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CHAPTER 1 

INTRODUCTION 

Metoposaurs are characteristic Late Triassic labyrinthodont 

amphibians recorded from North America, Germany, Morroco, and 

India. The family Metoposauridae, named from the Europena genus 

Metoposaurus, is distinguished by its flat skull and the position 

of the orbits anterior to the midlength of the skull table. Bones 

of the skull roof are deeply sculptured on their dorsal surfaces. 

Skeletons of the predominantly aquatic metoposaurs indicate an 

animal often 2 meters in length (see Fig. 1). Metoposaurs have 

been known from the Late Triassic Dockum sediments of West Texas 

since Case described a specimen in 1920 upon which he erected the 

genus Butteneria. Since then, five species have been named from the 

Dockum, all belonging to this genus. 

There is considerable disagreement among paleontologists 

concerning metoposaur taxonomy, including those specimens from the 

Dockum. Colbert and Imbrie (1956) reviewed the Family Metoposauridae 

and concluded that the American specimens were sufficiently distinct 

from the Eurasian specimens to warrant placing the former into the 

genus Eupelor Cope, 1868, as distinct from the genus Metoposaurus 

Lydekker, 1890, in which they placed all the Eurasian specimens. 

Thus, Butteneria was reclassified as Eupelor according tu their vork. 



Figure 1. Skeletal reconstruction of a metoposaur (after Romer, 
1966). 
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More recently, Roy-Chowdhury (1965) doubted that the 

differences between the Eurasian and American specimens were 

great enough to justify placing them in two separate genera. He 

proposed placing all species in the genus Metoposaurus, which takes 

precedence over all other generic names. According to his taxonomy, 

which is followed in this study, all of the Dockum forms are 

congeneric. Morover, Roy-Chowdhury merged all of the Dockum 

Formation specimens into a single species, Metoposaurus fraasi. 

Metoposaurus fraasi (see Fig. 2) is characterised by a robust 

skull with deeply incised otic notches. Tabular processes, or 

horns, are also present. The pineal foramen of M. fraasi is 

situated on the rear third of the parietal elements. There is much 

interspecific variation in this group and many features have been 

altered by post-mortem crushing, two reasons why its members have 

been assigned to so many species. 

Two other genera of metoposaurs are recognised. The first 

of these is represented by a solitary specimen, Dictyocephalus 

elegans described by Joseph Leidy in 1856, which survives today as 

a fragmentary specimen of a small metoposauroid. ^. elegans is 

characterised not only by its small size but also by the absence 

of well-defined otic notches and tabular horns. An interesting 

feature of Dictyocephalus is the location of the pineal foramen 

centered, rather than near the rear, on the parietals. Colbert 

and Imbrie suggested that Dictyocephalus may represent a juvenile 

stage of a large metoposaur. Contrary to their suggestion. Dr. 

Donald Baird (pers. comm.) believes that Dictyocephalus is a valid 

genus based upon the aforementioned characters. 



Figure 2. Illustrations of the three genera of metoposauroids 
showing the otic notches and tabular processes of: 
(A) Dictyocephalus; (B) Anaschisma; and 
(C) Metoposaurus. 
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Dr. Joseph Gregory revised the taxonomy of the metoposaurs 

on the basis of the presence or absence of the otic notch and 

tabular horns. He concluded that for those specimens lacking 

tabular horns and bearing a shallow otic notch the genus Anaschisma 

Branson, 1905, was vaild. Anaschisma is founded upon two specimens 

which come from the Popo Agie Member of the Chugwater Formation of 

Wyoming. These specimens have shallow otic notches and lack tabular 

horns. Dr. Baird (pers. comm.) suggests that Dictyocephalus may 

represent a juvenile individual of Anaschisma based upon these shared 

characters as seen in figure 2. If that proves to be the case, 

then Anaschisma would be the junior synonym of Dictyocephalus. 

However, the systematic position of Anaschisma is questionable 

because of the incompleteness of the material. Two specimens, one 

45 cm the other 41 cm in length,were recovered from near each other 

from the Carnian-aged sediments of the Popo Agie. One other 

specimen, currently undescribed, is known from the Redonda Formation 

of northeastern New Mexico. That specimen is approximately 20 cm 

in length. 

In 1984, a skull of a small metoposauroid was discovered from 

the Dockum Formation near Post, Texas. This skull, TTUP 9216, is 

of particular interest in that it is the smallest individual known 

with a length of 6.8 cm. The skull features are also unusual when 

compared with the other metoposauroids from the area. 

The study of TTUP 9216, the specimen which forms the basis for 

this thesis, is supplemented by two other new metoposauroid specimens: 

UCMP 82/39/37 from Petrified Forest National Park, and TTUP 9237 from 

Crosby County, Texas. 
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The purpose of this study is twofold: (a) to describe the 

morphology of the newly discovered skulls; and (b) to compare them 

to skulls from other specimens in the three existing genera as a 

means of evaluating their taxonomic position within the Family 

Metoposauridae. 



CHAPTER 2 

MATERIALS A1>ID METHODS 

The newly discovered skull, designated as TTUP 9216, was 

recovered from the Post Quarry, Garza County, Texas. Discovered 

by Michael W. Nickell during excavation, the small skull was encased 

in a matrix of red clay. To remove the skull from the matrix 

was a slow process requiring much care due to its delicate nature. 

Acetone was used to soften the matrix in order to avoid moisture 

damage to the bones. Fine dental probes were used to pick away 

the damp matrix which was then gently brushed off. A calcareous 

crust covering the anterior portion of the skull near the external 

nares was removed with a weak solution of hydrochloric acid. 

Specimen repositories are identified by the abbreviations 

preceding the specimen number: TMM, Texas Memorial Museum; 

TTUP, The Museum, Texas Tech University; UCMP, University of 

California Museum of Paleontology, Berkeley; YPM, Yale Peabody 

Museum; AMNH, American Museum of Natural History. 

Nine specimens were used in this study: 

1. TTM 31100-42: well-preserved complete skull, portion of 

premaxilla anterior of external nares missing; Howard 

County, Texas; skull length = 455mm. 
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2. TMM 31100-124: well-preserved skull; Howard County, 

Texas; skull length = 400mm. 

3. TMM 31099-12B: excellent skull of juvenile metoposaur 

complete with both stapes and lower mandibles; Howard 

County, Texas; skull length = 160mm. 

4. TTUP 9042: well-preserved skull; Howard County, Texas; 

skull length = 380mm. 

5. TTUP 9083: large complete skull, right side partially 

distorted by crushing; Crosby County, Texas; skull 

length = 630mm. 

6. AMNH 5661: type specimen of Dictyocephalus elegans, 

partially intact posterior region; Cumnock Formation, 

North Carolina; skull length estimated at 78mm. 

7. TTUP 9216: small skull and lower jaw; Garza County, 

Texas; skull length = 73mm. 

8. UCMP 82/39/37: small skull in good condition, Chinle 

Formation, Petrified Forest National Park. 

9. TTUP 9237: small skull, posterior border only; Crosby 

County, Texas; skull length estimated at 110-120ram. 



CHAPTER 3 

GEOLOGIC SETTING 

The Late Triassic of West Texas was characterised by 

alternating pluvial and arid conditions. A tropical to subtropical 

climate with ample rainfall but a distinct dry season is indicated 

by the lithology. Paleomagnetic studies of the adjacent Chinle 

Formation indicate a latitude of 16-18 degrees north of the equator, 

which seems to substantiate a tropical climate interpretation 

(Tucker, 1982). 

The Dockum Formation of West Texas is characterised by 

continental red bed sequences composed of 70-700m of terriginous 

elastics that accumulated in a mosaic of fluvial, lacustrine, and 

flood-plain environments (McGowan, et al., 1979). None of the 

various beds can be traced extensively, a fact which is consistant 

with the fluvial interpretation of the Dockum. New research by 

Dr. Tom Lehman and his students of Texas Tech University into the 

sedimentology of the Dockum Formation shows little or no evidence 

of lacustrine or deltaic deposits, contrary to McGowan's studies, 

and indicates that nearly all of the Dockimi sediments are of a 

fluvial origin (Lehman, pers. comm.) 

Recently, Chatterjee (1986) has proposed a major revision of 

the Dockum demoting it from Group to Formation status. He retains 

11 



Figure 3. Dockum Formation in West Texas and type section 
of the Cooper Creek Member at the Post Quarry in 
Garza County, Texas. 
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three units reducing them to member status. The lower 

Tecovas Member consists mainly of siltstones and shales. The 

middle Trujillo Member is composed of sandstones and conglomerates. 

The uppermost member, as seen in figure 3, has been designated as 

the Cooper Creek Member and may possibly of Middle to Late Nori.m 

in age (Chatterjee, 1986). It is from the Cooper Creek Member 

where the metoposaur skull central to this study was excavated. 

Recently, the "upper fauna" assemblage has been discovered in 

the Dockum mudstones near Post, Garza County, Texas. From this 

quarry, new tetrapod fauna, including taxa so far unknown from the 

North American Triassic, have been recovered. The fauna include 

parasuchids (=phytosaurs), coelurosaurs, pterosaurs, protorosaurs, 

squamates, poposaurs, fabrosaurs, and an ictidosaur. These forms 

indicate that the Dockum may not be restricted to the Carnian as 

believed, but may extend well into the Norian (Chatterjee, 1986). 

It is generally believed that the Dockum fauna of West Texas 

is rather primitive, corresponding with the "lower fauna" of the 

Chinle Formation. Past workers have correlated the Dockum with 

the Carnian of the standard European marine sequence. The "upper 

fauna" of the Chinle is thought to be absent from the Dockum, yet 

the ictidosaur, Pacygenelus, and the fabrosaur, Technosaurus,are 

closely related to South African forms of Late Triassic or Early 

Jurassic age. Postosuchus, the new poposaur from the quarry, is 

clearly related to Teratosaurus, from the Upper Norian of Germany 

(Chatterjee, 1986). 
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Aetosaurs have also been employed as correlative tools: 

Long and Ballew (1985) stated that Desmatosuchus (described from 

the Post Quarry by Bryan Small) indicates a Carnian age for the 

Dockum. According to those authors, the presence of Typothorax 

in the Upper Petrified Forest Member of the Chinle Formation defines 

a Norian age for that portion of the Triassic. Recently, Typothorax 

scutes and postcranial elements, as yet undescribed, were recovered 

from the Post Quarry, offering support to the idea that at least 

this section of the Dockum is perhaps of a Norian age. 

Parasuchids are also useful correlative tools. Parasuchus and 

Angistorhinus are restricted to the lower Dockum Formation. These 

genera are present in the Popo Agie Member of the Chugwater Formation 

of Wyoming and among the Maleri Formation of India, both of which 

are Carnian in age (Chatterjee, 1986). The genus Nicrosaurus which 

occurs in the Post Quarry, is restricted to the Stubensandstein 

(Norian) of Germany, further adding support ro the Late Triassic age 

associated with the Post Quarry. 

Metoposaurs are entirely restricted to the Late Triassic 

(Carnian to Early Norian) continental deposits of North America, 

Germany, Morroco, and India. Their uniform morphology on both sides 

of the Atlantic supports the concept of Pangaea during the Late 

Triassic. But unlike the parasuchids, the metoposaurs are not 

useful for biostratigraphic subdivision. 



CHAPTER 4 

DESCRIPTION OF NEW METOPOSAURS 

Metoposaurs without otic notches 

TTUP 9216: The most striking characters of specimen TTUP 

9216 are its small size and delicate osteology, two features 

unusual amongst the Metoposauridae. Although this specimen is in 

relatively good condition, some portions of the skull are either 

missing or damaged. The skull is separated, horizontally between 

the orbits, into two sections. 

The posterior section of the skull has sustained damage along 

the right lateral margin (see Plate 1). The squamosal has been 

broken from its tabular connection and the entire margin of the 

squamosal is absent. A small section of the jugal is evident upon 

close inspection, but the remainder of that element is missing. 

The quadratojugal is also gone. 

Anterior of the tabular, the supratempotal is intact, but the 

rear portion of the latter element has separated a fraction from 

its suture with the tabular. In front of the supratemporal the 

medial side of the postorbital is intact. The lateral margin of 

the postorbital is absent. 

The postparietals are in excellent condition. The 

ornamentation is clearly visible on these bones, and the otic sinus. 

16 
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albeit extremely shallow, is well-defined lateral to the 

postparietal on the left side of the skull. Of great interest are 

the parietals. The pineal foramen is located along the midline 

where the two parietal elements meet. On all other metoposaurs 

examined, the pineal foramen was located on the rear third along 

the parietal junction. On TTUP 9216, the pineal foramen is 

centered on those elements. An interpretation of this feature 

follows in the results section. 

The postfrontal, with a small segment missing, is intact up to 

the orbital rim. Of all the elements in the circumorbital series, 

this bone is best preserved. The postorbital is only partially 

intact for the lateral section of it is missing. The frontals are 

difficult to distinguish; this is the area where most of the damage 

has occurred. However, the posterior section of the frontals 

where they merge with the parietals can be determined. Beyond that, 

the frontals are obscured by damage. 

There has been less damage along the left margin of the skull 

(refer to Plate 1). The squamosal is intact, and the quadratojugal, 

with just its margin missing, rounds off the squamosal. The jugal 

is partially present but crushing has obscured most of its features. 

The jugal and maxilla, forming the outer margin of the skull, have 

been pushed upwards and medially, distorting the shape of the skull 

margin. Crushing has obliterated the left orbit, as well as 

specific features of the circumorbital series along the orbital rim. 
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The sculpturing of the dorsal elements holds true to 

that found on other metoposaurs. Pits are circular and uniform 

on elements where little growth has occurred. In the zone of 

growth anterior of the pineal foramen, these pits exhibit 

characteristic elongation. The lateral line system is indistinct 

in most places. 

The ventral side of TTUP 9216 (see Plate 2) is severely 

altered by post-mortem crushing. The bones anterior of the broad 

palatine base are all absent. The right palatine is obscured 

by the interclavicle which has fused to it. The left quadrate 

is relatively intact and is connected to the squamosal and 

quadratojugal. 

A small section, about 1.0cm in length, is all that remains 

of the parasphenoid. The maxilla, bearing approximately 10 tiny 

teeth, extends 2.0cm to where it has been broken. Medially, there 

is a row of 8 or 9 teeth; these may be on the ectopterygoid which 

is connected to the crushed dorsal palatine ramus. Ttro foramina 

pierce the area near the exoccipital/ parasphenoid contact. 

The anterior segment of the broken skull contains the external 

nares. Calcareous deposits on this portion were removed with a 

weak solution of HCl which destroyed some ornamental and sutural 

detail. The nares and premaxillae are fairly intact, although a 

portion of the left premaxilla is missing. Post-mortem crushing 

has displaced part of the left side pulling it downward at an 

angle off the midline. The frontal region is beyond interpretation 
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due to the extent of distortion. Part of the right frontal 

is intact as is a section of the right maxilla. The left maxilla 

is partially intact with its contact with the prefrontal, but 

other features are obscured. 

Ventrally, on the nasal segment of the skull, the right 

maxillary tooth row is partially intact. A few teeth are borne 

on the left maxillary. This 0.9cm long section bears about 

teeth. One vomarine tusk is apparent. The premaxilla is broken 

left of midline, and to the right, contains a couple of teeth. 

One fang is well-preserved in the front. The internal nares 

are located close to midline; one remains unaltered by the 

crushing. 

Portions of both lower jaws are preserved, with the right 

ramus being the better of the two (refer to Plate 2) . According 

to Jupp and Warren (1986), the Metoposauridae can be distinguished 

from other temnospondyls by the absence of coronoid dentition, 

and in the position of the posterior coronoid which forms part of 

the dorsal margin of the posterior Meckelian foramen. Only the 

anterior section of that Meckelian foramen is preserved in this 

specimen, and the sutures are difficult to discern. However, the 

foramen appears large, as is common in the Metoposauridae, and 

there are no teeth on the posterior coronoid element. These 

features indicate that the skull is a metoposaur and not a member 

of another family of the Temnospondyli. 
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Teeth are few but evident on the lower jaw. Two 

teeth towards the rear of the jaw clearly exhibit the labyrinthine 

infolding which characterises this subclass. All but two teeth 

on the dentary are broken off; these two teeth are very minute, 

but perhaps may easily have handled a diet of small fish or insects. 

One clavicle is preserved and partially intact. The 

characteristic shape and ornamentation of the Metoposauridae 

are apparent. The interclavicle was damaged during preparation as 

it was fused to the ventral surface of the skull roof. 

TTUP 9237: This specimen from Crosby County, Texas, is 

represented by the posterior border of the skull as seen in plate 

3. The 9.0cm wide border has both otic notches intact; these are 

only shallow embayments similar to those on TTUP 9216. Tabular 

processes are entirely absent. 

The postparietals are clearly defined as are both of the 

tabulars. The right squamosal is more intact than the left and 

is very narrow. The posterior border of the squamosals extend 

wing-like slightly beyind the posterior margin of the skull. The 

right supratemporal is nearly intact, but only a small portion of 

the left one survives. 

The posterior half of the parietals are intact, with the 

anterior section missing. The pineal foramen is not on this rear 

section; therefore, it must have been situated anterior of the 

rear third of the parietal elements, as on TTUP 9216. 
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Ornamentation is typically metoposauroid on this 

specimen, which based upon its width, was probably lOcm in length. 

Ventrally, little detail is preserved with the exception 

of the right quadrate. The occipital bones have been 

discrticulated from the skull, but remain intact as a unit. Both 

excoccipital condyles are well-preserved and developed. 

UCMP 82/39/37: This specimen was recovered from the Upper 

Petrified Forest Member of the Chinle Formation of Petrified 

Forest National Park in northeastern Arizona at the Lacey Point 

site. It is a small metoposauroid, approximately 8cm in length, 

with shallow otic notches and lacking tabular horns (see Plate 4). 

Iron deposits covered the entire surface of the specimen. 

Removal of that iron with 10% HCl resulted in the marring of 

ornamentation and sutural detail. Post-mortem crushing has 

further destroyed many important features. 

The right side of the skull is fairly well intact. The 

squamosal has been laterally compressed, distorting its width 

considerably. The right orbit is well-preserved and the posterior 

portion of the external nares are also intact. The tip of the snout 

is missing. 

The left side of the skull had been pushed up beneath the right 

side. Very little detail can be observed due to the extent of the 

iron deposits. The area of the pineal foramen has been obliterated. 

The left side is intact up to the orbital rim, a portion of which 

survives. 
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Ventrally, a large portion of the left jaw ramus is 

preserved. The rear portion of the right ramus is intact but 

displaced medially. One clavicle is fused to the left side of 

the posterior region of the skull. 

More sophisticated prearation techniques are required to 

remove the iron without destroying the bones. Until that time, 

further interpretation of the details is impossible. 

AMNH 5661: Dictyocephalus elegans is not a specimen which 

is new to paleontology. Yet, its inclusion here is deemed 

justified in that D;. elegans represents the first known specimen 

of a metoposauroid without otic notches or tabular horns. 

This specimen is in a fragmentary state today, but the details 

of the otic sinuses and tabular horns are well-preserved. Plate 5 

illustrates this specimen and clearly shows the condition of those 

two features. Examination of the specimen indicated that tabular 

horns were never present, for the posterior margin of the tabulars 

are cleanly rounded off. 

The ornamentation, arrangement of bones, and general 

characteristics of this specimen are exceptionally similar to 

the skulls described above. 

Metoposaurs with otic notches 

Metoposaurs with otic notches have been recently described 

in detail by several workers (Case, 1931: Romer, 1947), most 

recently by Roy-Chowdhury (1965) with his description of 
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Metoposaurus maleriensis. These forms with otic notches and 

tabular horns have all been assigned to the genus Metoposaurus. 

The members of Metoposaurus represent a group uniform in 

its morphology. They are fairly common in continental deposits 

of the Late Triassic and are of varying sizes. Six of the nine 

specimens incorporated into this study are members of that 

genus and range in size from 15 to 65cm in skull length. 



CHAPTER 5 

RESULTS 

In 1917, D'Arcy Wectworth Thompson applied the concept of 

geometric transformation to the description of morphological 

change. These changes in morphology were represented by the' 

distortion of a grid placed over an illustration of an organism. 

Thompson used adult forms of similar organisms to show how one 

form could be derived from another, but an ontogenetic series can 

also be used to show how a single form alters with growth. The 

Cartesian transformation offers a visual interpretation of the 

distribution of the growth of a body (Huxley, 1968) . It is for 

that reason which the Cartesian transformations were selected for 

this study. 

To use the Cartesian transformation, a form is placed over 

an X-Y grid and then deformed along those recognised lines. A 

new figure is thus obtained, one which represents the original 

under a strain. These figures, when compared to each other, 

relate the sense and trend of transformation. 

Six of the nine specimens were chosen for the transformation 

series, each as a representative of its size (i.e. growth stage). 

First, as seen in figure 4, 17 characters were measured for each 

34 



Figure 4. .Key to skull measurements and abbreviations, 
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si = skull length 
sw = skull width 
exw= exoccipital width 
exl= exoccipital length 
tbl= tabular process length 
tbw= tabular process width 
r = otic notch width 
s = otic notch depth 
ppl= pineal foramen to back of skull length 
pol= postorbital length 
iol= interorbital length 
aol= antorbital length 
in = intemares length 
nl.= nares length 
pe = pineal foramen to edge length 
me = midline (above orbit) to edge length 
se = snout (above nares) to edge length 
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specimen. Table 1 lists these measurements. Then, each 

skull was standardised to a unti legth of 10cm. Once on a unit 

scale, a square grid was placed over TTUP 9216, the smallest 

specimen in the series (see Fig. 5A). This grid was then drawn, 

based upon reference points on TTUP 9216, over each successive 

specimen as seen in figures 5B through 5F. In the course of 

redrawing the grid, the grid was deformed. 

A second method for determining if the specimens actually 

represent a growth sequence was employed. By using programs 

designed for the Apple Macintosh computer, CricketGraph and Stat 

Works, the use of the character measurements in plotting the 

allometric equation for growth was made possible. 

Cartesian transformations 

The Cartesian transformation series reflects certain trends 

as the specimens increase in relative size. Using TMM 31099-12B 

and TTUP 9083 as the smallest and largest definitive members, 

respectively, of Metoposaurus, these trends beome apparent. 

The first trend is with regards to the position of the orbits, 

The distance between lines 4 and 5X (with the X axis being along 

the exoccipital base) increases as the orbits migrate laterally 

axiay from the midline. Since orbital shape is greatly affected 

by post-mortem crushing, it cannot be stated that the reduction in 

orbital size between those two specimens is related to growth. 

The forward position of the orbits on the skull roof is a 

highly diagnostic feature of the Metoposauridae. In the smaller 
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Table 1. Table of skull measurements. 
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Figure 5. Cartesian transformation series of metoposauroids: 
(A) TTUP 9216; (B) TMM 31099-12B; (C) TTUP 9083 
(D) TMM 31100-124; (E) TMM 31100-42; 
(F) TTUP 9083. 
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specimens, the orbits are placed further back on the skull, 

relative to skull length, than the orbits on the larger skulls, 

which are closer to the snout. The orbital shift, seen in the 

Cartesians transformation series between lines 3 through 6Y, with 

the Y axis being along the skull length, is a result of the 

expansion of the bones in the postorbital region and the repression 

of growth in the preorbital region. Schmaulhausen (1968) notes 

that age differences are manifested in orbital position. 

Schmaulhausen cites the interpretation of orbital position as 

concluded by Bystrov and Eframov in their study of Benthosuclms 

sushkini, a capitosaur. Capitosaurs are also large Triassic 

amphibians and the sister group to the metoposaurs. In the 

young Benthosuchus, the orbits are located in the middle of Che 

skull table. In the adult forms of that capitosaur, the orbits 

have shifted to the posterior region of the skull (Schmaulhausen, 

1968). 

Associated with the increase in growth and the elongation of 

the elements between the pineal foramen and the orbits, is the 

relative compression in those areas anterior and posterior of that 

growth zone. This trend can be seen in the compression between 

lines 1-3Y and lines 7-9Y. 

A second feature appears between lines 3-5X near the snout. 

Although this factor may be altered by crushing, it appears chat the 

the snout becomes wider as the animal increases in size. A third, 

and quite interesting feature is seen in the position of the 

pineal foramen between TMM 31099-12B and TTUP 9083. In the smaller 
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skull, the foramen lies further anterior (relative to skull 

length) on the skull table than it does on the larger skull. 

This trend is apparent in the shortening of the distance between 

lines 1-3X on the Cartesian transformation series. The pineal 

foramen of TTUP 9216 lies even more anteriorly than on TMM 31099-

12B. Although AldNH 5661 was not used in this series, the same 

pineal foramen position present on that specimen is present on 

TTUP 9216. 

Again, data from Benthosuchus permits interpretation. In 

juvenile forms of the capitosaur, the pineal foramen lies on the 

anterior end of the parietals. In the adult forms, the pineal 

foramen has shifted to a point midway between the parietal elements. 

Schmaulhausen (1968) points out that this shift of the pineal 

foramen is age dependant like the shift of the orbits. 

The shift of the pineal foramen during growth has been 

suggested as being due to the development of the olfactory organ, 

the olfactory lobe, and the cerebral hemispheres of the brain. As 

the midbrain is reduced in relative size and pushed backward, the 

pineal organ, being in a fixed position on the midbrain, is carried 

along during this posterior movement. Thus, it is only the shift 

of the midbrain and the pineal organ associated with it that 

determines the posterior shift of the pineal foramen 

(Schmaulhausen, 1968). 

With the exception of TTUP 9216, the tabular processes do 

not change relative to increase in size. Specimens TMM 310099-

12B through TTUP 9083 all possess well-developed tabular horns, 
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the size of which are altered in a few of the specimens by 

crushing. Along with that feature, the depth of the otic notch 

relative to size also remains fairly constant. Even though TTUP 

9216 does not appear to have a notch, when drawn to scale, a 

small one does appear. 

Biometric analyses 

Relative growth denotes change of proportions as an organism 

increases in size. Huxley's 1932 conceptual tool in the bivariate 

study of form was the equation of simple allometry: Y=Bx^. 

Dodson (1975) states that the size of any part of an organism 

(Y) is expressed as an exponential function of the size of the 

whole organism over a range of size. The value of the allometric 

coefficient (a) reveals whether a given part is increasing at a 

greater rate (positive allometry), a lesser rate (negative 

allometry), or at the same rate (isometric allometry). 

In this study the natural logarithmic form of the allometric 

equation was used: lnY=lnB + alnx. When the data were converted 

to natural logs, curvilinear relations became linear and the 

line-fitting technique of simple regression was used. 

Biometric considerations, as stated by Dodson (1975), 

dictated the choice of x. Here, x is the length of the skull. 

One criterion upon which that decision was based is that the skull 

length represents the measurement with the greatest range in size. 

In table 2, all 17 variables measured for this study and their 

natural logs are listed. Each graph plots two variables, one being 

the dependant x variable of skull length, the other being the 
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Table 2. Table of measurements as entered into the StatWorks 
computer program including the natural logarithmic 
values for each variable. 
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independant variable of another skull measurement. The 

blank spaces in the data set indicate either a value of zero, for 

which there is no log) or a variable which was missing on that 

specimen. 

The problem of incomplete data sets is a common one in the 

study of fossils. In order to deal with the missing data, the 

computer program employed pairwise deletion. In calculating a 

bivariate statistic where a datum field is blank for one specimen, 

the field for the other variable is ignored. In that manner, the 

particular specimen does not contribute to the calculation of that 

coefficient (Dodson, 1975). 

As an example, the first figure in the series (figure 6A) 

shows the logarithmic plot of skull width as a function of skull 

length. The analysis of variance (ANOVA) chart indicates that 

the sw:sl ratio is very significant, as shown in the far right 

column. The coefficient of determination (R) reveals that a full 

99.4% of the variation in skull width can be attributed to the 

variation in skull length. 

The range of variability in the 16 ANOVA tests show that 

95.3% to 99.7% of the variability in any given measurement is 

due to the variation in the length of the skull. These graphs 

and charts are listed in figure 6A through 6P and can be interpreted 

following the example given above. 

In doing these analyses of variance, the null hypothesis made 

was that the specimens do indeed represent an ontogenetic series. 

Based upon that hypothesis, the results of the logarithmic plots 
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and the ANOVA's show that size differences (i.e. age 

differences) may account for the most parsimonious explanation 

for the linear progression, or isometric allometry, shown in 

each graph. 



Figures 6A-6P. Biometric analyses: Top Figure—logarithmic graph; 
Bottom Figure— ANOVA results. 
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CHAPTER 6 

DISCUSSION 

Growth studies and statistical analyses 

The Cartesian transformation series provided a visual account 

of the changes that might occur during the ontogeny of a 

metoposauroid. However, to be accurate in reflecting ontogenetic 

change, a true ontogenetic sequence must be employed. Since the 

specimens used in this study were found in different localities 

and stratigraphic sections they cannot be said to represent such 

a series. 

The significance of the statistical results indicates that 

the Metoposauridae is a uniform group. Differences that could 

be used to define genera were not picked up by the analyses. 

Two of the characters which appeared to change as the skull 

length inreased were the position of the pineal foramen and the 

position of the orbits. These features, supported by information 

from Benthosuchus sushkini, are growth related and therefore not 

of taxonomic significance. 

Characters for taxonomic evaluation 

With the exclusion of the above mentioned characters as 

taxonomically significant, two characters remain for valid 
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assessment of relationships. These are the presence/ absence 

of the tabular processes (horns) and the notchless/ notched 

structure of the otic sinus (see figure 7). 

The metoposaurs can be separated on the basis of the otic 

structure as demonstrated by Gregory (1980). He concluded that 

two genera should be recognised for which the names Anaschisma, 

for those forms with the notchless condition, and Metoposaurus, 

for those forms with the notched condition, are valid. 

Most populations of metoposaurs have well-defined otic 

notches and are thus readily separable from those which show only 

a shallow otic sinus are the rear of the skull. Systematic 

recognition of those two groups is comparable to the recognition 

of several genera of the Capitosauridae based upon different types 

of modifications of the otic notch in that family (Welles and 

Cosgriff, 1965; Gregory, 1980). 

The capitosaurs are separated into two basic groups: 

Paratosaurus, from the Lower and Middle Triassic, represents the 

central stock of the Capitosauridae, a form with open otic notches. 

Cyclotosaurus, from the Upper Triassic, represents the end product 

of capitosaur evolution; this form possessed fully enclosed otic 

notches. 

The tabular process of Paratosaurus ends in a prominant point, 

whilst that of Cyclotosaurus grows to meet the squamosal, fully 

encapsulating the notch and forming an otic fenestra. 

Welles and Cosgriff (1965) described a new species of 

capitosaur from the Meteor Crater area of Arizona. Ten specimens 



Figure 7. Two groups of metoposauroids. 
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1. Shallow otic notch 

2. Tabular processes absent 

1. Deep otic notch 

2. Tabular processes 
present 
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of Paratosaurus peabodyi were recovered from that quarry, 

each of varying size with the otic region well-preserved. This 

ontogenetic series showed that the structure of the otic notch 

remains constant and does not vary with ontogeny. The degree 

of closure did not change even though the notch depth increaced. 

Following these evolutionary changes seen through time in 

the capitosauroid otic notch, the same character can be used to 

evaluate the taxonomy of the metoposauroids. In the capitosaurs, 

the shallow otic notch is primitive. An enclosed notch is 

indicative of the derived capitosaur condition. The metoposaurs 

exhibit a shallow otic notch in the primitive state. A deeply 

incised notch indicates a derived form. 

These characters are summarized in the cladogram in figure 

8 which shows the relationships of the genera of metoposaurs 

using the capitosaurs as the outgroup for comparison. Apomorphies 

are listed for each node of the cladogram. 



Figure 8. Cladogram showing the relationships of the genera 
of metoposaurs with the capitosaurs chosen for 
outgroup comparison. 
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(2) Dictyocephalus (3) Metoposaurus 

(1) Metoposauridae 

Capitosauridae 

Apomorphies for each node are as follows: 

(1) orbits anterior of midlength of skull; 
skull table relatively flat. 

(2) tabular processes absent; 
otic notch shallow. 

(3) tabular processes present; 
otic notch incised. 

Degree of separation is not implied. 



CHAPTER 7 

CONCLUSIONS 

Only two genera of metoposaurs coexisted in the Late 

Triassic, Dictyocephalus and Metoposaurus. Dictyocephalus has 

been found throughout the Late Triassic deposits, as has 

Metoposaurus, with no stratigraphic significance assigned to 

either of their occurrence. 

In conclusion, the discoveries and subsequent analyses of 

TTUP 9216, TTUP 9237, and UCMP 82/39/37, support the position 

that these specimens should be placed together in the same genus, 

namely Dictyocephalus (see Plate 6). 

Therefore, Dictyocephalus Leidy, 1856 becomes the senior 

synonym of Anaschisma Branson, 1905. 
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