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CHAPTER I 

INTRODUCTION 

Parasuchids (=phytosaurs) are long-snouted archosaurian reptiles from 

the Late Triassic (230-206 MYA) (Fig. 1.1). They were one of the most 

common and widespread vertebrates in Pangea, particularly Laurasia. 

Parasuchid fossils have been found in North America, Europe, India, North 

Africa, Madagascar, Thailand, and possibly China. Their absence in the 

majority of Gondwana continents, including South America, Australia, Southern 

and Central Africa, and Antarctica is a puzzle that currently has no explanation, 

though part of the answer may have to do with paleolatitudinal distribution. 

Parasuchids were most likely tropical (between 30''N and 30''S paleolatitude) 

reptiles that were, like modern crocodilians, restricted to warm waters. During 

the Late Triassic, most of Gondwana was within the temperate zone of the 

southern hemisphere, well outside of the probable climatic tolerance of 

parasuchids (Figure 1.2). 

The Museum of Texas Tech University (TTU) houses an excellent 

collection of parasuchid material, representing the four North American genera: 

Paleorhinus. Angistorhinus. Nicrosaurus. and Rutiodon (Gregory, 1962; 

Gregory and Westphal 1969). All of these fossils were recovered from the 

Dockum Group of Texas. The Dockum is a sequence of Late Triassic 



continental deposits with outcrops that range in thickness from 5 to 200 meters. 

Excellent exposures of the Dockum can be found in West Texas cropping out 

along the edge of the Caprock Escarpment. 

Parasuchid fossils found in the Dockum range from isolated teeth and 

bone fragments, to well-preserved crania, and even articulated skeletons. 

Postcranial material from parasuchids is rare and less diagnostic, so this study 

focuses on the nine complete and partial skulls in the TTU collection. 

The main purpose of this thesis is to describe in detail the cranial 

anatomy of each fossil, and then compare them with cladistic analysis to 

determine the probable phylogeny of the parasuchid genera. 

This thesis will also address the issue of the utility of parasuchid fossils 

as biochronological markers. Parasuchids have been used frequently as zonal 

fossils for biochronology (Gregory, 1962; Chatterjee, 1986; Hunt and Lucas, 

1991; Lucas and Hunt, 1993; Lucas et al., 1991,1993). Parasuchids are 

relatively plentiful, chronologically restricted, and readily identified. It seems 

reasonable to think that, with these qualities, parasuchids would be useful 

index fossils. This study reveals, for the first time, new findings that place 

serious doubt on the biostratigraphic utility of parasuchids. The ranges of 

several parasuchid genera are considerably longer than previously believed, 

and some ranges overlap. Therefore, previous biostratigraphic zonations of 

Late Tnassic deposits may no longer be valid. 



Figure 1.1: Life reconstruction of a parasuchid. 
(From McGinnis, 1982) 



Figure 1.2: Modem parasuchid fossil localities, and their paleogeographic 
disthbution in the Late Triassic: 
1) Popo Agie Formation, Wyoming; 2) Petrified Forest, Arizona; 
3) Bull Canyon Formation, New Mexico; 4) Santa Rosa, Tecovas, 
and Cooper Canyon Formations, Texas; 5) Cumnock Formation, 
North Carolina; 6) Argana Formation, Morocco; 7) Stubensandstein, 
Germany; 8) Opponnitzer Schichten, Austria; 9) Zorzino Formation, 
Italy; 10) Isalo II Formation, Madagascar; 11) Maleria and Tiki 
Formations, India; 12) Huai Han Lit Formation, Thailand, 
(compiled from information in Hunt and Lucas, 1991; Hunt, 1994; 
and Chatterjee, 1997) 



CHAPTER n 

THE GEOLOGY OF THE DOCKUM GROUP 

The parasuchid fossils housed in the Museum of Texas Tech University 

(TTU) were recovered from the Dockum Group. The Dockum Group is 

composed of continental deposits dating to the Late Triassic. Outcrops of the 

Dockum Group are found primarily in West Texas and eastern New Mexico, 

with smaller outcrops in Oklahoma, Kansas, and Colorado (Fig. 2.1). The 

equivalent deposits found in western New Mexico and Arizona are called the 

Chinle Group. 

The following material describing the lithology and origin of the Dockum 

Group is based on information from: Chatterjee, 1986; Frelier, 1987; May, 

1988; Lehman et al., 1992; Lehman, 1994; Schnable, 1994; and Riggs et al., 

1996. 

The ancient fluvial system that deposited the sediments of the Dockum 

Group centered on a giant river that rivaled the modern Mississippi in scale. 

This river, called the Chinle Trunk River, flowed from east to west, starting a 

few hundred miles southeast of Amarillo, flowing through northern New Mexico, 

the northeast corner of Arizona, southwestern Utah, finally reaching the coast 

in what is now central Nevada (Fig. 2.2). 

In Texas, the Dockum Group is divided into four formations on the basis 

of lithology. From the bottom up, they are the Santa Rosa Sandstone, the 



6 
Tecovas Formation, the Trujillo Sandstone, and the Cooper Canyon Formation 

(Fig. 2.3). 

The majority of the Santa Rosa Sandstone is a quartzose sandstone 

consisting of multicolored fragments of chert, quartzite, and sedimentary rocks. 

Fossilized wood is abundant. Bedding structures within the formation indicate 

that, for most of its depositional period, the Santa Rosa deposits accumulated 

in braided bedload streams that flowed into the Dockum basin from the north-

northwest. As this period drew to a close, the depositional settling shifted to 

deltaic and nearshore environments with large, perennial lakes. The Santa 

Rosa Sandstone intertongues with the overlying unit, the Tecovas Formation. 

Paleorhinus was found in a member of the Santa Rosa formation formerly 

known as the Camp Springs Conglomerate (Langston, 1949). 

The Tecovas Formation is primarily mudstone with lenses of the Santa 

Rosa Sandstone in its lower half. The lower mudstones are multicolored, 

primarily green-gray, yellow, and purple, representing lacustrine conditions. 

The upper mudstones are primarily red and orange, representing a shift to 

fluvial channel and overbank deposits from small, meandering streams. 

Angistorhinus. and Rutiodon come from this formation. 

An unconformity marks the boundary between the Tecovas Formation 

and the overlying formation, the Trujillo Sandstone. The Trujillo Sandstone is a 

series of cliff-forming sandstones and conglomerates of orange to yellow color. 

The material making up the Trujillo derives primarily from metamorphic rocks 
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that were exposed to the south-southeast of the Dockum basin. Much of the 

Trujillo Sandstone was deposited by bedload or mixed-load ephemeral, 

meandehng streams, with the nature of the streams changing to suspended-

load near the end of this depositional period. The high-energy environment 

associated with the Trujillo was not conducive to fossilization. The few fossils 

that have been recovered from the Trujillo are highly fragmented. Currently, 

no well-preserved parasuchid skulls have been found in the Trujillo Sandstone. 

The boundary between the Trujillo Sandstone and the Cooper Canyon 

Formation is gradational, with the Trujillo intertonguing upwards into the 

Cooper Canyon. In West Texas, the Cooper Canyon Formation is the 

uppermost section of the Dockum Group. It is predominantly red, orange, and 

magenta mudstone and slltstone derived primarily from erosion of metamorphic 

rocks to the south-southeast of the Dockum basin. Paleorhinus. Nicrosaurus. 

and Rutiodon come from this formation. 

The Dockum Group is comprised of two pairs of formations: Santa 

Rosa/Tecovas and TrujiHo/Cooper Canyon. Each pair begins with a sandstone 

at the base, which intertongues upwards into a mudstone. The pairs are 

separated by an unconformity. Thus, the Dockum Group represents two 

repetitions of a tectonic cycle. Each cycle consists of a period of tectonic uplift 

that led to erosion (unconformity) and then stream incision (sandstone). This 

uplift gradually subsided (intertonguing) into a period of quiescence, resulting 

in the deposition of mudstone. The difference between the two cycles was the 
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exact orientation of the uplifted region, which determined paleoflow and 

depositional source. 



_ , — ^ 
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Figure 2.1: Map of Dockum Group outcrops, 
(from Murry, 1986) 
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Fig 2.2: Paleogeography of western North America in the Late Triassic, 
showing the flow pattern of the Chinle Trunk River (solid black 
line), as well as the distribution of modern Dockum Group outcrops 
(stipled areas). The outlines of modern states (lightly dashed lines) 
are shown for reference, 
(after Riggs et al., 1996 with additional information from Murry, 1986) 
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Figure 2.3: Simplified stratagraphic column showing the chronological range 
and general stratigraphy of the Dockum Group in western Texas, 
(after Lehman et al., 1992, 1994) 



CHAPTER m 

DESCRIBING PARASUCHIDS 

Introduction-Number of Parasuchid Genera 

Workers have erected many parasuchid genera in the years since the 

first parasuchid fossil was excavated. The issue of generic synonymy among 

all these names has been an ongoing source of debate and confusion. 

Gregory (1962; and Westphal, 1969) established a taxonomic scheme 

recognizing four distinct genera of North American Parasuchids: Paleorhinus. 

Angistorhinus. Nicrosaurus. and Rutiodon. Since then, this taxonomy has been 

revised and augmented many times (Chatterjee, 1986; Ballew, 1989; Hunt, 

1994). The most recent taxonomy of North American parasuchids was 

formulated by Long and Murry in 1995. They recognized a total of eight 

parasuchid genera in North America: Paleorhinus. Angistorhinus. Nicrosaurus. 

Pseudopalatus. Arribasuchus. Rutiodon. Leptosuchus. and Smilosuchus. 

Pseudopalatus was recognized as a distinct sister taxon of Nicrosaurus 

by the following autapomorphies: external nares elevated above head, 

parietal/supraoccipital complex forms an inverted U instead of an inverted V, 

narrow squamosal process, majority of supratemporal fenestra concealed from 

dorsal aspect, and narrow anterior margin. The taxonomic value of the first 

character is doubtful (Colbert, 1947), the external nares are elevated above the 

12 
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skull roof in the same fasion as Angistorhinus. the proportion of a depressed 

supratemporal fenestra visible in dorsal aspect may be a product of ontogeny 

or postmortum crushing, and the last three are vaguely defined. Arribasuchus 

is also considered a sister taxon of Nicrosaurus. distiguished by these 

autapomorphies: elevated external nares, larger than Nicrosaurus. segmented 

rostral crest, and homodont to weakly heterodont dentition. The first character 

is not useful for distinguishing between poorly sampled genera, the second has 

already been shown to have limited value, and the validity of the final two are 

questioned in the description of Paleorhinus later in the chapter. Therefore, 

Pseudopalatus and Arribasuchus are junior synonyms of Nicrosaurus. 

Leptosuchus is distinguished from Rutiodon by these characteristics: 

squamosal process extends well beyond paraoccipital process, postemporal 

arch depressed below skull roof, moderate heterodonty, partial rostral crest in 

adults, cross-section of snout having an inverted V shape, heavy anterior 

snout, and laterally directed orbits. Traits 1 and 4 are seen in Rutiodon. the 

cross-sectional shape of the snout is most likely related to growth and sex, and 

the remaining traits are highly qualitative. Smilosuchus is distinguished from 

Rutiodon by the following traits: large size; "extreme" heterodonty; posterior 

premaxillary teeth (except last three) abruptly and very greatly enlarged, 

causing swelling of premaxilla in this region; tooth pattern posteriorly shifted; 

ventral margin of maxilla flared laterally; full rostral crest; heavy and massive 

anterior margin, wider postenor skull; dorsolateral infratemporal fenestra; and 
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dorsolateral orbits. As with Leptosuchus. these "autapomorphies" are either 

not useful (1,2 and 5), or are qualitative. This suggests that neither 

Leptosuchus nor Smilosuchus is reliably distinguished from Rutiodon. 

Therefore, Gregory was probably correct in recognizing only four genera 

of North American parasuchids, and his taxonomy will be followed in this 

report. 

Genus Paleorhinus 

Type species-Paleorhinus bransoni Williston, 1904. 

Holotype: CFMNH UC 632, skull 

Horizon and Type Locality: ?Middle Carnian, Popo Agie Formation, 

Squaw Creek, southeast corner of T3S R 1E, Fremont County, 

Wyoming (Hunt and Lucas, 1991) 

Collector: S.W. Williston and party. 

Distribution: Popo Agie Formation, Wyoming; Dockum Group, Texas and 

New Mexico; Chinle Formation, Arizona. 

The following is a new description of the genus based on a complete, 

well preserved skull, with additional information from referred specimens. 
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TTUP 9423 (Figures 3.1-3.4, 3.7-13) 

Collector: Chatterjee and party 

Collected: 8/18/1993 (skull and jaw) 

11/16/1996 (post-cranial skeleton) 

Location: Texas 

Garza County 

Rocker A Oil Field 

Formation: Cooper Canyon 

Dockum Group 

Upper Triassic 

Age: Late Triassic 

Norian 

Description: 

The skull is 84cm long, 30cm wide, and 15cm high. Although it is 

well preserved, the skull is slightly distorted. It has been sheared to the 

left, and slightly crushed dorso-ventrally. Some reconstruction with wire 

and plaster has been used to fill in missing bone, such as the left jugal 

and the caudal palate. 

The skull is accompanied by a partial jaw and most of the post

cranial skeleton. The bones were stained to magenta during 

preservation. 

Some complete and partial teeth were found with the skull. 
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Referred Specimens 

TTUP 8090 (Figures 3.5, 3.14-3.18) 

Collector: John Clark 

Collected: 1937 

Identified: W. Langston 

"A New Species of Paleorhinus from the Triassic of Texas" 

American Journal of Science; v. 247, p. 324-341. 

1949 

Location: Texas 

Scurry County 

H.G. Bryan Farm, 2.5 mi. NE of Camp Springs 

Formation: Dockum Group 

Santa Rosa Sandstone 

Camp Springs Conglomerate 

Age: Late Triassic 

Carnian Stage 

Description: 

Small skull (30cm long, 17cm wide, and 10cm high) in two pieces. 

The rostral portion preserves the external nares, the antorbital fenestra, 

and the rostral palate. The rostrum has been broken off close to its 

base and lost. The posterior portion preserves the braincase, as well as 
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the squamosal processes and small portions of the orbits and postorbital 

fenestra. The quadrates and most of the quadratojugals are missing. 

The minute details of this wonderful example of a parasuchid 

braincase have recently been revealed after treatment with weak formic 

acid. 

Most of the bones in the orbital and postorbital fenestrae series 

are lost or only small portion of the bones have been preserved. The 

portion of the skull roof between the parietals and the nasals is also 

missing. The front half of the palate is well preserved, but most of the 

palate behind the maxillae is lost. The palatines, ectopterygoids, and 

most of the pterygoids are lost. 

No complete teeth are preserved with the skull. 

One note of importance is that, with the disappearance of the only 

known specimen of the Middle Triassic parasuchid Mesorhinus. TTUP 

8090 is the oldest irrefutable parasuchid fossil currently known. 

TTUP 9232 (Figures 3.19-3.21) 

Collector: Chatterjee 

Collected: 1984 

Location: Texas 

Oldham County 

Ceta Canyon 
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Formation: Tecovas Formation 

Dockum Group 

Upper Triassic 

Age: Late Triassic 

Carnian 

Description: 

Partial skull measuring 66cm long, 22cm wide, and 13cm high. 

The specimen is essentially an isolated rostrum, though a small portion 

of the skull between the rostrum (premaxillae, front halves of the 

maxillae, and fragments of the septomaxillae) and the external nares is 

preserved. The main specimen is accompanied by several large 

fragments including a large portion of the left maxilla, what may be a 

large portion of the right quadratojugal and jugal, a portion of the skull 

roof preserving part of the underlying left interpterygoid vacuity, and a 

large fragment that contains both the left antorbital fenestrae and a small 

fragment of the left external nares (Figure 3.10, Plate 3.11). 

TTUP 9422 (Figures 3.6, 3.22) 

Collector: Chatterjee 

Collected: 8/18/93 

Location: Texas 

Garza County 
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Rocker A Oil Field 

Formation: Cooper Canyon 

Dockum Group 

Upper Triassic 

Age: Late Triassic 

Norian 

Description: 

Complete right mandible 63cm long. There is also a caudal 

section of right premaxilla measuring 12cm in length. 

The mandible and premaxilla are short and slender. The 

individual is about half the size of TTUP 9423, and similar in size to 

TTUP 8090. Furthermore, the premaxilla was not fused to its 

counterpart. Thus, this individual was very likely a juvenile when it died. 

Description of Paleorhinus 

General Characteristics 

The skull is long, slender, and low. It is akinetic and monimostylic with 

the bones intimately sutured together, preventing any movement between 

them. 
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Dermal Roof Bones (Figures 3.1, 3.3) 

The premaxillae are about 39cm long. Together, the premaxillae form 

the bulk of the rostrum, which in turn constitutes almost half of the length of the 

skull. The rostrum ends rostrally in a large bulb that is curved ventrally. 

Caudally, each premaxilla bifurcates at the base of the nasal ridge. The 

shorter, lateral branch joins with the maxilla and nasal, tapering to a point at 

the caudal base of the rostrum. The medial branch extends up into the nasal 

ridge, joining to the septomaxilla and nasal, and terminates at the center of the 

rostral margin of the external naris. On its ventral surface, the premaxilla forms 

the rostral palate, and contains 18 alveoli. The medial surface of the 

premaxilla is deeply grooved (Figure 3.22B), making the rostrum hollow. There 

are several possible reasons why a parasuchid would posses a hollow rostrum: 

1. To make space for larger nasal sinuses. 

2. To reduce the weight of the head. 

3. To give the rostrum the longitudinal strength of a tube. 

The maxilla is 30cm long by 8cm high. The rostral tip of the bone is 

behind the 18^ tooth. It is a triradiate bone in which the dorsal edge makes a 

long contact with the nasal. The caudal margin is deeply interrupted by the 

antorbital fenestra. Below and behind this fenestra, the maxilla is received by 

the jugal. The ventral portion of the maxilla bears 23 alveoli. 

Compared with other archosaurs, the septomaxillae are very large. The 

bones are thin and flat, forming a vertical plate at the midline. Each bone fits 
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into the gap between the two caudal branches of the premaxilla. The 

septomaxilla then joins with the nasal to the front of the nostrils. From this 

point, each septomaxilla is joined only to its counterpart. The pair form the 

septum separating the two external nares. At the caudal end of the nostrils, the 

septomaxilla rejoins with the nasal and tapers to a point just behind the nasal 

crest. 

The nasals are 20cm long. They form the caudal and lateral walls of the 

nasal crest. Each bone begins at the joint between the maxilla and 

septomaxilla, just below the front of the nasal crest. The caudal margin of the 

nasal joins with the prefrontal and frontal, forming a short, lateral suture. The 

nasal forms the medial margin of the antorbital fenestra. There are small, 

shallow medial ridges and slight sculpturing along the caudal region of the 

bone, behind the nasal crest. 

The prefrontal is a small, triangular bone that forms the caudal margin of 

the antorbital fenestra, and a minor portion of the rostral margin of the orbit. 

This is the only parasuchid genus in which the prefrontal is part of the orbit. 

The frontals are 10cm long, C-shaped bones forming the rostral region 

of the cranial vault. Each frontal is bounded at the front by the nasal. The 

frontal joins with the prefrontal along its lateral margin. There is a small 

bifurcation of the frontal near the caudal margin, with the medial branch 

tapering to a midline point between the front tip of the parietal, and the lateral 
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branch tapering to a point between the parietal and the postfrontal. The frontal 

forms the medial rim of the orbit and bears the majority of the orbital crest. 

The postfrontal is a small, elliptical bone that joins with the frontal and 

parietal along its medial margins, and with the postorbital on the lateral 

margins. The postfrontal forms a small section of the caudal rim of each orbit. 

The postorbital is the bone that forms the region of the dermal skull 

between the orbit and the infratemporal fenestra. The dorsal section of the 

bone (Figure 3.1) is bounded rostrally by the parietal and postfrontal, and 

caudally by the squamosal. The lateral section (Figure 3.3) is a thin process 

that joins with both the jugal and lacrimal. The postorbital forms the 

dorsorostral margin of the infratemporal fenestra and the caudolateral margin 

of the orbit. 

The lacrimal is a small, thin bone exposed on the lateral surface of the 

skull (Figure 3.3). The lacrimal joins with three bones; the rostral branch 

contacts the jugal, the medial branch contacts the prefrontal, and the caudal 

branch contacts the postorbital. The lacrimal makes a small contribution to the 

rostral portion of the orbit. 

Theyiygfa/forms the caudal cheek region of the skull. In lateral aspect 

(Figure 3.3), the jugal is a broad bone shaped like an inverted T. The dorsal 

arm joins with two bones, first with the lacrimal, and then narrowing to a thin 

dorsally oriented process that joins with the postorbital. The rostral arm of the 

base of the T joins with the maxilla near the rostral tip of the antorbital fenestra. 
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The caudal branch of the base extends along the lower rear portion of the skull 

and joins with the quadratojugal. The jugal forms the rostroventral margin of the 

infratemporal fenestra. 

The quadratojugal is a large, flat, subtriangular bone covering most of 

the lateral portion of the quadrate. The bone is securely joined to the quadrate 

along most of its inner surface. The upper point of the quadratojugal forms a 

tight joint with the squamosal, while the rostral point joins with the jugal. The 

quadratojugal forms a small portion of the lateral edge of the infratemporal 

fenestra. 

The squamosal is a tetraradiate bone with three dorsal processes and 

one ventral process. Of the three dorsal process, the shortest is the medial 

one, which meets the parietal near the caudal tip of the supratemporal fenestra. 

The largest dorsal process lies in between the two posttemporal, and joins with 

the postorbital. The caudal process extends behind the quadrate to form a 

hook. This hook served as the attachment site for the depressor mandibular 

muscle, one of the muscles involved in opening the jaw. The muscle wrapped 

around the head of the hook. The ventral process extends downward behind 

the infratemporal fenestra, firmly joining with the quadratojugal. 

The quadrate is readily visible only from the palatal (Figure 3.3) and 

occipital aspects (Figure 3.4) (a detached quadrate can be seen in Figure 

3.10). It is a relatively large, stocky bone with a roughly triangular shape. The 

dorsal tip fits immovably into the squamosal process. The ventral surface of 
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the quadrate is saddle-shaped, with two short condyles separated by a spiral 

groove oriented somewhat obliquely to the transverse plane (Figure 3.7A). 

This unusual orientation of the spiral groove creates a screw-shaped jaw joint 

(Eaton, 1910) (Figure 3.7B). It is a piscivorous adaptation found elsewhere in 

pterosaurs and pelicans (Eaton, 1910). When the parasuchid opens its mouth, 

the articulars move outward (Figure 3.7C). Since the front half of the lower jaw 

is almost completely rigid (see "Mandible"), this divergence of the articulars 

causes mandibular spreading (Figures 3.7D-E). When the mouth is opened, 

the mandibular spreading increases the width of the throat (small circles in 

Figures 3.7D-E), allowing the parasuchid to quickly swallow large prey. When 

the mouth is snapped shut, the mandible instantly returns to its normal width, 

as well as the throat. This rapid constriction of the throat forces the prey down 

into the gizzard, just as peristalsis forces food through the digestive tract. 

Dermal Roof Fenestrae (Figures 3.1, 3.3) 

The external nares are narrow, elliptical openings, about 5cm long, 

formed from the nasals and septomaxillae. The nares are surrounded on the 

lateral and caudal margins by a high ridge formed from the nasals. The 

septomaxillae form the thin intemarial septum. The nasals are situated above 

the front edge of the antorbital fenestra, just behind the base of the rostrum. 

The unusual placement of the external nares on the skull of the parasuchids is 

perhaps the most ubiquitous trait of the parasuchid family. 
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The antorbital fenestra is a large (15cm long by 6cm high), elliptical 

fenestra located about midway along the cheek region, between the external 

naris and the orbit. Each fenestra is formed by the maxilla and nasal, with 

minor contributions from the lacrimal, jugal, and prefrontal. 

Each orbit is nearly circular, with a 5cm diameter. The orbits sit high on 

the head with a strong ventral orientation, though this orientation has been 

distorted due to the shearing and crushing of the skull. The orbits are 

separated by a minimum distance of 4cm. Each orbit is formed by the frontal, 

parietal, prefrontal, postorbital, and lacrimal. There is a small, knobby ridge 

along most of the orbital rim that is contributed by the frontal. 

The supratemporal fenestra is a small (7cm long), teardrop-shaped 

opening bounded by the parietals and the squamosals. The tip of the fenestra 

points caudally, and it is restricted to the skull roof, much like a modern 

alligator (Romer, 1956). 

The infratemporal fenestra is a large (10cm by 7cm diagonals), square 

opening that occupies the majority of the caudal half of the cheek region. The 

fenestra is formed by the jugal, postorbital, squamosal, and quadratojugal. 

This arrangement is typical in all archosaurs. 
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Palatal Complex (Figure 3.2) 

The premaxilla forms the rostral half of the palate. About two-thirds up 

the length of the rostrum, the premaxilla narrows at joining with the vomers just 

behind the rostral margin of the choana. 

The maxilla forms the lateral side of the caudal palate. It is in contact 

with the palatine for most of its length. This suture is interrupted caudally by 

the subpalatal fenestra. At that point, the maxilla turns down and extends a 

short knob that joins with the ectopterygoid. 

The palatines are long, flat, quadrangular bones forming most of the 

central palate. Each bone begins as a point wedged between the maxilla and 

premaxilla. It joins with the pterygoid at the back of the choana, and remains 

connected to It for the better part of the palate. The palatine ends at the 

subpalatal fenestra, where it forms a hook that overlaps with the ectopterygoid, 

and then extends back up and joins with the maxilla. The palatines form the 

lateral edges of the internal nares and the caudal and medial edges of the 

subpalatal fenestra. 

The vomers are small, flat bones that form the vertical plate separating 

the two choanae. They extend past the internal nares and flatten into small 

triangular process that join with the pterygoids. 

The pterygoids are large bones forming the caudal third of the palate. 

The front tip of each pterygoid is inserted between the vomer and the palatine 

at the back of the choana. The two pterygoids join together along the midline. 
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Just in front of the braincase, the pterygoids diverge, forming the interpterygoid 

vacuity. A small, lateral branch of each bone extends out and joins with the 

ectopterygoid. The main bone extends beyond the braincase, flattening into a 

paddle-shaped process that overlaps the inner surface of the quadrate. 

Only a small portion of the ectopterygoid is actually visible, as most of its 

surface is covered by either the maxilla, palatine, or the pterygoid. The 

ectopterygoid is a small, flattened, round bone that extend down for the palate 

about 5cm. It overlaps first the jugal, then the quadratojugal, and finally ends 

with a broad transverse joint with the quadrate. 

Palatal Complex Fenestra (Figure 3.2) 

The choanae (-internal nares) are narrow, elliptical fenestrae in the 

center of the palate measuring 9cm long by 3cm wide. They are separated by 

a thin septum formed by the vomers. The palatines form the rest of the 

fenestrae. 

The subpalatal fenestra is about the same size and shape as an internal 

naris. Each fenestra forms along the outer edge of the palate near the rear end 

of the tooth row. The rostral and lateral edges of the chonae are formed from 

the maxillae, while the palatine, with a small contribution form the pterygoids, 

forms the caudal and medial edges. 

The interpterygoid vacuities are small, triangular openings directly in 

front of the braincase, formed by the divergence of the pterygoids at the back 
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of the palate. The rostral process of the presphenoid forms a bar that projects 

into the interpterygoid vacuity. 

Braincase (Figures 3.4-3.5) 

The braincase is fused to both the skull roof and the palate. The dorsal 

(supraoccipital/parietal) and ventral (basisphenoid/pterygoid) joints are 

completely fused, prohibiting any movement. 

The supraoccipital is a sub-triangular, median bone that forms the dorsal 

roof of the braincase. It bears a prominent sagital crest, with the bone sloping 

laterally to either side. The dorsal end of the bone slopes rostrally at an angle 

of about 40 degrees from vertical. The bone is strongly overlapped by the 

parietals on either side of the occiput. Ventrally, the bone joins with the 

opisthotics just above the foramen magnum. 

The opisthotics are long, robust, cylindrical bones that form the paddle

like paraoccipital processes at their lateral ends. Medially, the dorsal surface 

of the opisthotics is overlain by the supraoccipital. The opisthotics and 

exoccipitals are intimately fused, obscuring the suture. Together, they form 

the rim of the foramen magnum. The rostral aspect of each paraoccipital 

process is sheathed by the prootic. The lateral end of the process joins to the 

medial surface of the squamosal process. 

The exoccipitals are small, wedge-shaped bones that overlap the dorsal 

surface of the basioccipital and join together at the midline. The lateral surface 
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of each bone is marked by the openings for both the hypoglosal (XII) and 

metotic (IX-XI) foramina. 

The prootics are flat, quadrangular bones forming the caudolateral 

surface of the braincase. The caudal process of the bone covers the rostral 

surface of the opisthotic. The bone overlaps the rostral surface of the 

supraoccipital and the ventral surface of the parietal. 

The laterosphenoids are small, triangular bones that form the 

laterorostral walls of the braincase. Each bone attaches to the prootic just in 

front of the trigeminal (V) foramen. Its dorsal margin is overlain by the parietal. 

Rostrally, it joins with the orbitosphenoid below the parietal/postfrontal suture. 

The orbitosphenoid {=presphenoid) is a triangular bone forming the 

rostral wall of the braincase. It also contributes to most of the olfactory (I) 

foramen as well as the dorsal half of the optic fissure. It overlaps the ventral 

surfaces of both the postfrontal and frontal. Ventrally, the two bones join 

together along the midline, forming a ridge. 

The parasphenoid is a single long, vertical bone inserted into the 

Interpterygoid septum as a cultriform process. The parasphenoid forms the 

ventral half of the optic fissure. The parasphenoid and basisphenoid are fused, 

obscuring the suture. 

The basioccipital is a spherical bone that, in conjunction with the 

exoccipitals, forms the occipital condyle. The basioccipital also has two 
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diverging rostroventral projections, the basal tubera, which abut against the 

caudal surface of the basisphenoid. 

The basisphenoid forms the ventrorostral surface of the braincase. It 

articulates with the prootic dorsally, the parasphenoid rostrally, and the 

basioccipital caudally. Ventrally, the basisphenoid produces the two 

basipterygoid processes, which are tightly fused to the pterygoids. The 

dorsorostral portion of the bone bifurcates around the hypophyseal foramen, 

rising dorsally to produce the dorsum sella. Each sella is pierced by the 

abducens (VI) foramen. 

Braincase Foramina and Depressions (Figures 3.4-5) 

The descriptions of the hypophyseal foramen and cranial nerves I-IV 

and VI are with the braincase in rostral aspect (Figure 3.5A). 

The foramen for cranial nerve I (olfactory) is a small, elliptical hole with a 

dorsoventral orientation. It originates from the top of the rostral surface of the 

braincase, just below the dermal skull roof. It is bounded dorsally by the 

frontal, and by the orbitosphenoid in all other aspects. 

Cranial nerve II (optic) passes through a large, medial foramen in the 

braincase. The orbitosphenoid completely encircles the foramen. 

Cranial Nerve III (oculomotor) exits the braincase through a tiny hole in 

the orbitosphenoid lateral to the optic (II) foramina. 
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Cranial nerve IV (trochlear) exits the braincase through an opening in 

the orbitosphenoid, located slightly below the epipterygoid fossa. 

The foramen for cranial nerve VI (abducens) is a small hole in the lateral 

face of the dorsum sella (see "Braincase-basisphenoid"). 

The hypophyseal fossa {=sella turcica) is a large depression on the 

dorsorostral surface of the basisphenoid, directly behind the cultriform process 

of the parasphenoid. In life, this depression cradled the pituitary gland. 

Laterally, it forms the hypophyseal foramen, an opening in the parasphenoid. 

The descriptions of the epipterygoid fossa, fenestra ovalis, optic fissure, 

dorsal tympanic recess, and nerves V, VII, and IX-XII are with the braincase in 

lateral aspect (Figure 3.5B). 

The optic fissure is a large gap between the cultriform process and the 

orbitosphenoid. The fissure held the optic nerve (II), the other nerves involved 

with vision and movement of the eye (III-IV, VI), and the associated muscles. 

The epipterygoid fossa is a small pit in the laterosphenoid. It marks the 

point where the laterosphenoid received the epipterygoid. 

The foramen for cranial nerve V (trigeminal) is a large elliptical opening 

shared by the laterosphenoid and the prootic. A narrow groove runs upward 

from the opening, marking the position of the ramus opthalmicus. 

The foramen for cranial nerve VII (abducens) sits directly behind the 

trigeminal foramen (V). It is a small slit completely inside the prootic. 
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The dorsal tympanic recess is a deep circular depression located 

primarily in the prootic. It posses a contralateral connection. 

The fenestra ovalis is one of the two braincase foramina dominating the 

otic capsule. It is a large, elliptical foramen sitting directly behind the abducens 

foramen (VII). It has a dorsoventral orientation, pointing towards the 

opisthotic, where it receives the stapes. It is formed by both the prootic and 

opisthotic. 

The other foramen dominating the otic capsule is the metotic foramen, 

which encloses cranial nerves IX-XI (glossophyrangeal, vagus, accessory) and 

a branch of the jugular vein. It is nearly identical in shape, size, and orientation 

to the fenestra ovalis. It is framed by the opisthotic and exoccipital. 

Cranial nerve XII (hypoglossal), exits the braincase through two small 

foramina at the base of the exoccipital, on either side of the foramen magnum. 

The posttemporal fenestra and the foramen magnum are visible in 

occipital aspect (Figure 3.4). 

The posttemporal fenestra is a small, horizontal slit located between the 

paraoccipital process and squamosal. 

The largest fenestra of the braincase is the foramen magnum. It is a 

circular fenestra in the occipital region of the skull, directly above the occipital 

condyle, enclosing the medulla oblongata. 
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Mandible (Figure 3.6) 

The mandible is long, slender, and fairly straight, containing a single row 

of alveoli. Like the skull, the rostral tip of the mandible forms a prominent bulb. 

There are no kinetic hinges in the mandible. The most outstanding feature of 

the mandible is a long symphysis that stretches from the rostral tip over half the 

length of the mandible, a feature unique to parasuchids. This long symphysis 

makes the mandible completely akinetic, except for some mandibular spreading 

during swallowing (see "Dermal Roof Bones—quadrate"). 

The dentaries bear all of the mandibular alveoli, numbering around forty 

on each side. The two bones join together at the rostral tip of the mandible and 

form the rostral half of the symphysis. The bones diverge at about the 21** 

tooth. The dentary joins with the surangular and angular just in front of the 

mandibular fenestra. 

The splenials are about as long as the dentaries. They underlie the 

dentaries forming the ventral floor of the mandible. They also form the caudal 

half of the symphysis. The pair diverge at about the 36*̂  tooth. The splenial 

joins with the angular and surangular at the rostral tip of the adductor fossa. 

The surangular is a rectangular bone that forms a large part of the 

dorsocaudal region. Its medial face forms most of the lateral surface of the 

adductor fossa. Laterally, it forms the dorsal margin of the mandibular fenestra 
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The prearticular lorms the ventral surface of the adductor fossa. It is a 

thin, strip of bone between the medial surfaces of the angular and the 

surangular. 

The angular is an elongated bone that forms most of the ventrocaudal 

mandible. Its caudal process extends along the lateral surface of the articular, 

forming the lateral retroarticular process. Its rostral process forms the ventral 

margin of the mandibular foramen. 

The articular is a short, compact, triangular bone. Its broad dorsal 

surface forms the saddle-shaped glenoid fossa. Dorsally, the articular has 

three processes. Two of these processes extend from the glenoid: a short 

lateromedial process, and the somewhat longer caudal process called the 

retroarticular process. The third process is a rostral process on the lateral 

surface of the mandible. This process fits between the surangular and angular, 

forming the caudal margin of the mandibular foramen. 

In typical archosaurian fashion, the lower jaw of parasuchids possesses 

a mandibular fenestra in the laterocaudal region of the mandible. This fenestra 

is formed by the dentary, surangular, articular, and angular. 

The mandible is nearly identicle in all parasuchid genera. It has no 

taxonomic value. 
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Dentition 

It has long been assumed that "primitive genera like Paleorhinus were 

homodonts, and that the degree of heterodonty is a useful taxonomic character 

(Ballew, 1989; Hunt, 1994; Long and Murry, 1995). Teeth recovered from 

TTUP 9423 show that Paleorhinus actually has heterodont dentition, raising 

serious doubts about using dentition as a taxonomic character. 

The teeth at the front of the mouth are simple, conical spikes designed 

for piercing and grabbing prey. Progressing backward, the teeth change into 

laterally compressed, recurved, double-serrated blades that were used to slice 

into the victim, cutting off large strips of flesh. The rear teeth, also laterally 

compressed, are modified into broad, symmetrical, double-serrated blades. 

These teeth could further slice the meat into smaller chunks, as well as saw 

into bone. 

There are approximately 30 to 35 serrations per centimeter along the 

cutting edges of the teeth. 

Postcranial Skeleton (Figures 3.12-3.13) 

Each ulna is a short, flat bone with a poorly developed proximal end. 

Instead of a hook, as with mammals and more upright reptiles, the ulna ends in 

a shallow cup, like modern crocodilians (Romer, 1956), indicating a semi-erect 

posture (Chatterjee, 1978). 



36 
The coracoid-scapula is a large, L-shaped structure. The scapula is a 

flat bone that is somewhat narrow in relation to the probable size of the back, 

and shows no evidence of a keel. Only the caudal half of the coracoid is 

preserved. It has a hemispherical impression rimmed with a short lip of bone 

where it once attached to the humerus. 

The pelvis is typical of non-dinosaurian archosaurs. The acetabulum is 

imperforate. The plate-like pubis is relatively long and points forward, ending 

in a large club. The illium is rather short, ending in a small, blunt point, while 

the plate-like ischium is long and tapers to a point several inches behind the 

pelvis. 

Each femur is a long, thick bone bent into a subtle S-curve. The head is 

a wide, flat region, instead of the perpendicular knob found in mammals and 

dinosaurs (Carroll, 1986). The two articulating condyles on the distal end of 

the femur are shallow and point in the opposite direction from the head. The 

shape of the femur further supports the conclusion that Paleorhinus. and most 

certainly all other parasuchids, had a semi-erect or "semi-improved" posture. 

Twelve partial and complete vertebrae were found, some with neural 

crests still attached. Most of the vertebrae appear to be from the lower cervical 

and upper thoracic regions of the spine. The atlas is also present. 

The ribs are largely fragmentary, though at least one is nearly complete. 

Like crocodilians, the backs of parasuchids were covered with scutes 

(Romer, 1956), with the paramedian (one pair per neural spine) scutes larger 
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and overlapping. Each scute is a square to circular plate of bone ranging in 

diameter from two to eight centimeters, with a short central hump and radial 

ridges. 

The postcranial skeleton of parasuchids is highly conservative, differing 

little between genera. The parasuchid illium may have taxonomic value (Hunt, 

1994), but this idea remains controversial. Additionally, postcranial material, 

including illia, is rare, further compromising its taxonomic utility. 

Ecology and Feeding 

About 36 million years ago, the crocodilians gave rise to a family of 

long-snouted fish-eaters that still live in parts of India and Bangladesh, the 

gharials (sometimes called gavials by mistake) (Figure 3.23) (Neill, 1971). The 

close physical similarity between parasuchids and gharials (Figure 3.11) 

indicates similar adaptations. This model of parasuchid behavior and feeding 

is based on the gharial. 

Parasuchids lived near rivers and streams, hunting fresh-water fish, 

although small tetrapods and carrion formed a substantial part of the diet as 

well. The long, thin snout allowed the parasuchid to grab fish at a considerable 

distance, while the dorsal nostrils allowed to breathe air with most of its body 

remained submerged for periods that could span hours, considerably longer 

than gharials with their rostral nostrils. When fish swam by, the parasuchid 

would slowly crawl along the bottom to get into position. It would quickly grab 
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fish with a sideways snap of its head and neck, catching one or two fish in its 

gaping jaws (Neill, 1971; Guggisberg, 1972). While fish were certainly the 

main food of parasuchids, they would also hunt and consume other small 

animals. In India, two parasuchids were found with the remnants of 

prolacertiform reptiles in their stomachs (Chatterjee, 1978). The larger 

parasuchids like Angistorhinus would have been formidable predators. The 

same sideways snap that was used to catch fish and small tetrapods could also 

be employed to tear chunks out of food sources too big to swallow whole, such 

as the bodies of large tetrapods washing downstream. 

Additional Comments 

When W. Langston first described TTUP 8090 in 1949, he made it the 

holotype of a new species, Paleorhinus scurriensis. on the basis of three 

features: 

1 Dorsoventral flattening 

2 Large subpalatal fenestra (the "palatal fenestra" of Langston) 

3 Elongate posttemporal fenestra 

He explained that the reason for this was due to a lack of well-preserved 

parasuchids at the time. He had few good examples of Paleorhinus to compare 

with this specimen, so placed it its own species. He wrote that in the future, 

better fossils may turn up that could prove that P̂  scurriensis is a subjective 

junior synonym of another species of Paleorhinus. possibly the type species, P̂  
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bransoni. His prediction was accurate. New and better specimens of 

Paleorhinus. particularly TTUP 9423, show that there is nothing unique about 

the three features Langston used to define P̂  scurriensis. All parasuchids 

from the genus Paleorhinus exhibit these features. In summary, the new 

evidence shows that P̂  scurriensis Langston, 1949, is a subjective junior 

synonym of Paleorhinus bransoni Williston. 1904. 

The small hole in the top of TTUP 8090 is not a pineal foramen (Roth 

and Roth, 1980), as has been previously speculated by some. Most likely, it is 

a region on the skull roof where the two parietals had not yet fused together. 

Genus Angistorhinus 

Type species-Angistorhinus grandis Mehl, 1913 

Collector: S.W. Williston and party. 

Collected: 1904. 

Holotype: CFMNH 631, skull and mandible 

Horizon and Locality: ?Middle Carnian; Popo Agie Formation, between 

Squaw and Baldwin Creeks, Fremont County, Wyoming. 

Distribution: Popo Agie Formation, Wyoming; Dockum Group, Texas and 

New Mexico; Chinle Formation, Arizona. 
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Referred Specimen 

TTUP 9230: (Figures 3.25-3.31) 

Collector: Chatterjee 

Collected: 1984 

Location: Texas 

Crosby County 

Humble Ranch, Kalgary 

Formation: Tecovas Formation 

Dockum Group 

Upper Triassic 

Age: Late Triassic 

Carnian 

Description: 

Very large, complete skull measuring 104cm long, 25cm wide, 

and 25cm high. Detached skull bones include left quadrate, left 

squamosal, left opisthotic, and braincase. 

The skull has been moderately crushed laterally, and the rostrum 

is distorted. 

The speciman also includes complete mandible, as well as 

several teeth and vertebral fragments. 
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Many of the bones are unfused, and the midline is a relatively 

deep groove, which means that, despite its size, this specimen was not 

an adult when it died. 

Comparisons 

The most outstanding feature of TTUP 9230, apart from the fact that it is 

the largest complete skull in the collection, is the general shape of the skull. 

The skull is high and narrow, as opposed to the low, wide skull shape seen in 

most of the other parasuchid skulls in the collection. This unique shape has 

only been moderately exaggerated by lateral crushing. 

The septomaxillae, maxillae, premaxillae, and nasals form a high 

extension of the main skull that juts out into the region between the rostrum and 

the external nares, thus reducing the proportion of the rostrum. 

The external nares have shifted backward from the condition seen in 

Paleorhinus. The rostral margin of each naris sits almost directly in line with 

the rostral margin of the corresponding antorbital fenestra. 

There Is no nasal ridge surrounding the external nares. 

The orbits are moderately large and nearly perfect circles. They have a 

predominantly vertical orientation. 

The infratemporal fenestra (only the right is preserved intact) is a large, 

rectangular opening. The upper portion of the fenestra sits directly behind the 

orbit. 
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The supratemporal fenestrae are long, wide openings that are 

depressed from the skull roof. 

Perhaps the most outstanding single bone of TTUP 9230 is the quadrate 

(Figure 3.31). At 20cm tall, the quadrate is about 80% as tall as the skull itself, 

making it the biggest quadrate in proportion to the skull, as well as the biggest 

in size alone, in the collection. The quadrates, particularly the detached left 

one, show two interesting features: 

1. A bicephalic quadrate, in which the head of the quadrate is divided in 

two by a groove. 

2. The quadrate is perforated by two large foramina for tympanic 

sinuses. 

The opisthotics are relative short, stout bones that form fairly robust 

paraoccipital processes, each ending in a large, asymmetrical paddle. The 

processes are rotated inward toward the medial axis of the skull, leaving them 

almost parallel with the midline. 

The braincase (Figures 3.27, 3.29-3.30) is in excellent condition. 

Despite the robust nature of the squamosals, quadrates, and opisthotics, the 

occipital region of TTUP 9230 is an open structure. The pterygoids form long, 

thin processes that extend out from the palate and extend down from their joint 

with the braincase. The occipital condyle is large and short with a 

predominantly vertical orientation, strongly resembling the occipital condyle of 
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Paleorhinus. The basal tuberal process is proportionally larger than the 

equivalent structures in most other specimens. 

Genus Nicrosaurus, Fraas, 1866. 

Type Species-Nicrosaurus kapffi (Meyer), 1860 

Type Specimen: CM 2314 

Horizon and Locality: Middle Norian; Stubensandstein, near Stuttgart, 

Wurttemberg, Germany. 

Distribution: Middle Norian; Germany. 

Referred Specimen 

Nicrosaurus buceros (Cope), 1881 (Figures 3.32-3.335) 

Type Specimen: AMNH 2318, complete skull. 

Horizon and Locality: Petrified Forest Formation, Rio Arriba County?, 

northwestern New Mexico; Cooper Canyon Formation, Dockum 

Group, Garza County, Texas. 

Distribution: Late Carnian-Early Norian: lower Petrified Forest Member, 

Chinle Formation, Arizona; Cooper Canyon Formation, Dockum 

Group, Texas. 
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TTUP 9234 

Collector: Chatterjee 

Collected: 1981 

Location: Texas 

Garza County 

Post Quarry 

Miller Ranch 

Formation: Cooper Canyon 

Dockum Group 

Upper Triassic 

Age: Late Triassic 

Norian 

Description: 

Partial skull measuring 79cm long, 19cm wide, and 11cm high. 

Only the right half of the skull has been preserved intact. Much of the 

skull has been reconstructed from plaster. Fragments of the left half and 

occipital region of the skull, including the occipital condyle, were also 

recovered. The skull appears to be crushed laterally, with minor 

distortion to the rostrum. 

A complete jaw, separated into two halves, was also found with 

the skull. 
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Comparisons 

Nicrosaurus buceros possesses a short, thin crest that runs along the 

entire length of the rostrum (premaxillae). The crest is somewhat exaggerated 

by a slight shearing distortion to the rostrum. Until now, the presence of a crest 

along the entire length of the rostrum was considered a diagnostic feature of 

Nicrosaurus (Gregory, 1962; Ballew, 1989; Hunt, 1994, Long and Murry, 

1995.). The discovery that Paleorhinus also possessed such a crest (see 

"TTUP 9232") has made this character of little use for taxonomy. 

The external nares of Nicrosaurus are quite small. The front margins of 

the external nares are almost directly above the front margins of the antorbital 

fenestrae. The nasals do not form a crest that elevates the external nares 

above the skull roof. In fact, the nares are somewhat depressed into the skull 

roof. 

The antorbital fenestrae of Nicrosaurus are relatively short and narrow. 

The orbits are nearly circular with a predominantly lateral orientation, 

although this orientation has probably been exaggerated due to crushing. 

What distinguishes the orbits of Nicrosaurus from others is that they are 

proportionally large, much larger than in other skulls. 

The inferior postorbital fenestra of Nicrosaurus is a nearly perfect 

parallelogram, with a somewhat less caudal slant than in other skulls. 
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The quadratojugal has a notably "sharper" ventrocaudal corner than in 

other genera. 

The squamosal process is relatively large and oddly shaped. The 

postenor process is reduced to a small, round hook, while the ventral process 

is enlarged and widened. This gives the squamosal process of Nicrosaurus a 

unique, "double-hook" profile, and is the best diagnostic feature of the genus. 

The occipital condyle is long and has a small terminal bulb. 

Ger\us Rutiodon Emmons, 1856 

Type Species-Rutiodon carolinensis Emmons, 1856 

Holotype: five striated teeth 

Horizon and Locality: ?Middle Carnian; Cumnock Formation, Sanford 

Subbasin; Deep River Basin, North Carolina. 

Referred Specimens: see Gregory, 1962 (pg. 3). 

Distribution: ?Middle Carnian; Cumnock Formation; North Carolina. 

Referred Specimens 

TTUP 8094—Rutiodon griffini. n sp. (Figures 3 36-3.39) 

Collector: Chatterjee 

Collected: 1980 

Location: Texas 

Bordon County 
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Griffin Ranch 

Formation: Cooper Canyon 

Dockum Group 

Upper Triassic 

Age: Late Triassic 

Camian-Norian 

Etymology: 

This species is named in honor of Mr. T.L. Griffin, owner of the 

ranch on which the skull was found. 

Description: 

Partial skull consisting of fragments of the nght half bonded 

together with wire and plaster reconstructions. The reconstructed bones 

include large portions of the nasals, septomaxillae, maxillae, frontals, 

lacrimals, and postfrontals. 

The skull is severely crushed laterally, but is largely undistorted in 

other aspects. 

Specific Diagnosis: 

This species is distinguished from all other taxa of Rutiodon by 

possessing a large bulb near the middle of the rostrum. 

TTUP 8092—Rutiodon tenuis Camp, 1930 (Figures 3 40-3.43) 

Collector: Chatterjee 
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Collected: 1980 

Location: Texas 

Garza County 

Jack Lott Ranch 

Formation: Cooper Canyon 

Dockum Group 

Upper Triassic 

Age: Late Triassic 

Camian-Norian 

Description: 

Partial skull measuring 85cm long, 25cm wide, and 14cm high. 

Discoloration has made the skull dark-brown to orange. 

Although it appears complete, a large portion of the skull is 

actually a reconstruction fashioned from plaster and wire. The rostrum 

and the skull posterior to the orbits are real bone, while the central 

portion of the skull, including the external nares and the antorbital 

fenestrae, has been reconstructed. Most of the palate is missing as 

well, but it has not been reconstructed. 

TTUP 8091—Rutiodon crosbiensis (Case),1922 (Figures 3 44-3.47) 

Type Specimen: UMMP 7522, complete skull and jaws 

(Leptosuchus crosbiensis). 
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Collector: E.C. Case 

Horizon and Locality: Tecovas Formation, Dockum Group; 

Spur-Crosbyton Road, west of White River, probably on Swensen 

Ranch, Crosby County, Texas.. 

Distribution: Late Carnian: lower Petrified Forest Member, Arizona; 

Dockum Group, Texas. 

Location of TTUP 8091: Texas 

Crosby County 

Kalgary Site 

Formation: Tecovas Formation 

Dockum Group 

Upper Triassic 

Age: Late Triassic 

Carnian 

Description: 

Moderately large skull measuhng 88cm long by 31cm wide by 

13cm high. It is beautifully preserved and nearly complete. The 

portions of the skull around the external nares and the antorbital 

fenestrae have been reconstructed. Portions of the occipital braincase 

have also been reconstructed, and most of the palate has been lost. 

The skull has a moderate transverse arch due to postmortem 

distortion, but other than that it is unaltered. 
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Preservation has made the bones dark brown to black. 

TTUP 9233 (Figure 3.48) 

Collector: Chatterjee 

Collected: 1984 

Location: Texas 

Crosby County 

Humble Ranch 

Formation: Tecovas Formation 

Dockum Group 

Upper Triassic 

Age: Late Triassic 

Carnian 

Description: 

Left squamosal process measuring 12cm long by 10cm high. A 

small portion of the paraoccipital process is attached. 

The specimen is placed in the genus because it closely 

resembles the squamosal process of R̂  crosbiensis. By comparing the 

proportions between the two specimens, it was determined that the skull 

which possessed this process was probably about 20% larger than R̂  

crosbiensis. which translates into reconstructed dimensions of 105cm 

long, 37cm wide, and 15cm high. 
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Comparisons 

Rutiodon posseses a long, thin rostrum that makes up over two thirds of 

the skull length. 

The external nares are elevated above the skull roof by a narial crest. 

They have migrated back such that both the rostral and caudal margins of the 

nares are within the equivalent margins of the anteorbital fenestra. R̂  

crosbiensis does not show this condition, but that is because the plaster 

reconstruction of the external nares has been done incorrectly (See Figure 

3.44A for a "corrected" reconstruction). 

The eyes of Rutiodon are relatively small and set into highly elongated 

orbits (eccentricity = 1.3). 

The caudal margin of the infratemporal fenestra of Rutiodon is curved 

and angled back, drawing the dorsocaudal corner into a long, tapering point. 

The ratio of the two diagonal measurements of the fenestra is greater than 1.5. 

Unlike other parasuchid genera, the paraoccipital processes of Rutiodon 

do not lie parallel to the squamosal processes. Instead, they extend out from 

the midline at a considerably wider angle. 

The squamosal process of Rutiodon is very large, larger than other 

genera, with a prominant ventral process The process is almost as long as it is 

tall. The posterior margin if the process can be either rounded or tapered. 
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Additional comments on R̂  griffini 

The most prominent individual feature of R. griffini is a large, bulbous 

feature at the rostral end of its crest. Currently, there are three possible 

explanations for such a structure: 

1. It is a species specific feature that allowed for mate recognition. 

2. It is the result of cancer or some other pathology (histological 

examination of the bone would be useful in proving or disproving this 

theory). 

3. It is a sexually dimorphic character. The large bulb is a masculine 

feature used to attract mates and intimidate rivals. 

This specimen is placed in the genus Rutiodon primarily on the shape 

and size of its squamosal process, which closely resembles that of R̂  

crosbiensis. 
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Figure 3.1: Reconstruction of the skull of TTUP 9423 in dorsal aspect. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.2: Reconstruction of the skull of TTUP 9423 in ventral aspect. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.3: Reconstruction of the skull of TTUP 9423 in lateral aspect. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.4: Reconstruction of the skull of TTUP 9423 in occipital aspect. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.5: Composite reconstruction of the braincase of Paleorhinus in 
A) rostral and B) lateral aspects. Based primarily on TTUP 
8090. 
See Appendix for abbreviations. 
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Figure 3.6: Composite reconstruction of the Paleorhinus mandible in 
A) lateral, B) medial, and C) dorsal aspects. 
A) and B) based on TTUP 9422; see Plate 3.12 
C) after Chatterjee, 1978, Fig. 4a. 
See Appendix for abbreviations. 
See also Plate 3.5. 
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Figure 3.7: A) Drawing of the ventral surface of the left quadrate of TTUP 
9423 highlighting the groove of articulation with the mandible 
(stipled) and its orientation relative to the transverse plane of 
skull (vertical arrow) 

B)-C) Movement of the articular relative to the quadrate from an 
open mouth B) to a closed mouth C). Vertical arrow 
represents the transverse plane of the skull; see also Plate 3.8. 
See Appendix for abbreviations. 

D)-E) Illustration of the change in mandibular width and diameter 
of the throat (circle) when the jaws moves from the open D) to 
the closed E) position; based on Chatterjee, 1978, Fig. 4a. 
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Figure 3.8: Photographs of TTUP 9423 in A) dorsal and B) ventral aspects 
Scale bar is 10cm. 
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Figure 3.9: l^^o^^P^sofVTUP 9423 in A, la.era, and B, occipital aspects. 
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Figure 3.10: Photographs of the left quadrate (upper bone) and articular of 
TTUP 9423 showing how they articulated when the mouth was 
A) open and B) closed. 
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Figure 3.11: Fragments of the mandible of TTUP 9423 in their approxiamate 
natural positions in A) dorsal and B) lateral aspects. 
Scale bars are 10cm. 
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Figure 3.12: Postcranial elements of TTUP 9423: Limbs and girdles. 
From top to bottom: left and nght ulna, left coracoid-scapula, 
right pelvis, left and right femur. 
Scale bar is 10cm. 
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Figure 3.13: Postcranial elements of TTUP 9423: 
A) Vertebrae and ribs; B) Scutes 
Scale bars are 10cm. 
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Figure 3.14: Reconstruction of TTUP 8090 in A) dorsal and B) ventral 
aspects. Shaded areas represent missing bone or plaster 
facsimilies. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.15: Reconstruction of TTUP 8090 in A) lateral and B) occipital 
aspects. Shaded areas represent missing bone or plaster 
facsimilies. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.16: Photographs of TTUP 8090 in A) dorsal and B) ventral aspects 
Scale bar Is 10cm. ^ 
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Figure 3.17: Photographs of TTUP 8090 in A) lateral and B) occipital aspects. 
Scale bars are 10cm. 
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Figure 3.18: A) Photomosaic of the rostral aspect of the braincase of TTUP 8090. 

B) Lateral photograph of the braincase of TTUP 8090. 
C) Braincase of TTUP 8090 photographed at an angle to show 

structures hidden by the pterygoid in B. 
See also Fig. 3.5 and Plate 3.8B. 
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Figure 3.19: Photographs of TTUP 9232 in A) dorsal, B) ventral, and 
C) lateral aspects. 
Scale bars are 10cm. 
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Figure 3.20: Photograph of the fragment of TTUP 9232 containing the left 
antorbital fenestra (lower fenestra) and part of the corresponding 
external naris. See also Fig. 3.21. 
Scale bar is 10cm. 
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Figure 3.21: Enlarged copy of Figure 3.20 with a reconstruction of the 
external nares and antorbital fenestra, illustrating how 
TTUP is affiliated with the genus Paleorhinus by 
possessing an external naris with more than half of its 
length in front of the antorbital fenestra. 
See Appendix for abbreviations. 
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Figure 3.22: Photographs of the A) lateral and B) medial surfaces of TTUP 9422. 
Premaxillary fragment is upper bone in each pair. 
Scale bar is 10cm. 
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Figure 3.23: Juvenille gharial, approxiamately four feet long 
(from Neill, 1971, Pg. 440) 
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Figure 3.24: Comparison between the skulls of A) gharial and 
B) Paleorhinus (TTUP 9423-see Fig. 3.1). 
See Appendix for abbreviations, 
(drawing of gharial skull based on photograph in Neill, 

1971, Pg. 441) 
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Figure 3.25: Reconstruction of TTUP 9230 in A) dorsal and B) ventral 
aspects. 
Scalebar Is 10cm. 
See Appendix for abbreviations. 
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Figure 3.26: Reconstruction of TTUP 9230 in A) lateral and B) occipital 
aspects. 
Scale bars are 10cm. 
See Appendix for abbreviations. 

K, V 
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Figure 3.27: Reconstructed braincase of TTUP 9230 in A) rostral and 
B) lateral aspects. Shaded areas represent missing bone. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.28: Photographs of TTUP 9230 in A) dorsal and B) ventral aspects 
Scale bar Is 10cm. 
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Figure 3.29: Photographs of TTUP 9230 in A) lateral and B) occipital aspects. 
Scale bars are 10cm. 



82 

C 

Figure 3.30: The braincase of TTUP 9230 in A) rostral, B) lateral, and 
C) occipital aspects. 
Scale bar is 10cm. 



83 

A 

C 

\ ^ 

D 

Figure 3.31: Left quadrate of TTUP 9230 in A) lateral, B) occipital, 
C) dorsal, and D) ventral aspects. 
Scale bar is 10cm. 
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Figure 3.32: Reconstructed skull of Nicrosaurus buceros (TTUP 9234) 
in A) dorsal and B) ventral aspects. 
Shaded areas represent missing bone or plaster facsimilies. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.33: Reconstructed skull of Nicrosaurus buceros (TTUP 9234) 
in A) lateral and B) occipital aspects. 
Shaded areas represent missing bone or plaster facsimilies. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.34: Photographs of Nicrosaurus buceros (TTUP 9234) in A) dorsal 
and B) ventral aspects. 
Scale bar is 10cm. 
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Figure 3.35: Photographs of Nicrosaurus buceros (TTUP 9234) in A) lateral 
and B) occipital aspects. 
Scale bars are 10cm. 
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Figure 3.36: Reconstructed skull of Rutiodon ghffmi (TTUP 8094) 
in A) dorsal and B) ventral aspects. 
Shaded areas represent missing bone or plaster facsimilies. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.37: Reconstructed skull of Rutiodon griffini (TTUP 8094) 
in A) lateral and B) occipital aspects. 
Shaded areas represent missing bone or plaster facsimilies. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.38: Photographs of Rutiodon griffini (TTUP 8094) in A) dorsal 
and B) ventral aspects. 
Scale bar is 10cm. 
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Figure 3.39: Photographs of Rutiodon griffini (TTUP 8094) in A) lateral 
and B) occipital aspects. 
Scale bars are 10cm. 
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Figure 3.40: Reconstructed skull oWutiodon tenuis (TTUP 8092) 
in A) dorsal and B) ventral aspects. 
Shaded areas represent missing bone or plaster facsimilies. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.41: Reconstructed skull of Rutiodon tenuis (TTUP 8092) 
in A) lateral and B) occipital aspects. 
Shaded areas represent missing bone or plaster facsimilies. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.42: Photographs of Rutiodon tenuis (TTUP 8092) in A) dorsal 
and B) ventral aspects. 
Scalebar is 10cm. 
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Figure 3.43: Photographs of Rutiodon tenuis (TTUP 8092) in A) lateral 
and B) occipital aspects. 
Scale bars are 10cm. 



96 

Figure 3.44: Reconstructed skull of Rutiodon crosbiensis (TTUP 8091) 
in A) dorsal and B) ventral aspects. 
Shaded areas represent missing bone or plaster facsimilies. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.45: Reconstructed skull of Rutiodon crosbiensis (TTUP 8091) 
in A) lateral and B) occipital aspects. 
Shaded areas represent missing bone or plaster facsimilies. 
Scale bar is 10cm. 
See Appendix for abbreviations. 
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Figure 3.46: Photographs of Rutiodon crosbiensis (TTUP 8091) in A) dorsal 
and B) ventral aspects. 
Scalebar is 10cm. 
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Figure 3.47: Photographs of Rutiodon crosbiensis (TTUP 8091) in A) lateral 
and B) occipital aspects. 
Scale bars are 10cm. 
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Figure 3.48: Photographs of TTUP 9233 in A) lateral, B) dorsal, and 
C) occipital aspects. 
Scalebar is 10cm. 



CHAPTER IV 

CLADISTIC ANALYSIS 

Introduction 

The main purpose of the cladistic analysis is to determine which 

characters and character states are best suited for parasuchid phylogeny 

(Figure 4.1) by performing a phylogenetic analysis of parasuchids on the basis 

of diagnostic characters used by earlier workers (Gregory, 1962; Chatterjee, 

1978, 1986; Benton and Clark, 1988; Ballew, 1989; Sereno and Arcucci, 1990; 

Sereno, 1991; Parrish, 1993). 

Previous attempts at refining parasuchid phylogeny used traits that were 

either poorly defined and qualitative (i.e., large antorbital fenestra, narrow 

supratemporal fenestra, dorsolateral orbits), or homoplasic (i.e., crest along full 

length of rostrum). The aim is to create one set of character states that 

distinguish the most "primitive" parasuchid genus, Paleorhinus. from the other 

three "advanced" genera, and then another set that distinguishes the least 

advanced of these parasuchid genera, Angistorhinus. from the two most 

advanced genera, and finally a set of character states that distinguish 

Nicrosaurus from Rutiodon. 
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Methods 

The basal archosaur Euparkeria is used as the outgroup in the analysis 

of the four parasuchid genera (Figure 4.2) (Romer, 1956; Ewer, 1965). 

Twenty-three cranial characters were scored among the 5 taxa. Primitive 

character states are assigned a score of 0, while derived states are assigned a 

score of 1 (Table 4.1). 

Key to Cladistic Matrix 

Node A: Parasuchidae 

1. Ratio of prenarial to postnarial length: 0 = less than 1.0 

1 = greater than 1.0 

2. Makeup of rostrum: 0 = maxilla and premaxilla 

1 = entirely premaxilla 

3. Relative position of external nares: 0 = terminal 

1 = behind rostrum 

4. Orientation of external nares: 0 = lateral 

1 = dorsal 

5. Premaxilla/palatine contact: 0 = absent 

1 = present 

6. Quadrate head: 0 = monocephalic 

1 = bicephalic 
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7. Tympanic sinuses in quadrate: 0 = absent 

1 = present 

8. Contact between braincase and skull roof: 0 = loose 

1 = fused 

9. Contact between basisphenoid and pterygoid: 0 = loose 

1 = fused 

10. Dorsal tympanic recess: 0 = absent 

1 = present 

11. Mandibular articulation: 0 = simple 

1 = screw-shaped 

12. Nature of symphysis: 0 = terminal 

1 = elongated, at least half the mandibular 

length 

NodeB 

13. Ratio of prenarial to postnarial length: 0 = less than 1.15 

1 = greater than 1.15 

14. Position of front of external nares: 0 = anterior to front of antorbital 

fenestrae 

1 = in line with or behind front of 

antorbital fenestrae 
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15. Position of choana: 0 = completely behind external nares 

1 = part or all of choana directly below external 

nares 

16. Supratemporal fenestra: 0 = on skull roof 

1 = depressed 

17. Ventral process of squamosal: 0 = short, less than half skull height 

1 = long 

18. Caudal process of squamosal: 0 = short, not extending beyond 

ventral process of squamosal 

1 = long 

NodeC 

19. Ratio of prenarial to postnarial length: 0 = less than 1.25 

1 = greater than 1.25 

20. Position of front of external nares: 0 = in line with front of antorbital 

fenestrae 

1 = behind front of antorbital 

fenestrae 

21. Paraoccipital processes: 0 = robust 

1 = gracile 

Rutiodon 

22. Rostral margin of depressed supratemporal fenestra: 0 = wide 

1 = narrow 
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23. Ratio of prenarial to postnarial length: 0 = less than 1.35 

1 = greater than 1.35 

The cladisitic analysis was done with the computer program PAUP 

(Phylogenetic Analysis Using Parsimony) v3.1 (Swofford, 1993). The scores 

are first compiled into a matrix with each taxon as a row and each character as 

a column (Table 4.1). Then this matrix is analyzed by PAUP's branch-and-

bound algorhithims in order to retrieve the most parsimonious tree(s). 

PAUP determined that there is only one tree of maximum parsimony. 

This tree, shown in Fig. 4.3, has a length of 23, a consistency index of 1, 

homoplasy index of 0, and no polytmies. 

Discussion 

The cladistic analysis of 23 cranial characters produced a fully resolved 

phylogeny of parasuchids. The analysis determined that Paleorhinus is the 

basal member of the family Parasuchidae (Figure 4.3-node A), with 

Angistorhinus as its closest relative (Figure 4.3-unnamed node B), and 

Nicrosaurus and Rutiodon as sister taxa (Figure 4.3-unnamed node C) 



Table 4.1: PAUP data matrix 
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TAXON SCORE 

Euparkeria 
Paleorhinus 
Angistorhinus 
Nicrosaurus 
Rutiodon 

00000 
11111 
11111 
11111 
11111 

00000 
11111 
11111 
11111 
11111 

00000 
11000 
11111 
11111 
11111 

00000 
00000 
11100 
11111 
11111 

000 
000 
000 
100 
111 

(0=primitive; 1=derived) 
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Figure 4.1: Phylogeny of the genera of North American 
parasuchids. 
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Figure 4.2: Reconstructed skull of Euparkeria in A) lateral and 
B) dorsal aspects. 
See Appendix for abbreviations, 
(from Romer, 1956, Fig. 69B and 70A) 
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Parasuchidae (1-12) 

Tree Statistics 
Number of Trees=1 
Tree Length=23 
Consistency Index (Cl)=1.000 
Homoplasy Index (Hl)=0.000 
CI excluding uninformative 

characters=1.000 
HI excluding uninformative 

characters=0.000 
Rescaled Consistency Index 
(RC)=1.000 

J 
Figure 4.3: Cladogram produced by cladistic analysis of parasuchids using 

PAUP 
See Chapter 4, "Key to Cladistic Matrix," for character details. 



CHAPTER V 

PARASUCHID TAXONOMY 

Systematic hierarchy of parasuchids 

-Reptilia Laurenti, 1768 

-Archosauria; Cope, 1869 

—Suchia; Krebs, 1974 

—Pseudosuchia; Zittel, 1890 

—Parasuchidae; Lydekker, 1885 

Taxonomic Definitions 

The following lists are the diagnostic cranial characters of the family 

of North American parasuchids and its constituent genera. 

Family Parasuchidea, Lydekker, 1885 

1. Elongate premaxillaries 

2. Rostrum entirely premaxilla 

3. Caudal migration of external nares from the tip of the rostrum to 

near the top of the head 

4. External nares oriented dorsally 

5. Large, ossified septomaxillae in dermal skull roof 
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6. Septomaxillae sutured together at the midline, displacing nasals 

laterally 

7. Premaxilla/palatine contact 

8. Subtriangular quadratojugal 

9. Bicephalic quadrate 

10. Basisphenoid fused to pterygoid 

11. Braincase fused to skull roof 

12. Occiput at least twice as wide as tall 

13. Screw-shaped mandibular articulation 

14. Symphysis at least half the length of the mandible 

15. Splenial forms part of symphysis 

Genus Paleorhinus, Williston, 1904 

Generic synonymy 

Promystriosuchus: Case, 1922. 

Francosuchus: Kuhn, 1933. 

Ebrachosuchus: Kuhn, 1936. 

Parasuchus: Chatterjee, 1978. 
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Autapomorphies 

1. Ratio of prenarial to postnarial length less then 1.15 

2. More than half of the length of the external naris is in front of the 

antorbital fenestra 

3. Internal nares situated completely behind the external nares 

4. The prefrontal is a member of the anteorbital series 

5. The caudal margin of the squamosal is notched 

6. The squamosal process is relatively short 

7. Restriction of the supratemporal fenestra to the dermal skull roof 

8. Robust paraoccipital process 

Genus Angistorhinus, Mehl, 1913 

Autapomorphies 

1. Skull height equal to or greater than skull width 

2. Ratio of prenarial to postnarial length equals 1.15-1.30 

3. Front of external naris slightly in front of or directly in line with 

front of antorbital fenestra 

4. Only front margins of external nares rostral to the front margins of 

the internal nares 

5. The quadrate is relatively tall 

6. Depressed supratemporal fenestra 
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7. Robust paraoccipital process 

Genus Nicrosaurus, Fraas, 1866 

Generic synonymy 

Phytosaurus: Jaeger, 1828 

Compsosaurus: Leidy, 1856 

Omosaurus: Leidy, 1856 

Belodon (in part): Pleininger, 1857 

Palaeoctonus: Cope, 1877 

Suchoprion: Cope, 1877 

Lophoprosopus: Mehl, 1915 

Lophorhinus: Mehl, 1915 

Bracysuchus: Case, 1929 

Pseudopalatus (in part): Ballew, 1989 

Arribasuchus (in part): Long and Murry, 1995 

Autapomorphies 

1. Ratio of prenarial to postnarial length equals 1.30-1.40 

2. Rostral and caudal margins completely within the equivalent 

margins of the antorbital fenestra 

3. External nares directly above internal nares 

4. Depressed supratemporal fenestra 
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5. "Double-hooked" squamosal process 

6. Large posttemporal fenestra 

7. Thin, gracile paraoccipital process 

Genus Rutiodon, Emmons, 1856 

Generic synonymy 

Rhytidodon: Cope, 1866 

Metarhinus: Jaekel, 1910 

Machaeroprosopus: Mehl, 1916 

Parasuchidus (in part): Case, 1920 

Leptosuchus: Case, 1922 

Pseudopalatus: Mehl, 1928 

Smilosuchus (in part): Long and Murry, 1995 

Autapomorphies 

1. Ratio of prenarial to postnarial length greater than 1.40 

2. Rostral and caudal margins completely within the equivalent 

margins of the antorbital fenestra 

3. External nares directly above internal nares 

4. Elliptical orbits 

5. Dorsocaudal corner of infratemporal fenestra swept back and 

tapered to sharp point 
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6. Ratio of diagonals of infratemporal fenestra greater than 1.50 

7. Squmaosal process at least half as tall as skull 

8. Depressed supratemporal fenestra 

9. Wide, semicircular rostral margin of supratemporal fenestra 

10. Thin, gracile paraoccipital process 

11. Paraoccipital process not parallel to squamosal process 



CHAPTER VI 

BIOSTRATIGRAPHIC UTILITY OF PARASUCHIDS 

Introduction 

Parasuchids have long been regarded as "zone" fossils by many 

workers (Gregory. 1962; Gregory and Westphal, 1969; Chatterjee, 1978, 1986; 

Hunt and Lucas, 1991; Lucas, 1991; Lucas and Hunt, 1993). They have all the 

qualifications of an index fossil: (1) they are relatively abundant, (2) they are 

widespread (Figure 1.2), and (3) they are chronologically restricted. Traditional 

thinking dictated that "primitive" genera such as Paleorhinus and Angistirhinus 

were cofined to the older Carnian age, while the more "advanced" genera such 

as Rutiodon and Nicrosaurus could be found only in the younger Norian stage. 

The boundary between the Paleorhinus and Nicrosaurus blozones was 

considered one of the definitions of the Carnian/Norian boundary (Figure 6.1) 

(Chatterjee, 1986). 

Parasuchid genera have been used to subdivide and correlate Late 

Triassic deposits, particularty those in North America such as the Dockum 

Group of West Texas and eastern New Mexico, the Chinle Formation of central 

New Mexico and Arizona, and the Newark Supergroup of the Eastern Sea 

Board (Figure 6.2) (Chatterjee, 1986; Hunt and Lucas, 1991). They have also 
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been used to date individual localities, such as the Otis Chalk Quarry in West 

Texas (Long and Murry, 1995). 

Recent discoveries by Drs. Lehman and Chatterjee, however, have 

begun to cast doubt on the biostratigraphic utility of parasuchids. They show 

that the stratigraphic ranges of several parasuchid genera overlap, and that the 

age of some quarries are suspect. This chapter presents a summary of these 

important new findings, ending with a revised plot of the stratigraphic ranges of 

Dockum Group parasuchid genera, showing how they overlap. 

Otis Chalk 

The Otis Chalk Quarry in Howard County, Texas, has been a source of 

parasuchid fossils for many years. Excellent specimens of both Paleorhinus 

and Angistorhinus have been recovered from this site (Lucas et al., 1993; Long 

and Murry, 1995). These same two genera have been found in the Popo Agie 

Formation in Wyoming. The Popo Agie is accepted as Carnian in age (Long 

and Murry, 1995). Neither of these two genera have ever been found in Norian 

sediments. These two facts lead to the establishment of a 

Paleorhinus/Angistorhinus biochron (Chatterjee, 1978, 1986; Hunt and Lucas, 

1991). These two genera were assumed to be restricted to the Carnian, which 

meant that any deposits they are found in must also be Carnian. This 

suggested that the Otis Chalk Quarry was in the Tecovas Formation, which has 

been independently dated to the Carnian (Dunay and Fisher, 1979; Cornet, 
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1993) (Figure 2.1). The presence of both Paleorhinus and Angistorhinus in the 

quarry was the sole reason for the Carnian date of the Otis Chalk. 

In the past several years. Dr. T. Lehman and his students have mapped 

the Dockum Group and its constituent formations in great detail (Frelier, 1987; 

May, 1988; Lehman etal., 1992, 1994, unpublished; Schnable, 1994). Their 

maps were constructed from lithologic evidence, independent of 

biostratigraphic dating. They showed that the red mudstones of the Otis Chalk 

Quarry are not part of the Tecovas Formation, but are within Cooper Canyon 

Formation (Figure 6.3-6.4). 

TTUP 9423 

The previously mentioned mapping projects also show that the Neyland 

Quarry in Garza County, Texas, is in the Cooper Canyon Formation (Figure 

6.3-6.4). In 1993 and 1996, Dr. Chatterjee and his students recovered the skull 

and skeleton of a parasuchid, giving it the catalogue number TTUP 9423. This 

specimen has been identified as Paleorhinus (Chapter 3). Nicrosaurus has 

been found in the same formation, at a quarry only a few miles away (Figure 

6.3). This suggests that the two genera were contemporaneous, with 

overtapping chronological ranges. 
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The Age of the Cooper Canyon Formation 

The Cooper Canyon Formation has only recently been recognized, and 

the issue of its exact age has not been carefully studied. The presence of 

Nicrosaurus was used to propose a Norian age for the Cooper Canyon 

(Chatterjee, 1986). Since the ranges of all four parasuchid genera from the 

Dockum Group have been shown to overtap, this method of stratigraphic dating 

is not reliable. 

Three independent fossil discoveries, however, support the idea that the 

Cooper Canyon is of Norian age. 

Two complete speciemens of the aetosaur Typothorax have been 

recovered from the Otis Chalk quarry. This genus is known only from the 

Stubensandstein of Germany. The Stubensandstein is a member of the 

Keuper, which Is considered the type section of the Late Triassic, and it is 

considered to be Norian (Murry, 1986; Lucas et al., 1993; Long and Ballew, 

1985; Long and Murry, 1995). 

The poposaur Postosuchus was recovered from the Post quarry 

(Chatterjee, 1985), which is also in the Cooper Canyon (Figure 6.3). 

Teratosaurus is a nearty identicle poposaur found in the Stubensandstein 

(Chatterjee, 1985), suggesting that the Miller quarry and the Stubensandsteing 

are chronologically equivalent. 
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The Post Quarry also yielded teeth from the ictidosaur, Pachvoenelus. a 

genus known from the Stromberg Group of South Africa (Chatterjee, 1983), 

which is considered to be Norian at oldest (Crompton, 1958; Chatterjee, 1986). 

These three pieces of evidence strongly suggest the Cooper Canyon 

formation was deposited during the Norian Stage. There is now evidence to 

suggest that the chronological ranges of Paleorhinus and Angistorhinus are not 

confined to the Carnian but extend into the Norian, overtapping with the range 

of Nicrosaurus. 

Conclusions 

Evidence from both the Otis Chalk and Neyland Quarnes shows that 

both Paleorhinus and Angistorhinus can be found in the both the lower (Santa 

Rosa Sandstone, Tecovas Formation), and the upper (Cooper Canyon 

Formation) units of the Dockum Group. Fossils of other vertebrates suggest 

that the Cooper Canyon Formation is Norian in age. Therefore, Paleorhinus 

and Angistorhinus can be found in both Carnian and Norian deposits. This 

extended chronological range makes them highly inaccurate zone fossils. Late 

Triassic deposits can no longer be dated, subdivided, and correlated solely on 

the presence or absence of these two genera. Currently, Nicrosaurus has not 

been found in the lower formations of the Dockum Group, or in Camian-age 

deposits outside Texas. Therefore, this genus continues to remain useful as a 

Norian zone fossil. Rutiodon has been recovered from both Carnian and 
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Norian deposits. Its long stratigraphic range has disqualified it from being a 

useful zone fossil (Figure 6.5). 
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Figure 6.2: Hunt and Lucas's correlation of Late Triassic deposits from around 
the world using their Paleorhinus "biochron". 
(from Hunt and Lucas, 1991, Fig. 5) 
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Figure 6.3: Detailed map of the Dockum Group in the Upper Brazos and 
Colorado River valleys, showing the locations of several 
important quarnes and associated parasuchid finds, 
(modified from Lehman, 1994, Fig. 4) 
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Figure 6.5: Revised stratigraphic ranges of the four genera of North 
Amencan parasuchids in the Dockum Group, 
(after Fig. 2.3) 



CHAPTER VU 

CONCLUSIONS 

The family Parasuchidae is a distinct clade within the archosaurs. 

Parasuchids can be easily recognized by their posteriorly placed external 

nares and long, thin skulls. Their fossils were first uncovered in the early 19̂ ^ 

Century, and they have since been found in several countries around the 

wortd. 

North Amencan parasuchids fall into four genera. Paleorhinus is the 

most pnmitive genus, with Angistorhinus as its closest relative, and then the 

two advanced sister taxa, Nicrosaurus and Rutiodon. These taxa are 

distinguished on the basis of the positions of the external nares relative to the 

antorbital fenestrae, the ratio of the prenanal and postnarial lengths, the 

relative size and shape of the squamosal process, and the shape of the 

paraoccipital process. 

Parasuchids are common enough to have been considered index 

fossils. Continental deposits dating to the Late Triassic from around the wortd 

have been dated and correlated on the basis of parasuchid fossils. New 

findings from the Dockum Group of West Texas have shown that the this work 

is in doubt. Paleorhinus and Angistorhinus. genera once thought to be 

restricted to the Carnian Age, have now been found in Norian-age deposits. 
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invalidating previous correlations done with these genera. Nicrosaurus. 

currently known only from the Norian age, remains biostratigraphically useful. 

Future studies 

Figure 2.1 shows that while parasuchids have been recovered from 

several locations around the wortd, there are three particular regions from 

which they are not known: the northern section of South America, Central 

Afnca, and the Arabian Peninsula. Since parasuchids were tropical reptiles, 

they could have lived in these areas. Future expeditions to these regions may 

yet recover parasuchids, or they may uncover evidence explaining their 

absence. 

In the Fall of 1996, Carter Kearnes, working as a field assistant for Dr. 

Chatterjee, discovered a complete parasuchid skeleton on the ranch of Robert 

Macy. It is still being prepared at the time of this thesis, and has not been 

descnbed or identified, yet. 

The exact relationship between parasuchids and crocdilians is still not 

fully understood. They are often separated as distantly related members of 

larger taxa (Benton, 1988; Sereno, 1991). The descnption of the parasuchid 

skull from Chapter 3 highlighted three features that are found only in the two 

groups: bicephalic quadrate, quadrate perforated by tympanic sinuses, and 

deep dorsal tympanic recess with contralateral placement (Romer, 1956; 



129 
Walker, 1990). They may be useful for future studies of the relationship 

between parasuchids and crocodilians. 

Finally, the age of the Cooper Canyon Formation still remains 

uncertain. Cornet (1993) proposed that fossilized pollen is the best means of 

correlating and dating continental strata such as the Dockum Group. At this 

time, no palynological analyses of the Cooper Canyon formation are being 

conducted. Such studies would be most helpful in dating the Cooper Canyon 

formation. 
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APPENDIX: KEY TO ABBREVIATIONS 

a: articular 
an: angular 
aof: antorbital fenestra 
bo: basioccipital 
bs: basisphenoid 
c: choana 
d: dentary 
ec: ectopterygoid 
ef: epiphyseal foramen 
en: external nares 
eo: exoccipital 
f: frontal 
fm: foramen magnum 
fo: fenestra ovalis 
hf: hypophyseal foramen 
iptv: interpterygoid vacuity 
itf: infratemporal fenestra 
j : jugal 
I: lacnmal 
Is: laterosphenoid 
m: maxilla 
mf: mandibular fenestra 
n: nasal 
of: optic fissure 
op: opisthotic 

orb:orbit 
os: orbitosphenoid 
p: panetal 
pa:prearticular 
pf: postfrontal 
pi: palatine 
pm: premaxilla 
po: postorbital 
pr: prootic 
prf: prefrontal 
pp: postpanetal 
ps: parasphenoid 
pt: pterygoid 
ptf: postemporal foramen 
q: quadrate 
qj: quadratojugal 
s: squamosal 
sa: surangular 
sm: septomaxilla 
soc: supraoccipital 
sp: splenial 
spf: subpalatal fenestra 
stf: supratemporal fenestra 
v: vomer 

Roman numerals indicate foramina for cranial nerves 
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