooth. 

Description and rationale for taxonomic assignment: Colognathus obscurus 

(UMMP 7506, holotype) can be diagnosed by a unique combination of characters (Irmis, 

2005) that are also observed in TMM 31100-1300, including teeth that are mesiodistally 

longer than labiolingually wide and aligned anteroposteriorly in the jaw, the presence of 

fluting or striation perpendicular to the long axis of the tooth on the labiolingual surfaces 

of the tooth crown, the presence of a labiolingual constriction and associated occlusal 

depression posterior to the anterior cusp, a bulbous expansion of the base of the tooth 

crown, and acrodont tooth implantation (Case, 1928a; Murry, 1986; Heckert, 2004; 

Heckert et al., 2012a). 
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Discussion: The higher-level relationships of Colognathus obscurus remain 

unclear. It has been referred to variously as a ‘fish’ (Case, 1928a), rhynchosaur (Langer 

et al., 2000), and procolophonid (e.g., Murry, 1986; Sues and Olsen, 1993; Heckert, 

2004). Colognathus was hypothesized to be an archosauromorph (Heckert et al., 2012a), 

but no evidence was provided for that hypothesis or for the rejection of referral to a 

rhynchosaur, a cynodont, a fish, or a procolophonid. However, current work is attempting 

to clarify the phylogenetic relationships of this taxon (A. Heckert, pers. comm., 2012). 

Here, I recognize Colognathus obscurus as a unique taxon while conservatively referring 

it to Gnathostomata based on its identity as a jaw element with teeth. 

The holotype of Colognathus obscurus is an isolated tooth from Crosby County, 

Texas (Case, 1922, 1928a) that was found within the matrix surrounding the holotype of 

Leptosuchus crosbiensis (UMMP 7522; Case, 1928a). Because of that association, 

Colognathus was considered an index taxon for the Adamanian (Heckert, 2004, 2006). 

Specimens of Colognathus were reported from “basins of Adamanian age in the 

southwestern U.S.A.” (Heckert et al., 2012a: 368), including within the lower portions of 

the Chinle Formation in Arizona (Irmis, 2005) and multiple localities within the Tecovas 

Formation in Texas (Case, 1928a; Murry, 1986; Heckert, 2004; Heckert et al., 2012a). 

However, the specimens that are from Howard County were not included in Heckert’s 

(2004) study, and their inclusion would have extended the range of Colognathus into the 

Otischalkian LVF. Provenance data for TMM 31100-1300 and other Colognathus 

specimens reported from Howard County has been questioned (Heckert, 2006; S. Nesbitt, 

pers. comm., 2012) either without a given reason or because of the preservational 
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differences of the matrix on the specimens identified as Colognathus versus other 

specimens from TMM 31100. 

 

Temnospondyli Zittel, 1888 sensu Yates and Warren, 2000 

Stereospondyli E. Fraas, 1889 sensu Yates and Warren, 2000 

Latiscopus disjunctus Wilson, 1948 

Figures 3.5A-C 

Voucher specimen: TMM 31025-182, partial skull (holotype). 

Description and rationale for taxonomic assignment: Unambiguous 

synapomorphies of Stereospondyli (Schoch, 2008) that are observed in Latiscopus 

disjunctus include a bilobed occipital condyle. TMM 31025-182 appears to share with 

Metoposauroidea the parasphenoid having a broad cultriform process and a broad body 

(McHugh, 2012: 145[1]); however, Bolt and Chatterjee (2000) did not agree that this 

feature was visible in TMM 31025-182. An additional character shared with 

Metoposauroidea is that the bases of the marginal teeth are round or oval (McHugh, 

2012: 153[0]). Latiscopus disjunctus shares with Rileymillerus cosgriffi a dorsoventrally 

unflattened postorbital region of the skull (Figure 3.5B), small laterally facing orbits, and 

the absence of otic notches (Bolt and Chatterjee, 2000; Martz et al., in press). However, 

the highly interdigitating morphology of the cranial sutures in TMM 31025-182 (Figure 

3.5A) differs from the relatively smooth and straight sutures of Rileymillerus cosgriffi 

(TTU-P09168; Bolt and Chatterjee, 2000), allowing Latiscopus disjunctus to be identified 

as a unique taxon. 
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Discussion: The original diagnosis of Latiscopus (Wilson, 1948), and of 

Latiscopidae (=Almasauridae sensu Schoch and Werneburg [1998]), included mainly 

general shape characteristics of a single specimen that was “cleaned by a too enthusiastic 

preparator” (Wilson, 1948:359). It was distinguished among stereospondyls by having a 

small skull that was highly arched, triangular, and without ornamentation, the presence of 

a broad contact between the pterygoids and the parasphenoid, the presence of a broad 

cultriform process, possibly having bilobed occipital condyles, the presence of conical 

teeth with large pulp cavities, the absence of cornua, the presence of small otic notches, 

and the presence of large orbits that were laterally positioned on the skull roof and 

laterally directed (Wilson, 1948). However, more specific relationships of Latiscopus 

within Stereospondyli were unclear (e.g., Wilson, 1948; Hunt, 1993; Bolt and Chatterjee, 

2000). A close relationship was hypothesized for Latiscopus and Almasaurus (Milner, 

1990), but no support was given for that relationship. However, Bolt and Chatterjee 

(2000) stated that Latiscopus disjunctus was a nomen dubium. Despite its preservation, 

the holotype specimen can be distinguished from the other stereospondyls in the Otis 

Chalk assemblage, and can be diagnosed as unique from Rileymillerus cosgriffi. 

The overall cranial morphology of TMM 31025-182 is similar with that of 

Rileymillerus cosgriffi (Bolt and Chatterjee, 2000; Martz et al., in press). Because of the 

poor preservation of the holotype of Latiscopus, it currently is not possible to determine 

confidently whether the holotypes of Latiscopus disjunctus and Rileymillerus cosgriffi 

represent the same or closely related taxa. However, in the event that an additional, 

better-preserved specimen of Latiscopus is found in the Otis Chalk assemblage, 
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additional comparisons could be made. Latiscopus and Rileymillerus currently share all 

features that can be observed on those specimens except for the type of cranial suturing. 

If additional specimens from the Otis Chalk assemblage do not challenge that similarity, 

Rileymillerus cosgriffi may best be referred to Latiscopus as a distinct species. 

 

Metoposauroidea Watson, 1919 sensu Yates and Warren, 2000 

Metoposauridae Watson, 1919 

Metoposaurus bakeri (Case, 1931) sensu Hunt, 1993 

Figure 3.5D 

Voucher specimens: TMM 31099-12, associated skeleton consisting of nearly 

complete skull, disarticulated mandibles, cleithrum, left and right clavicle, interclavicle, 

vertebrae; TMM 31099-34 (formerly TMM 31099-12B), skull and right mandible (Figure 

3.5D). 

Description and rationale for taxonomic assignment: Unambiguous 

synapomorphies of Metoposauroidea (McHugh, 2012) observed in TMM 31099-12 and 

TMM 31099-34 include an infraorbital sulcus that possesses a step-like flexure between 

the orbit and the naris (1[1]), the anterior margin of the jugal which terminates posterior 

to the anterior orbital margin (29[0]), the absence of muscular crests supporting the 

tabular horns ventrally (66[0]), the absence of a fodina vomeralis (95[0]), a parasphenoid 

with a broad cultriform process and a broad body (145[1]), and marginal teeth whose 

bases are round or oval (153[0]). Synapomorphies of Metoposauridae observed in TMM 

31099-12 and TMM 31099-34 include small, anteriorly placed orbits, wide cultriform 
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process, and a large quadrate foramen (Hunt, 1993), whereas Schoch (2008) identified as 

synapomorphies of Metoposauridae the descending flange of the occipital portion of the 

postparietals as forming long smooth blades as long as the dermal portion of the 

postparietal (29[1]), a medial bulge of the quadrate trochlea that is at least two times 

longer and twice as wide as the lateral bulge (61[1]), a preglenoid process with the labial 

side of the surangular forming a dorsal projection well above the level of the glenoid 

articulation (65[1]), and a convex anterior surface of the intercentrum in at least in some 

presacral centra (75[1]). 

TMM 31099-34 and TMM 31099-12 have similar cranial length-to-width ratios 

as the specimens of Metoposaurus bakeri from the Elkin’s Place bonebed (e.g., UMMP 

13055; Case, 1931, 1932; Ruez, 2000). Additionally, in TMM 31099-34, TMM 31099-

12, and UMMP 13055 the lacrimal is excluded from the orbital margin. However, the 

maxilla contacts the prefrontal in TMM 31099-34 but not in Metoposaurus bakeri. 

However, I retain identification to Metoposaurus bakeri in order to recognize the unique 

combination of character states currently observed in TMM 31099-34 and TMM 31099-

12 that are shared with UMMP 13055. 

Discussion: Metoposaurus bakeri was named based on specimens from the 

Elkin’s Place bonebed near Snyder in Scurry County, Texas (Case, 1931, 1932). The 

elongation of the pitting in the dermal ornamentation of the frontal and postorbital 

regions of the skull, the incomplete sensory canal system, the anterior elongation beyond 

the orbits of the palatal vacuities, the more narrow and elongate length-to-width ratio of 

the skull, and the smaller size were all used to diagnose those specimens as unique from 
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Koskinonodon perfectus (Case, 1931). TMM 31099-34 was referred to Buettneria 

perfecta (=Koskinonodon perfectus) by Hunt (1993). The most recent phylogenetic 

analysis to examine metoposaurids (McHugh, 2012) incorporated Metoposaurus bakeri 

as a terminal taxon within a larger analysis of relationships within Temnospondyli. 

However, genus or species-level diagnoses were not provided.  

The distribution of Metoposaurus bakeri, based on the specimens from the type 

locality and referred specimens, includes the lower portions of the Dockum Group in 

Texas (Case, 1932; Sawin, 1945) and the Wolfville Formation, Fundy Basin of Nova 

Scotia (Baird, 1986; Hunt, 1993). Within the Dockum Group, additional specimens of 

Metoposaurus bakeri were reported from the Cooper Canyon Formation of Garza 

County, Texas (Houle and Mueller, 2004). 

 

Koskinonodon howardensis (Sawin, 1945) 

Figure 3.5E 

Voucher specimen: TMM 31100-30, skull (lectotype). 

Description and rationale for taxonomic assignment: Unambiguous 

synapomorphies of Metoposauroidea (McHugh, 2012) that are visible in TMM 31100-30 

include an infraorbital sulcus which possesses a step-like flexure between the orbit and 

the naris (1[1]), the anterior margin of the jugal terminating posterior to the anterior 

orbital margin (29[0]), the absence of muscular crests supporting the tabular horns 

ventrally (66[0]), the absence of a fodina vomeralis (95[0]), a parasphenoid with a broad 



 76 

cultriform process and a broad body (145[1]), the presence of ornamentation on the 

parasphenoid (147[1]), and marginal teeth whose bases are round or oval (153[0]).  

Three nominal taxa from North America share general similarity to TMM 31100-

30: Koskinonodon perfectus, known from the Dockum Group of Texas and the Chinle 

Formation of Arizona (Case, 1922; Long and Murry, 1995), Koskinonodon princeps 

known from the Popo Agie Formation (Branson and Mehl, 1929), and Metoposaurus 

bakeri mainly known from the Dockum Group in Scurry County, Texas (Case, 1931). 

TMM 31100-30 shares with species of Koskinonodon a lacrimal that enters the orbital 

margin (Hunt, 1993; Sulej, 2007), in contrast to a lacrimal that is excluded from the 

orbital margin in Metoposaurus bakeri. Koskinonodon howardensis is unique from 

Koskinonodon perfectus and Koskinonodon princeps in that the lacrimal forms the 

majority of the lateral border of the orbit. 

Remarks: The description of a new species of the metoposaurid Buettneria from 

Howard County largely was based on TMM 31100-30 (Sawin, 1945). No holotype was 

formalized in that 1945 publication, but TMM 31100-30 ultimately was treated as a 

lectotype for Buettneria howardensis (Elder, 1978). The taxonomy of North American 

metoposaurids has not been stable (Mueller, 2008). Koskinonodon princeps was regarded 

as a junior synonym of Buettneria perfecta (Hunt, 1993). Most recently, the name 

Buettneria was recognized as preoccupied by both an orthopteran and a mollusc 

(Mueller, 2007), and the generic name was replaced with Koskinonodon Branson and 

Mehl, 1929. 
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Discussion: Prior to research on the variation in cranial morphology among 

metoposaurids by Ruez (2000), variation was hypothesized to be limited for 

metoposaurids with respect to other Triassic temnospondyls (Hunt, 1993). 

Metoposaurid taxonomy has remained unstable because of that uncharacterized 

variation in cranial suture morphology (Ruez, 2000), as well as the lack of explicit 

phylogenetic analyses of the species-level relationships within Metoposauridae, and 

nomenclatural changes such as the replacement of Buettneria with Koskinonodon 

(Branson and Mehl, 1929; Mueller, 2007, 2008). The most recent phylogenetic analysis 

to include metoposaurids (McHugh, 2012) incorporated Koskinonodon perfectus as a 

terminal taxon within a larger analysis of Temnospondyli relationships but not 

Koskinonodon howardensis. Additionally, there was no resolution of the relationships 

within Metoposauroidea in that study, and genus or species-level synapomorphies were 

not provided. 

 

Diapsida Osborn, 1903 

Neodiapsida Benton, 1985 

Archosauromorpha Huene, 1946 sensu Benton, 1985 

Drepanosauromorpha Renesto et al., 2010 

Figures 3.6A, B 

Voucher specimens: TMM 31100-1333, femur (Figure 3.6A); TMM 31100-

1335, two precaudal vertebrae with fused ribs (Figure 3.6B). 
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Description and rationale for taxonomic assignment: Drepanosauromorpha 

was defined as the least inclusive clade including Hypuronector limnaios Colbert and 

Olsen, 2001 and Megalancosaurus preonensis Calzavara, Muscio, and Wild, 1980 

(Renesto et al., 2010), but the clade was never diagnosed. TMM 31100-1333 shares with 

Vallesaurus, Hypuronecter, Drepanosaurus unguicaudatus, and Megalancosaurus the 

lack of a sigmoidal curvature of the femoral shaft, the possession of a rounded femoral 

head, and the possession of a mounded trochanter for the M. caudifemoralis that is 

located proximally on the shaft of the femur (Pinna, 1986; Colbert and Olsen, 2001; 

Renesto and Binelli, 2006). The two precaudal vertebrae (TMM 31100-1335) share with 

Hypuronecter, Dolabrosaurus, and Megalancosaurus the possession of ribs that are fused 

to the body of the centrum (Colbert and Olsen, 2001).  

Discussion: Drepanosauromorphs were not recognized previously from the Otis 

Chalk localities, though multiple additional specimens in the TMM collections 

potentially are referable to Drepanosauromorpha. The bizarre morphology of 

drepanosauromorphs, including that of the forelimb, as well as morphological features 

related to function that are potentially convergent (e.g., Evans, 2009), has made 

understanding their phylogenetic position within Diapsida difficult. However, a new 

phylogenetic analysis is being prepared that samples early-branching diapsids and all 

known drepanosaurid taxa (Pritchard et al., 2012). 

In addition to the specimens of drepanosauromorphs known from the Cromhall 

fissure fills in England and several localities in Italy, specimens of drepanosauromorphs 

are known from several localities in North America. Hypuronecter is known from the 
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Lockatong Formation of the Newark Supergroup (Colbert and Olsen, 2001), 

drepanosauromorphs are recognized based on pectoral and forelimb elements from the 

Hayden and Coelophysis quarries in the Chinle Formation of north-eastern New Mexico 

(Harris and Downs, 2002; Irmis et al., 2007; Pritchard et al., 2012), and isolated vertebrae 

from the Placerias Quarry in the Chinle Formation of Arizona were identified as 

specimens of drepanosauromorphs (Kaye and Padian, 1994; Renesto et al., 2009). 

Additional scapulocoracoids from the Post Quarry (referred to Simiosauria rather than 

Drepanosauromorpha) are similar to Ghost Ranch specimens but have much longer 

scapular blades (Martz et al., in press). The drepanosauromorph material from the Otis 

Chalk assemblage potentially represents some of the oldest known specimens identified 

as Drepanosauromorpha. 

 

Archosauromorpha Huene, 1946 sensu Benton, 1985 

Trilophosaurus Case, 1928a 

Trilophosaurus buettneri Case, 1928a 

Figure 3.6C 

Voucher specimens: TMM 31025-140, partially articulated skeleton; TMM 

31025-143, skull (Figure 3.6C). 

Description and rationale for taxonomic assignment: Unambiguous 

synapomorphies of Archosauromorpha (Dilkes, 1998) observed in TMM 31025-140 and 

TMM 31025-143 include the presence of a posterodorsal process of the premaxilla, the 

presence of a sagittal crest, the presence of slender and tapering cervical ribs that lie at a 
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low angle to the vertebrae, the presence of a notch on the proximal margin of the 

interclavicle, and the dorsal margin of the ilium composed of a small anterior process and 

a larger posterior process. TMM 31025-140 and TMM 31025-143 both share with the 

holotype of Trilophosaurus buettneri (UMMP 2338) the presence of tricuspid teeth with 

the three cusps arranged mediolaterally, the cusps of the Type T teeth (sensu Demar and 

Bolt [1981]) being similar in size, equally spaced, and with cingula connecting the 

lingual and labial cusps (Case, 1928a, 1928b; Heckert, 2004; Mueller and Parker, 2006). 

Discussion: Perhaps the most well known taxon from the Otis Chalk localities is 

Trilophosaurus. TMM 31025 is referred to sometimes as the “Trilophosaurus Quarry” 

(e.g., Gregory, 1945; Long and Murry, 1995; distinct from the “Kahle Trilophosaurus 

Quarry” in Borden County [Heckert et al., 2001; Martz et al., in press]), and all the Otis 

Chalk localities together have been referred to as the “Trilophosaurus quarries 1, 2, 3, 

and 3A” (Heckert et al., 2006:622). In addition to Trilophosaurus buettneri from the Otis 

Chalk localities and the type locality in Crosby County, Texas, two additional species of 

Trilophosaurus are known. Trilophosaurus dornorum is known from the Sonsela 

Member of the Chinle Formation in Arizona (Mueller and Parker, 2006), and 

Trilophosaurus jacobsi is known from the lower portions of the Chinle Formation in 

Arizona and the uppermost Tecovas or lowermost Trujillo formations of the Dockum 

Group of Texas (Murry, 1987; Heckert, 2004; Irmis, 2005; Heckert et al., 2006).  

The abundant specimens of Trilophosaurus from the Otis Chalk assemblage, and 

specifically TMM 31025, is well known; however, the disarticulation and disassociation 

of material both in situ during preservation and from subsequent collection and curation 
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may have led to misidentification or incorrect provenance information for some elements. 

TMM 31100-438 includes presacral vertebrae that actually may be from TMM 31025 

based on their preservation and attached matrix (S. Nesbitt, pers. comm., 2012). TMM 

31185-17 includes an astragalus with some differences in robustness and proportions 

from specimens of Trilophosaurus (e.g., TMM 31025-140), and it only can be identified 

as a member of Archosauromorpha. 

 
Malerisaurus Chatterjee, 1980 

Malerisaurus langstoni Chatterjee, 1986a 

Figure 3.6D 

Voucher specimen: TMM 31099-11, disarticulated but associated partial 

skeleton, including partial skull (holotype; holotype restricted to only skull material by 

Spielmann et al. [2006]). 

Description and rationale for taxonomic assignment: Skeletal features known 

for members of Archosauromorpha that are present in TMM 31099-11 include a 

prominent postglenoid projection of the scapulocoracoid, a pronounced internal 

trochanter on the femur, and the lack of a ventral notch on the tibia (all shared with 

Trilophosaurus). TMM 31099-11 differs from Trilophosaurus in the separation of the 

radial and ulnar condyles of the humerus by a shallow sulcus. TMM 31099-11 shares 

with Malerisaurus robinsonae the presence of a prominent postglenoid process of the 

scapulocoracoid and a pronounced internal trochanter of the femur (Spielmann et al., 
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2006), as well as the presence of pterygoid teeth (differing from members of 

Archosauriformes).  

Discussion: Proposed restriction of the holotype of Malerisaurus langstoni to the 

skull material (Spielmann et al., 2006) was based upon the interpretation of that specimen 

as a chimera. However, a reinterpretation of TMM 31099-11 indicated that portions of 

the specimen that were figured as skull roof elements by Spielmann et al. (2006) are 

actually portions of the mandible, and the element identified as the nasal (Spielmann et 

al., 2006:544) is actually a pterygoid with teeth (Fraser et al., 2008). 

Otischalkia elderae Hunt and Lucas, 1991 (holotype specimen TMM 31025-263; 

Figures 3.6E, F) was identified as the left humerus of a rhynchosaur (Hunt and Lucas, 

1991b). It can be identified as an archosauromorph by the lack of an entepicondylar 

foramen (Long and Murry, 1995). The identification of Otischalkia elderae as a 

rhynchosaur was supported by the reported occurrence of two isolated elements identified 

as edentulous and grooved premaxillae (TMM 31185-92 and TMM 31185-93; Elder, 

1978; Hunt and Lucas, 1991b). However, those purported premaxillae actually are 

portions of metoposaurid cleithra. Therefore, the identification of Otischalkia elderae as 

a rhynchosaur must rest entirely on the morphology of the humerus. TMM 31025-263 

shares with the rhynchosaur Stenaulorhynchus the presence of a supinator process of the 

humerus, but it differs from Stenaulorhynchus in the equal expansion of the proximal and 

distal ends of the humeri, the larger deltopectoral crest, and the presence of a capitulum 

that is larger than the trochlea on the distal end of the humerus (Hunt and Lucas, 1991b). 

However, those do not diagnose TMM 31025-263 as a rhynchosaur to the exclusion of 
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other archosauromorphs. The humerus of TMM 31099-11 shares with the holotype 

specimen of Otischalkia elderae (TMM 31025-263) enlarged deltopectoral crests, 

expanded proximal and distal ends as compared to the diameter of the humeral shaft, and, 

to the exclusion of Trilophosaurus buettneri, radial and ulnar condyles that are separated 

by a shallow sulcus (Spielmann et al., 2006). Those similarities led to the reinterpretation 

of the humerus of TMM 31099-11 as that of a rhynchosaur (Spielmann et al., 2006). 

Polystichodontos mandibularis Elder, 1978 (based on TMM 31025-268, holotype, 

and TMM 31025-261; Figures 3.6G, H) was assigned to Captorhinidae based upon the 

presence of multiple rows of teeth on the elements identified as dentaries (Elder, 1978). A 

list of autapomorphies for that new taxon was not provided. However, the presence of 

multiple rows of teeth set in alveoli and ankylosed to the bone of attachment were used to 

differentiate these specimens from any other taxon present in the Otis Chalk assemblage. 

Referral to Captorhinidae currently is incongruent with the known fossil history of 

captorhinids, which extends up to, but not beyond, the end of the Permian (Elder, 1978). 

The specimens clearly have multiple rows of teeth, but that feature is not diagnostic to a 

single clade. In fact, it is unclear why these specimens were identified as dentaries 

because of the nature of their preservation. It is difficult if not impossible to determine 

whether there is evidence of Meckel’s cartilage or a meckelian groove. These elements 

most likely are partial pterygoids with teeth. The known occurrence of Malerisaurus 

langstoni in the Otis Chalk assemblage, which also has pterygoid teeth, creates additional 

doubt that these elements belong to a separate taxon based on the presence of multiple 

rows of teeth alone. 
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There is the possibility that the holotype of Malerisaurus langstoni (TMM 31099-

11) represents a morphologically immature rhynchosaur (Spielmann et al., 2006) or a 

morphologically immature specimen of a unique archosauromorph. The humeri of TMM 

31099-11 and TMM 31025-263 share an expanded deltopectoral crest, expanded 

proximal and distal ends, and a shallow sulcus separating the ulnar and radial condyles 

(Spielmann et al., 2006). Isolated elements from the Otis Chalk localities that were 

assigned to Trilophosaurus in some cases can only be identified as Archosauromorpha or 

have characteristics different than Trilophosaurus and shared with Malerisaurus 

langstoni (e.g., TMM 31100-976; Pritchard, Nesbitt, Stocker, and Mueller, unpublished 

data). The femora of TMM 31099-11 are similar to other isolated femora from TMM 

31099, identified as Trilophosaurus, in that the internal trochanter is at the same height as 

the femoral head. However, femora associated with cranial material of Trilophosaurus 

preserve internal trochanters that do not reach the proximal head of the femur. Those 

specimens indicate that a large archosauromorph different from Trilophosaurus is present 

in the Otis Chalk assemblage. Further reevaluation of Malerisaurus langstoni depends on 

the description of additional articulated and associated skeletons of archosauromorphs 

and phylogenetic analysis focused on resolving relationships among non-archosauriform 

archosauromorphs (Pritchard, in prep., 2012). 

 

Archosauriformes Gauthier et al., 1988 

New Taxon 

Figures 3.7A-C 
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Voucher specimen: TMM 31100-1030, partial skull.  

Description and rationale for taxonomic assignment: Synapomorphies of 

Archosauriformes observed in TMM 31100-1030 include the presence of ossified 

laterosphenoids (Nesbitt, 2011: 92[1]) and the presence of a jugal-quadratojugal contact 

(Nesbitt, 2011: 70[1]). TMM 31100-1030 is recognized as a new taxon based on the 

presence of a unique combination of characters, including an enlarged and hyper-ossified 

postorbital region of the skull, enlarged orbits, reduced circumorbital elements, and a 

deep pit in the posterodorsal surface of the skull. 

Discussion: Originally catalogued only as a ‘fragment,’ recent preparation of 

TMM 31100-1030 revealed that it is the posterior portion of a small, heavily ossified 

skull, including the braincase, of a previously unknown taxon. TMM 31100-1030 shares 

the presence of ossified laterosphenoids with Archosauriformes (Nesbitt, 2011). 

However, more specific higher-level relationships are difficult to determine because the 

specimen is missing the facial region anterior to the orbits and the frontal-nasal suture, as 

well as dentition, and some sutures are difficult to discern or are undetectable. 

Specifically, the regions of the frontals, postorbitals, parietals, and squamosals do not 

retain externally visible sutures, and the extreme ossification of the skull makes it 

difficult to determine whether a postfrontal is present at all. The specimen preserves an 

inflated morphology of the elements of the skull roof, similar to the dome of a 

pachycephalosaur. The frontals appear to form the majority of the orbital margins, and 

there appear to be small prefrontals present. The temporal fenestrae are extremely 

reduced.  
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TMM 31100-1030 preserves an approximately 2 centimeter-deep pit near the 

midline in the posterodorsal surface of the parietal region (Figure 3.7C). The loss of a 

parietal foramen is interpreted as a synapomorphy of Archosauriformes (Nesbitt, 2011: 

63[0]), and CT scan data could not confirm an internal connection of this pit with the 

endocranial cavity (Stocker, unpublished data). However, the slight torsion of the 

braincase could have obscured that connection in TMM 31100-1030. 

 

Doswelliidae Weems, 1980 sensu Desojo et al., 2011 

Doswellia kaltenbachi Weems, 1980 

Figure 3.7D 

Voucher specimens: TMM 31025-152, articulated osteoderms; TMM 31025-

153, articulated dorsal osteoderms; TMM 31098-45, multiple disarticulated dorsal 

osteoderms of a single individual (Figure 3.7D) and one cervical vertebra. 

Description and rationale for taxonomic assignment: TMM 31025-152, TMM 

31025-153, and TMM 31098-45 share with members of Doswelliidae dorsal paramedian 

osteoderms with ornamentation consisting of coarse, incised, regular pits of equal size 

and contour (Desojo et al., 2011: 91[2]) and the presence of an anterior articular lamina 

on the osteoderms (Long and Murry, 1995; Desojo et al., 2011: 92[1]). TMM 31025-152, 

TMM 31025-153, and TMM 31098-45 share with Doswellia kaltenbachi (Dilkes and 

Sues, 2009) the presence of dorsal osteoderms with anterior laminae, ornamentation of 

deep pits in a “honeycombed” arrangement (Long and Murry, 1995:27), prominent 

anteroposteriorly oriented keels on the dorsal surface of the osteoderms, and a tongue-
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and-groove articulation between osteoderms (Long and Murry, 1995; Dilkes and Sues 

2009). The cervical vertebra of TMM 31098-45 shares with those of Doswellia 

kaltenbachi (USNM 244214) the presence of a horizontal ridge extending along the 

lateral surface of the neural arch and connecting the pre- and postzygapophyses, 

amphicoelous centrum faces, a low ridge along the ventral surface of the centrum, and the 

presence of a deep groove separating the parapophysis and diapophysis (Dilkes and Sues, 

2009). 

Discussion: Doswelliids currently are known from the Otis Chalk localities of the 

Dockum Group, from articulated material from the Taylorsville Basin (eastern Virginia) 

of the Newark Supergroup (Weems, 1980; Dilkes and Sues, 2009), and from the Santa 

Maria 1 Sequence, Rio Grande do Sul State, Brazil (Desojo et al., 2011). 

 

Phytosauria Meyer, 1861 sensu Doyle and Sues, 1995 

Paleorhinus Williston, 1904 

Figure 3.8A 

Voucher specimen: TMM 31100-101, skull. 

Description and rationale for taxonomic assignment: Unambiguous 

synapomorphies of Phytosauria observed in TMM 31100-101 include the presence of at 

least six premaxillary teeth (Nesbitt, 2011: 6[1]), a facial portion of the maxilla anterior 

to the anterior edge of the antorbital fenestra that is equal in length or longer than the 

portion posterior to the anterior edge of the antorbital fenestra (Nesbitt, 2011: 14[1]), a 

maxilla with its anterior extent anterior to the nasals (Nesbitt, 2011: 19[1]), a maxilla 
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with the posterior portion ventral to the antorbital fenestra expanding dorsoventrally at 

the posterior margin of the maxilla (Nesbitt, 2011: 27[2]), a subtriangular quadratojugal 

(Nesbitt, 2011: 46[1]), a dorsal head of the quadrate with the head in sutural contact with 

the paroccipital process of the opisthotic (Nesbitt, 2011: 77[1]), non-terminal nares 

(Nesbitt, 2011: 139[1+2]), and a separate ossification (=‘septomaxilla’) anterior to the 

nasal that is surrounded by the premaxilla (Nesbitt, 2011: 150[1]). Paleorhinus differs 

from leptosuchomorph phytosaurs in possessing supratemporal fenestrae that are in the 

same horizontal plane as the skull roof (Stocker, 2010a: 32[0]) and are exposed dorsally 

(Stocker, 2010a: 33[0]); this feature is shared with Angistorhinus, Brachysuchus, and 

‘Paleorhinus’ sawini. Paleorhinus differs from phytosaurid phytosaurs in having nares 

with their posterior borders anterior to the anterior borders of the antorbital fenestrae 

(Stocker, 2010a: 2[1]). Paleorhinus differs from Angistorhinus, Brachysuchus, and 

‘Paleorhinus’ sawini in having parietal-squamosal bars that trend straight posterior to 

their attachments on the squamosals (Stocker, 2010a: 34[0]). Unambiguous 

synapomorphies of Paleorhinus that are observed in TMM 31100-101 include the 

presence of a horizontal row of nodes on the lateral surface of the jugal and two low and 

paired ridges on the lateral surface of the squamosal (Butler et al., 2012). 

Discussion: Many inferences rest on reported specimens of Paleorhinus, but no 

rigorous conception exists of what Paleorhinus actually is. Nearly any specimen that 

possesses the plesiomorphic phytosaur morphology of having the nares anterior to the 

antorbital fenestrae previously was identified as Paleorhinus, as demonstrated by recent 

phylogenies and examination of early-branching phytosaur taxa (Stocker, 2010a; Butler 
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et al., 2012), and that was compounded by the lack of examination of derived character 

states for those specimens. That practice resulted in unwarranted synonymy of some taxa 

(e.g., Paleorhinus and Ebrachosuchus) and referral of specimens based on 

plesiomorphies, which created problems with biochronologic correlations based on non-

phytosaurid phytosaur specimens worldwide. Paleorhinus is represented in the Otis 

Chalk assemblage by other additional specimens than TMM 31100-101, including TMM 

31025-172 (a partial skull), TMM 31100-418 (a partial skull), and TMM 31100-1337 (a 

partial skull of a small, morphologically immature individual). 

 

Phytosauridae Doyle and Sues, 1995 

Angistorhinus Mehl, 1913 

Angistorhinus alticephalus Stovall and Wharton, 1936 

Figure 3.8B 

Voucher specimen: OMNH 733, partial skull, nine presacral vertebrae, isolated 

rib fragments, and dermal osteoderms (holotype). 

Description and rationale for taxonomic assignment: Synapomorphies of 

Phytosauridae observed in OMNH 733 include the presence of non-terminal nares with 

the posterior rim of the nares posterior to the anterior rim of the antorbital fenestra 

(Stocker, 2010a: 2[2]). OMNH 733 shares with Angistorhinus grandis, Brachysuchus 

megalodon, and ‘Paleorhinus’ sawini parietal-squamosal bars that are curved and 

medially convex before attaching on the squamosal (Stocker, 2010a: 34[1]). OMNH 733 

differs from ‘Paleorhinus’ sawini in having postorbital-squamosal bars that are 
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approximately the same mediolateral width as the postorbital-squamosal bars (Stocker, 

2010a: 35[1]). OMNH 733 shares with Angistorhinus grandis (FMNH UC 631) the lack 

of a rostral crest, elevated nares above the level of the skull roof, and parietal-squamosal 

bars that are at the level of the skull roof, mediolaterally wide, possess a medial 

curvature, and are less than half the length of the parietals (the parietals remain united for 

more than half their length). OMNH 733 differs from Angistorhinus grandis by the much 

lower expression of the nares with respect to the skull roof; however, the poor 

preservation of FMNH UC 631 does not permit other reliable comparisons. 

Discussion: The genotype material of Angistorhinus, Angistorhinus grandis 

FMNH UC 631, is a skull (and now-missing postcranium) collected from the Popo Agie 

Formation near Lander, Wyoming (Mehl, 1913). Abundant phytosaur material from the 

Otis Chalk assemblage has the same skull characteristics as Angistorhinus but is better 

preserved, includes additional skeletal elements, and is preserved as multiple specimens 

throughout a size series (MRS, unpublished data). Because the holotype material of 

Angistorhinus alticephalus is from the Otis Chalk area (Stovall and Wharton, 1936), it is 

likely that additional, newly prepared phytosaur material could be referred to 

Angistorhinus alticephalus. However, other phytosaur taxa are known from the Otis 

Chalk assemblage, and therefore geographic and stratigraphic similarity cannot be the 

basis for identification of those specimens to Angistorhinus alticephalus. 

 

Brachysuchus megalodon Case, 1929 

Figure 3.8C 
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Voucher specimen: UMMP 10336, skull, mandibles (catalogued as UMMP 

10336A), and partial postcranium (holotype).  

Description and rationale for taxonomic assignment: Synapomorphies of 

Phytosauridae observed in UMMP 10336 include the presence of non-terminal nares with 

the posterior rim of the nares posterior to the anterior rim of the antorbital fenestra 

(Stocker, 2010a: 2[2]). UMMP 10336 shares with Angistorhinus grandis, Brachysuchus 

megalodon, and ‘Paleorhinus’ sawini parietal-squamosal bars that are curved and 

medially convex before attaching on the squamosal (Stocker, 2010a: 34[1]). UMMP 

10336 differs from ‘Paleorhinus’ sawini in having parietal-squamosal bars that are 

approximately the same mediolateral width as the postorbital-squamosal bars (Stocker, 

2010a: 35[1]). UMMP 10336 differs from Angistorhinus alticephalus in the presence of 

deep grooves within the ‘septomaxillae’ trending anteriorly from the anterior margins of 

the nares. 

Discussion: Brachysuchus megalodon has been considered “a persistently 

bothersome taxon” (Long and Murry, 1995:40). It is known based on two skulls (UMMP 

10336, the holotype, and UMMP 14366), the second of which was collected near the 

holotype of Leptosuchus studeri (UMMP 14267; Case and White, 1934). One problem is 

systematic and nomenclatural. The holotype specimen of Brachysuchus megalodon is 

crushed slightly, and some sutures are obscured. That impacted interpretations of the 

anatomy and shared morphological features between that specimen and specimens 

identified as Angistorhinus (e.g., Ballew, 1989; Long and Murry, 1995). Brachysuchus 

megalodon was reclassified as a species of Angistorhinus (Angistorhinus megalodon) by 



 92 

Long and Murry (1995) based on their interpretation that the general shape of the skull 

preserved no differences from Angistorhinus, and Hungerbühler and Sues (2001) 

proposed further changes with referral of Angistorhinus to Rutiodon based on an 

unpublished cladistic analysis. The most recent analysis of phytosaur ingroup 

relationships found Rutiodon and Angistorhinus+Brachysuchus as successive sister taxa 

to Leptosuchomorpha (Stocker, 2012; Stocker and Butler, 2013). A second problem is 

interpretive. The general cranial morphology of Brachysuchus megalodon is more robust 

than Angistorhinus, and that was used as support for the hypothesis of sexual dimorphism 

in phytosaurs (e.g., Hunt, 1989). Additionally, the referred specimen (UMMP 14366) was 

never fully figured or described before being mounted in plaster in palatal view, and it 

was hypothesized to be a specimen of Smilosuchus gregorii (Long and Murry, 1995). 

That hypothesis cannot be tested unless the specimen is removed from its plaster mount. 

Recent preparation of one of the WPA field jackets (HO-3-Q3-180-40) revealed 

an articulated and nearly complete skeleton of a morphologically immature specimen 

(TMM 31100-1332) that shares character states with both Angistorhinus alticephalus and 

Brachysuchus megalodon (Stocker, 2010a, 2010b). Differences exist between TMM 

31100-1332 and those taxa that either indicate TMM 31100-1332 is a new, fourth 

phytosaur taxon from the Otis Chalk assemblage or that ontogenetic differences are 

preserved in the skulls of phytosaurs. In both TMM 31100-1332 and Brachysuchus 

megalodon the nares continue anteriorly as deep grooves within the ‘septomaxillae’, 

whereas in OMNH 733 the nares lack that anterior extension. However, the antorbital 

fossa is much wider on the lacrimal in TMM 31100-1332 than in UMMP 10336. Until a 
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phylogenetic analysis exists focused on specimen-level resolution of Angistorhinus-like 

taxa, and there is a better understanding of ontogenetic variation among phytosaurs, I 

cannot definitively assign TMM 31100-1332 and other the recently-prepared phytosaurid 

specimens from Otis Chalk to Angistorhinus alticephalus, Brachysuchus megalodon, or a 

new taxon. 

 

Archosauria Cope, 1870 sensu Gauthier and Padian, 1985 

Pseudosuchia Zittel, 1887-1890 sensu Gauthier, 1986 

Suchia Krebs, 1974 sensu Sereno, 1991 

Aetosauria Marsh, 1884 sensu Parker, 2007 

Coahomasuchus kahleorum Heckert and Lucas, 1999 

Figure 3.9A 

Voucher specimen: NMMNH P-18496, partial articulated skeleton (holotype). 

Description and rationale for taxonomic assignment: According to the revised 

diagnosis provided by Desojo and Heckert (2004), Coahomasuchus differs from all other 

aetosaurs by the presence of faint ornamentation consisting of sub-parallel grooves and 

ridges on the presacral dorsal paramedian osteoderms, lateral osteoderms that are 

mediolaterally flattened without keels or spikes, subcircular to ovate cervical ventral 

osteoderms, anterior thoracic ventral osteoderms that are hexagonal, and thoracic ventral 

osteoderms that are articulated in from four to 10 anteroposterior columns. 

Coahomasuchus differs from all aetosaurs other than Aetosaurus by its small adult size 

and dorsal presacral paramedian osteoderms that average 3.2 times wider than long. 
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Coahomasuchus differs from Aetosaurus by having a low surangular curved anterior of 

the articular glenoid. 

Discussion: A “new tiny aetosaur” was identified from the Otis Chalk assemblage 

by Long and Murry (1995:15, 220) based on TMM 31100-437. That specimen consists of 

multiple articulated portions of the skeleton of a single small aetosaur and shares with 

Coahomasuchus mediolaterally elongated dorsal paramedian osteoderms with a faint 

ornamentation of sub-parallel grooves and ridges. TMM 31100-437 also preserves much 

of the skull, including the braincase, most of the left mandible, and a partial left maxilla 

with recurved teeth. A specimen from the Pekin Formation of the Deep River Basin of 

North Carolina was referred to Coahomasuchus based on the shared morphology of the 

paramedian and lateral osteoderms and the overall proportions (Fraser et al., 2006). 

 

Desmatosuchinae Huene, 1942 sensu Heckert and Lucas, 2000 

Longosuchus meadei (Sawin, 1947) sensu Parker and Martz, 2010 

Figure 3.9B 

Voucher specimens: TMM 31185-97, partial postcranial skeleton (lectotype); 

TMM 31185-98, skull (lectotype); TMM 31185-84a, partial postcranial skeleton and 

skull (paralectotype); TMM 31100-294, paramedian osteoderm (Figure 3.9B). 

Description and rationale for taxonomic assignment: Longosuchus meadei is 

diagnosed by a unique combination of characters pertaining to the osteoderms (Parker 

and Martz, 2010). Those characters are paramedian osteoderms with a random pattern of 

circular pits, a raised anterior bar, and a dorsal pyramidal eminence that contacts the 
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posterior margin of the osteoderm. Additionally, Longosuchus meadei differs from all 

members of Aetosaurinae in possessing seven thickened cervical paramedian osteoderms 

that are longer (anteroposteriorly) than mediolaterally wide and cover the entire series of 

cervical vertebrae, possessing lateral osteoderms with the dorsal flange larger than the 

lateral flange, and possessing lateral osteoderms that overlap the anterior part of the 

articular surface of the paramedian osteoderm as in Desmatosuchinae. Longosuchus 

meadei differs from Desmatosuchus in possessing well-developed lateral spines that are 

faceted and increase in size from the cervical to the dorsal region, and by lacking distinct, 

extremely elongate, and recurved shoulder horns. Longosuchus meadei differs from 

Lucasuchus by having lateral spines that are posteriorly emarginated and lack a strong 

radial ornamentation of grooves and ridges. Longosuchus meadei differs from 

Sierritasuchus by having cervical vertebrae without ventral keels and faceted, rather than 

recurved, lateral spines. 

Discussion: Both TMM 31185-97 and TMM 31185-98 were part of the former 

TMM 31185-84b (e.g., Hunt and Lucas, 1990). Confusion regarding this taxon stemmed 

from Sawin’s (1947) use of TMM 31185-84a and TMM 31185-84b as syntypes and the 

subsequent claim that TMM 31185-97 contained more than one individual (Long and 

Murry, 1995; Parker and Martz, 2010). However, the restriction of the type designation to 

the skull (TMM 31185-98) by Long and Murry (1995), despite the validity of the 

lectotype designation to TMM 31185-97 and the fact that the diagnosis only pertained to 

osteoderm characters, led Parker and Martz (2010) to retain most of the material 
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catalogued as TMM 31185-97 within the lectotype. This taxon currently is restricted to 

the Otis Chalk localities in Texas. 

 

Lucasuchus hunti Long and Murry, 1995 sensu Parker and Martz, 2010 

Figure 3.9C 

Voucher specimens: TMM 31100-257, posterior dorsal paramedian osteoderm 

(holotype); TMM 31185-66, articulated posterior cervical/anterior dorsal paramedian and 

lateral osteoderms; TMM 31100–361, dorsal paramedian osteoderm (Figure 3.9C). 

Description and rationale for taxonomic assignment: According to the revised 

diagnosis of Lucasuchus hunti (Parker and Martz, 2010), this taxon is diagnosed apart 

from all other members of Desmatosuchinae by possessing paramedian osteoderms with 

a distinct, tall, conical eminence that does not contact the posterior margin of the 

osteoderm. Lucasuchus hunti differs from all members of Aetosaurinae by possessing 

lateral osteoderms with dorsal flanges that are longer than the lateral flange, and with 

lateral osteoderms that overlap the anterior part of the articular surface of the paramedian 

osteoderm (shared with all other members of Desmatosuchinae). Lucasuchus hunti differs 

from Longosuchus, Desmatosuchus, and Sierritasuchus in possessing lateral spines that 

lack facets and a posterior emargination, and it further differs from Sierritasuchus by 

possessing lateral spines that are conical and straight, rather than dorsoventrally flattened 

and recurved.  

Discussion: Lucasuchus hunti is known from both TMM 31100 and TMM 31185 

with Longosuchus meadei (Elder, 1978; Parker and Martz, 2010). As with the majority of 
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the material collected by the WPA, any original associations of skeletal elements of either 

Longosuchus or Lucasuchus was not recorded in reports or known photographs. Both 

taxa are closely related desmatosuchine aetosaurs (Parker et al., 2008; Parker and Martz, 

2010), and because of the similarity in their skeletal elements, only osteoderms are 

referable to Lucasuchus hunti at this time (Parker and Martz, 2010). Similar osteoderms 

were collected from the Pekin Formation of North Carolina (Desojo and Heckert, 2004; 

Parker and Martz, 2010) and were used to support an Otischalkian age for the Pekin 

Formation. 

 

Paracrocodylomorpha Parrish, 1993 

Figures 3.10A-D 

Voucher specimen: TMM 31100-508, right femur. 

Description and rationale for taxonomic assignment: Unambiguous 

synapomorphies of Archosauria that are observed in TMM 31100-508 include the 

presence of an anteromedial tuber on the proximal portion of the femur (Nesbitt, 2011: 

300[1]). TMM 31100-508 shares with Shuvosauridae and Hesperosuchus the presence of 

a small posteromedial tuber of the proximal portion of the femur (differing from 

Typothorax; Nesbitt, 2011: 301[0]). TMM 31100-508 differs from members of 

Shuvosauridae by possessing a small, rather than large, anteromedial tuber (Nesbitt, 

2011: 300[1]) and a fourth trochanter (Nesbitt, 2011: 315[1]) that is mound-like (Nesbitt, 

2011: 316[0]) and symmetrical (Nesbitt, 2011: 317[0]). TMM 31100-508 differs from 

Effigia, Shuvosaurus, and most other archosaurs in lacking a depression near the fourth 
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trochanter for insertion of the second head of the M. caudifemoralis (Nesbitt, 2007). 

TMM 31100-508 differs from Postosuchus kirkpatricki, Gracilisuchus, Riojasuchus, and 

Fasolasuchus in possessing a straight transverse groove on the proximal surface of the 

femur (shared with Arizonasaurus, Batrachotomus, Prestosuchus, Poposaurus, and 

Effigia; Nesbitt, 2011: 314[1]). This combination of characters is unique to 

Paracrocodylomorpha. 

Discussion: This specimen was identified as Postosuchus kirkpatricki by Long 

and Murry (1995:236). It has two distinct tubera on the proximal portion of the femur- 

the anterolateral tuber and the posteromedial tuber- as is seen in all archosauriforms 

(Nesbitt, 2011). Both TMM 31100-508 and Postosuchus kirkpatricki share the presence 

of a small anteromedial tuber. However, the only autapomorphic characters currently 

known for Postosuchus are in the skull (i.e., the bulbous longitudinal ridge along the 

lateral surface of the maxilla and jugal, and the deep pit on the posterodorsal corner of the 

lateral surface of the squamosal; Nesbitt, 2011), and the femoral characters are 

plesiomorphic for Paracrocodylomorpha. The angle between the lateral condyle and the 

crista tibiofibularis in distal view appears to be obtuse in TMM 31100-508 rather than 

approximately at a right angle as in Postosuchus kirkpatricki. 

 

Loricata Merrem, 1820 sensu Nesbitt, 2011 

New Taxon 

Figures 3.10E, F 
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Voucher specimens: TMM 31098-46, left maxilla (Figures 3.10E, F) and single 

isolated tooth; TMM 42060-2, partial disarticulated skull including left and right 

premaxillae, left and right maxillae, left nasal, frontal, partial palate, partial braincase, 

and four tooth fragments. 

Description and rationale for taxonomic assignment: Unambiguous 

synapomorphies of Archosauria observed in TMM 31098-46 and TMM 42060-2 include 

a maxilla with palatal processes that meet on the midline (Nesbitt, 2011: 32[1]). 

Unambiguous synapomorphies of Loricata observed in TMM 42060-2 include the 

presence of four premaxillary teeth (Nesbitt, 2011: 6[1]). TMM 31098-46 and TMM 

42060-2 differ from Arizonasaurus, Qianosuchus, and Saurosuchus in having fused 

interdental plates on the maxilla (a feature shared with Fasolasuchus, Postosuchus 

kirkpatricki, and Teratosaurus suevicus; Nesbitt, 2009, 2011: 22[1]). TMM 31098-46 and 

TMM 42060-2 differ from Arizonasaurus and Effigia because of the presence of a deep 

fossa on the medioventral surface of the palatal process of the maxilla (a feature shared 

with Postosuchus kirkpatricki and Teratosaurus silesiacus; Nesbitt, 2009). TMM 31098-

46 and TMM 42060-2 differ from Batrachotomus, Arizonasaurus, Qianosuchus, and 

Effigia in that the maxilla does not border the naris (Nesbitt, 2009, 2011: 24[0]). TMM 

31098-46 and TMM 42060-2 differ from Postosuchus kirkpatricki and Teratosaurus 

silesiacus by lacking a large, lateral ridge on the maxilla (Nesbitt, 2009, 2011: 26[0]). 

TMM 31098-46 and TMM 42060-2 differ from Fasolasuchus in having a more ventrally 

located and anteroventrally oriented palatal process of the maxilla, and in lacking an 

antorbital fossa on the dorsal process of the maxilla (Nesbitt, 2009). 
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Discussion: TMM 31098-46 tentatively was referred to Poposaurus langstoni by 

Weinbaum and Hungerbühler (2007:138) because they reasoned that there were “only 

two large, predatory archosaurs presently known” from the Late Triassic of West Texas, 

Postosuchus and Poposaurus. However, that reasoning a priori restricted their 

identification to a previously identified taxon. TMM 31098-46 was identified as distinct 

from Poposaurus (Nesbitt, 2009) and as a distinct paracrocodylomorph because of a 

unique combination of characters, given above. Among additional phytosaur material 

collected by Elder in the 1970s was a similar left maxilla (TMM 42060-2) attributable to 

Paracrocodylomorpha. That specimen shares the above combination of characters with 

TMM 31098-46; furthermore, TMM 42060-2 consists of additional cranial and 

postcranial elements. 

 

Poposauroidea Nopsca, 1928 sensu Weinbaum and Hungerbühler, 2007 

Poposaurus Mehl, 1915 

Poposaurus langstoni Long and Murry, 1995 sensu Weinbaum and Hungerbühler, 2007 

Figure 3.11A 

Voucher specimen: TMM 31025-12, right ilium (holotype). 

Description and rationale for taxonomic assignment: Unambiguous 

synapomorphies of Poposaurus that are observed in TMM 31025-12 include the presence 

of a long and low iliac blade, the presence of a blade-like preacetabular process, and the 

presence of an elongate postacetabular process that is expanded into a wing-like process 

(Weinbaum and Hungerbühler, 2007). Poposaurus langstoni differs from Poposaurus 
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gracilis in the absence of a thick lateral ridge on the ilium posterior to the acetabulum 

(interpreted as a subtle lateral ridge in Poposaurus langstoni by Nesbitt [2009]), the 

absence of a pit on the proximal portion of the ischium for reception of the ischial process 

of the ilium, and the absence of a kink on the dorsal margin of the preacetabular process 

of the ilium (Weinbaum and Hungerbühler, 2007; Nesbitt, 2009). 

Discussion: TMM 31025-12 originally was described as a new poposauroid 

taxon, Lythrosuchus langstoni, by Long and Murry (1995). Additional material from 

TMM 31025, including TMM 31025-257 (a right ischium and a mid-dorsal vertebra), 

TMM 31025-177 (a posterior cervical vertebra), and TMM 31025-259 (two fused 

cervical and dorsal vertebrae that were identified as two dorsal vertebrate by Long and 

Murry [1995]), also may be part of the holotype individual (Long and Murry, 1995; 

Weinbaum and Hungerbühler, 2007; Nesbitt, 2009). Those vertebrae and the ischium are 

consistent in size with the holotype ilium to be from the same individual, and there is no 

element overlap. However, because the specimens were disassociated when they were 

collected in 1940 and 1941, the vertebrae and ischium were not made part of the holotype 

(Long and Murry, 1995). Five additional vertebrae collected under the field numbers HO-

3-Q1-1186-41 and HO-3-Q1-924-40 and are referable to Poposaurus langstoni. 

 

Poposauroidea Nopsca, 1928 sensu Weinbaum and Hungerbühler, 2007 

Shuvosauridae Chatterjee, 1993 sensu Nesbitt, 2011 

Figures 3.11B-G 
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Voucher specimens: TMM 31100-1211, right ilium (Figure 3.11E); TMM 

31100-512, fused ischia (Figure 3.11F); TMM 31100-1493, left pubis (Figure 3.11G); 

TMM 31100-408, right femur (Figure 3.11B); TMM 31100-493, right femur (Figure 

3.11C); TMM 31100-509, proximal portion of right femur (Figure 3.11D). 

Description and rationale for taxonomic assignment: TMM 31100-1211 shares 

with members of Shuvosauridae the vertical orientation of the ilium with a thin dorsal 

edge and a long preacetabular process, and a slightly perforate acetabulum. TMM 31100-

512 shares with members of Shuvosauridae the strong fusion of the ischia, with an 

uncompressed cross section, and the presence of a raised surface on the dorsal surface of 

the contact between the left and right ischia (Nesbitt, 2007). TMM 31100-1493 shares 

with members of Shuvosauridae the expanded distal margin of the pubis into a pubic boot 

whose length is greater than 33% of the length of the shaft of the pubis (Nesbitt, 2011: 

285[1]). Additionally, TMM 31100-1493 shares with Effigia and Shuvosaurus an 

elongated ridge on the lateral surface of the shaft of the pubis (Nesbitt, 2011: 290[1]). 

The femora, TMM 31100-408, TMM 31100-493, and TMM 31100-509, share with 

members of Shuvosauridae a depression near the fourth trochanter for insertion of the 

second head of the M. caudifemoralis (Nesbitt, 2007), and they differ from Poposaurus 

which lacks the fossa and possesses a fourth trochanter in that area. TMM 31100-1313 

can be identified as a shuvosaurid calcaneum based on a calcaneal tuber with midshaft 

proportions that are broader than tall (Nesbitt, 2011: character 376[1]). 

Discussion: TMM 31100-512, TMM 31100-408, and TMM 31100-509 were 

referred to Chatterjeea elegans by Long and Murry (1995:156). However, the recognition 
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of the equivalence of Chatterjeea elegans and Shuvosaurus inexpectatus within a larger 

Shuvosauridae (e.g., Nesbitt, 2007) indicated the need to reevaluate specimens that 

previously were identified as Chatterjeea. Characters used to diagnose Shuvosaurus as 

unique from Effigia within Shuvosauridae are known only from cranial material, and 

therefore these postcranial elements currently can be identified only as Shuvosauridae. 

 

Crocodylomorpha Walker, 1968 sensu Sereno, 2005 

Figures 3.12A, B 

Voucher specimen: TMM 31100-1494, right ilium. 

Description and rationale for taxonomic assignment: Unambiguous 

synapomorphies of Crocodylomorpha that are observed in TMM 31100-1494 include the 

presence of a flat dorsal margin of the ilium dorsal to the supraacetabular rim (Nesbitt, 

2011: 275[1]). TMM 31100-1494 shares with Dibothrosuchus+Crocodyliformes the 

presence of a concave ventral margin of the acetabulum of the ilium (a feature observed 

in Dibothrosuchus, Kayentasuchus, Protosuchus richardsoni, Terrestrisuchus, and 

Orthosuchus, but unknown in Sphenosuchus; Nesbitt, 2011: 273[2]). 

Discussion: Pelvic elements of early crocodylomorphs remain rare (Parrish, 

1991), but enough comparisons can be made between TMM 31100-1494 and other 

crocodylomorphs included in Nesbitt’s (2011) study that this specimen can be identified 

as a crocodylomorph with character support. The anterior (= preacetabular, = cranial) 

process of the ilium is incomplete, and cannot be evaluated for length with respect to the 

posterior process; it does appear to extend at least anterior to the acetabulum (Nesbitt, 
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2011: 269[1]). Though the dorsal margin is incomplete, there appears to be a ridge dorsal 

to the acetabulum. The posterior process of the ilium is round and wide. This specimen 

represents the first representative of Crocodylomorpha that is known from the Otis Chalk 

assemblage. 

 

Ornithodira Gauthier, 1986 sensu Nesbitt, 2011 

Dinosauromorpha Benton, 1985 sensu Sereno, 1991 

Lagerpetidae Arcucci, 1986 sensu Nesbitt et al., 2009a 

Dromomeron Irmis et al., 2007 

Dromomeron gregorii Nesbitt et al., 2009a 

Figures 3.13A, B 

Voucher specimens: TMM 31100-1306, right femur (holotype; Figures 3.13A, 

B); TMM 31100-464, right femur (paratype); TMM 31100-764, right femur (paratype); 

TMM 31100-1308, right femur (paratype); TMM 31100-1234, right femur (paratype); 

TMM 31100-278, right tibia (paratype); TMM 31100-1314, left tibia (paratype). 

Description and rationale for taxonomic assignment: Autapomorphies of 

Dromomeron gregorii (Nesbitt et al., 2009a) include the presence of a distinct ridge on 

the shaft of the femur for the attachment of the M. caudifemoralis longus (=fourth 

trochanter), the presence of an anterior trochanter and trochanteric shelf on the femur, 

robust proximal and distal ends of the femora, the presence of a slit-like intercondylar 

groove of the distal end of the femur in larger specimens (listed as a possible 
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autapomorphy by Nesbitt et al. [2009a]), and the lack of an anteromedial concavity on the 

distal end of the tibia. 

Discussion: The holotype and paratypes of Dromomeron gregorii are from TMM 

31100, and they represent multiple femora and tibiae. Voucher specimens here are 

restricted to the type and paratype materials, although additional specimens (e.g., TMM 

31185-102, left tibia and fibula) were found in the uncatalogued materials from TMM 

31185. Additional specimens were referred to Dromomeron gregorii from the Otis Chalk 

assemblage (Nesbitt et al., 2009a) including TMM 31100-82 (a left femur;), TMM 

31185-101 (the distal portion of a right femur), TMM 31100-199 (a left tibia), TMM 

31100-1321 (the proximal portion of a right tibia), TMM 31100-1321 (a left tibia), TMM 

31185-99 (the proximal portion of a left tibia), and TMM 31185-100 (the distal portion of 

a left tibia). 

Further material that potentially is referable to Dromomeron gregorii includes 12 

small presacral vertebrae associated with a partial skull (TMM 31100-1334) that was 

found in the same specimen drawer as the holotype femur (S. Nesbitt, pers. comm., 

2012). The skull includes ossified laterosphenoids, lateral exits for the internal carotid 

arteries, a single exit for the trigeminal nerve and the middle cerebral vein, and two exits 

for the hypoglossal nerve that are posterior to the metotic strut. A partial skeleton referred 

to Dromomeron romeri (catalogued as GR 238; Nesbitt et al., 2009a) will be critical for 

comparison of TMM 31000-1334 and other isolated elements with known, articulated 

elements of Dromomeron.  



 106 

Dromomeron appears to have a range through most of the Late Triassic as 

preserved in sediments in the American Southwest (Nesbitt, 2011). A femur from the 

Post Quarry (TTU-P11282; Martz et al., in press) and a partial left femur from the 

Placerias Quarry in Arizona (UCMP 25815; Nesbitt et al., 2009a) also were referred to 

Dromomeron gregorii. The specimens from Otis Chalk and the Placerias Quarry 

demonstrate that in the early part of the Late Triassic non-dinosauriform 

dinosauromorphs were already present in southwestern North America and had a 

distribution among the Dockum and Chinle basins. However, the Post Quarry is much 

higher stratigraphically, and the presence of Dromomeron gregorii there corroborates 

data from the Hayden Quarry in New Mexico (e.g., Irmis et al., 2007) that non-

dinosauriform dinosauromorphs persisted in these areas at least until the later part of the 

Late Triassic (Nesbitt et al., 2009a). 

 

Dinosauriformes Novas, 1992 

Silesauridae Nesbitt et al., 2010 

Figures 3.13C-G 

Voucher specimens: TMM 31100-185, left femur (Figure 3.13F); TMM 31100-

1303, left femur (Figures 3.13C-E); TMM 31100-1304, right femur; TMM 31100-1309, 

right femur (Figure 3.13G); TMM 31100-172, left tibia; TMM 31100-1311, right tibia 

missing section of shaft. 

Description and rationale for taxonomic assignment: Synapomorphies of 

Silesauridae that are observed in these specimens include a notch ventral to the proximal 
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head of the femur (Nesbitt, 2011: 304[1]), a straight medial articular facet of the proximal 

portion of the femur (Nesbitt, 2011: 309[1]), a groove on the proximal surface of the 

femur (a feature shared with Asilisaurus, Eucoelophysis, and Silesaurus; Nesbitt, 2011: 

314[1]), and distal condyles of the femur that are divided posteriorly between one-quarter 

and one-third the length of the femoral shaft (Nesbitt, 2011: 324[1]). The tibiae possess 

cnemial crests that are anteriorly straight (a feature shared with Dromomeron and 

Marasuchus; Nesbitt, 2011: 328[1]), and they possess proximodistally oriented fibular 

crests (a feature shared with Silesaurus, Sacisaurus, and Neotheropoda; Nesbitt, 2011: 

333[1]). They differ from Dromomeron in the presence of a posterolateral flange on the 

distal portion of the tibia that contacts the fibula (Nesbitt, 2011: 334[1]). 

Discussion: TMM 31100-185 originally was identified as a possible 

ornithosuchid (as ?Ornithosuchidae) by Long and Murry (1995). Characters listed as 

shared between TMM 31100-185 and Riojasuchus included presence of a well-developed 

fourth trochanter, a prominent lesser trochanter, and a well-ossified femoral head with a 

distinct neck (Long and Murry, 1995). Those features subsequently were broken into 

more discrete character states and found to be distributed among other archosaur taxa 

(Nesbitt, 2011). The similarity of TMM 31100-185 to Lagosuchus talampayensis also 

was discussed by Long and Murry (1995), but differences in the development and 

position of the fourth trochanter were noted. Two humeri from the Otis Chalk assemblage 

(TMM 31100-1278 and TMM 31100-1319) were referred to Silesauridae by Nesbitt et al. 

(2010:S38) based on the poorly expanded proximal and distal ends of the humeri and the 

presence of a deltopectoral crest that extends distally. The silesaurid specimens from the Otis 
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Chalk assemblage may represent a new taxon because of the mediolaterally compressed and 

straight cnemial crests (Nesbitt et al., 2010). 

 

Dinosauria Owen, 1842 sensu Padian and May, 1993 

Chindesaurus Long and Murry, 1995 

Chindesaurus bryansmalli Long and Murry, 1995 

Figures 3.14A, B 

Voucher specimen: TMM 31100-523, proximal portion of left femur. 

Description and rationale for taxonomic assignment: Chindesaurus 

bryansmalli was diagnosed (Long and Murry, 1995:173) based on the presence of a 

femoral head that is well set-off from the femoral shaft (this is considerably more 

prominent than in Herrerasaurus), the presence of a bulbous ridge on the anterior (lesser) 

trochanter but with no development of an ascending process, and a prominent 

trochanteric ridge. TMM 31100-523 and the holotype of Chindesaurus (PEFO 33982) 

share a combination of characters not present in other ornithodirans including the absence 

of a ligament sulcus, the presence of a rounded medial head, the presence of a weakly 

developed posterolateral condyle, and a completely convex proximal articular surface 

with a facies articularis antitrochanterica of the femur (Nesbitt et al., 2007). 

Discussion: This specimen was figured by Long and Murry (1995:182) and 

referred to Chindesaurus bryansmalli. Though reevaluation confirmed the validity of 

Chindesaurus bryansmalli and the referral of TMM 31100-523 to that taxon, the 

incomplete and crushed preservation of the holotype specimen make determination of the 
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higher-level relationships of Chindesaurus difficult. The lack of a pronounced lip just 

anterior to the position for the ligament sulcus on the ventral surface of the femoral head 

and a weakly formed groove for the crista tibiofibularis suggested to Nesbitt et al. (2007) 

that Chindesaurus is more basal than Saturnalia and Coelophysis bauri, and several other 

characters suggest affinities with Herrerasaurus. The femur possesses several dinosaur-

like features (e.g., a posterior expansion of the femoral head and a facies articularis 

antitrochanterica), but the lack of a ligament sulcus on the posterior side of the medial 

portion of the femoral head precluded assignment to a specific dinosaurian clade (Nesbitt 

et al., 2007). 

 

Theropoda Marsh, 1881 sensu Gauthier, 1986 

Unnamed Node (Tawa + Neotheropoda Bakker, 1986 sensu Sereno, 1998; Nesbitt, 2011) 

Figures 3.14C-H 

Voucher specimens: TMM 31100-545, right femur (Figures 3.14C-F); TMM 

31100-1324, right tibia (Figures 3.14G, H). 

Description and rationale for taxonomic assignment: TMM 31100-1324 and 

TMM 31100-545 can be diagnosed as a new theropod similar to Tawa and Neotheropoda 

based on a unique combination of characters including the presence on the femur of a 

fourth trochanter shaped as a sharp flange (a feature shared with Dinosauria; Nesbitt, 

2011: 316[1]), a fourth trochanter that is symmetrical with its distal and proximal margins 

forming similar low-angle slopes to the shaft (a feature shared with Tawa+Neotheropoda; 

Nesbitt, 2011: 317[0]), the presence of a cnemial crest on the proximal portion of the 
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tibia that curves anterolaterally (a feature shared with Dinosauria; Nesbitt, 2011: 328[2]), 

the presence of a flat proximal surface of the tibia (differing from Coelophysis and 

Allosaurus; Nesbitt, 2011: 329[0]), and a rounded surface as the posterior face of the 

distal end of the tibia (differing from Saturnalia and Neotheropoda; Nesbitt, 2011: 

336[0]). 

Discussion: TMM 31100-545 and TMM 31100-1324 were collected under the 

same field number and originally were both catalogued as TMM 31100-545. They were 

found together in a single box (S. Nesbitt, pers. comm., 2012), and their sizes, the fact 

that they are both right-sided elements, their preservation, and their collection history 

supports the treatment of these two elements as from a single individual. The 

combination of characters between these two elements indicates the presence of a Tawa-

like saurischian dinosaur in the Otis Chalk assemblage with Dromomeron, a silesaur, and 

Chindesaurus. This combination of taxa also is present in the Hayden Quarry (Nesbitt et 

al., 2009a, 2009b). 

DISCUSSION 
Questions regarding faunal changes through time require some connection to an 

established biostratigraphic framework, irrespective of whether that question is on a 

regional or more global scale (van der Meulen et al., 2011). The geologic time scale itself 

has its basis in biostratigraphic and biochronologic correlations of the fossil content 

within sedimentary deposits (e.g., Wilmarth, 1925; Schenck and Muller, 1941; Teichert, 

1958; Harland et al., 1982; Lindsay, 2003). The standard global chronostratigraphic time 

scale for the Triassic primarily is based on biostratigraphy using marine invertebrates 
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(Harland et al., 1982; Lucas and Heckert, 2000; Shevyrev, 2006). Those correlations 

from the type sections in Germany and Austria were connected to the Triassic of North 

America through ammonoid biostratigraphy (e.g., Shevyrev, 2006), but marine and non-

marine Triassic sediments do not interfinger in North America. Palynology and some 

plant megafossils were, thus, the means of correlating the Triassic terrestrial sediments of 

western North America to the standard marine section (e.g., Cornet, 1977, 1993). Within 

North America, spores and pollen were used to correlate the Chinle Formation and the 

Dockum Group with the Newark Supergroup (Cornet, 1977, 1993; Cornet and Olsen, 

1985). An alternative attempt at global correlation for the Late Triassic was made using 

terrestrial vertebrates (e.g., Lucas 1990, 1991, 1992, 1993, 1998, 1999, 2010; Lucas and 

Hunt, 1993; Lucas and Heckert, 2000, 2002). Recent radioisotopic changes to the 

divisions of the Triassic time scale (Furin et al., 2006; Muttoni et al., 2004; Hüsing et al., 

2011) provide an impetus to reevaluate the assemblages that are the foundations of those 

terrestrial biostratigraphic and biochronologic correlations in North America. Recent 

revisions to the diagnoses and taxonomy of multiple Late Triassic clades using new 

methods (e.g., Stocker, 2010a, 2012; Parker and Martz, 2010; Nesbitt, 2011; Butler et al., 

2012) indicated that the specimens that were the primary basis for biostratigraphic and 

biochronologic correlations must be reevaluated. A more complete understanding of the 

morphology and therefore the phylogenetic relationships of the numerous taxa preserved 

in an assemblage is essential for inferring biostratigraphic and biochronologic 

correlations based on those specimens (e.g., Nesbitt and Stocker, 2008; Parker and Martz, 

2011). Some Late Triassic vertebrate assemblages and biostratigraphic relationships 
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already have been carefully revised (e.g., the Canjilon Quarry, the portions of the Chinle 

Formation in Petrified Forest National Park, and the Post Quarry; Nesbitt and Stocker, 

2008; Parker and Martz, 2011; Martz et al., in press). Therefore, I conducted a modern 

comparative taxonomic analysis of the Otis Chalk assemblage to accurately update those 

biostratigraphic and biochronologic correlations and interpretations of Late Triassic 

faunal dynamics. 

Implications of a Cladistic Philosophy and Apomorphic Method of Specimen 
Identification 

Many vertebrate diagnoses were published at a time when paraphyly was 

accepted and embraced as evidence of evolution of multiple lineages from an ‘ancestral 

stock’ (Simpson, 1944). Specimens were assigned to taxa based on the presence of shared 

characters, irrespective of character polarity. With the introduction of cladistic 

methodology there was a modification of taxonomic methods; shared characters were 

examined with respect to a single, shared ancestry and went from defining a group or 

specimen as part of a particular ‘kind’ to diagnosing a monophyletic group (Rowe, 1987). 

Because of this change in perception, characters that were thought previously to be 

synapomorphies of a broadly assembled paraphyletic group often were recognized as 

plesiomorphies for a clearly defined monophyletic group (i.e., a clade). These newer 

examinations that were grounded in an evolutionary framework of identifying monophyly 

made it possible to recognize and investigate sequences of evolutionary character state 

transformations and speciation events. Reassessment of those character state distributions 
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in the framework of monophyly limits arbitrary and unnatural taxonomic identifications 

and forms the basis for testable diagnoses. 

Existing taxonomic identifications can be unclear in several ways. Identifications 

may not be explicit in their methodology or may have been made based on a limited 

comparative sample with an unstated or unintended assumption of geographic, 

stratigraphic, or temporal stability (Bever, 2005). Though that may simplify the 

taxonomic referral of a specimen, it does make biogeographic and biochronologic 

conclusions based on that identification circular and non-evolutionary (Bell and Gauthier, 

2002; Bell et al., 2004; Bell et al., 2010), and it would preclude those taxa from being 

used to determine any patterns of evolution within and among the assemblages. Limiting 

identifications of specimens to taxa that are already known from the same or another 

locality not only will create circularity in biogeographic and biochronologic hypotheses, 

but also may limit or misinform hypotheses of diversity, extinction, and diversification.  

The alternative is the apomorphic method, which is to identify taxa using 

character states developed in a comparative context of a diverse sample of related taxa, 

and not just taxa from the same geographic area, stratigraphic unit, or geologic time (e.g., 

Bever, 2005; Bell et al., 2010). The philosophical and methodological approach 

employed by this alternative method has proven more objective and testable over the last 

several decades. Identifying fossil specimens based strictly and explicitly on the 

observed, derived morphological character states of those specimens was outlined early 

for turtles by Gaffney (1975), generally for amniotes by Gauthier et al. (1988), and for 

Pliocene and Pleistocene squamate fossils from California by Norell (1989). It was a 
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method employed for some analyses of Cenozoic (e.g., Bell and Repenning, 1999; Bell 

and Gauthier, 2001, 2002, 2003; Head, 2002; Bell et al., 2004; Bever, 2005; Brochu, 

2007; Bell et al., 2010), as well as Mesozoic faunas (e.g., Clarke and Norell, 2002; 

Clarke, 2004; Nesbitt and Chatterjee, 2008; Nesbitt and Stocker, 2008). The tetrapod 

assemblages from some more recently worked localities (e.g., the Hayden Quarry, 

Petrified Forest National Park) either were approached in this philosophical and 

methodological framework from the beginning (Irmis et al., 2007; Nesbitt et al., 2009b) 

or were included in the few taxonomic revisions that were published recently (Nesbitt et 

al., 2007; Nesbitt and Stocker, 2008; Stocker, 2009; Parker and Martz, 2011; Heckert et 

al., 2012a; Martz et al., in press). Assemblages from other Late Triassic localities that 

were not the main focus of one of those studies in some cases were utilized in a 

comparative manner without a modern reevaluation of their own. In those cases, some 

identifications were clearly non-evolutionary (i.e., influenced by geography, chronologic 

similarity, or previously known taxonomic content) and not based on morphological 

characters of the specimens themselves. The Placerias Quarry assemblage represents one 

example of this issue. The Otis Chalk tetrapod assemblage is another example of this 

problem, where at best only parts of the assemblage were reevaluated. 

The apomorphic method to identifying fossil specimens is not without problems 

and complications. Specimen identifications can often covertly incorporate non-

morphological data associated with the specimen. These data include, but are not limited 

to, where the specimen was found stratigraphically, what other taxa it was found with, 

what taxa it approximates in size, and which taxon has the highest abundance in the 
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locality. Additionally, in order to fully understand character state distributions among 

taxa, understanding of ontogenetic changes in morphology, intra- and interspecific 

variation, and sexual dimorphism ideally should be addressed for each taxon. For many 

extinct taxa this is not feasible because of the current lack of understanding of 

evolutionary morphology for many groups and a lack of adequate material collections.  

In most cases species are diagnosed based on apomorphies that are restricted to a 

specific part of the skeleton (Clarke, 2004). The difficulty of assigning specimens to 

species arises when taxa are diagnosed based on characters that often are not preserved in 

fossil specimens or when, because of the lack of published phylogenetic analyses, the 

relationships of taxa and character distributions within a group are unknown (Norell, 

1989). Because the majority of the fossil record consists of fragmentary and 

disarticulated material, we often do not have access to species-level apomorphies (Bell et 

al., 2004; Bever, 2005; Bell et al., 2010). Therefore, researchers aim for conservative 

identifications that are backed with actual character data and tested character state 

distributions regardless of whether they are species-level identifications (Norell, 1989; 

Bell et al., 2004, 2010; Bever, 2005; Nesbitt and Stocker, 2008; Martz et al., in press). 

The result of this conservative approach is the propagation of character discovery 

and often an increase in the number of re-identifications to clades above the species-level. 

An instance of this which has come to light as a direct result of this dissertation, is that 

some previously interpreted patterns of similarity between the Otis Chalk localities and 

the Post Quarry that were based on the presence of a species are no longer reliable. This 

is because some of the specimens in the Otis Chalk assemblage could be identified only 
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to a larger, more inclusive clade than previously hypothesized. In other cases, the impact 

of re-evaluating specimens was that it eliminated erroneous species-level identifications, 

permitting a more accurate estimation of diversity. A specific example of clade-level 

reassignment relates to specimen TMM 31100-508, which was identified previously as a 

right femur of Postosuchus kirkpatricki. Now, with my revised knowledge of character 

distributions I am able to confidently identify that specimen only to 

Paracrocodylomorpha. With regard to species-level referrals, the maxilla of TMM 31098-

46 previously was thought to be a maxilla of Poposaurus langstoni. This specimen was 

reevaluated based upon its combination of morphological characters as a new species of 

Paracrocodylomorpha (Nesbitt, 2009; this study). That adds to the diversity among 

paracrocodylomorphs and acknowledges this new taxon as being currently endemic to the 

Otis Chalk assemblage. Thus, the kinds of patterns interpreted through apparent 

taxonomic change through time and across space depend on both the resolution of 

stratigraphic sampling and the specificity of the taxonomic identification (Olsen and 

Sues, 1986; Bell et al., 2004; Bell et al., 2010). 

The study of evolutionary patterns and distributions can be difficult and 

subjective, but this should serve as impetus to include objective apomorphic characters 

from throughout the skeleton in phylogenies and diagnoses whenever possible in order to 

document potentially informative differences in morphology. This does make accurate 

species-level identification more challenging, though no less precise than with other 

methods. The imprecision that exists when species-level resolution is lacking is only a 

problem if the goal is to identify species-level resolution with every identification (Bell et 
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al., 2004; Bell et al., 2010). There is no requirement to identify specimens to the species-

level in all cases. Studies of faunal dynamics must be built upon rigorous and supported 

specimen identifications, but patterns can be interpreted across multiple taxonomic levels 

(Bell et al., 2010). 

Revised Diversity of the Otis Chalk Assemblage 
Though determination of the precise superpositional relationships of fossil 

specimens is desired for accurate and precise biostratigraphic correlations, those data 

were not recorded at the time when the specimens from the Otis Chalk assemblage were 

collected. The association or orientation of each element from the Otis Chalk localities 

was not recorded at the time of their collection in most cases (Elder, 1978). Furthermore, 

the collection, preparation, and curation methods used prior to my analysis directly 

affected subsequent taxonomic and faunal interpretations of those fossils. Because of 

additional inconsistencies in field numbering and cataloguing, Elder (1978) was unable to 

reconstruct associations, and as a result, isolated elements were difficult to identify and 

taphonomic interpretations may have been biased. Partially because of those issues, the 

individual Otis Chalk localities were treated as a single assemblage for biostratigraphic 

and biochronologic correlations (Hunt and Lucas, 1991a, 1991b; Long and Murry, 1995; 

Lucas, 1998). The practice of treating the specimens from all the Otis Chalk localities as 

a single assemblage has continued because a detailed lithostratigraphic framework has 

not been developed that incorporates those localities. Since Elder’s (1978, 1987) work, 

many additional specimens were prepared and catalogued from the remaining WPA 

material at The University of Texas at Austin. Some of the revisions discussed here are 
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the result of an increase in sample size. Additionally, the more recent preparation 

methods used (e.g., detailed pin-vise and pneumatic tool mechanical preparation under a 

microscope, chemical preparation with better knowledge of the effects of certain acids) 

differ substantially from the way some of the specimens from the Otis Chalk assemblage 

originally was prepared by grinding tool. That preparation method, though effective at 

removing matrix, also removed potentially diagnostic morphology from specimens. From 

my examination of newly prepared material from the Otis Chalk localities, bone surfaces 

often are well preserved, and in some cases elements are articulated or associated (e.g., 

TMM 31100-1332; Stocker, 2009, 2010b). The remaining field jackets from the Otis 

Chalk localities (housed at The University of Texas at Austin) provided me the 

opportunity to collect new information on element associations within individual 

skeletons and associations of taxa within localities that was difficult if not impossible 

with the previously prepared material. 

Based on my apomorphic examination of the tetrapod specimens from the Otis 

Chalk assemblage, I am able to confirm and modify several identifications, as well as 

recognize new taxa from the assemblage. 

Confirmed Taxa 
I confirm the identifications of multiple specimens because of the methods I 

utilized, and I also confirm other identifications that were made using a cladistic 

framework. The identifications of the temnospondyl amphibian taxa Koskinonodon 

howardensis and Latiscopus disjunctus (Elder, 1978) are maintained. I confirm the 

identification of Trilophosaurus buettneri, based on multiple specimens. I confirm the 
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identification of Brachysuchus megalodon and Angistorhinus alticephalus. I confirm the 

identification of both Lucasuchus hunti and Longosuchus meadei based on the 

osteoderms (Parker and Martz, 2010). I confirm the identification of Poposaurus 

langstoni (Weinbaum and Hungerbühler, 2007). Though TMM 31098-46 was referred to 

as the potential maxilla of Poposaurus langstoni by Weinbaum and Hungerbühler (2007), 

I confirm Nesbitt’s (2009) identification of TMM 42060-46 (and TMM 31098-46) as 

specimens of a new loricatan. 

Modified Taxa 
I am able to modify the identifications of multiple specimens based on my 

methodology. The diversity among non-archosaurian archosauromorph taxa in the Otis 

Chalk assemblage is more complex than previously hypothesized. I reassign the 

specimens that previously were identified as Polystichodontos mandibularis (Elder, 

1978) and Otischalkia elderae (Hunt and Lucas, 1991b) as partial pterygoids and 

postcrania, respectively, of an archosauromorph. I reidentify the specimen that previously 

was identified as a rhynchosaur premaxilla as a metoposaurid cleithrum. The idea that the 

Otis Chalk localities essentially were the ‘Trilophosaurus quarries’ (e.g., Heckert et al., 

2006) masked the possibility that additional non-archosauriform archosauromorph taxa 

could be present in the assemblage. With studies of ontogenetic changes in the 

morphology of Trilophosaurus (Werning and Irmis, 2010), descriptions of complete 

skeletons of non-archosauriform archosauromorphs (Flynn et al., 2010; S. Nesbitt, pers. 

comm., 2012), and detailed morphological comparisons of isolated and articulated or 
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associated material from the Otis Chalk assemblage, the non-archosauriform 

archosauromorph taxa are better documented.  

I modify the identification of the non-phytosaurid phytosaurs in the Otis Chalk 

assemblage. Those specimens were identified as Paleorhinus ehlersi (Elder, 1978), but 

that taxon currently cannot be diagnosed based on apomorphies. I document shared 

characters between the specimens from the Otis Chalk assemblage and Paleorhinus 

bransoni, and they are identified as that species. Non-dinosauriform dinosauromorphs, 

non-dinosaurian dinosauriforms, and dinosaurs all are known from multiple specimens 

from the Otis Chalk assemblage (e.g., Nesbitt et al., 2009a), one of which previously was 

identified as Ornithosuchidae (Long and Murry, 1995). 

Newly-recognized Taxa 
I recognize new taxa in the Otis Chalk assemblage that were not identified 

previously because the specimens were not prepared. The drepanosauromorph specimens 

and TMM 31100-1030 (Archosauromorpha New Taxon) fall under this category. 

Additionally, because of recent preparation I am able to recognize the occurrence of the 

first specimen of a crocodylomorph in the Otis Chalk assemblage. 

Comparison to Other Previously Proposed Otischalkian Assemblages 

Other Dockum Group Assemblages, Texas 
The presence of Paleorhinus previously allowed correlation of the Otis Chalk 

localities with other sites within the Dockum Group, and some of those correlations are 

maintained here based on my modifications to the identification of several non-
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phytosaurid phytosaur specimens. It is unlikely that all of the Dockum Group localities 

are precisely contemporaneous with each other, but no numerical dates exist to confirm 

that hypothesis independently.  

The Post Quarry in Garza County, Texas, is correlated with Adamanian localities 

because of the presence of Leptosuchus (Martz et al., in press). That locality is within the 

lower units of the Cooper Canyon Formation of the Dockum Group (Martz, 2008), 

whereas the Boren Quarry (Museum of Texas Tech, Lubbock, Texas locality 3869) lies at 

the base of the Cooper Canyon Formation (Martz et al., in press). The Boren Quarry 

contains both dicynodont material (Mueller and Chatterjee, 2007) as well as a non-

phytosaurid phytosaur (Lehman and Chatterjee, 2005). Further comparisons between the 

Otis Chalk localities and the Boren Quarry await additional descriptive work. 

Correlations with the Santa Rosa Sandstone are less supported because 

‘Paleorhinus’ scurriensis does not share the recently clarified diagnostic character states 

of Paleorhinus (Stocker, 2010a, in press; Butler et al., 2012). Several localities in Crosby, 

Randall, and Potter counties that were collected by Case (1922, 1929), Case and White 

(1934), and Murry (1989b), such as Kalgary, Home Creek, Rotten Hill, and Sierrita de la 

Cruz, produced specimens of metoposaurids and paracrocodylomorphs that have not been 

reevaluated in a modern comparative context. Those localities were thought to show a 

greater similarity to localities within the Blue Mesa Member of the Chinle Formation 

(Murry, 1986) because specimens of Leptosuchus, the defining taxon for the Adamanian 

LVF, are known from both Crosby (UMMP 7522; Case, 1922) and Potter (UMMP 

14267; Case and White, 1934) counties. 
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Popo Agie Formation, Wyoming 
Comparisons and biochronologic correlations between the Otis Chalk assemblage 

and the known fossils from the Popo Agie Formation were based on the shared presence 

of the phytosaur Paleorhinus and the poposauroid Poposaurus (Elder, 1978; Lucas and 

Hunt, 1993). Both the genotype of Paleorhinus (Paleorhinus bransoni, FMNH UC 632) 

and the genotype of Poposaurus (Poposaurus gracilis, FMNH UC 602) were collected 

from the Popo Agie Formation exposures near Lander, Wyoming (e.g., Williston, 1904; 

Lees, 1907; Mehl, 1915). However, the Popo Agie Formation is stratigraphically high 

within the Chugwater Group, and therefore does not crop out continuously or even in all 

exposures of the Chugwater Group because of erosion; this is known, though not always 

acknowledged. Though no phytosaur specimens currently are known from the eastern 

part of Wyoming, a rhynchosaur reported from the Popo Agie Formation of Natrona 

County (identified as Hyperodapedon by Lucas and Heckert [2002]) was used as 

additional evidence for correlation of the Popo Agie Formation with the Otischalkian. 

However, the rhynchosaur specimen was not found associated directly with Paleorhinus, 

and its locality likely is outside of Natrona County (Stocker and Lovelace, unpublished 

data). The Triassic exposures in and around Natrona County, including the Heptasuchus 

locality, are nearly all exposures of stratigraphically-lower units within the Chugwater 

Group, rather than within the Popo Agie Formation as was reported by Dawley et al. 

(1979). Recent Sr87/Sr86 isotopic data support a Spathian-earliest Anisian age for the 

Alcova Limestone (Lovelace, 2012). The Heptasuchus locality lies approximately 10 

meters stratigraphically above the Alcova Limestone, within the Crow Mountain 
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Formation, and below the few exposures of the Popo Agie Formation (Lovelace and 

Stocker, unpublished data), and the age of the Heptasuchus locality is poorly constrained. 

Therefore, correlations to the Otischalkian based on the Wyoming Hyperodapedon 

occurrence or using Heptasuchus are questionable and likely incorrect, and any 

correlations should be restricted to be with the type locality of Paleorhinus bransoni in 

the Popo Agie Formation of Fremont County, Wyoming. 

Placerias/Downs Quarries, Arizona 
The Placerias/Downs quarries in the Blue Mesa Member of the Chinle Formation 

in Arizona were correlated with the Adamanian based on the presence of ‘Rutiodon’ 

(Long and Murry, 1995; Heckert and Lucas, 1997; Lucas et al., 1997). However, an 

isolated narial region of a phytosaur rostrum (Figure 3.15A; MNA V3728; Long and 

Murry, 1995) that was identified as Paleorhinus based on an anterior position of the nares 

(Hunt and Lucas, 1991a) created a potential overlap of Paleorhinus and ‘Rutiodon’ 

(Lucas et al., 1997). The identification to Paleorhinus was criticized (Padian, 1994; 

Irmis, 2005) because it was based on morphology that is plesiomorphic for 

Archosauriformes, and Irmis (2005) suggested that MNA V3728 could be constrained 

only as a non-phytosaurid phytosaur. The posterior borders of the nares of MNA V3728 

are not unambiguously anterior to the anterior border of the antorbital fenestra as they are 

in ‘Paleorhinus’ scurriensis, Paleorhinus bransoni, Paleorhinus angustifrons, and 

Ebrachosuchus neukami. Instead, the posterior borders of the nares in MNA V3728 are 

just posterior to the anterior borders of the antorbital fenestrae (Stocker, 2010: 2[2]), 

though not as far posterior as is observed for Brachysuchus (UMMP 10336), 
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Angistorhinus (FMNH UC 631), or leptosuchomorph phytosaurs. The position of the 

nares in MNA V3728 most closely resembles that of the holotype of ‘Paleorhinus’ 

sawini (TMM 31213-16). Therefore, MNA V3728 is not diagnosable as Paleorhinus, but 

it does not clearly share the morphology of other non-phytosaurid phytosaurs either 

(Stocker, in press). This modified identification removes the correlation between the 

Placerias Quarry and the Otis Chalk assemblage based on Paleorhinus. Furthermore, this 

may mean that much of our understanding of the early part of the Late Triassic was 

compressed artificially to a shorter time interval because of the traditional practice of 

identifying all non-phytosaurid phytosaurs as Paleorhinus. The age estimation of the 

drepanosaurid specimens from the Placerias Quarry (Renesto et al., 2009) thus could be 

younger than that for the drepanosaurid specimens from the Otis Chalk localities when 

using a biochronologic framework based on a ‘stage of evolution’ concept of 

Phytosauria. 

Newark Supergroup 
Outside of western and southwestern North America, additional Otischalkian 

correlations were made with localities within portions of the Newark Supergroup. A skull 

roof impression from the Wolfville Formation, Fundy Basin, Nova Scotia, was identified 

as Metoposaurus bakeri based on the morphology of the lacrimal (Baird, 1986; Hunt, 

1993). Coahomasuchus was reported from the Pekin Formation of North Carolina 

(Heckert et al., 2012b) and was used to support referral of at least the Pomona Pipe B 

locality to the Otischalkian. 
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Argana Basin, Morocco 
‘Paleorhinus’ magnoculus (MNHN ALM 1) from the Argana Basin was 

recognized as an immature specimen of a phytosaur (Fara and Hungerbühler, 2000) that 

cannot be identified with certainty. However, my preliminary examination of other 

phytosaur material from the Timesgadouine Formation, northern Argana Basin, Morocco, 

confirms the occurrence of a specimen of a non-phytosaurid phytosaur that appears to 

share diagnostic character states with Paleorhinus. 

Germanic Basin 
Proposed Otischalkian correlatives included the Schilfsandstein, Kieselsandstein, 

and Blasensandstein of the German Keuper (Lucas, 1998; Langer, 2005). The occurrence 

of specimens of Paleorhinus and another non-phytosaurid phytosaur (Ebrachosuchus 

neukami) in the Blasensandstein (Butler et al., 2012) support that Otischalkian 

correlation. 

Maleri Formation, India 
Parasuchus hislopi is known from the lower portion of the Maleri Formation 

(Chatterjee, 1978; Lucas, 1998). That correlation with the Otischalkian was proposed 

based on the synonymy of Paleorhinus and Parasuchus (Lucas, 1998; Langer, 2005). 

However, though Parasuchus was hypothesized to be a non-phytosaurid phytosaur (e.g., 

Irmis, 2005), no published phylogenetic analysis provided a test of its relationship to 

Paleorhinus. The genotype of Malerisaurus, Malerisaurus robinsonae (ISIR 150; 

Chatterjee, 1980) is known from the Maleri Formation in the Pranhita-Godavari Valley. 
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In summary, within the Otis Chalk assemblage the overall taxonomic composition 

now is more similar to that of the Chinle Formation and the Post Quarry with respect to 

archosauromorph richness and, specifically, the occurrences of a diverse suite of 

dinosauromorph taxa, the occurrence of a crocodylomorph, and multiple 

paracrocodylomorphs. The dinosauromorph assemblage from Otis Chalk currently is the 

oldest North American record of that set of taxa. Dinosaurs, non-dinosaurian 

dinosauriforms, and non-dinosauriform dinosauromorphs are known to persist together 

through the Norian portion of the Late Triassic in the Southwest (Irmis et al., 2007; 

Nesbitt et al., 2007; Nesbitt and Chatterjee, 2008; Nesbitt et al., 2009a, 2009b; Parker and 

Martz, 2011; Martz et al., in press). The major difference that I recognize between the 

Otis Chalk assemblage and fossil assemblages known from the Chinle Formation and the 

Post Quarry is the identification of the phytosaur specimens that are known from each 

(see Figure 3.16). Specimens of Paleorhinus currently are not recognized from the Chinle 

Formation. Under an apomorphic method of specimen identification, the phytosaur 

specimens from the Chinle Formation are identified on a suite of cranial characters rather 

than the position of the nares or the shape of the posterior process of the squamosal alone. 

Using that updated method, the phytosaurs that are known from the lower Blue Mesa 

Member are identified as Smilosuchus (Stocker, 2010), and the single phytosaur 

specimen collected from the Post Quarry is identified as Leptosuchus (Martz et al., in 

press). Rutiodon is restricted to Rutiodon carolinensis, and currently is restricted to 

portions of the Newark Supergroup (Figure 3.16). 
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Geochronologic and Biochronologic Relationships of the Otis Chalk Assemblage 
Several recent revisions to the geologic time scale affected the boundaries within 

the Triassic Period (Furin et al., 2006; Muttoni et al., 2004; Hüsing et al., 2011), but the 

numerical age of the base of the Dockum Group is not well constrained. A major revision 

redated the Carnian-Norian boundary at approximately 228 Ma, based on radioisotopic 

data and magnetostratigraphic data from Upper Triassic marine strata in Italy (Furin et 

al., 2006) and the Newark Supergroup of eastern North America (Muttoni et al., 2004). 

That change to the placement of the Carnian-Norian boundary, along with recent 

radioisotopic dates for portions of the Chinle Formation (e.g., Ramezani et al., 2011; 

Irmis et al., 2011), indicated that exposures of the Chinle Formation in Arizona and New 

Mexico are entirely post-Carnian (Irmis et al., 2010, 2011; Olsen et al., 2011; Martz et 

al., in press). 

The known occurrences of phytosaur specimens were integral in the 

biostratigraphic and biochronologic correlations of most Late Triassic deposits because of 

the paucity of numerical dates for that time interval. There are still few localities with 

known occurrences of identifiable phytosaur specimens and a geochronologic datum or at 

least detailed and correlative lithostratigraphic data. The age of the Dockum Group can 

be inferred based on biochronologic and geochronologic correlations to the Chinle 

Formation. For the early part of the Late Triassic, several localities previously were 

correlated with the Otischalkian based on the presence of Paleorhinus (Hunt and Lucas, 

1991a; Lucas and Hunt, 1993; Lucas, 1998). The Camp Springs Formation of the Santa 

Rosa Sandstone was correlated with the Colorado City Formation (= the Iatan Member of 
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Lucas and Hunt [1993], encompassing the Otis Chalk localities) because of the shared 

presence of Paleorhinus (Hunt and Lucas, 1991a; Lucas and Hunt, 1993). That similarity 

was based on TTU P-00539 (the holotype of ‘Paleorhinus’ scurriensis) from the Camp 

Springs Formation and the specimens of Paleorhinus from the Otis Chalk assemblage 

(e.g., TMM 31100-101). If the Santa Rosa Sandstone of the Dockum Group is equivalent 

to the Norian-aged Shinarump Member of the Chinle Formation, as demonstrated by 

detrital zircon signatures (Riggs et al., 1996), then that is additional support for a Norian 

age of the base of the Dockum Group. Based on the hypothesized age range of 220-215 

Ma for the Post Quarry, which is within the Cooper Canyon Formation of the Dockum 

Group, the Santa Rosa Sandstone can be constrained to be roughly equivalent to or 

slightly older than the age range of 220-215 Ma (Martz et al., in press). If the Otis Chalk 

assemblage is indicative of an older fauna than that represented by the Post Quarry 

assemblage, the Otis Chalk assemblage would be at least older than 215 Ma. This, 

however, is dependent on the inferred superpositional relationship between the Otis 

Chalk localities and the Post Quarry. 

The Otis Chalk assemblage is the basis for the Otischalkian (Lucas, 1991; Lucas 

and Hunt, 1993; Lucas, 1998). This assemblage does contain multiple specimens of non-

phytosaurid phytosaurs identified as Paleorhinus (e.g., TMM 31100-101, TMM 31100-

418, TMM 31025-172). No specimens of Leptosuchus, the lowest stratigraphic 

occurrence of which defines the Adamanian, or any specimens that are referable to 

Leptosuchomorpha are known from the Otis Chalk assemblage. Other taxa characteristic 

of the Otischalkian include Angistorhinus, Longosuchus, and Metoposaurus (Lucas, 
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1998; Langer, 2005). The Otischalkian was correlated to localities worldwide because of 

the presumed global distribution of those taxa (Lucas, 1998; Langer, 2005; Rayfield et 

al., 2005). However, those taxa and their stratigraphic distributions were questioned 

because of taxonomic and stratigraphic uncertainty (Langer, 2005; Rayfield et al., 2005; 

Irmis et al., 2010). Metoposaurus was excluded by Langer (2005) from the type 

Otischalkian because it was then only known from the Elkin’s Place bonebed; however, I 

identified two metoposaurid specimens from the Otis Chalk assemblage as Metoposaurus 

bakeri. Multiple specimens that previously were identified as Paleorhinus (e.g., the 

holotype specimens of ‘Paleorhinus’ scurriensis, Ebrachosuchus neukami, ‘Paleorhinus’ 

sawini) were identified based on morphology that is now considered plesiomorphic for 

Phytosauria (Wroblewski, 2003; Irmis, 2005; Stocker, 2010a, in press; Nesbitt, 2011; 

Butler et al., 2012). 

The global integrity of the Otischalkian depended on the temporal restriction of 

Paleorhinus and Metoposaurus (Rayfield et al., 2005), and with ongoing revisions to the 

taxonomy of non-phytosaurid phytosaurs there are now better-constrained occurrence 

data for phytosaurs (Stocker, in press; Butler et al., 2012). Recognition of ‘Paleorhinus’ 

scurriensis, Ebrachosuchus neukami, and ‘Paleorhinus’ sawini as generically distinct 

from Paleorhinus bransoni and Paleorhinus angustifrons contracts the geographic and 

stratigraphic distribution of Paleorhinus. That contraction may not change the usage of 

the Otischalkian, but it does change the meaning. In all terrestrial assemblages except the 

Placerias Quarry, the presence of non-phytosaurid phytosaurs (previously identified as 

Paleorhinus) in those assemblages is upheld. Paleorhinus still is identified based on 
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apomorphic characters of specimens from the Otis Chalk assemblage, the assemblage 

from the exposures of the Upper Triassic Popo Agie Formation near Lander, Wyoming, 

and the Blasensandstein of Germany and its equivalent in Poland (Butler et al., 2012). If 

the goal is a distinct biochronologic subdivision of the Late Triassic that begins prior to 

the lowest known stratigraphic occurence of Leptosuchus, then biochronologic 

correlations based on Paleorhinus accomplishes that goal. It is likely that that method 

correlates localities that could be addressed with finer resolution. Other specimens need 

to be reexamined in a comparative context to determine their phylogenetic affinities. 

However, the stratigraphic placement of confirmed Paleorhinus-bearing localities 

remains unrefined and also must be reexamined to see if and how they correlate within 

the bounds of the lowest and highest known stratigraphic occurrences of Paleorhinus. 

Hypothesizing the stage-age of the Otis Chalk assemblage as Carnian, and by 

extension the Otischalkian as Carnian, relied on the reported occurrences of specimens of 

Paleorhinus and Metoposaurus in marine sediments (Lucas, 1991; Lucas and Hunt, 1993; 

Heckert and Lucas, 1997; Rayfield et al., 2005; Irmis et al., 2010). The specimen that was 

identified as Metoposaurus from the Raibler Schichten (Julian, early Carnian) of Austria 

is fragmentary and does not clearly have diagnostic features of Metoposaurus (Hunt, 

1993; Irmis et al., 2010). Therefore, use of Metoposaurus to infer a Carnian age is 

ambiguous. Correlations with the Opponitzer Limestone (Tuvalian, late Carnian) of 

Austria were based on NHMW 1905/0007/0052, a fragmentary rostrum (Figure 3.15B) 

that was identified as Paleorhinus trauthi (e.g., Huene, 1939; Trauth, 1948; Hunt and 

Lucas, 1991a). However, NHMW 1905/0007/0052 has no diagnostic characters of 
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Paleorhinus, or even of Phytosauria (Butler et al., 2012). Instead that specimen more 

likely represents a non-phytosaurian saurian (Butler et al., 2012). Therefore the 

connection of the terrestrial Late Triassic fauna to the Tuvalian marine stage is lost. 

FORWARD PROGRESS FOR LATE TRIASSIC BIOCHRONOLOGY 
Attempts to establish biostratigraphic and biochronologic correlations in the Late 

Triassic encounter two major problems. The first relates to the identification of 

appropriate defining taxa; the second is a lack of detailed lithostratigraphic work. Precise 

correlations depend on fine-scale stratigraphic resolution of fossil specimens (Olsen and 

Sues, 1986; Parker and Martz, 2011). Many of the exposures in the Dockum Group that 

are used for correlation of the Late Triassic are represented by isolated localities that are 

geographically separated and impossible to correlate laterally or to precisely place within 

a larger, superpositional, lithostratigraphic framework (Parker and Martz, 2011). The 

resultant unsupported correlations are a distinct problem that “predetermines our 

perception of patterns of diversity, extinctions, and originations” (Olsen and Sues, 

1986:321). Only recently were portions of the Chinle Formation (Parker and Martz, 

2011) and portions of the Dockum Group (Martz, 2008) reevaluated in terms of fine-

scaled lithostratigraphy. Results of those efforts permit determination of the 

superpositional relationships of fossiliferous localities. Those superpositional 

relationships in local stratigraphic contexts are important on a broader scale because 

“stratigraphic correlation predetermines the patterns of taxonomic curves on a scale 

larger than the single section” (Olsen and Sues, 1986:346). 
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Understanding the reality of biological events is the ultimate goal of evolutionary 

biology, though that reality is only partially reflected by the fossil record because of the 

unpredictability of fossil preservation and biases associated with specimen collection. 

The initial interpretation of the pattern of fossils as preserved in the rock record is a first 

step away from the primary data of the fossils and from the biological reality. Further 

complications and complexities arise when the hypotheses of potential processes are 

layered on that interpreted pattern. 

An interesting conflict appears in biochronology with respect to the interpretation 

of fossils that are utilized for correlation. Fossils were integral for the development of 

biostratigraphy and biochronology explicitly because they were recognized to have 

identifiable morphologies that changed and evolved in a single direction (e.g., Salvador, 

1994). However, when fossil specimens are treated as ‘index fossils’ in the traditional 

conceptualization of the term, there is an implicit assumption, and need for, a taxon to be 

ubiquitous and changing in a similar, predictable manner throughout its entire range. That 

line of thought has the potential to be non-evolutionary and force taxonomic 

identifications to fit into a predetermined framework of evolution. In order to accurately 

reflect that biological reality that is preserved in the fossil record we should make the 

move from using fossils as static ‘index taxa’ for ease of correlation, to treating them as 

the remains of the biological entities that they are and by acknowledging their potential 

endemism, dispersal capabilities, various rates of evolution, preservational potentials, and 

our philosophies and methodologies behind their identifications. 
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The current terrestrial vertebrate biochronologic scheme for the Late Triassic was 

based on unsupported specimen identifications of taxa whose stratigraphic ranges are 

bounded by vertical or lateral discontinuities in the rock exposures, and only 

contextualized by localized superpositional data. The individual specimens from the Otis 

Chalk assemblage lack discrete data for their stratigraphic context. However, accurate 

and testable specimen identifications now underpin the vertebrate assemblage. In order to 

use the vertebrate fossils from the Otis Chalk assemblage as defining taxa for 

biochronologic divisions, those specimens must be placed in a precise and detailed 

biostratigraphic framework. As was exemplified for the Post Quarry (Martz, 2008; Martz 

et al., in press) and Petrified Forest National Park (Martz and Parker, 2010; Parker and 

Martz, 2011), informative biostratigraphic and biochronologic frameworks must first be 

built on accurate specimen identifications and detailed lithostratigraphy. The 

biostratigraphic ranges of taxa must be examined based on their lowest and highest 

known stratigraphic occurrences, and should be labeled as such in order to avoid the 

stratigraphic versus chronologic ambiguity of the term ‘first appearance datum.’ 

Current biostratigraphic and biochronologic schemes for the Late Triassic are not 

reliable beyond local correlations. The previous practice of identifying all non-

phytosaurid phytosaurs as Paleorhinus resulted in a compressed biochronologic 

framework within which the biological events of the early part of the Late Triassic were 

interpreted. Therefore, two issues needed to be addressed. The first was that age data for 

localities and sediments that are independent of the biological remains must be 

incorporated when possible before attempting correlations on a broad scale (Olsen et al., 
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2011). The second was that those biological remains, if they are going to be utilized for 

correlations, must be accurately identified based on the unique combinations of 

apomorphic characters and autapomorphies that are preserved with respect to each 

specimen in a modern, comparative, evolutionary context. I addressed the second issue 

here. Both of these methods together provide a more precise record of a fossil assemblage 

within a modern framework to aid in refined biostratigraphic and biochronologic 

correlations and to allow for more testable examinations into the mechanisms of 

evolutionary radiations, the biogeography of landmasses, and macroevolutionary patterns 

during the Late Triassic. 
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FIGURES 

 

Figure 3.1. Map of Texas showing the distribution of exposures of the Dockum 
Group. Arrow indicates the general location of the WPA localities. Inset images indicate 
study area of the Otis Chalk assemblage (boxed), and relative locations of individual Otis 
Chalk fossil localities. 
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Figure 3.2. Approximate stratigraphic section of the Dockum Group for Howard 
County, indicating revised correlations with southern Garza County. The Otis Chalk 
localities are within the lower unit of the Cooper Canyon Formation (=Colorado City 
Member). Figure modified from Martz (2008). 
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Figure 3.3. Schematic diagram depicting the original conception of the Late Triassic 
North American land vertebrate faunachrons of Lucas and Hunt (1993). The original 
divisions of the faunachrons are shown, and the previously reported ranges of the index 
taxa are shown for each. The apparent overlap of the range of Paleorhinus into the 
Adamanian is the result of MNA V3728 being interpreted as a fragment of a specimen of 
Paleorhinus. Rutiodon as shown in this diagram comprises specimens that now are 
identified as Leptosuchus, Smilosuchus, Pravusuchus, Protome, and Rutiodon 
carolinensis. Pseudopalatus is now Machaeroprosopus according to Parker et al. (in 
press). 
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Figure 3.4. Colognathus obscurus (TMM 31100-1300), tooth. Specimen shown in 
lateral view. 
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Figure 3.5. Temnospondyli specimens from the Otis Chalk assemblage. A-C. 
Latiscopus disjunctus (TMM 31025-182; holotype), skull, in A. dorsal view (anterior is 
to the top of the page), B. right lateral view (anterior is to the right), and C. posterior 
view. D. Metoposaurus bakeri (TMM 31099-34) skull in dorsal view (anterior is to the 
top of the page). E. Koskinonodon howardensis (TMM 31100-30; lectotype) skull in 
dorsal view (anterior is to the top of the page). Scale bars equal 1 cm for A-C, 5 cm for 
D, and 10 cm for E. 
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Figure 3.6. Non-archosauriform archosauromorph specimens from the Otis Chalk 
assemblage. A. Drepanosauromorpha femur (TMM 31100-1300); B. 
Drepanosauromorpha precaudal vertebra (TMM 31100-1335) in dorsal view; C. 
Trilophosaurus buettneri (TMM 31025-143) skull in right lateral view. Anterior is to the 
right; D. Malerisaurus langstoni (TMM 31099-11) holotype material showing palatal 
surface of pterygoid with teeth; E., F. “Otischalkia elderae” (TMM 31025-263) holotype 
left humerus in E. ventral and F. dorsal views; and G. “Polystichodontos mandibularis” 
(TMM 31025-261) in occlusal view; H. Polytichodontos mandibularis (TMM 31025-
268) in medial view. Scale bars equal 1 cm. Scale bars equal 1 cm for A-D and G, H, and 
5 cm for E and F. 
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Figure 3.7. Non-archosaurian archosauriform specimens from the Otis Chalk 
assemblage. A-C. New Taxon (TMM 31100-1030), skull in A. left lateral view (anterior 
is to the left), B. posterior view, and C. dorsal view (anterior is to the top of the page). D. 
Doswellia kaltenbachi osteoderms (TMM 31098-45) in dorsal view (anterior is to the top 
of the page). Scale bars equal 1 cm. 
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Figure 3.8. Phytosauria specimens from the Otis Chalk assemblage. A. Paleorhinus 
(TMM 31100-101), skull in dorsal view (anterior is to the left). B. Angistorhinus 
alticephalus (OMNH 733; holotype), skull in right lateral view (anterior is to the right). 
C. Brachysuchus megalodon (UMMP 10336, holotype, and 10336A) skull and associated 
mandibles in left lateral view (anterior is to the left). Scale bars equal 10 cm. 
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Figure 3.9. Aetosauria specimens from the Otis Chalk assemblage. A. 
Coahomasuchus kahleorum (NMMNH P-18496; holotype) partial skeleton in dorsal view 
(anterior is to the right). B. Longosuchus meadei (TMM 31100-294), dorsal paramedian 
osteoderm in dorsal view (anterior is to the top of the page). C. Lucasuchus hunti (TMM 
31100-361), dorsal paramedian osteoderm in dorsal view (anterior is to the top of the 
page). Scale bars equal 5 cm in A, 1 cm in B and C. 
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Figure 3.10. Paracrocodylomorpha specimens from the Otis Chalk assemblage. A-D, 
TMM 31100-508, femur in A. anterior view, B. posterior view, C. proximal view, and D. 
ventral view. E, F, Loricata new taxon (31098-46), left maxilla, in E. in lateral view 
(anterior is to the left), and F. medial view (anterior is to the right). Scale bars equal 10 
cm in A, B, 1 cm in C-F. 
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Figure 3.11. Poposauroidea specimens from the Otis Chalk assemblage. A. 
Poposaurus langstoni (TMM 31025-12; holotype), right ilium in right lateral view 
(anterior is to the right). B. Shuvosauridae (TMM 31100-408), right femur in posterior 
view. C. Shuvosauridae (TMM 31100-493), right femur in posterior view. D. 
Shuvosauridae (TMM 31100-509), proximal portion of right femur in posterior view. E. 
Shuvosauridae (TMM 31100-1211), right ilium in right lateral view (anterior is to the 
right). F. Shuvosauridae (TMM 31100-512), fused ischia in left lateral view (anterior is to 
the left). G. Shuvosauridae (TMM 31100-1493), left pubis in medial view. Scale bars 
equal 5 cm in A, B, E-G, and 1 cm in C, D. 
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Figure 3.12. Crocodylomorpha specimen (TMM 31100-1494), a right ilium, from the 
Otis Chalk assemblage. A. lateral view (anterior is to the right), and B. medial view 
(anterior is to the left). Scale bars equal 5 cm. 
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Figure 3.13. Dinosauromorpha specimens from the Otis Chalk assemblage. A and B. 
Dromomeron gregorii (TMM 31100–1306; holotype) right femur in A. anterior view, 
and B. posterior view. C-E. Silesauridae (TMM 31100-1303), left femur in C. posterior 
view, D. proximal view, and E. distal view. F. Silesauridae (TMM 31100-185), left femur 
in anterior view. G. Silesauridae (TMM 31100-1309), right femur in posteromedial view. 
Scale bars equal 1 cm in A, B; 5 cm in C, F, and G. 
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Figure 3.14. Dinosauria specimens from the Otis Chalk assemblage. A and B. 
Chindesaurus bryansmalli (TMM 31100-523) proximal portion of left femur in A. 
anterior view, and B. posterior view. C-F. Theropoda (TMM 31100-545), right femur in 
C. proximal view, D. anterior view, E. distal view, and F. posterior view. G, H. 
Theropoda (TMM 31100-1324), right tibia in G. proximal view, and H. distal view. Scale 
bars equal 1 cm in A- C, E, G, and H, and 5 cm in D and F. 
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Figure 3.15. Specimens used to correlate other localities with the Otischalkian land 
vertebrate faunachrons. A. MNA V3728, portion of phytosaurid phytosaur skull, 
including nares, from the Placerias Quarry previously used as evidence of Paleorhinus in 
an Adamanian assemblage. However, this specimen in a phytosaurid phytosaur based on 
the more posterior position of the nares with respect to the antorbital fenestrae. Shown in 
dorsal view (anterior to the right). B. ‘Paleorhinus’ trauthi (NHMW 1905/0007/0052; 
holotype), rostrum in dorsal view. This specimen is from the Opponitzer Limestone, 
Upper Lunz Formation, Austria, and previously was used to correlate the terrestrial 
Otischalkian to the marine Tuvalian. However, this specimen does not possess any 
apormorphies of Phytosauria. Shown in dorsal view (anterior to the right). Scale bar 
equals 1 cm. 
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Figure 3.16. Map of the United States, showing the locations of phytosaur specimens 
with apomorphic character-supported identifications and the potential for 
utilization in biostratigraphic and biochronologic correlations. Star = Otis Chalk 
assemblage (Paleorhinus, Angistorhinus alticephalus, Brachysuchus megalodon; 
specimen numbers given in text); diamond = Post Quarry assemblage (Leptosuchus; TTU 
P-09234); asterisk = Leptosuchus crosbiensis (UMMP 7522); polygon = Sierrita de la 
Cruz/Rotten Hill assemblage (Leptosuchus studeri; UMMP 14267); plus sign = New 
Egypt coal mine assemblage (Rutiodon carolinensis; USNM 214513); vertical elipse = 
Canjilon, Coelophysis, Hayden, and Snyder quarries (Machaeroprosopus and 
Redondasaurus; Nesbitt and Stocker, 2008; Zeigler et al., 2003); horizontal elipse = 
Placerias/Downs quarries (non-phytosaurid phytosaur; MNA V3728); square = Petrified 
Forest and nearby areas (Smilosuchus, Pravusuchus, Protome, multiple Pseudopalatinae; 
Parker and Irmis, 2006; Stocker, 2010a, 2012; Parker and Martz, 2011); ‘X’ = Popo Agie 
assemblage (Paleorhinus bransoni and Angistorhinus grandis; FMNH UC 632 and 
FMNH UC 631, respectively). 
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BIOCHRONOLOGY AND THE MARGINALIZATION OF 

‘UNINFORMATIVE’ TAXA 

Chapter 4: A New Caimanine (Globidonta, Alligatoroidea) from the 

Middle Eocene of West Texas and Interpretations of Spatial and 

Temporal Shifts in Paleogene Crocodyliform Diversity 

 

 

ABSTRACT 
Dramatic early Tertiary climatic shifts resulted in faunal reorganization on a 

global scale. Multiple groups of mammals (e.g., adapiform and omomyiform primates, 

mesonychids, taeniodonts, dichobunid artiodactyls) are well-known from the Western 

Interior of North America in the warm, greenhouse conditions of the early Eocene, but a 

dramatic drop in the diversity of these groups, along with the introduction of more dry-

tolerant taxa occurred near the Eocene-Oligocene boundary. Crocodyliforms underwent a 

dramatic loss of diversity; pre-Uintan assemblages in the central Western Interior are 

characterized by multiple crocodyliform taxa, whereas Chadronian assemblages are 

depauperate and the only crocodyliform known is Alligator prenasalis. Crocodyliform 

diversity through the Uintan and Duchesnean is not well understood. However, the 

Middle Eocene Devil’s Graveyard Formation (DGF) of West Texas provides new data 

from southern latitudes during that crucial period. A new alligatorid specimen from the 
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middle member of the DGF (late Uintan-Duchesnean) is the most complete cranial 

material of an alligatorid known from Tertiary deposits outside the Western Interior. This 

specimen is identified as the youngest known caimanine from the Paleogene of North 

America. The new specimen shares with all caimanines notched, descending laminae of 

the pterygoids posterior to the choana and long, descending processes of the exoccipitals 

that are in contact with the basioccipital tubera. It can be differentiated from Eocaiman 

cavernensis because the anterior processes of the extended palatines are rounded rather 

than quadrangular. The phylogenetic relationships and geologic age of this new taxon 

support the hypothesis that the modern distribution of caimanines represents a contraction 

of a more expansive early Tertiary distribution. That range contraction resulted as 

Caimaninae tracked the shift in the climatic conditions that supported warm and humid 

environments from the central Rocky Mountains early in the Eocene, causing them to 

take refuge in the similar warm and humid environment that persisted in southern North 

America later in the Eocene, and that are found in South America today. 

INTRODUCTION 
Multiple episodes of global cooling and warming events in the Cenozoic are well-

documented through isotopic examinations of proxies for global sea surface temperature 

as preserved in benthic micro-invertebrates from deep-sea sediment cores (e.g., Zachos et 

al., 2001, 2008) and corroborated by regional terrestrial geochemical studies (e.g., 

Zanazzi et al., 2007). Some of the most dramatic transitions in global climate were from 

an extremely warm and humid climate during the Paleocene-Eocene Thermal Maximum 

and the Early Eocene Climatic Optimum to a much cooler and drier climate at the end of 
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the Eocene and into the Oligocene (e.g., Evanoff et al., 1992; Zachos et al., 2001; Zanazzi 

et al., 2007; Woodburne et al., 2009). A second peak in global temperature occurred in 

the mid-Miocene following a reduction in the extent of Antarctic ice sheets (Flower and 

Kennett, 1994; Zachos et al., 2001; Shevenell et al., 2004; Lewis et al., 2007). Major 

changes in the composition of the marine and terrestrial biota are correlated with the 

dramatic change in temperature at the Eocene-Oligocene boundary are (e.g., Berggren 

and Prothero, 1992; Stucky, 1992). Among terrestrial vertebrates, the general trend in 

North America was a decrease in the number of cosmopolitan, forest-dwelling taxa, a 

contraction of the ranges of higher-level clades, and an increase in regionally endemic 

taxa (e.g., Berggren and Prothero, 1992; Robinson et al., 2004). 

Extant crocodyliform diversity is low, but there are over 150 species known for 

the clade when extinct taxa are included (Brochu, 2003, 2009). When both extinct and 

extant crocodyliform taxa are examined together, the clade displays a bimodal diversity 

distribution that roughly corresponds to the δ18O curve for the Cenozoic (Markwick, 

1998; Brochu, 2011). Crocodyliform diversity increased dramatically by the Paleocene 

because of diversification within Alligatoroidea. The only living members of 

Alligatoroidea are two species of Alligatorinae (Alligator mississippiensis from south-

eastern North America and A. sinensis from China) and the approximately six species 

(depending on the division of certain species complexes; see Brochu, 1999) of 

Caimaninae (Paleosuchus, Melanosuchus, and Caiman). The earliest known members of 

both Alligatorinae (Navajosuchus novomexicanus Mook, 1942) and Caimaninae 

(Necrosuchus ionensis Simpson, 1937) are reported from Paleocene deposits in North and 
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South America, respectively (Brochu, 2011). The known fossil record of Alligatorinae is 

well-documented in Europe and North America (de Stefano, 1905; Mook, 1932; Weitzel, 

1935; Kälin, 1939; Gilmore, 1946; Wassersug and Hecht, 1967; Erickson, 1982; Brochu, 

1999, 2000, 2003, 2004, 2010), and several specimens are reported from Asia (e.g., Li 

and Wang, 1987; Martin and Lauprasert, 2010; Thorbjarnarson and Wang, 2010). The 

known fossil record of Caimaninae is improving (Brochu, 2010; Brochu, 2011) but 

remains depauperate with respect to Alligatorinae. Two extinct caimanines, Tsoabichi 

greenriverensis and Orthogenysuchus olseni, are known from the Wasatchian of North 

America (Mook, 1924; Brochu, 2010, 2011). In addition to Necrosuchus from the 

Paleocene, the lower Eocene Eocaiman cavernosus represents an additional extinct 

caimanine from Patagonia (Brochu, 1999). A significant drop in taxonomic diversity 

among crocodyliforms occurred by the Eocene-Oligocene boundary because of the 

extinction of stem members of Alligatoroidea and Alligatorinae. Post-Oligocene, the 

known fossil record of Alligatorinae is dominated by Alligator in North America 

(Brochu, 2003), whereas the fossil record of Caimaninae currently is unknown from the 

Middle Eocene to the Miocene. What is known of the caimanine fossil record is restricted 

to specimens from the middle Miocene and later in Panama and South America (e.g., 

Simpson, 1933, 1937; Langston, 1965; Brochu, 1999, 2011; Hastings et al., 2013). 

Most of our knowledge regarding alligatorid diversity in the Eocene of North 

America derives from what is known of specimens from the central Western Interior 

(e.g., Hutchison, 1992; Brochu, 1999, 2003, 2004, 2010). However, southern records 

from North America can provide key data for addressing overall diversity as well as  



 159 

potential effects of other environments and latitudes. The Casa Blanca Local Fauna from 

near Laredo, Texas, provides a window into an estuarine faunal assemblage that existed 

farther south in the late Uintan (Busbey, 1989; Westgate, 1989), but few records 

document southern terrestrial and freshwater taxa. The Devil’s Graveyard Formation in 

West Texas (Stevens et al., 1984) is a fluvially-deposited sequence of fossiliferous units 

spanning approximately 15 million years (late Bridgerian to Duchesnean North American 

Land Mammal ages [NALMAs]) of the Middle Eocene. This unit preserves fossils of 

crocodylians and other reptiles, as well as a rich record of mammals that allow 

biostratigraphic comparisons between the terrestrial faunal assemblage of West Texas 

and those of the Western Interior (Figure 4.1; Wilson, 1977, 1986; Runkel, 1988; 

Williams and Kirk, 2008; Stocker and Kirk, 2011a, 2011b; Stocker et al., 2012). 

I provide a morphological description of a new caimanine alligatorid specimen 

from the middle member (late Uintan-Duchesnean) of the Devil’s Graveyard Formation. 

This specimen represents a new taxon with a complex of derived characters shared with 

caimanines. I include this taxon, as well as a new alligatorine from the Uinta Basin of 

Utah (Brochu and Snyder, 2010), in a phylogenetic analysis of crocodylian relationships. 

The late Uintan-Duchesnean ages of these new taxa add new, important temporal and 

systematic data for understanding crocodyliform diversity in the Middle Eocene. 

INSTITUTIONAL ABBREVIATIONS 
AMNH, American Museum of Natural History, New York, New York; SDSM, 

South Dakota School of Mines and Technology, Rapid City, South Dakota; TMM, 



 160 

Vertebrate Paleontology Laboratory, Texas Natural Science Center, Austin, Texas; YPM, 

Yale Peabody Museum, New Haven, Connecticut. 

GEOGRAPHIC AND GEOLOGIC SETTING 
TMM 45911-1 was found in 2010 in the Devil’s Graveyard badlands of the 

Dalquest Desert Research Site (the Agua Fria-Green Valley area of Wilson [1986]) in the 

Trans-Pecos region of Texas (Figure 4.1). Detailed provenance data for this specimen are 

on file at the Vertebrate Paleontology Laboratory of the Texas Natural Science Center 

(TMM), The University of Texas at Austin. The specimen was collected from above the 

Purple Bench beds within the unnamed middle member of the fluvially-deposited 

volcaniclastic Devil’s Graveyard Formation (Figure 4.2; Stevens et al., 1984). Multiple 

fossil specimens are known from localities throughout the Devil’s Graveyard Formation 

(e.g., Wilson, 1984; Wilson et al., 1968), but most of the recently collected specimens are 

from exposures of the Purple Bench beds in the middle member (e.g., Williams and Kirk, 

2008; Stocker and Kirk, 2011a, 2011b; Stocker et al., 2012).  

The Devil’s Graveyard Formation is time-calibrated by multiple sets of data, 

including mammalian biochronology, paleomagnetic data, and radiometric dating, that 

have been used to constrain the age of the various fossil localities (e.g., Robinson et al., 

2004). Mammalian biochronology based on the known occurrences of Epihippus 

uintensis, Protoreodon petersoni, and Protoreodon pumilus indicated that the Whistler 

Squat local fauna and the stratigraphically higher Serendipity local fauna, which includes 

the Purple Bench localities, are Uintan in age (e.g., Wilson et al., 1968; Williams and 

Kirk, 2008; Robinson et al., 2004). The Serendipity local fauna specifically is late Uintan 
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(Ui3; Robinson et al., 2004; Gunnell et al., 2009). The stratigraphically higher Skyline 

local fauna was assigned a Duchesnean age based on the presence of Hyaenodon and 

Duchesneodus (Wilson, 1984). Magnetostratigraphic data are unresolved for the 

Serendipity local fauna (Walton, 1992; Prothero, 1996; Williams and Kirk, 2008). 

Paleomagnetic data were interpreted as indicating deposition of the lower and middle 

members of the Devil’s Graveyard Formation during Chrons C20R and C20N by Walton 

(1992), based on the marine polarity timescale of Berggren et al. (1992). Revisions to that 

timescale and modified correlations by Prothero (1996) indicated deposition during 

Chron C19R-C18R (Prothero, 1996; Williams and Kirk, 2008). Using the range of C19R-

C18R, the lower and middle members of the Devil’s Graveyard Formation would be 

between ~42-38 Ma (Walker et al., 2012). Numerical ages for the Devil’s Graveyard 

Formation were estimated based on K/Ar and Ar/Ar dating of basalts and tuffs (e.g., 

Henry et al., 1986, 1994; Campisano, pers. comm., 2013). The Ash Springs Basalt was 

interpreted to be present in the Devil’s Graveyard Formation, and the unit was estimated 

to have a K/Ar age of 43.9±0.9 Ma (Robinson et al., 2004). However, the Ash Springs 

Basalt only crops out in the Chisos Formation of Big Bend National Park and not in the 

Devil’s Graveyard Formation (Campisano, pers. comm., 2013). New, unpublished age 

estimations for the Whistler Squat locality constrain it to ~45 Ma (Campisano, pers. 

comm., 2013). That implies a maximum age of ~45 Ma for the Purple Bench beds, which 

are approximately 60 meters above the Whistler Squat locality. That maximum age for 

the Purple Bench beds also indicates that the new caimanine specimen is younger than 

~45 Ma. The specimen was not found in situ; rather, it was found in a block that had 
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fallen from a cliff face stratigraphically above the Purple Bench beds. The coarse-

grained, conglomeratic sandstone that contained the new specimen is within the middle 

member, stratigraphically higher than the Purple Bench beds and stratigraphically below 

the Duchesnean Skyline Channel localities. Approximate age estimations for the 

specimen place it no older than ~45 Ma and no younger than the estimated Duchesnean-

Chadronian boundary age of ~37 Ma (Robinson et al., 2004). 

SYSTEMATIC PALEONTOLOGY 

 
Crocodylia Gmelin, 1789 sensu Clark in Benton and Clark, 1988 

Globidonta Brochu, 1999 

Alligatoridae Gray, 1844 

Caimaninae Norell, 1988 sensu Brochu, 1999 

New Taxon 

Figures 4.3–4.6 

Holotype: TMM 45911-1, skull missing dorsal surface of dermal elements on left 

side as well as left premaxilla. 

Diagnosis: TMM 45911-1 preserves the following unique combination of 

characters (based in part on diagnoses by Brochu [1999]; characters used in this 

phylogenetic analysis indicated in parentheses). It can be diagnosed as a member of 

Alligatoroidea by the dorsal position of the foramen aereum (177[1]). It shares with 

Alligatoridae posterior maxillary alveoli with smaller diameters than those of the fourth 

and fifth maxillary alveoli. It can be diagnosed as a member of Caimaninae by the 
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presence of prominent, notched, descending laminae of the pterygoid posterior to the 

choana (124[1]), the presence of foramina in the medial parietal wall of the 

supratemporal fenestrae (154[1]), the presence of supraoccipital exposure on the dorsal 

skull table (160[2]; shared with Alligator prenasalis), and the presence of long 

descending processes of the exoccipitals that make contact with the basioccipital tubera 

(176[2]). It shares with Necrosuchus the dorsolateral position of the lateral eustachian 

foramina relative to the median eustachian foramen (175[0]). It differs from Necrosuchus 

in that the descending processes of the exoccipitals contribute to the basioccipital tubera 

in the new caimanine. It differs from all caimanines other than Eocaiman cavernensis in 

the presence of a posterior process of the maxilla between the lacrimal and prefrontal 

(128[2]), orbital margins that are flush with the skull surface (137[0]), extension of the 

quadratojugal to the dorsal angle of the infratemporal fenestra (145[0]; shared with 

alligatorines), a concavoconvex frontal-parietal suture (151[0]; shared with Alligator 

mississippiensis), the lack of an overhang of the supratemporal fenestra by the dermal 

skull roof elements (152[0]), and small, rather than large, supraoccipital exposure on the 

skull table (160[0]). It can be differentiated from Eocaiman cavernensis by the presence 

of palatines that have expanded and rounded anterior margins, rather than the “irregularly 

quadrate” anterior margins reported for Eocaiman cavernensis (Simpson, 1933:3). 

Occurrence: Unnamed middle member, Devil’s Graveyard Formation, late 

Uintan-Duchesnean (~45-37 Ma), Middle Eocene, Brewster County, Texas. 
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MORPHOLOGICAL DESCRIPTION 

Material 
TMM 45911-1 consists of a skull that is lacking most of the dorsal surface on the 

left side (Figure 4.3). The left premaxilla is missing, and the majority of the outer 

surfaces of all elements on the left side of the skull as well as the right premaxilla, right 

nasal, and right prefrontal are missing. The specimen was collected in 2010 and 2011 

using chisels and hammers. Mechanical preparation of this specimen was done by L. 

Bergwall-Herzog using a carbide needle and pneumatic airscribe. The density of the 

matrix surrounding the skull made preparation of some regions difficult (i.e., the lateral 

portions of the braincase), and they currently remain unprepared. In some regions of the 

skull that have eroded external surfaces, matrix was left in place either as support for the 

thin remaining bone or to preserve internal molds of pneumatic chambers and cranial 

passages. Any repair and consolidation of the bone was done with cyanoacrylate (Krazy 

Glue). 

Though no postcrania were recovered to independently test the ontogenetic status 

of TMM 45911-1 through the degree of neurocentral or scapulocoracoid suture closure 

(e.g., Brochu, 1996), it is hypothesized to be a morphologically mature individual. In all 

extant crocodylians, all ontogenetic changes that would impact character state coding 

take place within the first one or two years of life (e.g., Brochu, 1997a). TMM 45911-1 is 

beyond the size range at which most morphological variation caused by ontogenetic 

changes typically is observed (e.g., Iordansky, 1973), and though size and age are 

imperfectly correlated, TMM 45911-1 represents an animal substantially older than two 



 165 

years of age because of skull size and the relative proportion of fenestrae size versus that 

skull size (C. Brochu, pers. comm., 2013). Therefore, the description of this specimen 

and any comparisons are assumed to be unaffected by ontogenetic issues. 

Premaxilla 
Nearly all of the left premaxilla is broken away, and the anterior portion of the 

right premaxilla also is missing (Figure 4.3). Dorsally, the premaxilla forms a small shelf 

that extends onto the dorsolateral surface of the premaxilla from a position approximately 

dorsal to the largest maxillary teeth. On the palatal surface, the suture between the right 

premaxilla and maxilla is visible trending in a nearly horizontal orientation from the 

midline through a large and deep occlusal pit to the lateral edge of the dentition (Figure 

4.4). That large occlusal pit likely accomodated the fourth dentary tooth; there is no gap 

between the premaxillary and maxillary dentition at the point of the occlusal pit. The 

anteromedial portion of the palate is crushed so no clear trace of the incisive foramen can 

be determined.  

Two premaxillary teeth are preserved in the right premaxilla, and there is a slight 

remnant of a third alveolus at the mesial break of the right premaxilla. These are all small 

and conical generally, though they increase in overall size mesially. 

Maxilla 
None of the external bone surface of the maxilla remains. Only the medial surface 

of the large third or fourth left maxillary tooth and traces of the posterior maxillary 

alveoli are still present on the lateral surface of the skull. Remnants of matrix infillings of 
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the accessory air cavities of the nasal passage (sensu Iordansky, 1973) and the maxillary 

sinus are visible medial to the dorsal exposures of the alveoli.  

The right maxilla preserves most of its external surface, though the outermost 

surface of the bone is missing or is crushed over much of the element. Anteriorly, the 

suture with the premaxilla angles posteromedially. At the posteromedial intersection of 

the premaxilla-maxilla suture with the nasal is a prominent crest, which trends posteriorly 

through the prefrontal-lacrimal suture to the anterior margin of the orbit (Figure 4.3). 

This crest differs from the preorbital and rostral ridges observed in some caimanines 

(e.g., Brochu, 1999) because it is anteroposteriorly oriented rather than anterolaterally or 

mediolaterally oriented. 

On the ventral surface, the deep occlusal pit for the fourth dentary tooth is medial 

to the first and second maxillary teeth. At least two additional occlusal pits along the 

lingual margin of the maxillary dentition show the labial position of the premaxillary and 

maxillary teeth relative to the mandibular tooth row. The palatal processes of the maxillae 

meet at the midline in an interdigitating suture. The midline contact of the maxillae is 

interrupted by the anterior edge of the palatines approximately at the level of the 7th 

maxillary alveolus. A pointed process of the maxilla is slotted into the lateral edge of the 

palatine, though a lateral prong of the palatine prevents the maxilla from forming any of 

the anteromedial border of the suborbital fenestra. A small medial shelf of the maxilla 

forms the anterolateral border of the suborbital fenestra before narrowing at the level of 

the 12th maxillary alveolus and contacting the ectopterygoid (Figure 4.4). This maxillary 
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shelf separating the ectopterygoid from the toothrow is characteristic of Alligatoroidea 

(Brochu, 1997a, 1999). 

The largest alveoli are interpreted to be the third and fourth maxillary alveoli. A 

large conical tooth remains in the fourth alveolus, has carinae on both the anterior and 

posterior faces of the tooth, and is more rounded and expanded labially than lingually. 

There are a total of 13-14 maxillary teeth; what would be the 14th alveolus is less than 

half the diameter of the 13th alveolus. Tooth size increases from the small and peg-like 

first maxillary tooth to the third (based on the size of the alveolus) and fourth tooth before 

dramatically decreasing at the fifth and sixth teeth. The posterior maxillary teeth are 

rounded and slightly bulbous as is typical of globidont crocodyliforms. The twelfth tooth 

is nearly fungiform. However, the posterior maxillary teeth in TMM 45911-1 are smaller 

than the largest anterior maxillary teeth and alveoli, contrary to the ‘durophagous’ 

condition in Allognathosuchus. All maxillary teeth in this specimen have carinae that are 

oriented mesiodistally on each tooth, with light striations radiating from the carina to the 

base of the enamel. 

Nasal 
Most of the dorsal surfaces of the relatively short and wide nasals are missing 

(Figure 4.3). The contact between the right nasal and premaxilla is visible as an 

interdigitating suture trending posterolaterally from the posteromedial portion of the right 

naris to the posterodorsal extent of the premaxilla-maxilla suture. Along the midline of 

the skull are paired molds of the grooved ventral surfaces of the nasals. A fine-grained 

matrix preserves traces of the interdigitating sutures between the posterior portions of the 
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nasals with the prefrontals and frontal. The anteriorly elongated nasals appear to have 

been tapered slightly towards their anterior articulations with the maxillae and 

premaxillae. Though the anteriormost portion of the skull is not well-preserved, there 

appears to have been at least a slight projection of the nasals beyond the posterior extent 

of the nares. Whether an internarial bar would have completely bisected the nares as in 

Alligator (Brochu, 1999) is unknown. 

Prefrontal 
The prefrontals are poorly-preserved on the dorsal surface of the skull. Both the 

left and right prefrontals missing their dorsal surfaces, exposing fine-grained matrix 

molds of the previous hollow beneath the prefrontal sinus. The left lacrimal canal is 

preserved in this manner. Traces of vasculature are preserved in the dorsal exposure of 

those molds, one of which trends anteromedially, and three of which trend anterolaterally 

to exit the right prefrontal dorsal to the lacrimal canal (Figure 4.3) as in Alligator 

mississippiensis (e.g., TMM M-12608). An anteroposteriorly trending crest continues 

posteriorly from the maxilla-nasal suture onto the prefrontal-lacrimal suture, terminating 

as a slight overhang dorsal to the lacrimal canal. 

In lateral view at the anterior portion of the orbit, the prefrontal has a dorsal and a 

ventral process that surround a posteromedially directed flange of the lacrimal. The 

ventral surface and associated extent of the prefrontal pillar cannot currently be 

determined because of the matrix still remaining within the orbits and suborbital 

fenestrae. The state of preservation of the specimen makes the anterior extent of the 

prefrontal with respect to the lacrimal impossible to delineate with certainty (Figure 4.3); 
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based on what remains of the prefrontal sutures, the prefrontal could extend just slightly 

more anteriorly than the lacrimal. However, though the anterior extent of a deeper prong 

of the prefrontal is decidedly anterior to the lacrimal, the superficial portion of the 

prefrontal could have been shorter than the lacrimal. A small process of the maxilla 

inserts between the lacrimal and prefrontal. 

Lacrimal 
The right lacrimal is well-preserved. The dorsalmost edge of the lacrimal 

contributes to the posterior portion of the anteroposterior crest. The crest could be falsely 

emphasized because of the slight amount of crushing that occurred during preservation 

and the erosion of the dorsal surface. However, a moderate amount of lateral concavity is 

present and appears to indicate that the crest would have been apparent if the skull was 

complete. The anterior process of the lacrimal is oriented laterally and preserves a small 

area of ornamentation consisting of randomly distributed circular pits. Posteriorly the 

lacrimal is separated into a medial and a lateral process on either side of the anterior 

corner of the orbit. Within the medial process are two openings: what appears to be a 

blind pit anteriorly, and the entrance to the lacrimal canal posteriorly (Figure 4.5). The 

lateral process of the lacrimal forms a short portion of the anteroventral margin of the 

orbit, and it appears to be separated from the jugal by a small portion of the maxilla. 

Frontal 
Much of the anterior portion of the frontal is missing, leaving behind internal 

molds of the anterior portion of the endocast. The anteriormost portion of the frontal 
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appears to have had a deep process that extended between the nasals, as preserved by a 

small area of bone and the matrix-outlined suture. The frontal is narrow between the 

orbits. A rugose ornamentation of pits is preserved posterolaterally on the right side of 

the dorsal surface; the external surface of the frontal is missing on the left side. The 

frontal-postorbital suture interdigitates weakly, whereas the frontal-parietal suture 

strongly interdigitates. The frontal-parietal suture has an anteriorly concave orientation 

between the supratemporal fenestrae (Figure 4.3). The frontal is excluded from the 

supratemporal fenestra by articulated processes of the parietal and postorbital. 

Ventrolaterally, the frontal contacts the laterosphenoid at the posteromedial margin of the 

orbit. 

Postorbital 
The superficial portion of the left postorbital is missing. The exposed internal 

surface shows the path of the canal that continues through the large lateral foramen; it is 

preserved as an internal mold. The right postorbital contacts the parietal along the 

anteromedial margin of the supratemporal fenestra, excluding the frontal from contacting 

the fenestra. Posteroventrally, the postorbital contacts the quadrate and quadratojugal at 

the dorsal angle of the infratemporal fenestra. The postorbital-jugal bar is inset from the 

lateral jugal surface, and the postorbital forms the anterior and medial surfaces of the bar. 

The capitate process of the laterosphenoid contacts the postorbital medial to the dorsal 

portion of the postorbital-jugal bar. 
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Squamosal 
The squamosals form the posterolateral corners of the skull table. The dorsal 

surface of the right squamosal is ornamented with deep pits of various diameters; the area 

of the left squamosal preserves almost none of the original external surface but does 

preserve a fine-grained matrix mold preserving the shape of the posttemporal canal and 

the sinus that was ventral to the squamosal (Figure 4.3). Within the supratemporal 

fenestra, a process of the squamosal ventral to the temporal canal contacts the parietal 

dorsal to the quadrate, as is observed in alligatorids (Brochu, 1997a). 

 Laterally, the dorsal and ventral rims of the squamosal groove are roughly parallel 

(Figure 4.5), and the ventral rim bears a curved ventral extension that is slightly more 

expanded than a similar structure in Alligator mississippiensis (e.g., TMM M-12608). 

The extent of the squamosal around the external auditory meatus currently cannot be 

discerned because of matrix covering most of this area. Posteriorly the squamosal 

overlies the paroccipital process; the posterolateral articulation of the squamosal with the 

paroccipital process is broken but would have continued farther posterolaterally than the 

posterodorsal corner of the squamosal. 

Parietal 
The dorsal surface of the parietal is missing on the left side, exposing a portion of 

the temporal canal that was infilled with matrix. Anteriorly, the strongly interdigitating 

suture with the frontal is linear and located near the anterior margin of the supraoccipital 

fenestrae. At its anterolateral processes, the parietal articulates with the postorbital in a 

robust suture, excluding the frontal from participation in the supraoccipital fenestra. At 
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the level of the posterior margin of the supratemporal fenestra the parietal is constricted 

mediolaterally. The posterior portion of the parietal is expanded mediolaterally, though 

not as much as the anterior portion. A slight overhanging lip of the parietal forms a small 

concavity in the medial portion of the supratemporal fossa; two small foramina appear to 

perforate the parietal surface within that concavity. At the ventral surface of that 

concavity, the parietal appears to contact the laterosphenoid. The anteroposteriorly 

oriented parietal-squamosal suture is positioned at the approximate midpoint of the 

posterior margin of the supratemporal fenestra. A small portion of the parietal contacts 

the posterior margin of the skull table on the lateral sides of the supraoccipital, medial to 

the squamosals (Figure 4.3). 

Supraoccipital 
The supraoccipital has a small triangular exposure on the skull table (Figure 4.3). 

The posteriorly-directed processes for the attachments for the M. spinalis capitis are 

visible in dorsal view, though this could be exaggerated by distortion of the palate and 

braincase. Small openings are present medial to those processes, and the posttemporal 

fenestrae are lateral to them. The posterior exposure of the supraoccipital also is 

triangular, and the surface bears a strong dorsoventrally-oriented ridge that extends nearly 

to the ventral contact with the exoccipital processes of the otooccipitals. 

Jugal 
Almost the entirety of the left jugal is missing; what remains is a thin lamina from 

the medial surface of the body of the jugal and a small section of external bone just 
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anterior to the location of the postorbital-jugal bar. The right jugal, however, is well-

preserved and appears to be missing only a small section of ornamentation along its 

anteriormost edges and a small wedge of the ventral margin just posterior to the right 

postorbital-jugal bar (Figure 4.5). A rugose ornamentation of pits and ridges is preserved 

covering the lateral surface. Anteriorly, the suture between the jugal and maxilla is 

difficult to trace, though the jugal appears to have extended no more anteriorly than the 

10th or 11th maxillary alveolus. Posteriorly, the sutural articulation with the quadratojugal 

is unclear, though it is easily observed as a ‘V’-shaped contact on the ventral margin of 

the skull.  

In medial view, the jugal has an extensive contribution to the posteromedial 

aspect of the postorbital-jugal bar (Figure 4.4). A small foramen is present within the 

jugal just posterior to the bar, but the size of the medial jugal foramen cannot be 

determined. 

Quadratojugal 
The left quadratojugal is preserved as a thin, medial lamina; the suture between it 

and the jugal is visible just anterolateral to the posterior corner of the infratemporal 

fenestra and directed posterolaterally (Figure 4.3). The right quadratojugal is slightly 

visible on the edge of the lateral condyle of the right quadrate; the contact follows the 

angle of the quadrate before leveling out into a horizontal and highly interdigitating 

suture. A narrow process forms the posterior edge of the infratemporal fenestra and 

contacts the postorbital and quadrate at the dorsal angle of the infratemporal fenestra. The 
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presence of a quadratojugal spine is questionable; at most it would be small and, if 

present, remains covered in matrix. 

Quadrate 
Only the right quadrate is preserved completely. A small foramen aereum is 

located on the dorsal surface of the quadrate (Figure 4.3). Contact between the squamosal 

and parietal appears to prevent the quadrate from entering the temporal canal. 

Ventromedially, the attachment area for the posterior mandibular adductor musculature 

forms a modest crest, which is more prominent than that of Alligator mississippiensis of 

similar size (e.g., TMM M-12608). The lateral hemicondyle is larger than the medial 

hemicondyle. Details of the quadrate participation in the otic aperature and the foramen 

ovale are obscured by matrix. 

Pterygoid 
The robust pterygoids are roughly trapezoidal in ventral view, with their anterior 

width narrower than their posterior width. The pterygoids form the entire posterior 

margin of the suborbital fenestrae (Figure 4.4). Their sutural articulations with the 

palatines are linear medially and are anterior to the posterior edge of the suborbital 

fenestrae at their lateral extent.  

The pterygoids completely surround the choanae. The choanae project 

anteroventrally and have ‘raised’ posterior edges posteriorly because of a surrounding 

concavity. A deep notch bisects the posterior edge. The choanal septum is recessed 

within the choanae and is not visible in lateral view. 



 175 

Palatine 
In ventral view, the palatines of TMM 45911-1 are rounded and expanded 

anteriorly (Figure 4.4); this appears to be a unique feature of this specimen. The lateral 

edges of the palatines narrow posteriorly toward the midline, so that at the level of the 

anterior edge of the suborbital fenestrae the palatines are narrower than at their anterior 

margins. Small, pointed processes of the palatines project anterolaterally around the 

anterior margins of the suborbital fenestrae. Posteriorly, the palatines continue to narrow 

nearly to the palatine-pterygoid articulation. The posterior portions of the palatines are 

narrower than those of Alligator prenasalis (e.g., SDSM 243) or A. mississippiensis (e.g., 

TMM M-12608). The articulation with the pterygoids appears to be dorsoventrally deep 

and projects dorsally into the suborbital sinus. Additional preparation is needed to 

observe this more fully, but this area is not easily accessible with preparation tools. The 

lateral portion of the palatine-pterygoid suture has an anterior inflection and is not at the 

posterior margin of the suborbital fenestra. The palatine does not contact the 

ectopterygoid, but is separated from it by a medial projection of the maxilla (Figure 4.4). 

Ectopterygoid 
The dorsal process of the ectopterygoid has both an anterior and a posterior prong. 

The anterior prong articulates with the maxilla along the maxillary shelf and is excluded 

from the toothrow. That process forms the posterolateral margin of the suborbital 

fenestra. The posterior prong articulates with medial side of the body of the jugal and 

sends a narrow process dorsally on the postorbital bar to articulate with the postorbital on 

its medial surface. 
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 Medially, the ectopterygoid has a strong contact with the pterygoid but does not 

continue to the posterior edge of the pterygoid wing (Figure 4.4). In ventral view, the 

articulation with the pterygoid ‘steps in’ approximately halfway along the suture, so that 

the ectopterygoid-pterygoid contact has a small bend. 

Basioccipital 
The basioccipital forms the occipital condyle; the exoccipital pillars articulate on 

either side of a section of the dorsal surface of the basioccipital. The occipital condyle is 

small and slightly deflected ventrally; this could be caused by the torsion of the palate. A 

dorsoventrally-oriented crest is present between the basioccipital tubera, and a small 

foramen is present between the crest and the occipital condyle. The basioccipital tubera 

are wide, and bear elongated processes of the otoccipitals that nearly contribute to the 

tubera (Figure 4.6; see discussion below); similar processes are present in caimanines 

(Brochu, 1999; 2011). The medial eustachian canal opens ventrally between the 

basioccipital and the basisphenoid, and the lateral eustachian canals open dorsal to the 

medial canal. 

Basisphenoid 
There is limited visibility of the basisphenoid in either posterior or lateral views. 

A thin apron of the basisphenoid is exposed posteriorly, ventral to the basioccipital and 

appressed to the posterior surface of the pterygoids. In lateral view, the basisphenoid is 

exposed as a thin, ‘D’-shaped element between the quadrate and the otooccipital. 
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Otooccipital 
The otooccipitals contact each other on the midline ventral to the supraoccipital 

and prevent the supraoccipital from entering the dorsal border of the foramen magnum. 

The foramen magnum appears slightly compressed dorsoventrally. Two foramina for 

cranial nerve XII exit the right exoccipital, whereas only a single foramen for cranial 

nerve XII is observed in the left (Figure 4.4). Lateral to the foramen for cranial nerve XII, 

a wide and deep foramen vagi opens ventrally. A second foramen for cranial nerve XII 

may be present within the left foramen vagi. The distal ends of both paroccipital 

processes are broken and missing, and it is unclear what their posterolateral extent would 

be with respect to the squamosals. The entrance to the cranoquadrate canal is visible in 

posteroventral view below small flanges of the paroccipital processes. 

Long and slender descending processes of the otooccipitals are present on the 

lateral surfaces of both sides of the basioccipital and contribute to enlarged lateral tubera 

(Figure 4.6). Similar ventral extension of the otooccipitals is observed in Gavialoidea and 

in caimanines (Brochu, 1999), but the processes in TMM 45911-1 are not 

anteroposteriorly broad as they are in gavialoids. In caimanines, the processes descend to 

the basioccipital tubera, but they do not contribute to the tubera as they do in TMM 

45911-1. 

Laterosphenoid and Prootic 
Although matrix obscures most of the laterosphenoid, a portion of this element is 

visible on the right side. The capitate process articulates with the dorsomedial corner of 

the postorbital-jugal bar, and the dorsal portion of the laterosphenoid continues anteriorly 
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to contact the frontal within the orbital rim. A ventral process of the laterosphenoid forms 

the dorsal portion of a laterosphenoid bridge anterior to the foramen ovale (Figure 4.6). 

The prootic is completely obscured by matrix on the left side, and only a narrow portion 

of the right prootic is visible because of matrix. 

Possible Palpebral 
A single flat element is preserved in the right orbit (Figures 4.3, 4.5). This 

element is in the correct location to be a palpebral, and it appears to have a bony texture 

to its dorsal surface. However, it is unclear whether that texture is actually a thin lamina 

of the frontal exposed on a small pebble. 

PHYLOGENETIC ANALYSIS 
In order to assess the phylogenetic affinities of this new taxon among other 

members of Alligatoridae, I coded TMM 45911-1 into the morphological character-taxon 

matrix presented by Brochu (2011) for Necrosuchus ionensis. This matrix includes 181 

morphological characters (both osteological and soft-tissue) and 83 taxa. Of those 181 

characters, 165 were parsimony-informative in this analysis. In addition to including 

TMM 41911-1, I included a new taxon known from the Uinta Formation of Utah (Brochu 

and Snyder, 2010) that shares several character states with TMM 45911-1. Character 

states for TMM 45911-1 are listed in Appendix 4.1. TMM 45911-1 was coded for the 

cranial characters in this matrix only, and it had 43% missing data because of the lack of 

mandibular, postcranial, and soft tissue material. An additional 18% of the cranial 

characters in the matrix were either missing or uncertain for TMM 45911-1. 
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A maximum parsimony analysis of this matrix was executed in PAUP* 4.0b10 

(Swofford, 2002) using a heuristic search, with 1000 random addition (RA) replicates and 

tree bisection and reconnection (TBR) branch swapping. All multistate characters were 

analyzed as unordered, and all characters were equally weighted. The resultant consensus 

trees were rooted with Bernissartia fagesii. Analysis resulted in a set of 4788 most 

parsimonious trees (MPTs) of tree length 580, C.I. of 0.393 (0.383 without uninformative 

characters), R.I. of 0.817, and R.C. of 0.321 (Figures 4.7, 4.8). 

Relationships within this strict consensus are similar to those reported by Brochu 

(2011), with a monophyletic Globidonta and a monophyletic Caimaninae. I did not 

recover a monophyletic Alligatoridae to the exclusion of Brachychampsa, 

Strangerochampsa, and Albertochampsa, nor a monophyletic Alligatorinae including 

Allognathosuchus and Procaimanoidea. TMM 45911-1 is recovered within Alligatoridae 

as an early-branching caimanine (Figures 4.7, 4.8). The Uinta Basin taxon, on the other 

hand, is recovered as the sister taxon to Alligator in the strict consensus cladogram. 

DISCUSSION 
TMM 45911-1 represents a new alligatorid taxon (Stocker and Kirk, 2011; 

Stocker et al., 2012). My morphological phylogenetic analysis recovers TMM 45911-1 as 

a distinct taxon within Caimaninae, in a polytomy consisting of Eocaiman cavernensis 

and a clade consisting of all extant caimans, Tsoabichi greenriverensis, Mourasuchus, 

Purussaurus, Orthogenysuchus olseni, and Necrosuchus ionensis (Figures 4.7, 4.8). More 

specific phylogenetic relationships of TMM 45911-1 with respect to other caimanines 

included in this analysis currently are unresolved. The clade consisting of all extant 
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caimans, Tsoabichi greenriverensis, Mourasuchus, Purussaurus, Orthogenysuchus 

olseni, and Necrosuchus ionensis is supported by several character states not present in 

TMM 45911-1, including an ectopterygoid-pterygoid flexure that remains throughout 

ontogeny (116[1]), upturned dorsal edges of the orbits (137[1]), and dermal bones of the 

skull roof that overhang the rim of the supratemporal fenestra near maturity (152[1]). 

Comparisons between TMM 45911-1 and Necrosuchus are based on the quadrate and 

basioccipital, which are the only skull elements currently recognized for Necrosuchus. 

They share the dorsal position of the foramen aereum (177[1]) with Alligatoroidea. They 

share the dorsolateral position of the lateral eustachian foramina relative to the median 

eustachian foramen (175[0]). They share the presence of long descending processes of 

the exoccipital processes of the otooccipitals (176[2]) with Caimaninae, but TMM 45911-

1 differs from Necrosuchus in that those processes contribute to the basioccipital tubera 

in the new taxon.  

TMM 45911-1 and Eocaiman cavernensis share character states that are 

plesiomorphic for crown Caimaninae and Necrosuchus (Figures 4.7, 4.8). Those 

characters include the presence of a posterior process of the maxilla between the lacrimal 

and prefrontal (128[2]), orbital margins that are flush with the skull surface (137[0]), 

extension of the quadratojugal to the dorsal angle of the infratemporal fenestra (145[0]; 

shared with alligatorines), a concavoconvex frontal-parietal suture (151[0]; shared with 

Alligator mississippiensis), the lack of an overhang of the supratemporal fenestra by the 

dermal skull roof elements (152[0]), and small, rather than large, supraoccipital exposure 

on the skull table (160[0]). Preorbital crests are inferred in both Eocaiman and in TMM 
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45911-1. The dentary dentition is medial to the premaxillary and maxillary dentition in 

Eocaiman cavernensis, and this is inferred for TMM 45911-1 based on the occlusal pits 

preserved in the palate. Both taxa share approximately 14 maxillary teeth, though it is 

possible that there are only 13 in TMM 45911-1. The pterygoids form the entire posterior 

border of the suborbital foramina in both taxa. TMM 45911-1 can be differentiated from 

Eocaiman cavernensis because of the rounded shape of the expanded anterior margins of 

the palatines in TMM 45911-1, rather than the quadrangular anterior margins observed in 

Eocaiman cavernensis. 

TMM 45911-1 previously was hypothesized to have potential affinities with 

Alligatorinae (Stocker et al., 2012). That hypothesis partially was based on comparisons 

between TMM 45911-1 and a new Uintan alligatorine from the Uinta Basin of Utah 

(Brochu and Snyder, 2010). Both taxa have a relatively short rostrum and lack enlarged 

posterior maxillary teeth. However, enlarged posterior maxillary teeth are shared among 

all globidontans (Brochu, 1999). In both taxa the parietal and squamosal meet along the 

posterior wall of the supratemporal fenestra (155[2]), the quadrate foramen aerum is on 

the dorsal surface of the quadrate (177[1]), and the quadrate has a small medial 

hemicondyle and a dorsal notch for the foramen aerum (181[1]). TMM 45911-1 can be 

differentiated from the Uinta Basin taxon (Brochu and Snyder, 2010) by several 

characters. In the Uinta Basin taxon, the maxilla has a posterior process within the 

lacrimal (128[1]), but in TMM 45911-1 the maxilla has a posterior process between the 

lacrimal and the prefrontal (128[2]). The anterior margins of the palatines are rounded in 

TMM 45911-1. The caimanine synapomorphies observed in TMM 45911-1, including 
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extensive ventral processes from the exocciptial portions of the otoocciptials along the 

lateral edges of the basitubera, the anteroposteriorly trending ridge on the dorsal surface 

of rostrum, and the presence of the prominent, notched, descending lamina of the 

pterygoid posterior to the choana, further differentiate the two taxa. 

An additional feature that I previously used to infer affinities with Alligatorinae 

for TMM 45911-1 was the relative length of the prefrontal with respect to the lacrimal. 

My previous hypothesis that the prefrontal of TMM 45911-1 was anteroposteriorly 

longer than its lacrimal was influenced by the poor preservation of that area of the skull. 

In TMM 45911-1, the superficial portion of the prefrontal is missing, and inferences of its 

length were based on the matrix infilling of the original sutural anterior edge of the 

element. It is unclear whether the prefrontal of TMM 45911-1 would have been similar to 

that of alligatorine alligatorids (e.g., TMM M-12608), in which there is a ventral prong of 

the prefrontal that extends farther anteriorly than a superficial portion. If the prefrontal of 

TMM 45911-1 originally had a shorter superficial portion than its ventral portion, then 

the prefrontal likely was shorter than the lacrimal. That morphology would be in contrast 

to the longer prefrontal than the lacrimal in the Uinta Basin taxon and all alligatorines. 

However, I conservatively treated this character as missing data for TMM 45911-1 

because of the poor preservation in this area. 

Other crocodyliforms are known from lower in the Devil’s Graveyard Formation, 

including specimens identified as Pristichampsinae, Borealosuchus, and Globidonta (e.g., 

from the Whistler Squat local fauna; Busbey, 1986; Brochu, 2000), but no specimens of 

crocodyloids currently are known. Fragments of a left dentary and splenial (TMM 41576-
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7) and isolated teeth (TMM 42952-113) from the Whistler Squat local fauna had 

represented the “southernmost known occurrence of a blunt-toothed alligatoroid in the 

Tertiary of North America” (Brochu, 2000:9), and TMM 45911-1 represents a more 

complete globidontan taxon from this latitude in the Tertiary. Additional crocodyliform 

material from West Texas includes specimens (identified as Allognathosuchus, 

Pristichampsus, Alligatorinae, and Crocodylidae; Westgate, 1989) from the Casa Blanca 

local fauna (Laredo Formation) of the Texas Gulf Coastal Plain. That local fauna was 

hypothesized to be equivalent in age to the Ui3 biochron of the Uinta Basin and to the 

late Uintan of West Texas (Robinson et al., 2004; Gunnell et al., 2009; Westgate, 1989, 

2012). A partial skull table collected with the Casa Blanca local fauna was identified as 

an indeterminate alligatorine (TMM 42486-643; Westgate, 1989) and alternatively as a 

caimanine (Busbey, 1989), but its precise relationships were unclear because of the 

incompleteness of the specimen (Brochu, 2010). 

Prior to modern phylogenetic analyses, isolated teeth or fragmentary specimens of 

globidontan crocodyliforms historically were identified as Allognathosuchus, but this was 

a simplified view of the early evolutionary history of Alligatoridae (Brochu, 2004). That 

trend for some globidont crocodyliform teeth and jaw fragments to be identified as 

Allognathosuchus applied to some previously recognized specimens from West Texas 

(e.g., Westgate, 1989). The posterior maxillary teeth of TMM 45911-1 are nearly 

spherical and are bulbous. However, the morphology of those teeth in combination with 

other cranial characters allows a more accurate systematic assessment. In TMM 45911-1, 

the posterior maxillary alveoli are smaller than the third and fourth/fourth and fifth 
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maxillary alveoli, which is not the case in Allognathosuchus (e.g., Brochu, 2000, 2004). 

Based on more recent hypotheses of the evolution of the globidont morphology that 

indicate bulbous dentition is plesiomorphic for alligatorid taxa, fragmentary specimens 

with bulbous teeth are more conservatively assigned to Globidonta, rather than to a more 

exclusive taxon (Clark and Norell, 1992; Brochu 2000, 2004). 

The biogeographic distribution of extinct alligatorids is unclear (Xu and Huang, 

1984; Snyder, 2007). The available fossil evidence suggests that there was a much wider 

distribution of Alligatoridae in the Tertiary, with the extant distribution of Alligatoridae 

representing only a “relict of the early Tertiary radiation” (Sill, 1968:76). Estimates of the 

divergence time between Alligatorinae and Caimaninae are between 72 and 65 Ma based 

on molecular estimates of amino acid data (Roos et al., 2007), but the earliest confirmed 

skeletal records of alligatorids are known from the early Paleogene. Those Paleogene 

specimens already encompass a broad geographic distribution. The earliest confirmed 

specimen of an alligatorine is Navajosuchus novomexicanus, known from Paleocene of 

New Mexico (Mook, 1942; Brochu, 2004). Caimanines today occupy a geographic range 

that extends from southern Mexico to Buenos Aires Province in Argentina (~17ºN 

latitude to ~35ºS latitude), excluding introduced populations in Puerto Rico, Cuba, and 

the United States (Figure 4.9). However, their early Tertiary (Paleocene and Eocene) 

distribution was much broader (Simpson, 1933, 1937; Brochu, 1999, 2010, 2011). The 

earliest confirmed specimen of a caimanine currently is Necrosuchus ionensis from the 

Paleocene of Chubut Province, Argentina (Simpson, 1937; Brochu, 2011). In North 

America Orthogenysuchus olseni and Tsoabichi greenriverensis are both known from the 
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Wasatchian of Wyoming (Brochu, 1999, 2010), and other records of Tertiary alligatorids 

from southern California, Montana, Oregon, and Saskatchewan (Repenning and Veder, 

1961; Bryant, 1989; Hanson, 1996; Brochu, 2003, 2004; Thorbjarnarson and Wang, 

2010) require reevaluation for more specific identifications. Eocaiman cavernensis 

represents the earliest identifiable cranial material and is from the Casamayoran South 

American Land Mammal age (~54-38 Ma; Rose, 2006; Brochu, 2011). The Casamayoran 

previously was considered to be early Eocene (Simpson, 1933) but later was divided into 

an older Vacan and younger Barrancan subage (Cifelli, 1985). Recently the Barrancan 

was redated at approximately 36 Ma (Kay et al., 1999), or spanning 41.7-39.0 Ma (Dunn 

et al., 2012), firmly within the Late Eocene. Those dates are younger than the age of the 

Whistler Squat tuff (~45 Ma; Campisano, pers. comm., 2013) within the Devil’s 

Graveyard Formation, which is at least 60 m below the stratigraphic level from which 

TMM 45911-1 is derived. Thus, the ages of TMM 45911-1 and Eocaiman cavernensis 

could be much more equivalent. Though there are older records of caimanines in both 

North and South America, no younger records currently are known for the Paleogene of 

North America. Therefore, TMM 45911-1 represents the youngest confirmed North 

American caimanine currently known from the Paleogene. 

Southern shifts in geographic ranges were proposed for multiple taxa (e.g., 

Chelydridae, Dermatemyidae, Boinae, Primates, Strisores; Matthew, 1939; Estes, 1970; 

Estes and Hutchison, 1980; Markwick, 1998; Holman, 2000; Williams and Kirk, 2008; 

Kirk and Williams, 2011; Nesbitt et al., 2011b). Those hypothesized shifts supported the 

idea that changes in the climatic conditions in the central Rocky Mountains from warm 



 186 

and humid forests to cooler and seasonally drier forests through the Eocene caused taxa 

to take refuge in the warm and humid environment that was interpreted for southern 

North America later in the Eocene. Paleoclimatic reconstructions for the Paleocene-

Eocene Thermal Maximum (PETM) in the Bighorn Basin placed the mean annual 

temperature (MAT) at ~55 Ma at approximately 20ºC using leaf margin analysis as the 

proxy (Wing et al., 2005). Other estimates derived from carbonate clumped isotope 

thermometry of paleosol carbonates estimated the MAT in the Bighorn Basin much 

higher at ~38ºC at the Paleocene-Eocene boundary (Snell et al., 2013). The Early Eocene 

Climatic Optimum (EECO) comprised the warmest interval, with the highest atmospheric 

carbon dioxide estimates for the entire Eocene (Zachos, et al., 2001). A substantially 

cooler MAT was estimated at ~15ºC later at the Eocene-Oligocene boundary in the 

northern Great Plains (Zanazzi et al., 2007).  

MAT estimations for the early middle Eocene of Texas, based on stable isotope 

profiles of shallow water gastropods, were 27º-28ºC with a seasonal range of 8º-9ºC 

(Andreasson and Schmitz, 2000). The middle and late Eocene conditions in West Texas 

were inferred to be a continuation of warm and humid climates based on the reported 

occurrence of Nypa palm seeds from the Casa Blanca local fauna (Westgate and Gee, 

1990) and the known occurrence of primate taxa (Williams and Kirk, 2008; Kirk and 

Williams, 2011). Both primates and Nypa palms have tropical distributions today, and a 

tropical paleoecology was inferred for their Eocene representatives. 

The observed distribution of fossils of Caimaninae could be interpreted as a 

pattern of range contraction for the clade as it tracked higher temperatures and humidity 
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that exist today in the Amazon Basin and southern Central America (e.g., Sill, 1968; 

Steel, 1973; Brochu, 1999, 2003, 2011). In North America, that would result in the 

interpreted extirpation of caimanine alligatorids from pre-Uintan crocodylian faunal 

assemblages leading to taxonomically depauperate Chadronian faunal assemblages in 

North America, in which the only known crocodyliform is Alligator prenasalis. 

However, this could be an overinterpretation using a poor fossil record (Brochu, 2010, 

2011), and recovery of specimens of caimanines from the Paleogene of Central America 

and additional specimens from the Paleogene of South America would add important 

biogeographic data to this issue. The new record from the late Uintan-Duchesnean 

portion of the Devil’s Graveyard Formation begins to bridge that crucial chronologic and 

geographic gap between the North American records in the early Eocene and the modern, 

South American distribution of caimanines. 
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FIGURES 

 
 
 
 
 
Figure 4.1. Map of West Texas, USA, showing relative positions of TMM 45911, 
type locality of TMM 45911-1 and Lake Casa Blanca. Detailed map of area 
surrounding the Dalquest Desert Research Site, including Big Bend National Park and 
Big Bend Ranch State Park. Star indicates the approximate geographic provenance of 
TMM 45911-1. 
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Figure 4.2. Stratigraphic column of the Devil’s Graveyard Formation in the 
Dalquest Desert Research Site. TMM 45911-1 was collected from a sandy 
conglomerate within the unnamed middle member of the Devil’s Graveyard Formation, 
above the Purple Bench beds and below the Skyline Channel sandstones. Approximate 
stratigraphic provenance of TMM 45911-1 indicated by black line and open star. ‘B’ 
indicates the Whister Squat locality, and ‘F’ indicates the Purple Bench locality. 
Modified from Wilson (1986). 
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Figure 4.3. TMM 45911-1, new caimanine. A. Skull in dorsal view. B. Interpretive line 
drawing. Grey areas indicate matrix. Abbreviations: a., alveoli; fr, frontal; ITF, 
infratemporal fenestra; ju, jugal; la, lacrimal; m., matrix; OR, orbit; pa, parietal; palp, 
possible palpebral; pmx, premaxilla; po, postorbital; prf, prefrontal; qj, quadratojugal; qu, 
quadrate; so, supraoccipital; sq, squamosal; STF, supratemporal fenestra; t., tooth. Scale 
bar equals 5 cm. 
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Figure 4.4. TMM 45911-1, new caimanine. A. Skull in ventral view. B. Interpretive line 
drawing. Grey areas indicate matrix. Abbreviations: a., alveoli; bo, basioccipital; bs, 
basisphenoid; CH, choana; ect, ectopterygoid; ITF, infratemporal fenestra; ju, jugal; la, 
lacrimal; m., matrix; op, opisthotic; pal, palatine; pmx, premaxilla; po, postorbital; pt, 
pterygoid; qj, quadratojugal; qu, quadrate; so, supraoccipital; SOF, suborbital fenestra; 
sq, squamosal; t., tooth; XII, Cranial Nerve XII. Scale bar equals 5 cm. 
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Figure 4.5. TMM 45911-1, new caimanine. A. Skull in right lateral view. B. 
Interpretive line drawing. Grey areas indicate matrix. Abbreviations: a., alveoli; fr, 
frontal; ITF, infratemporal fenestra; ju, jugal; la, lacrimal; m., matrix; OR, orbit; pa, 
parietal; palp, possible palpebral; pmx, premaxilla; po, postorbital; prf, prefrontal; qj, 
quadratojugal; qu, quadrate; so, supraoccipital; sq, squamosal; STF, supratemporal 
fenestra; t., tooth. Scale bar equals 5 cm. 
 
 



 194 

 

 

 

 

Figure 4.6. TMM 45911-1, new caimanine. Skull in right posterolateral view to show 
the ventrally-extending processes of the exoccipital processes of the otooccipitals 
contributing to the basitubera (as indicated by arrow). 
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Figure 4.7. Strict consensus tree for analysis including TMM 45911-1 based on the 
matrix of Brochu (2011) for Necrosuchus. TMM 45911-1 (in bold) is nested within 
Caimaninae, in a polytomy with Eocaiman cavernensis and a group containing all extant 
caimanines. 
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Figure 4.8. Strict consensus tree depicting relationships within Alligatoroidea. 
Alligatoroidea, Globidonta, and Caimaninae are labeled. 
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Figure 4.9. Reconstructions of continental arrangements in the Western Hemisphere 
depicting known Caimanine distribution through time. A. Late Paleocene-Early 
Eocene. Gray star and gray oval represent Tsoabichi greenriverensis and 
Orthogenysuchus olseni from the Wasatchian of Wyoming, USA, and gray polygon 
represents Necrosuchus ionensis from the Paleocene of Chubut Province, Argentina. B. 
Late Eocene-Early Oligocene. Black star represents TMM 45911-1 from the late Uintan-
Duchesnean of West Texas, USA, and black polygon represents Eocaiman cavernensis 
from the Barrancan (Casamayoran) of Chubut Province, Argentina. C. Present day. Gray 
area indicates current distribution of Caimaninae. 
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Chapter 5: The First Amphisbaenians from Texas with Notes on Other 

Squamates from the Middle Eocene Purple Bench Beds 

 

 

 

 

ABSTRACT 
The shift to a cooler and drier climate through the Paleogene is historically 

interpreted to be the driver for changes in diversity and biogeographic distributions 

among the mammalian taxa during the Eocene, but impacts of climate change on the 

reptiles has not received much attention. Here I describe the herpetofauna from the 

Devil’s Graveyard Formation of West Texas, the southernmost, well-sampled Middle 

Eocene basin in North America. I assess the diversity and review the biogeographic 

distribution of each clade in the Middle Eocene. New specimens are derived from the 

Purple Bench locality, which is included in the Serendipity local fauna from West Texas 

and correlated with the Ui3 biochron of the late Uintan North American Land Mammal 

“Age” (NALMA). Among the newly sampled specimens are the first amphisbaenians 

from Texas. This is significant because no amphisbaenian fossils previously were known 

from Texas. Other squamates that I recognize in the Purple Bench herpetofauna include 

glyptosaurine anguimorphs and alethinophidian snakes. This is the first documentation of 

these taxa from West Texas, and these occurrences constitute biogeographic range 
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extensions for those clades. The previous documentation of the Devil’s Graveyard 

Formation focused on the mammalian fossils for biochronologic correlations, but that 

focus resulted in a pattern of marginalization of the reptilian taxa. The amphisbaenian 

fossils preserve a fossorial ecomorphology, which was previously unrepresented in the 

Purple Bench assemblage. The geographic and temporal context of the Texas 

amphisbaenians provide new data for understanding the paleodistribution of Rhineuridae. 

The documentation of the amphisbaenians and other squamates now permits more 

rigorous faunal assemblage reconstructions and comparisons that include both 

endothermic and ectothermic vertebrate groups. Those expanded data provide a basis for 

more thorough evaluation of links between diversity, biogeography, and climatic 

fluctuations in the Cenozoic. 

INTRODUCTION 
Historical collecting efforts in the Middle Eocene Devil’s Graveyard Formation of 

West Texas (Stevens et al., 1984) were focused on recovering mammalian fossils to 

facilitate biostratigraphic and biochronologic correlations of those assemblages with 

other Eocene faunas in the region and across North America (e.g., Wilson, 1977). Those 

mammalian fossils supported correlations of the Devil’s Graveyard Formation with the 

late Bridgerian to Duchesnean North American Land Mammal “Ages” (NALMAs). The 

age of the Devil’s Graveyard Formation spans the time of dramatic cooling that occurred 

after the peak in warm and humid conditions in the Wasatchian and Bridgerian (e.g., 

Evanoff et al., 1992; Zachos et al., 2001, 2008; Zanazzi et al., 2007; Woodburne et al., 

2009). Major changes in the composition of the marine and terrestrial biota are observed 
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to be associated with the abrupt cooling at that time (e.g., Berggren and Prothero, 1992; 

Stucky, 1992; Williams and Kirk, 2008). During the Eocene, the general trend in North 

American terrestrial vertebrates was a decrease in the number of cosmopolitan, forest-

dwelling taxa, a contraction of the ranges of higher-level clades, and an increase in 

regionally endemic taxa (e.g., Berggren and Prothero, 1992; Robinson et al., 2004).  

Southern fossil assemblages from the Paleogene of North America, such as those 

from the late Uintan of West Texas, can provide key data for addressing the issue of 

squamate diversity and biogeographic distributional changes with respect to other Eocene 

assemblages from more northern latitudes. Multiple localities within the Devil’s 

Graveyard Formation preserve a rich mammalian fossil record, including specimens of 

rodents, oreodonts, titanotheres, perissodactyls, and omomyiform and adapiform primates 

(e.g., Wilson, 1977, 1986; Runkel, 1988; Williams and Kirk, 2008; Stocker and Kirk, 

2011a, 2011b; Stocker et al., 2012). Fossils representing the herpetofauna were collected, 

although they were not described or included in the systematic paleontology for the 

localities (e.g., Runkel, 1988). Only some of the crocodylian specimens were described 

(Busbey, 1986; Brochu, 2000; Stocker et al., 2012), but the West Texas squamate 

material was never fully identified or integrated into a comprehensive assessment of the 

local faunas. 

The Paleogene fossil record of terrestrial amphisbaenians in North America 

primarily is derived from specimens known from the north-central plains and Rocky 

Mountain regions (e.g., Berman, 1973, 1976, 1977; Hutchison, 1992; Williamson and 

Lucas, 1993; Kearney, 2003; Hembree, 2007; Smith, 2006, 2009, 2011), and from 
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California (e.g., Brattstrom, 1958; Walsh and Estes, 1985) and Baja California (e.g., 

Novacek et al., 1987). Previous hypotheses about the Paleogene herpetofauna proposed 

that changes to the latitudinal ranges of species (e.g., Matthew, 1939; Smith, 2011) were 

correlated with the decrease in temperature and increase in aridity through the Eocene 

and into the Oligocene (Hutchison, 1992; Smith, 2006, 2011). Other work restricted to 

the northern plains and Rocky Mountains focused on the diversity and biogeographic 

distributions of squamates, the results of which indicated either an extinction or 

geographic restriction as a response to the climatic changes at the Eocene-Oligocene 

boundary (Smith, 2006, 2009, 2011). Those hypotheses did not directly incorporate 

amphisbaenians, though Berman (1973) recognized that changes in the geographic 

distribution of Rhineuridae from the Tertiary to the extant may not be as extreme as had 

been proposed. 

Here I provide morphological descriptions of a new taxon of amphisbaenian that 

is based on the first fossils of that clade known from Texas. I provide preliminary 

descriptions and identifications for other squamate fossils recovered from the Purple 

Bench locality in the Devil’s Graveyard Formation, including specimens identified as 

glyptosaurine anguimorphs and alethinophidian snakes. These new descriptions 

complement the already well-known mammalian fauna and provide a more 

comprehensive documentation of the Purple Bench faunal assemblage. 

INSTITUTIONAL ABBREVIATIONS 
TMM, Vertebrate Paleontology Laboratory, Texas Natural Science Center, 

Austin, Texas. 
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GEOGRAPHIC AND GEOLOGIC SETTING 
All fossils described herein were found in the Devil’s Graveyard badlands of the 

Dalquest Desert Research Site (the Agua Fria-Green Valley area of Wilson [1986]) in the 

Trans-Pecos region of Texas (Figure 5.1). The specimens were collected from the Purple 

Bench locality (TMM 41672) within the unnamed middle member of the mostly 

fluvially-deposited, volcaniclastic Devil’s Graveyard Formation (Figure 5.2; Stevens et 

al., 1984). Multiple fossil specimens are known from localities throughout the Devil’s 

Graveyard Formation (e.g., Wilson, 1984; Wilson et al., 1968), but most of the recently 

collected specimens are from exposures of the Purple Bench beds in the middle member 

(e.g., Williams and Kirk, 2008; Stocker and Kirk, 2011a, 2011b; Stocker et al., 2012). 

Detailed provenance data for these specimens are on file at the Vertebrate Paleontology 

Laboratory of the Texas Natural Science Center (TMM), The University of Texas at 

Austin. 

The ages of the fossiliferous localities within the Devil’s Graveyard Formation 

are informed by mammalian biochronology, paleomagnetic data, and radiometric dating 

(e.g., Robinson et al., 2004). Several local faunas (Whistler Squat, Serendipity, and 

Skyline) were used to establish a relative age relationship within the Devil’s Graveyard 

Formation using mammalian biochronology (Wilson, 1986). The known occurrences of 

Epihippus uintensis, Protoreodon petersoni, and Protoreodon pumilus indicated that the 

Whistler Squat local fauna and the stratigraphically higher Serendipity local fauna, which 

includes the Purple Bench locality are Uintan in age (e.g., Wilson et al., 1968; Williams 

and Kirk, 2008; Robinson et al., 2004). The Serendipity local fauna specifically is late 
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Uintan (Ui3; Robinson et al., 2004; Gunnell et al., 2009). The Skyline local fauna is 

stratigraphically higher than the Serendipity local fauna and was assigned a Duchesnean 

age based on the presence of Hyaenodon and Duchesneodus (Wilson, 1984). 

Magnetostratigraphic data are unresolved for the Serendipity local fauna (Walton, 1992; 

Prothero, 1996; Williams and Kirk, 2008). Paleomagnetic data were used to indicate 

deposition of the lower and middle members of the Devil’s Graveyard Formation during 

Chrons C20R and C20N by Walton (1992), based on the marine polarity timescale of 

Berggren et al. (1992). Revisions to that timescale and modified correlations by Prothero 

(1996) indicated deposition during Chron C19R-C18R (Prothero, 1996; Williams and 

Kirk, 2008). Using the range of C19R-C18R, the lower and middle members of the 

Devil’s Graveyard Formation would be between ~42-38 Ma (Walker et al., 2012). 

Numerical ages for the Devil’s Graveyard Formation were estimated based on K/Ar and 

Ar/Ar dating of basalts and tuffs (e.g., Henry et al., 1986, 1994; Campisano, pers. comm., 

2013). The Ash Springs Basalt was interpreted to be present in the Devil’s Graveyard 

Formation, and the unit was estimated to have a K/Ar age of 43.9±0.9 Ma (Robinson et 

al., 2004). However, the Ash Springs Basalt only crops out in the Chisos Formation of 

Big Bend National Park and not in the Devil’s Graveyard Formation (Campisano, pers. 

comm., 2013). New, unpublished age estimations for the Whistler Squat locality 

constrain it to ~45 Ma (Campisano, pers. comm., 2013). That implies a maximum age of 

~45 Ma for the Purple Bench beds, which are approximately 60 meters above the 

Whistler Squat locality. The age of the Purple Bench locality currently is constrained to 

the late Uintan (Ui3; Robinson et al., 2004; Gunnell et al., 2009). The absolute age of the 
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Purple Bench locality currently is unknown, but is no older than ~45 Ma and no younger 

than the estimated Duchesnean-Chadronian boundary age of ~37 Ma (based on the age of 

the Skyline local fauna; Robinson et al., 2004). 

MATERIALS AND METHODS 

Collection and Preparation 
All specimens included in this study were derived from surface exposures of the 

Purple Bench locality and were surface collected during multiple field expeditions. The 

Purple Bench locality crops out in multiple local, though disjunct, geographic areas, and 

the vertebrate skeletal materials were collected and sorted according to those 

sublocalities. Nearly all of the fossils are preserved in volcanic nodules and require 

additional preparation. Mechanical preparation by pinvise and pneumatic tool (HW-1 

airscribe or Microjack #4) removed the encrustation on the outer surfaces of the elements 

in all places where stability of the fossil was not compromised. 

PHYLOGENETIC ANALYSIS 
I explored the systematic relationships of my new amphisbaenian material using a 

modified version of the morphological character-taxon matrix published by Kearney 

(2003). That matrix was compiled specifically for understanding the systematic 

relationships within Amphisbaenia, and she included multiple squamate taxa as possible 

outgroups because of the uncertain systematic affinities of Amphisbaenia within 

Squamata (e.g., Kearney, 2003; Conrad, 2008; Müller et al., 2011; Gauthier et al., 2012). 
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I focused the taxonomic sampling to members of Amphisbaenia and used Dibamus as my 

outgroup taxon.  

I used TMM 41672-246 as a representative Operational Taxonomic Unit (OTU) 

from the Purple Bench locality because that specimen has one of the best preserved 

dorsal and lateral cranial morphologies of those amphisbaenian specimens.  

Morphological differences exist among the specimens, but determining the systematic 

utility of those differences and whether more than one amphisbaenian taxon is present in 

the Purple Bench locality requires reevaluation of the original character states used by 

Kearney (2003). Because those morphological differences currently appear minimal, they 

are noted in the following description but not incorporated into the phylogenetic analysis. 

My modified matrix includes 48 taxa and 162 morphological characters, which include 

both cranial and postcranial characters as well as osteological and soft-tissue characters. 

TMM 41672-246 was coded for only cranial and mandibular characters because no 

postcranial elements were directly associated with this specimen. Character states for 

TMM 41672-246 are listed in Appendix 5.1. There are isolated vertebrae from the Purple 

Bench locality that I identify as amphisbaenian (see below), but they were not associated 

with TMM 41672-246.  

 A maximum parsimony analysis of the modified matrix was conducted in PAUP* 

4.0b10 (Swofford, 2002). Parsimony settings were set to collapse zero-length branches if 

minimum branch length was zero (“amb-”). Search parameters included heuristic search, 

1000 random addition (RA) replicates, and tree-bisection-reconnection (TBR) branch 

swapping. All multistate characters were unordered, all characters were equally weighted, 
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and multistate taxa were treated as polymorphisms, as in Kearney’s (2003) analysis. 

Trees were rooted with Dibamus argenteus. In addition to deletion of all non-

amphisbaenian taxa with the exception of Dibamus argenteus, the amphisbaenians 

Crythiosaurus, Lestophis, Lophocranium, Rhineura amblyceps, Rhineura hibbardi, 

Rhineura hatcheri, and Rhineura wilsoni were also deleted following Kearney’s (2003) 

determination that they were taxonomic equivalents. 

RESULTS OF PHYLOGENETIC ANALYSIS 
My analysis resulted in 117 most parsimonious trees (MPTs) of tree length (TL) 

241, C.I. of 0.697, R.I. of 0.893, and R.C. of 0.623. I recover a monophyletic Bipedidae, 

Trogonophidae, Amphisbaenidae, and Rhineuridae, as shown in the strict and Adams 

consensus cladograms (Figures 5.3, 5.4). Relationships among the rhineurids are 

generally similar to those reported by Kearney (2003). In the strict consensus (Figure 

5.3), I recover an unresolved clade consisting of Spathorhynchus, Dyticonastis, Ototriton, 

Hyporhina, and TMM 41672-246. In the Adams consensus (Figure 5.4), I recover a 

sister-taxon relationship between Spathorhynchus and Dyticonastis, and I recover TMM 

41672-246 within Rhineuridae, in a polytomy consisting of a Dyticonastis-

Spathorhynchus clade and an Ototriton-Hyporhina clade. 

SYSTEMATIC PALEONTOLOGY 

 
Squamata Oppel, 1811 sensu Merrem, 1820 

Amphisbaenia Gray, 1844 

Rhineuroidea Vanzolini, 1951 
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Rhineuridae Vanzolini, 1951 

New Taxon 

Figures 5.5–5.9 

Holotype: TMM 41672-246, partial skull and articulated left mandible missing 

anterior portion of the premaxilla, right maxilla, right circumorbital elements, and right 

side of the occipital condyle. 

Referred specimens: TMM 41672-243, skull with left and right mandibles; 

TMM 41672-244, partial skull with partial left mandible; TMM 41672-245, partial skull 

with left mandible; TMM 41672-247, partial skull; TMM 41672-249, partial skull; TMM 

41672-250, partial skull; TMM 41672-251, premaxilla or partial braincase. 

Diagnosis: Autapomorphies of this new taxon include the presence of a jugal that 

articulates with the parietal at the posterodorsal corner of the orbit, an extremely short 

retroarticular process, and preorbital to postorbital skull lengths that are nearly equal. 

This new taxon also preserves the following combination of characters. It shares with 

Rhineuroidea the presence of a strong craniofacial angle and an enlarged ‘U’-shaped 

occipital condyle (Kearney, 2003). It shares with Rhineuridae the presence of nares that 

are open ventrally, a low tooth count, and the presence of a pterygoid-vomer contact. It 

shares with Dyticonastis, Spathorhynchus, and Hyporhina the presence of a jugal 

enclosing the orbit posteriorly. It shares with Spathorhynchus an unforked posteromedial 

process of the premaxilla. 
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Occurrence: Purple Bench locality (TMM 41672), unnamed middle member, 

Devil’s Graveyard Formation, late Uintan (Ui3), Middle Eocene, Brewster County, 

Texas. 

MORPHOLOGICAL DESCRIPTION 
My description mainly focuses on TMM 41672-246 because I included that 

specimen in my phylogenetic analysis. For regions of the skull that are not well preserved 

in TMM 41672-246, I discuss the morphology in one of the referred specimens instead. 

Some morphological differences do exist among these eight currently recognized 

amphisbaenian specimens, but the relationship between osteological morphology and 

intra- versus interspecific variation is not understood for amphisbaenians. I discuss those 

morphological differences I do observe in the following description. 

The holotype skull (TMM 41672-246) is mostly complete, but the anterior and 

right lateral portions of the skull are damaged (Figure 5.5). An accurate anteroposterior 

length of the skull cannot be determined because the anterior portion of the premaxilla is 

missing. What is preserved measures approximately 12.3 mm anteroposteriorly along the 

midline of the skull from the partial premaxilla to the occipital condyle. As preserved, the 

preorbital and postorbital lengths are nearly equal, whereas the postorbital length is much 

longer than the preorbital length of the skull in Spathorhynchus (Berman, 1973). There is 

a strong craniofacial angle between the preorbital rostral segment and the postorbital 

occipital segment of the skull, which is diagnostic for Rhineuroidea (Kearney, 2003). 

This results in the snout being depressed relative to the neurocranium. The snout is 

prognathous. 
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The azygous premaxilla is missing its anterior portion with the dorsal foramina, 

and all that remains of that element is the unforked posteromedial process (Figure 5.6). 

That process is narrow and separates the nasals at least in the inner portions of the 

contacts of these elements, and the process does not contact the frontals. The extent of the 

premaxilla, with respect to the formation of a spatulate anterior process (Kearney, 2003: 

character 30), cannot be determined for TMM 41672-246 because the anteriormost edge 

is broken. This area is preserved better in TMM 41672-247, and the premaxilla appears 

prognathous but not spatulate. Kearney (2003) coded this feature as present for both 

Spathorhynchus and Dyticonastis; however, Berman’s (1973, 1976, 1977) images for 

each of those taxa do not show a premaxillary morphology similar to that shown by 

Kearney (2003) for Listromycter. Because of the incomplete preservation of this area in 

all currently known specimens from the Purple Bench locality and the need to clarify the 

meaning of a ‘spatulate process’ of the premaxilla, I coded this character as ‘?’ for TMM 

41672-246. 

The anterodorsal portions of most of both nasals are missing in TMM 41672-246 

so that the nasal passages are visible in anterior and dorsal view (Figure 5.6). There are 

small foramina preserved in the posterolateral corners of the nasals, and these may have 

been present over more of the dorsal surface of the nasals. The nares are oriented so that 

they open ventrally. A straight suture, oriented posterodorsally, marks the contact 

between the lateral edges of the nasals and the maxillae with the anterolateral corners of 

the frontals. The contact between the nasals and the frontals trends in a roughly 

horizontal plane. 
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The maxilla is a roughly triangular element in lateral view (Figure 5.5). The 

external surface of this element is perforated by several foramina that are roughly parallel 

to the ventral margin of the maxilla, and there is a deep overhang of the lateral edge of 

the maxilla lateral to the toothrow. Along its dorsal margin, the maxilla contacts the 

frontal in a straight suture and excludes the nasal from contacting the element interpreted 

as a potential prefrontal (see below). The type of contact with the prefrontal is unclear 

because of damage in this area of the skull. The posteroventral process of the maxilla 

forms the anteroventral margin of the orbit, and the posterior corner of this process 

laterally overlaps an anterior process of the jugal. Five pleurodont maxillary teeth are 

present, though there could be a sixth, and they are straight (Figure 5.5). The lacrimal 

appears to be absent. 

The most distinctive feature of the Purple Bench amphisbaenians, exemplified by 

TMM 41672-246, is the presence of an enclosed orbit (Figure 5.5). This feature also is 

reported in Dyticonastis, Spathorhynchus, and Hyporhina (Berman, 1973, 1976, 1977; 

Kearney, 2003). The posterior margin of the orbit is formed entirely by a complete jugal, 

which is slender and rounded in TMM 41672-246. The ventral portion of the jugal is 

rounded ventrally and slightly expanded in width relative to the dorsal process of the 

jugal. The rod-like dorsal process of the jugal articulates with the anterolateral corner of 

the parietal, just posterior to the frontal. There appears to be a postfrontal in TMM 

41672-246 (Figure 5.5). A postfrontal previously was known for Spathorhynchus, 

Dyticonastis, Hyporhina, and Ototriton (Kearney, 2003). A prefrontal also may be 

present in TMM 41672-246. However, slight damage just dorsal to the orbit in TMM 
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41672-246 prohibits definitive knowledge of whether both a prefrontal and postfrontal 

were present in that specimen or whether the potential prefrontal is actually a 

posterodorsal process of the maxilla. None of the other specimens from the Purple Bench 

locality preserve this region of the skull. 

The unfused frontals possess a nearly straight interfrontal suture that trends along 

the midline (Figure 5.5). The dorsal surfaces of the frontals are punctured by multiple 

foramina. These foramina are concentrated in the posterior halves of the frontals in TMM 

41672-246, but they more evenly cover the frontal surfaces in TMM 41672-245 (Figure 

5.7). Similar foramina were reported for Rhineura hatcheri (Kearney et al., 2005), and 

they were hypothesized to communicate with the cutaneous sensory branches of CN V. 

The frontal-parietal suture is ‘W’-shaped in dorsal view (Figure 5.5). The posterior 

portions of the frontals are separated by an anterior process of the parietal. In TMM 

41672-246 the anterior process of the parietal is small and triangular, but in TMM 41672-

245 that process is larger and divides the frontals nearly to their midpoints (Figure 5.7A). 

The parietal is a single, fused element with no parietal foramen (Figure 5.7). A 

sagittal crest is present along the anteroposterior midline of the element. Anterodorsally, 

the parietal contributes to the deflected facial portion of the skull, so that the anteriormost 

portion of the parietal is on the facial plane of the skull (Figure 5.5). There appears to be 

a small anterolateral process of the parietal along the canthus rostralis, but this feature 

differs from that observed by Berman (1973) for Spathorhynchus fossorium in which the 

process is wedged between the prefrontal and postfrontal. The lateral braincase wall 

partially is closed by downgrowths of the parietals and partially by what are interpreted to 
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be anterior extensions of the prootics (Fig. 5.5). The parietal is contacted along its entire 

posterior margin by the supraoccipital. 

The palate is exposed only partially in TMM 41672-246 because the left mandible 

is in articulation. The palate appears to be in tight connection to the ventral surface of the 

braincase. Neither the palatine nor the pterygoid appear to have teeth. The cultriform 

process of the parabasisphenoid is extremely elongated and contacts the vomers 

anteriorly, separating their posterior processes and also separating the palatines. Near 

their anterior extent, the vomers of TMM 41672-244 and TMM 41672-249 each have a 

single foramen penetrating their ventral surfaces (Figure 5.8). The lateral edges of the 

vomers are concave approximately halfway along their anteroposterior length, and the 

posterior processes of the vomers taper to points. There does not appear to be a suborbital 

fenestra, and basipterygoid processes are absent as well. 

The posterior portion of the skull is damaged in TMM 41672-246. The large 

occipital condyle is ‘U’-shaped in posterior view in each specimen (Figure 5.9). The 

exoccipitals do not meet on the midline in TMM 41672-246. Based on examination of 

TMM 41672-243, the exoccipitals do not appear to contribute to the condyle, they do not 

meet on the midline, and the supraoccipital forms the dorsal border of the foramen 

magnum. The occipital condyle is elevated strongly and enlarged so that the foramen 

magnum opens dorsally. The supraoccipital is rounded smoothly along its posterior edge. 

In ventral view, the dentary is gently curved along its length (Figure 5.8). The 

dentary tooth count of TMM 41672-246 is between five and nine teeth; other specimens 

that preserve the mandible (TMM 41672-243, TMM 41672-244, and TMM 41672-245) 
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are incomplete or require additional preparation to get an accurate tooth count. TMM 

41672-245 had at least four dentary teeth. The dentary does not possess a coronoid 

process, an absence also noted for other extinct rhineurids (Kearney, 2003). However, 

there is a dentary process of the coronoid that contacts the dorsolateral surface of the 

dentary (Figure 5.5). The coronoid is a dorsoventrally tall element in TMM 41672-246. 

The dorsal margin is not sharply angled as in Spathorhynchus (Berman, 1973, 1977) and 

is more similar to the more rounded dorsal margin in Dyticonastis (Berman, 1976). As 

preserved in TMM 41672-246, the anterior portion of the coronoid is medial to the jugal. 

This position could be the result of a slight anterior displacement of the coronoid. The 

postdentary compound bone appears to be anteroposteriorly short (Figure 5.5). The 

articular glenoid for the reception of the quadrate is oriented posteriorly, indicating that 

the quadrate may have been oriented horizontally as well. A short retroarticular process 

appears to be present along the ventral margin of the skull, but that area is poorly 

preserved. 

I attribute several isolated vertebrae to Amphisbaenia (e.g., TMM 41672-254, 

TMM 41672-261; Figure 5.10). The dorsal surfaces of the nearly flat neural arches are 

striated as in Hyporhina, Spathorhynchus, and Dyticonastis, and this may be a shared 

feature of rhineurids (Berman, 1972, 1973, 1976). The transverse processes are 

mediolaterally wide, and there is an anteroposterior connection between the 

prezygapophyses and the postzygapophyses. 
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OTHER SQUAMATE MATERIAL FROM PURPLE BENCH 
Multiple specimens were collected from Purple Bench that can be identified as 

Squamata based on morphological characteristics outlined by Estes (1983), Kearney 

(2003), Conrad (2008), Evans (2008), and Gauthier et al. (2012). More exclusive levels 

of identification than what I list currently are not possible for two main reasons. The first 

difficulty with identification is caused by the preservation of the specimens. The bone is 

more delicate than the matrix, which had to be left on some specimens for stability. The 

second issue is with the process of identification. In some cases, the possible taxonomic 

identifications of squamate specimens initially are narrowed by the known geographic or 

chronologic data for possible taxa. Rather than use those ancillary data, I strictly use the 

morphology of the specimens and the distribution of those character states among known 

taxa for the identification of these squamate specimens from Purple Bench. 

 

Anguimorpha Fürbringer, 1900 

Anguidae Gray, 1825 

Glyptosaurinae McDowell and Bogert, 1954 

Figures 5.11, 5.12 

Two large premaxillae (TMM 41672-256 and TMM 41672-257) are essentially 

identical and represent glyptosaurine anguimorphs (Figure 5.11). Both of these 

premaxillae are large and unpaired. In dorsal view, TMM 41672-256 preserves several 

large foramina in the anterolateral portions of the element. TMM 41672-257 preserves 

osteoderms articulated to its dorsal surface. Those osteoderms are small, either four- or 
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five-sided, and bear small tubercles arranged in a generally concentric pattern. In lateral 

view, a small facet for the articulation with the maxilla is present at the anteroventral 

corner of the naris; this articular facet is larger in the larger specimen (TMM 41672-257), 

and may indicate an increase in the connectedness of the premaxilla with the maxilla. In 

ventral view, both premaxillae preserve a widely spaced, pleurodont dentition. In TMM 

41672-257, the nasal facets are preserved on the posteroventral surfaces of the 

posterodorsal process. Large foramina for the ophthalmic branch of CN V perforate the 

palatal surface of the premaxilla. 

TMM 41672-253 is a large (anteroposterior length greater than 6 cm) partial left 

mandible missing the anteriormost portion with the symphysis as well as the 

retroarticular process (Figure 5.12). The Meckelian canal appears to be closed, but the 

ventral portion of the mandible may be vertically distorted so closure cannot be 

confirmed anterior to the splenial. The anterior and posterior processes of the coronoid 

are preserved in articulation, but the dorsal angle of the coronoid is broken and missing. 

There are at least 10 teeth preserved in the jaw; most of these teeth are either broken or 

worn to rounded dorsal surfaces, though the anterior four of the preserved teeth are much 

more pointed and triangular. 

Both cranial and postcranial osteoderms can be identified as Glyptosaurinae (e.g., 

TMM 41672-269, TMM 41672-270, TMM 41672-271; Figure 5.11). The rounded cranial 

osteoderms (TMM 41672-269 and TMM 41672-270) are approximately six-sided and 

ornamented with roughly concentric whorls of small tubercles on their dorsal surfaces, 

similar to the osteoderms that remain attached to the premaxilla, TMM 41672-256. The 
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rectangular postcranial osteoderms (e.g., TMM 41672-271) are generally thinner than the 

rounded cranial osteoderms. The tuberculate postcranial osteoderms are rectangular with 

an anterior lamina, which is interpreted as a smooth gliding surface when imbricated 

(McDowell and Bogert, 1954; Gauthier, 1982). Some of these rectangular osteoderms 

additionally have an anteroposteriorly-oriented keel on their ornamented surfaces. 

 

Serpentes Linnaeus, 1766 

Alethinophidia Nopcsa, 1923 

Figure 5.13 

Some prepared squamate vertebrae are procoelous and I attribute these (e.g., 

TMM 41672-265, TMM 41672-266, TMM 41672-267, TMM 41672-268; Figure 5.13) to 

alethinophidian snakes because of the presence of the following characters determined to 

be diagnostic for the group by Head (2002). The anterior cotyles are expanded and have 

sharply delineated margins. The ventral surfaces of the vertebrae bear subcentral 

paralymphatic fossae, paired and symmetrical subcentral foramina, and a sharp midline 

haemal keel, which terminates in a point just anterior to the sharply rimmed condyles. 

There are distinct zygosphene-zygantrum complexes present in these vertebrae. 

 

Squamata Oppel, 1811 sensu Merrem, 1820 

Figure 5.14 

TMM 41672-259 is an unpaired frontal (Figure 5.14). The frontal is narrow near 

its midpoint. The dorsal surface bears an ornamentation of rough, small tubercles 
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between raised orbital margins. Sharp, triangular facets for articulation with the 

prefrontals are present on the anterolateral surfaces of the frontal. Iguanids, gekkonids, 

teiids, lacertids, some xantusiids, cordylids, and xenosaurids possess fused frontals 

(Estes, 1983). 

TMM 41672-258 is the body of a large parietal with the posterior margin of a 

parietal foramen preserved along its anterior margin (Figure 5.14). The dorsal surface is 

lightly sculptured with small tubercles arranged randomly. The posterior processes are 

broken off at their bases. In ventral view, the parietal processes are extremely 

pronounced. 

Some squamate vertebrae (e.g., TMM 41672-272, TMM 41672-273, TMM 

41672-274, TMM 41672-275, TMM 41672-276) are anteroposteriorly longer than they 

are dorsoventrally tall and lack diagnostic features of alethinophidian snakes (Figure 

5.14). The neural spines are present along the anteroposterior length of the vertebrae and 

are low anteriorly. The neural arches are dorsoventrally taller posteriorly. The ventral 

surfaces of the vertebrae are smooth and flat. In lateral view these vertebrae bear strong 

posterodorsally inclined keels along the lateral surfaces of the centra. None of the caudal 

vertebrae of this morphology bear autotomic septa, and one specimen (TMM 41672-276; 

Figure 5.14) preserves fusion between two caudal vertebrae. 

DISCUSSION 
The terrestrial Eocene deposits of western North America underwent intensive 

sampling and research on the mammalian fossils over the past century. Because of that 

intensive study, a robust mammalian biochronology was developed (e.g., Wood, 1941; 
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Woodburne, 2004). However, there was a strong historical tendency for preferential 

documentation of the mammalian fossils over other aspects of the fauna in order to build 

that biochronology. The result of that practice is that most inferences of Eocene ‘faunal 

dynamics’ in North America are based heavily on the changes in biodiversity and 

biogeographic ranges of the mammalian taxa rather than on a comprehensive 

understanding of the extinct biodiversity as represented by all fossils from a time or 

locality. Examination of the herpetofauna from the Purple Bench beds of the Devil’s 

Graveyard Formation of West Texas provides a missing aspect of the faunal assemblage. 

The descriptions provided here of the reptile fossil material from Purple Bench represent 

a preliminary endeavor at addressing the faunal assemblage as a whole. 

The squamate specimens from the Purple Bench locality mostly consist of 

disarticulated osteoderms, vertebrae, jaw fragments, and isolated cranial elements. The 

lack of association of those specimens creates difficulties for specimen identification. 

However, alethinophidian snakes, glyptosaurine anguimorphs, and amphisbaenians are 

recognized here. Additionally, turtle fossils are preliminarily identified as 

Carretochelydidae and Testudinoidea (Burroughs, pers. comm., 2012), and crocodylians 

are recognized from the Purple Bench locality based on an isolated vertebra (TMM 

41672-277). 

Systematic Relationships of the Amphisbaenians from Purple Bench 
I assessed the systematic relationships of this new amphisbaenian taxon by 

utilizing the morphological character-taxon matrix developed by Kearney (2003) because 

her study specifically focused on the relationships within Amphisbaenia. That study 
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included taxa sampled from all extant amphisbaenian genera in addition to multiple 

extinct taxa. In my analysis, I recovered a monophyletic Rhineuridae, with Rhineura 

floridana as the earliest branching taxon within that clade. I recovered TMM 41672-246 

as a rhineurid amphisbaenian most closely related to Dyticonastis, Spathorhynchus, 

Ototriton, and Hyporhina (Figures 5.3, 5.4). 

An additional morphological phylogeny of amphisbaenians was focused on 

Rhineuridae and used only cranial characters (Hembree, 2007). That analysis recovered 

rhineurid relationships similar to those found by Kearney (2003), including a 

monophyletic Rhineuridae, a sister-taxon relationship between Spathorhynchus and 

Dyticonastis, and a sister-taxon relationship between Ototriton and Hyporhina. However, 

in her strict consensus Kearney (2003) recovered Rhineura floridana in a polytomy at the 

base of Rhineuridae, whereas Hembree (2007) found Rhineura floridana as the earliest-

branching rhineurid. Differences in the number of MPTs retained in each analysis and in 

the resolution within Amphisbaenia in each could be due to differences in methodological 

parameters. None of the characters in Kearney’s analysis were ordered, but 61% of the 

characters in Hembree’s analysis were ordered. If I include TMM 41672-246 in 

Hembree’s (2007) matrix and analyze that matrix using the parameters he used, I recover 

a sister-taxon relationship between TMM 41672-246 and Spathorhynchus fossorium. 

The clade comprising Rhineura, Spathorhynchus, Dyticonastis, Ototriton, 

Hyporhina, and the Purple Bench taxon is supported by multiple apomorphic character 

states (see Appendix 5.2), but few of those characters are unambiguous synapomorphies. 

However, the clade comprising only the extinct taxa Spathorhynchus, Dyticonastis, 
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Ototriton, Hyporhina, and the Purple Bench taxon is supported by four unambiguous 

synapomorphies in my analysis (Appendix 5.3). The rugose surface of the facial bones 

(character 33), the presence of a jugal (character 64), the presence of elongated, paired, 

palatal processes of the maxillae (character 94), and the presence of a pterygoid-vomer 

contact that separates the palatines (character 96) all diagnose that clade. 

The Fossil Record of Amphisbaenians in North America 
Amphisbaenian fossils from Purple Bench represent the first members of that 

clade known from Texas. Amphisbaenians are known from approximately 150 extant 

species that are distributed worldwide (Gans, 1974, 2005). However, only two clades are 

represented in North America. These are the Bipedidae, which are known from Baja 

California and parts of western Mexico, and the Rhineuridae. Extant rhineurids are 

known only from parts of Florida and Georgia (Gans, 1967a, b; Zug, 1968). Fossils from 

western North America were assigned to Rhineuridae because of the shared presence of a 

strong craniofacial angle and a shovel-headed cranial morphology, along with multiple 

additional apomorphies supporting rhineurid monophyly (Kearney, 2003). However, 

discussions questioning monophyly of the more inclusive Rhineurioidea (Gans, 1974; 

Kearney, 2003) were centered on the possibility that those characters were convergently 

influenced by the fossorial adaptations of the group or a potential influence from 

geographic similarity (i.e., all shovel-snouted amphisbaenians from North America are 

automatically rhineurids, but all shovel-snouted amphisbaenians world-wide may not be 

rhineuroids). My data, including the new Texas specimens, do not conflict with an 

exclusively rhineurid North American fossil record.  



 221 

The amphisbaenians from Purple Bench are the only Uintan record of any 

amphisbaenians in North America. Bipedidae has no recognized fossil record (Estes, 

1983). The rhineurid fossil record spans the Paleocene to the Quaternary in North 

America (Estes, 1965; Kearney, 2003; Hembree, 2007), including all fossils of North 

American amphisbaenians. However, there is a temporal gap in that record between the 

Miocene (Hemingfordian records of Rhineura marslandensis and Rhineura sepultura of 

Nebraska and South Dakota, respectively; Kearney, 2003), and Pleistocene localties in 

Florida that were reported to have rhineurid specimens (Holman, 1958, 1959). 

Furthermore, the Miocene record is troubled because Kearney (2003) considered both 

Rhineura marslandensis and Rhineura sepultura only to share diagnostic character states 

with Rhineuridae. Within the Eocene, the rhineurid taxa Spathorhynchus (Wasatchian 

and Chadronian), Lestophis (Bridgerian, but not included in this phylogenetic analysis 

because it was found as a taxonomic equivalent of Rhineuridae; Kearney, 2003), 

Jepsibaena (Wasatchian), and Ototriton (Wasatchian) are all known and are represented 

by specimens from Wyoming (Estes, 1983; Kearney, 2003). Dyticonastis is known from 

the late Whitneyan (Oligocene) of the John Day Formation in Oregon (Berman, 1976). 

Hyporhina is known by three species from the White River Formation (?Whitneyan) of 

Colorado, South Dakota, and Wyoming (Gilmore, 1928; Estes, 1983). Currently, no 

rhineurid amphisbaenian specimens are reported from the Uintan or the Duchesnean of 

North America other than the new specimens from the Purple Bench locality. These 

extinct taxa all share the presence of enclosed orbits and a ‘shovel-headed’ cranial shape, 
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in contrast to extant Rhineura, which does not have a posteriorly-enclosed orbit 

(Kearney, 2003). 

Preservation of the Purple Bench Assemblage 
The abundance of amphisbaenian skulls from Purple Bench (eight specimens as 

of this writing) is in contrast to what is known for some other extinct amphisbaenians 

from the Western Interior. Their fossorial ecology makes it difficult to accurately 

estimate the local density of an extant amphisbaenian taxon. However, large numbers of 

individuals (>900) of Bipes were made in single collecting trips (Papenfuss, 1982), and 

other amphisbaenian taxa may have similar abundance data if they are collected with as 

intensive of collecting methods. It is likely that additional specimens of amphisbaenians 

exist in collections but currently are unrecognized because of their small size and 

unfamiliar morphology. 

Biogeographic Implications 
Recognition of these taxa from the Devil’s Graveyard Formation allows 

comparison of the reptilian components of the Uintan of West Texas with other 

previously identified Eocene herpetological assemblages across North America. Within 

the Devil’s Graveyard Formation, crocodylians, including Pristichampsus, globidontans, 

and Borealosuchus were all recognized from the Whistler Squat local fauna (Brochu, 

2000), but squamates were not discussed. From slightly higher within the Devil’s 

Graveyard Formation, I described a new taxon attributed to Caimaninae (Stocker et al., 

2012), but squamate fossils have not been described from those higher portions of the 
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unnamed middle member, or from the Bandera Mesa Member of the Devil’s Graveyard 

Formation. Multiple reptile fossils were reported from the marginal marine or 

estuarine Casa Blanca local fauna near Laredo, Texas (Westgate, 1988, 1989, 2012). 

Those specimens include crocodylian fossils identified as “Allognathosuchus” and 

Pristichampsus, the tortoise Hadrianus, several aquatic turtles, glyptosaurine 

anguimorphs, and the aquatic snake Pterosphenus. Preliminary apomorphic 

identifications of those specimens indicate that the specimen identified as 

Allognathosuchus is actually a caimanine (Brochu, 2011; MRS, pers. obs., 2012). 

Comparisons outside of West Texas can be made with the well-documented 

terrestrial assemblages from several mid-latitude assemblages described by Smith (2006, 

2009, 2011) and Walker (1999), but those are all either Early Eocene (earliest 

Wasatchian: Smith, 2009; late Wasatchian-Bridgerian: Walker, 1999) or Late Eocene 

(Chadronian; Smith, 2006, 2011). There are no Middle Eocene squamate assemblages 

from the mid-latitudes of North America (Smith, 2011). Glyptosaurine anguimorphs are 

known from assemblages that are both older and younger than that of the Purple Bench 

locality, as are rhineurid amphisbaenians. Saniwa, Palaeoxantusia, and Tinosaurus were 

reported from the Wasatchian and Bridgerian of South Pass, Wyoming (Walker, 1999), 

and the Chadronian Medicine Pole Hills (Smith, 2011). The reported diversification of 

squamates that Walker (1999) recorded through the Wasatchian and Bridgerian of South 

Pass, Wyoming, were attributed to the climatic warming during the Early Eocene 

Climatic Optimum (EECO) and to the larger sample sizes of her younger assemblages. 
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Two hypotheses were proposed to explain the northern and mid-latitude 

biogeographic trends of currently tropical groups of squamates through the early 

Cenozoic (Smith, 2006, 2011). These were an extirpation model, under which taxa that 

could not adapt to the changing climatic conditions went extinct, and a concentration 

model, where taxa that were adapted to warm and frost-free conditions tracked those 

climatic conditions south through the Paleogene. Southern shifts in geographic ranges are 

recognized for multiple taxa (e.g., Matthew, 1939; Estes, 1970; Estes and Hutchison, 

1980; Markwick, 1998; Nesbitt et al., 2011b). Primates are well known from West Texas, 

including the omomyiform Margharita stevensi and the adapiform Mescalerolemur 

horneri. The presence of those taxa in West Texas was used as support for the idea that 

climatic changes in the central Rocky Mountains from humid subtropical forests to cooler 

and seasonally drier forests through the Eocene caused taxa to take refuge in the humid, 

subtropical environment that persisted in southern North America later in the Eocene 

(Westgate, 1989; Williams and Kirk, 2008). Paleoclimatic reconstructions for the 

Bighorn Basin based on leaf margin analysis placed the mean annual temperature (MAT) 

during the Paleocene-Eocene Thermal Maximum at approximately 20ºC (Wing et al., 

2005). However, estimates derived from carbonate clumped isotope thermometry of 

paleosol carbonates estimated the MAT in the Bighorn Basin much higher at ~38ºC 

(Snell et al., 2013). In contrast, a substantially cooler MAT at the Eocene-Oligocene 

boundary in the northern Great Plains was calculated at ~15ºC (Zanazzi et al., 2007). 

MAT estimations for Texas based on stable isotope profiles of shallow water gastropods 

hypothesized a MAT of 27º-28ºC with a seasonality of 8º-9ºC in the early middle Eocene 
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(Andreasson and Schmitz, 2000). A subtropical climate was inferred for the latest Eocene 

of West Texas, partially based on the presence of primates (Westgate and Gee, 1990; 

Williams and Kirk, 2008; Kirk and Williams, 2011). The late Eocene-early Oligocene 

climatic shift to cooler and drier conditions and a continuation of warm and humid 

climates in West Texas through the middle and late Eocene either may not have been as 

dramatic as previously hypothesized or did not have as influential of an effect on the 

squamates as on the mammals because some squamate clades (e.g., the amphisbaenians) 

are known by diagnostic material throughout the Eocene at both mid- and southern 

latitudes now that the West Texas specimens are considered. 

The Middle Eocene is a crucial time of climate fluctuation from the warm early 

part of the Cenozoic to the much cooler late Eocene and early Oligocene, though it 

remains a time that is not well characterized. This partially is a problem of preservation 

as well as sampling. Currently, not many Middle Eocene assemblages have been sampled 

for an entire fauna, and Middle Eocene squamate assemblages are rare. There is 

documentation that the herpetofauna intentionally was left uncollected. Leidy stated in 

1853, “Bring no fragments of turtles nor the largest ones even if nearly perfect” (Fryxell, 

2010). That statement was meant as advice to a small field party constrained by a weight 

limit for collected materials and not solely as a measure of the relative ‘importance’ of 

different fossil specimens. However, those specimens Leidy labeled as “entirely 

uncharacteristic and worthless fragments” might, using a modern understanding of 

apomorphic character state distributions, be taxonomically informative and bring data to 

bear on the composition of the Middle Eocene terrestrial vertebrate assemblage. 
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Much of what is known and documented of the herpetofauna is from the northern 

plains and the Rocky Mountains. However, West Texas has a rich fossil record of Middle 

Eocene terrestrial vertebrates, including both mammals and reptiles. Documentation of 

the herpetofauna from the Purple Bench locality results in biogeographic range 

extensions for glyptosaurine anguimorphs and Paleogene representatives of 

alethinophidian snakes. However, the isolated and often fragmentary nature of the reptile 

fossils that currently are known from the Purple Bench locality hampers my ability to 

document the taxa at a level necessary for meaningful comparisons with other known 

squamate assemblages or to incorporate the data from the Purple Bench locality into 

studies of species diversity through the Paleogene. Understanding the responses of 

Paleogene faunas to large-scale climate changes requires more specific identification than 

currently is possible. The abundance of squamate materials from West Texas, including 

the specimens of the new amphisbaenian, indicates that the terrestrial biota preserved in 

the Purple Bench locality has the potential to be utilized to formulate rigorous faunal 

assemblage comparisons as the basis for evaluating potential links between diversity, 

biogeography, and climatic fluctuations in the Paleogene. This initial documentation of 

those squamates hopefully will lead to more attention toward identifying and studying 

this important portion of the assemblage. 
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FIGURES 
 

 

 

 

Figure 5.1. Map of West Texas, USA, showing relative position of exposures of the 
Purple Bench beds (TMM 41672). Detailed map of area surrounding the Dalquest 
Desert Research Site, including Big Bend National Park and Big Bend Ranch State Park. 
Star indicates the approximate geographic provenance of specimens discussed in the text. 
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Figure 5.2. Stratigraphic column of the Devil’s Graveyard Formation in the 
Dalquest Desert Research Site. Specimens discussed in the text were collected from the 
Purple Bench locality (marked as ‘F’) within the unnamed middle member of the Devil’s 
Graveyard Formation, below the Skyline Channel sandstones. From Wilson (1986). 
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Figure 5.3. Strict consensus tree for analysis including TMM 41672-246 based on 
reduced matrix of Kearney (2003). TMM 41672-246 is more closely related to 
Dyticonastis, Spathorhynchus, Ototriton, and Hyporhina than to Rhineura floridana. 
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Figure 5.4. Adams consensus tree for analysis including TMM 41672-246 based on 
reduced matrix of Kearney (2003). TMM 41672-246 is more closely related to 
Dyticonastis, Spathorhynchus, Ototriton, and Hyporhina than to Rhineura floridana. 
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Figure 5.5. Rhineuridae, New Taxon, TMM 41672- 246 (holotype). A, B) Skull in 
dorsal view with interpretive line drawing. C, D) Skull in right lateral view with 
interpretive line drawing. Abbreviations: bo, basioccipital; cb, compound bone; co, 
coronoid; d, dentary; fr, frontal; ju, jugal; mx, maxilla; na, nasal; pa, parietal; pm, 
premaxilla; pf, postfrontal; pro, prootic. Scale bars equal 1 mm. 
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Figure 5.6. Rhineuridae, New Taxon, TMM 41672- 246 (holotype). A, B) Skull in 
anterior view with interpretive line drawing. C) Skull in ventral view. Anterior is to the 
left. D) Skull in posterior view. Abbreviations: d, dentary; fr, frontal; ju, jugal; mx, 
maxilla; na, nasal; pa, parietal; pm, premaxilla; pf, postfrontal. Scale bars equal 1 mm. 
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Figure 5.7. Rhineuridae, New Taxon. Skulls in dorsal view. A) TMM 41672-245. B) 
TMM 41672-246. C) TMM 41672-249. D) TMM 41672-250. Scale bars equal 1 mm. 
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Figure 5.8. Rhineuridae, New Taxon. Skulls in ventral view. A, B) TMM 41672-244, 
photograph and interpretive line drawing. C) TMM 41672-246. D) TMM 41672-249. E) 
TMM 41672-250. Abbreviations: d, dentary; ect, ectopterygoid; mx, maxilla; pal, 
palatine; pm, premaxilla; ps, parasphenoid; pt, pterygoid; v, vomer. Scale bars equal 1 
mm. 
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Figure 5.9. Rhineuridae, New Taxon. Skulls in posterior view. A) TMM 41672-243. 
B) TMM 41672-246. C) TMM 41672-249. Scale bars equal 1 mm. 
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Figure 5.10. Rhineuridae. Isolated vertebrae from the Purple Bench locality. A) 
TMM 41672-261 in dorsal view. B) TMM 41672-261 in ventral view. C) TMM 41672-
254 in dorsal view. D) TMM 41672-254 in ventral view. Scale bars equal 1 cm. 
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Figure 5.11. Glyptosaurinae specimens from the Purple Bench locality. A) TMM 
41672-257, premaxilla in dorsal view. B) TMM 41672-257, premaxilla in ventral view. 
C) TMM 41672-256, premaxilla in occlusal view. D) TMM 41672-269, cranial 
osteoderm in dorsal view. E) TMM 41672-271, postcranial osteoderm in dorsal view. 
Scale bars equal 1 cm. 
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Figure 5.12. Glyptosaurinae left mandible from the Purple Bench locality. A) 
Occlusal view. B) Lateral view. C) Medial view. Scale bars equal 1 cm. 
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Figure 5.13. Alethinophidian snake vertebra from the Purple Bench locality. A) 
Dorsal view. B) Ventral view. C) Anterior view. Scale bars equal 1 cm. 
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Figure 5.14. Squamata specimens from the Purple Bench locality. A) TMM 41672-
272, trunk vertebra in ventral view. B) TMM 41672-274, caudal vertebra in ventral view. 
C) TMM 41672-276, fused vertebrae in lateral view. D) TMM 41672-259, azygous 
frontal in dorsal view. E) TMM 41672-258, azygous parietal in ventral view. Scale bars 
equal 1 cm.
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Appendices 

APPENDIX 4.1: CHARACTER CODINGS FOR TMM 45911-1 BASED ON THE CHARACTER-
TAXON MATRIX OF BROCHU (2011). 
 

TMM 45911-1 

????? ????? ????? ????? ????? ????? ????? ????? ????? ????? 

????? ????? ????? ????? ????? ???00 ????0 ????0 10200 0?1?0 

??010 1???? ?1000 0001? 1101? 0120? ?0111 100?? ?0200 10??2 

00102 101?0 ????? 1??01 00110 21000 1 

 

APPENDIX 5.1: CHARACTER CODINGS FOR TMM 41672-246 BASED ON THE 
CHARACTER-TAXON MATRIX OF KEARNEY (2003). 

 
TMM 41672-246 

????? ????? ????? ????? ???21 ?012? ??1?1 02?10 01?00 03211 

1?0?? ?00?? 01020 0?01? ???00 ?0?0? ????? 01??? 00??2 1?2?0 

????? 2100? ??010 00?00 1???? ?1??? ????? ????? ????? ????? 

????? ????? ?? 

 

APPENDIX 5.2: CHARACTER SUPPORT FOR RHINEURIDAE BASED ON THIS ANALYSIS OF 
THE MODIFIED CHARACTER-TAXON MATRIX OF KEARNEY (2003) INCLUDING TMM 
41672-246. UNAMBIGUOUS SYNAPOMORPHIES DENOTED WITH AN ASTERISK. 
 



 245 

1(2), 12(0), 16(1), 18(1), 32(0), 46(2), 47(3), 55(1), 69(1), 70(1), 83(1), 93(0), 116(0)*, 

117(1), 124(0)*, 138(0) 

 

APPENDIX 5.3: CHARACTER SUPPORT FOR CLADE CONSISTING OF TMM 41672-246, 
SPATHORHYNCHUS, DYTICONASTIS, HYPORHINA, AND OTOTRITON BASED ON THIS 
ANALYSIS OF THE MODIFIED CHARACTER-TAXON MATRIX OF KEARNEY (2003). 
UNAMBIGUOUS SYNAPOMORPHIES DENOTED WITH AN ASTERISK. 

 
33(1)*, 64(2)*, 94(1)*, 96(1)* 
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