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ABSTRACT 

Two new basal archosaurs, Pteromimus longicollis and Procoelosaurus 

brevicollis are described from the Tecovas Formation (late Camian) and the Cooper 

Canyon Formation (early Norian) of the Dockum Group of West Texas. Pteromimus is 

based on an incomplete skull and associated and isolated skull and vertebral elements. 

The skull is high, with narrow snout, large orbit and naris, pneumatized maxilla and 

premaxilla, large inflated frontal, short parietal, plate-like supraoccipital, and reduced 

post-temporal openings. The dentition is thecodont and consists of conical teeth with 

fluted apices. The premaxillary teeth are long and slightly recurved, and the maxillary 

teeth are short and more laterally compressed. The vertebrae of both Pteromimus and 

Procoelosaurus £ire with procoelous and hollow centra, with large cavities for the 

interspinal ligament, well-developed epipophyses, and long and low neural arches 

carrying long neural processes v«th spine tables. Pteromimus is distinguished by low 

neural processes with weakly developed spine tables and ornamentation, while 

Procoelosaurus is characterized by higher neural processes that expand into wide spine 

tables with distinctive sculpturing. The cervical vertebrae of Pteromimus are elongate, 

dorsoventrally compressed, and bear unusual rib articulations consisting of a large 

posterior depression and a small anterior process. Procoelosaurus is represented by an 

association of vertebrae, pelvis, hindlimb and skull elements, and by a large number of 

isolated vertebrae. The maxilla and dentary of Procoelosaurus bear numerous teeth with 

thecodont implantation and crowns that are recurved, laterally compressed, and serrated. 

Procoelosaurus has at least three sacral vertebrae, large plate-like ischium, and ilium 

with a low blade, reduced preacetabular process, and a long, tapering postacetabular 

process. The femur appears similar to those of pterosaurs with anteriorly bowed shaft, 

well developed condyles, and an intumed head. The ankle and foot of Procoelosaurus 

are similar to those of early pterosaurs with an advanced mesotarsal tarsus, hooked fifth 

metatarsal, and closely appressed metatarsals I-IV subequal in length and indicating a 

plantigrade pes. A phylogenetic analysis of Archosauromorpha indicates that the two 



new reptiles and pterosaurs are omithodiran archosaurs and form a monophyletic clade 

that is the sister-group to Scleromochlus + Dinosauromorpha. Pteromimus is the sister-

group of pterosaurs, and Procoelosaurus is the sister-group to the clade Pteromimus + 

Pterosauria. 
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CHAPTER I 

INTRODUCTION 

General Background of Study 

The continental red beds of the Late Triassic Dockum Group are widely exposed 

along the foot of the Caprock Escarpment of the Southern High Plains in western Texas, 

through the Canadian River Valley in Texas and eastern New Mexico, and along the 

Pecos River Valley in New Mexico and southward into Texas. The Dockum Group rests 

unconformably on Permian strata, and is unconformably overlain by Cretaceous, 

Tertiary, or Quaternary strata. The Triassic deposits have been studied by stratigraphers, 

sedimentologists, and paleontologists for more than a century, among them venerated 

stratigraphers such as W.F. Cimimins, N.H. Darton and C.N. Gould, and renowned 

paleontologists such as E. D. Cope, E.C. Case, and J.T. Gregory. The Dockum Group 

sediments were deposited during the early break-up of this part of the Pangean 

supercontinent during Late Triassic time. These strata are important in containing a 

record of the terrestrial vertebrate life during the initial adaptive radiation of a diverse 

group of tetrapods, including lissamphibians, turtles, lepidosaurs, trilophosaurs, 

phytosaurs, aetosaurs, rauisuchids, crocodylomorphs, dinosaurs, pterosaurs, birds and 

mammals. Holdovers from the Permian and Early Triassic faunas such as 

temnospondyls, prolacertiforms, dicynodonts and cynodonts are also found in the 

Dockum Group. Very few continental deposits in the world produce such diverse Late 

Triassic terrestrial faunas in large amounts as the Dockum Group. The Late Triassic was 

a critical time in the evolution of many major vertebrate groups, some of which survive 

up to this day. The vertebrate fauna of the Dockum Group provides us with a rare 

opportunity to study several major evolutionary radiations that occurred in parallel and 

which involved the appearance of important novelties with lasting consequences for the 

terrestrial vertebrates such as vertebrate flight, endothermy, rapid terrestrial locomotion, 

and large body size. One of the largest mass extinctions of the Phanerozoic also occurred 

during the Late Triassic, introducing major and lasting changes in the world biota. 



The Dockum fauna is typical of Late Triassic continental assemblages not only in 

North America, but also in most of Pangea, indicating that few physical barriers existed 

for the faunal interchange of continental tetrapods during this period. Similar animals 

have been found from this time in North America, Europe, Africa, India and China. 

Texas Tech University has been involved in the collection of vertebrate fossil 

material from the Dockum Group since the first half of the 20"' century, and there has 

been an especially active program since 1980, lead by Dr. Sankar Chatterjee. Many new 

sites have been discovered and numerous fossils have been collected, significantly adding 

to the existing paleontological collections of the Museum of Texas Tech University. 

Since the very beginning of this program some unusual small bone elements, mostly 

isolated vertebrae, have been collected almost every field season from several sites in the 

Tecovas and Cooper Canyon formations of the Dockum Group. The vertebrae are 

peculiar because they are relatively small, elongate, strongly procoelous, and have a long 

neural spine with an unusually expanded and ornamented spine table. Small vertebrates 

appear to have been a very important component of the Late Triassic terrestrial fauna, but 

the fossil record is often biased against small animals and such finds are rare and 

valuable. The new material was interesting because procoelous vertebrae are known to 

be present in only a few reptiles in the Late Triassic - some prolacertiforms 

(archosauromorph reptiles), the basal archosauriform Proterosuchus, and the first 

vertebrates that evolved flight - the pterosaurs. In 1982, an association of a partially 

preserved skeleton containing a series of the unusual vertebrae was found at the Post 

Quarry near Post, Texas by S. Chatterjee and his students. The skeleton included partial 

upper and lower jaws, the posterior dorsal and the sacral portions of the vertebrate 

column, pelvic girdle and an almost complete hindlimb. Some of the elements appeared 

to be similar to those of pterosaurs, and since very little is knovwi about the origin and 

early evolution of this important Mesozoic group it seemed that the new find may throw 

more light on this problem. Even the earliest pterosaurs such as Eudimorphodon, 

Peteinosaurus and Preondactylus from Italy (Wild, 1978), and the recently described 

Austriadactylus from Austria (Dalla Vecchia, Wild, Hopf, and Reitner, 2002) are fully-



fledged pterosaurs that are highly specialized for flight, revealing little about their origin. 

A Late Triassic reptile described from the Elgin Sandstone in England, Scleromochlus 

taylori, has been proposed to be the ancestor or the closest relative of pterosaurs (Huene, 

1914), but it is preserved only as casts in the sandstone, the interpretation of which is 

quite difficuh. As a result there are many uncertainties regarding the anatomy of the 

animal and its affinities (Padian, 1984; Sereno, 1991; Bennett, 1996; Benton, 1999). 

After 1982 more material was collected from the new animal from the Dockum 

Group, and a new association of an incomplete skull with two elongate cervical vertebrae 

was found at the Post Quarry. The vertebrae were also procoelous and appeared to be 

similar to the those of the first animal, although they were longer and the spine tables 

were not as expanded. During the subsequent years more material of the two animals 

was collected at the Post Quarry as well as at the Neyland Quarry (both in the Cooper 

Canyon Formation) and at the Kirkpatrick Quarry (in the earlier Tecovas Formation) 

adding to our knowledge about the anatomy of the new reptiles. 

Purpose and Scope of Study 

The two main goals of this project are to prepare and describe the anatomy of the 

two new reptiles from the Dockum Group of West Texas, and to determine their 

phylogenetic relafionships by conducting a comprehensive analysis of 

Archosauromorpha. The phylogenetic analysis will also attempt to throw light on the 

phylogenetic relationships of pterosaurs, which have been debated for the last twenty 

years (Wild, 1978; Padian, 1984, 1985; Gauthier, 1984; Benton, 1985, 1990, 1999; 

Sereno, 1991; Bennett, 1996). 

Materials and Methods 

All of the material from the new reptiles is housed at the Museum of Texas Tech 

University, Lubbock, Texas. Additional material was collected between 1996 and 2002 

from the Post Quarry, Neyland Quarry and Kirkpatrick Quarry in Texas, employing 

standard field techniques, including the use of stabilizing agents such as VINAC B-15® 



(polyvinyl acetate). Fossil material was borrowed for comparative purposes from the 

Museum of Paleontology at the University of Michigan and from University of Texas at 

Austin. Visits were made to study the Otis Chalk collections at University of Texas; the 

earliest pterosaurs Eudimorphodon, Peteinosaurus and Preondactylus and the 

prolacertiforms Megalancosaurus, Drepanosaurus and Tanystropheus in the Late 

Triassic collections of Dipartimento di Scienze della Terra, Universita degli Studi in 

Milan, Italy; Museo Civico di Scienze Naturali in Bergamo, Italy; and Museo Friulano di 

Storia Naturale in Udine, Italy. A visit was also made to Institute de Geologia at UNAM 

in Mexico City to study the early pterosaur Dimorphodon weintraubi from the Early 

Jurassic of Mexico. 

Preparation of the collected material was done at the Museum of Texas Tech 

University. All preparation was done mechanically with a pin-vise and dental tools under 

a microscope due to the small size and fragility of the specimens. VINAC B-15® was 

used to glue broken fragments, consolidate the bone and to create a protective cover on 

the bone surface. Some elements were also restored and a skull reconstruction of one of 

the animals was made using epoxy resin and an archival cellulose-based sculpting 

medium (McQuilkin, 1999, 2000). 



CHAPTER II 

GEOLOGIC SETTING 

Regional Geology 

The Triassic redbeds exposed around the Southern High Plains of western Texas 

and eastern New Mexico constitute the fill of the Dockum Basin, a major continental 

depocenter at the time of the initial breakup of Pangea. It is situated immediately inland 

from the proto-Gulf of Mexico rift zone and records the sedimentary response to 

tectonism associated with the early separation of this part of the Pangean supercontinent. 

The deposits pf the Dockum Basin have been studied for more than a century and now 

are relatively well imderstood (May and Lehman 1989; Lehman and Schnable 1992; 

Lehman, Chatteijee and Schnable, 1992; Lehman 1994a, b; Riggs, Lehman, Gehrels, and 

Dickinson, 1996; Lehman and Chatterjee in press; Lehman, Frelier, May, Fritz, and 

Schnable, in prep.) 

The Triassic continental depositional centers in such as the Dockum, Chinle and 

Ankarah broadly overly older Paleozoic basins that may have remained isostatically 

imcompensated in Triassic time. The onset of the sedimentation in these basins in the 

Triassic coincides with the initial breakup of Pangea, although the specific tectonic 

mechanism for the Triassic subsidence is not well understood. 

The Dockum Basin is a broad, bowl-shaped basin, about 400 km in width and 800 

km in length. It is elongated about a northwest-trending axis where total sediment 

thickness exceeds 550 m (Lehman et al., in prep.). The Triassic section is thinning 

toward the basin margins in all directions, and there is no evidence for pronounced 

structural relief along any of them. The thinning of the strata toward the outcrop margins 

of the Dockum Basin is largely a resuh of post-Triassic erosion. However, thinning to 

the northeast and northwest is accommodated within the Triassic section, and reflects 

differenfial subsidence during Triassic time. Older Triassic deposits (depositional 

sequences I and 2) are thicker in the northern part of the basin, while younger Triassic 



strata (depositional sequence 3) are thicker in the southern part of the basin (Lehman et 

al., in prep.). 

Triassic strata of the Dockum Basin are exposed along the eastern escarpment of 

the High Plains in Texas, and along the western escarpment of the High Plains and Pecos 

River Valley in New Mexico (Figure 1). These strata are contiguous beneath the 

Jurassic, Cretaceous and Cenozoic cover of the High Plains, and may be physically traced 

from Texas to New Mexico in exposures along the Canadian River Valley, which bisects 

the northern end of the basin (Schnable, 1994). 

The depositional setting of the Dockum Basin has been debated. Most early 

workers believed that strata filling the basin were of fluvial origin. However, McGowen, 

Granata, and Seni (1979, 1983) proposed that much of the Triassic secfion consists of 

deltaic and lacustrine deposits, genetically related to the filling of a large lake basin that 

developed over the older Permian Basin region. According to Lehman and Schnable 

(1992) lacustrine and deltaic deposits are highly restricted geographically and their 

importance has been overemphasized in the past. Paleocurrent data reveal that Dockum 

strata resulted from three successively different sediment dispersal systems (Lehman and 

Chatterjee, in press; Lehman et al., in prep). The Dockum Group sediments are 

comprised largely of two typical alluvial facies associations, stream channel facies, and 

overbank flood-plain facies, that are similar to those described in many fluvial deposits 

(Lehman and Chatterjee, in press). The limited lacustrine facies accumulated in local 

flood-plain depressions, which probably resulted from subsidence over areas of 

subsurface salt dissolution Vertebrate fossils have been foimd in all three Dockum facies 

associations (Lehman and Chatterjee, in press). 

Detailed mapping of the Dockum Group in its type area indicates that it includes 

four mappable units: the Santa Rosa Sandstone, Tecovas Formation, Trujillo Sandstone, 

and Cooper Canyon Formation (Figure 2; Lehman 1994a, b). Two more units in eastern 

New Mexico have been added to the Dockum Group: the Anton Chico Formation, which 

imderlies the traditional Dockum Group, and the Redonda Formation, which has been 

included as the uppermost formation in the Dockum Group (Lehman 1992, 1994a, b). 



The Santa Rosa Sandstone 

The Santa Rosa Sandstone consists of over 70 percent sandstone in most areas 

and is locally intercalated witli mudstones, which may be interpreted as tongues of the 

overlying Tecovas Formation. The name of the formation was given by Darton (1922) 

after the town of Santa Rosa in New Mexico. In west Texas the Santa Rosa Sandstone is 

exposed in the Canadian River Valley where it thins and is represented by a series of 

lenticular conglomeratic sandstones formerly included in the base of the Tecovas 

Formation, The sandstone is friable and with high content of quartz (Gould 1906; May 

1988). It is in the base of the Dockum Group in west Texas and is exposed in the 

Canadian River Valley, where it is represented by a series of lenticular conglomeratic 

sandstones, friable and highly quartzose in nature (Gould 1906, 1907; May 1988). In the 

area north and east of Santa Rosa, the Santa Rosa Sandstone consists of two sandstone 

units, the Tecolotitto and Tres Lagunas Members of Lucas and Hunt (1987), separated by 

a mudstone unit, the Los Esteros Member of Lucas and Hunt (1987), which is regarded 

by Lehman et al. (in prep.) as a tongue of the overlying Tecovas Formation. The most 

widespread unit is the Tecolotitto Member, which is equivalent to the entire Santa Rosa 

Sandstone in most areas. 

Everywhere the Santa Rosa Sandstone is conformable, gradational, and 

intertonguing with the overlying Tecovas Formation. It is unconformable below with the 

Anton Chico Formation in New Mexico, and with the underlying Permian strata in Texas. 

The Santa Rosa Sandstone is a highly quartzose sandstone and differs markedly from all 

other sandstones in the Dockum Basin. Local thick conglomerate beds are composed of 

multicolored chert and quartzite pebbles, and sedimentary rock fragments. These 

fragments differ from the Permian rock fragment conglomerates found in the underlying 

Anton Chico Formation, and similar conglomerates in the overlying part of the Dockum 

Group. The conglomerate proportion increases to the east, but the main body of the 

Santa Rosa Formation is predominantly medium- to coarse-grained sandstone, while the 

upper sandstone tongues (e.g. Tres Lagunas Member) are very fined grained (Lehman et 

al., in prep.). 



The Santa Rosa I'ormation deposits represent accumulation in braided bedload 

streams dominated by migrating transverse bars or sand flats. Paleocurrent data from the 

main body of the formation have a wide dispersion, from north-northwest to south-

southwest, but in general indicate paleoflow to the southwest with likely source area 

north-northeast of the present outcrop belt (Lehman et al., in prep.). 

The Tecovas Formation 

The name Tecovas Formation was proposed by Gould (1907) to include the 

dominantly mudstone section above the Permian contact and below the sandstones of the 

upperlying Trujillo Sandstone in the Canadian River Valley. The formation has been 

mapped in the northern and eastern parts of the High Plains and throughout the Canadian 

River Valley of Texas and adjacent New Mexico. The Tecovas Formation varies in 

thickness between 35 and 55m in northeastern New Mexico and in the Palo Duro 

Canyon area m Texas, and thins to the south where it is truncated at the base of the 

Trujillo Sandstone in the Colorado River Valley. The lower part of the Tecovas 

Formation consists of distinctive multicolored gray-green, yellow, and purple mudstone 

interbedded with the lenses of quartzose sandstone of the upper Santa Rosa Sandstone 

(Lehman et al., in prep.). The upper part of the formation is more uniformly red or orange 

mudstone and siltstone, similar to that of the overlying Cooper Canyon Formation. It 

also includes lenticular sandstones with carbonate nodule conglomerate, but only as a 

minor part of the formation. 

The Tecovas Formation is gradational and intertonguing below with the Santa 

Rosa Sandstone, but is unconformably overlain by the Trujillo Sandstone. It is widely 

exposed throughout the Canadian River Valley and northern Pecos River Valley, but is 

truncated at the base of the Trujillo Sandstone in the region south of the Colorado River 

(Lehman et al., in prep.). 

The lower, variegated part of the Tecovas Formation is genetically related to the 

deposifion of the upper part of Santa Rosa. It records a significant lacustrine deposition 

in numerous small lakes and ponds, and in associated fluvial channel and overbank 
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environments. The lacustrine deposits comprise distinctive drab yellow, green, and gray-

green claystone beds, composed largely of smectite, illite and kaolinite and interspersed 

nodules of calcite, dolomite, and ankerite (May, 1988; Lehman et al., in prep.). The more 

uniformly red mudstone characteristic of the remainder of the Dockum Group, consists of 

mixed layered smectite-illite and hematite. The lacustrine beds contain a variety of 

burrows, coprolites, fresh water molluscs, and ostracods (e.g., Kietzke and Lucas, 1991). 

The upper part of the Tecovas consists predominantly of overbank and fluvial 

channel deposits of small meandering streams. The deposits have greatest thickness to the 

south (up to 30 m) and to the west (up to 70 m) in the northern Pecos River Valley and 

thins (6-20 m) in the Canadian River Valley (Lehman et al., in prep.). 

The Trujillo Sandstone 

The Trujillo Formation was named by Gould (1907) for exposures on Trujillo 

Creek, a tributary of the Canadian River. In the original definition of Gould (1907), the 

Trujillo Formation included a basal cliff-forming series of sandstone and conglomerate 

beds, and an overlying series of red siUstone and mudstone beds. Later authors 

(Chatterjee, 1986; Lehman et al., 1992; Lehman, 1994a) have restricted the formation 

only to the cliff-forming sandstones and conglomerate. In places, the contact between the 

sandstones and overlying mudstone is well defined; however, over much of the southern 

part of the High Plains, it is difficult to choose a contact in the interbedded series of 

sandstone and red mudstone beds, and a contact must be chosen arbitrarily (Lehman et 

al., in prep.). This is owing to the thickening of the entire section to the south, and the 

presence of numerous thick sandstone beds, lithologically identical to those of the lower 

cliff-forming series, much higher in the dominantly mudstone section. Thus the Trujillo 

Sandstone is still considered a separate unit from the overlying mudstone dominated 

Cooper Canyon Formation by most authors, although the contact chosen between the two 

is arbitrary. 

The Trujillo Sandstone is typically about 30 m thick, but locally is up to 70 m in 

thickness (Lehman et al., in prep.). The formation can be traced southward from the type 



area in Texas, where it thins to less than 15 m in Floyd and Dickens counties, but 

thickens again to the south where it is locally over 60 m in thickness. The Trujillo 

Sandstone overlies the Tecovas Formation unconformably. The contact everywhere is 

marked by an erosional surface, locally with great relief and some angular discordance 

(May, 1988). The Trujillo Sandstone intertongues with and is gradationally overiain by 

the Cooper Canyon Formation. Lithologically the Trujillo Sandstone is represented by 

lithic rich, highly micaceous litharenite, containing a variety of metamorphic rock 

fragments indicating derivation from a source terrain of high grade metamorphic rocks 

(Long and Lehman, 1993, 1994). The conglomerates are composed mainly of 

sedimentary rock fragments derived from the surrounding Triassic strata. 

Paleocurrent data indicates that the sediment source area was to the south-

southeast of the present outcrop. The Trujillo sandstones are fluvial sediments deposited 

in meandering streams and a typical vertical facies sequence consists of an erosional 

surface overlain by horizontally-bedded conglomerate, massive sandstone, parallel 

laminated sandstone, tabular or broad trough cross-bedded sandstone, and mudstone 

(Lehman et al., iil prep.). The typical section may exhibit from three to five or even 

seven superimposed fining-upward sequences, reflecting multiple phases of stream 

channel incision, migration, and aggradation. In the upper part of the Trujillo Sandstone 

where it grades into the Cooper Canyon Formation, many overbank facies are included 

and the sandstones represent primarily single phases of channel migration. 

Cooper Canyon Formation 

Although genetically related to the underlying Trujillo Sandstone and 

intertonguing with it, the mudstone dominated Cooper Canyon Formation has been 

recognized as a separate imit. Until recently, the predominantly mudstone section 

overlying the Trujillo Sandstone has not been formally named. The name Cooper Canyon 

Member of the Dockum Formation was formally given by Chatterjee (1986). Later 

Lehman et al. (1992) redescribed the type section in Garza County, Texas, and the name 

was revised to Cooper Canyon Formation of the Dockum Group. The Cooper Canyon 

10 



Formation may be traced northward from the type area and through the Canadian River 

Valley into New Mexico (Lehman et al., in prep.). 

The Cooper Canyon Formation is gradational and intertonguing with the 

underlying Trujillo Sandstone. In New Mexico the Cooper Canyon is similarly 

gradational with the overlying Redonda Formation. In most areas the Cooper Canyon 

comprises the uppermost exposed part of the Dockum Group, and is unconformably 

overlain by Jurassic and younger strata. The formation is over 160 m thick in the type 

area in Garza County, and thickens to over 200 m farther south. It is generally about 

100 m thick in the northern Pecos River Valley of New Mexico and over much of the 

Canadian River Valley is less than 50 m thick. The Cooper Canyon Formation consists 

largely of red and orange siltstone and mudstone (Chatterjee, 1986; Lehman et al., 1992). 

Local lenses and sheet-like layers of sandstones are interbedded within the dominantly 

fine-grained section. The sandstones are similar in lithology and facies to those of the 

underlying Trujillo Sandstone, and have the same paleocurrent orientation, but are not as 

thick nor as laterally extensive. The red siltstone and mudstone deposits are 

predominantly overbank facies (Lehman et al., in prep.). Beds dipping at various angles, 

some very steeply inclined, are evident in good exposures. These zones of dipping strata 

have been interpreted to represent the fill of flood-plain pond depressions, small basins or 

"paleo-gullies" fill sequences developed during episodes of flood plain erosion (Frelier, 

1987). McGowen et al. (1979) identified these dipping strata as deltaic foreset bedding, 

but there are objections to his interpretation such as that the inclination of these strata is 

highly variable over a small area and is locally very steep, and the strata are not 

gradational with underlying deposits, as would be expected if these were progradational 

deltaic foreset beds (Lehman et al., in prep.). 

Redonda Formation 

The Redonda Member of the Chinle Formation was named by Dobrovolny et al. 

{1946} for exposures on Mesa Redonda in Quay County, New Mexico. This unit was 

later elevated to formation rank by Griggs and Read (1959). It has been included as the 



uppermost formation in the Dockum Group by Lehman (1994a). The Redonda 

Formation is conformable and laterally gradational with the underlying Cooper Canyon 

Formation, and consists of a distinctive alternatively interbedded series of laterally 

continuous fine sandstones and red mudstones (Lehman et al., in prep.). These deposits 

extend north and west from the type area into San Miguel and Guadalupe Counties, New 

Mexico where they thin and are truncated at the base of overlying Jurassic strata. The 

Redonda is also truncated at the base of overlying strata to the south. Eastward from the 

Pecos River Valley the Redonda Formation grades laterally into the upper part of the 

Cooper Canyon Formation west of San Jon, New Mexico. The Redonda Formation is not 

exposed in Texas, and likely is not present in the subsurface (Lehman et al., in prep.). 

Fossil Localities 

The material described in this thesis was collected from the Kirkpatrick Quarry 

(Crosby County, Texas), and Post Quarry and Neyland Quarry (Garza County, Texas). 

The Kirkpatrick Quarry occurs in the Camian Tecovas Formation, and the Post and 

Neyland Quarries are located in the Norian Cooper Canyon Formation. 

The Kirkpatrick Quarry is located 12 km southwest of Crosbyton and was found 

by Chatteijee and his students in 1982. It occurs in the lacustrine facies of the Dockum 

Group. Large numbers of vertebrate teeth and isolated bones representing diverse aquatic 

and terrestrial faunal assemblages have been found in a thin layer of coarse carbonate 

granule conglomerate within the fill of a lacustrine basin (Lehman and Chatterjee, in 

press). Various taxa including fish (Ceratodus, Semionotus, Xenacanthus), two 

temnospondyls {Buettneria and Apachesaurus), a sphenodontid (Clevosaurus), 

procolophonids and the primitive bird Protoavis have been collected from this granule 

bed. All of the material described here was found at the Kirkpatrick Quarry as isolated 

elements. 

The Neyland Quarry is located near Jusficeburg and was discovered in 1986 by an 

amateur fossil collector, Malcolm Neyland. The fossiliferous horizon occurs low in the 

section of the Cooper Canyon Formation compared to the Post Quarry. Vertebrate 
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remains have been found in the lacustrine mudstone, floodplain mudstone, and carbonate 

granule conglomerates (Lehman and Chatterjee, in press). The floodplain mudstone bed 

has yielded large tetrapods such the temnospondyls Buettneria, the phytosaur 

Paleorhinus (Simpson, 1998), two dicynodonts, Placerias and Ischigualastia (Edler, 

1999), and several smaller vertebrates. The carbonate granule layers are rich in 

dissociated remains of small vertebrates such as trilophosaurids, the prolacertiform 

Malerisaurus, and Protoavis. Isolated elements and an articulate segment of a vertebrate 

column of the new reptiles were also found in this quarry. 
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Dockum Group 
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younger strata 

Figure 1. Generalized geologic map of the southern High Plains region of West Texas 
and eastern New Mexico, showing distribution of the Upper Triassic Dockum Group 
(after Lehman, 1994). 
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Figure 2. Detailed geologic map of the Dockum Group in the upper Brazos and Colorado 
River Valleys in West Texas, showing the fossil localities (after Chatterjee, 1997). 
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CHAPTER 111 

DESCRIPTION OF THE NEW ARCHOSAUR PTEROMIMUS 

Material 

The skull material consists of a crushed but intact posterior skull and a number of 

disarticulated skull elements attached to it, which were separated and reassembled after 

preparation. The skull and the two associated cervical vertebrae are designated as the 

holotype for the new taxon. The quarry map of the association is illustrated in Figure 4. 

The two maxillae, vomer and pterygoid were foimd in close proximity but were not part 

of the association. The material was collected between 1980 and 2002 from the 

Kirkpatrick Quarry in Crosby County, and the Post and Neyland Quarries in Garza 

County of West Texas. All bones were imbedded in clay matrix and were prepared by 

mechanical removal of the matrix with pinvise. VINAC B-15® (polyvinyl acetate) was 

used to consolidate the bone and to make a protective cover on the surface. Skull 

elements were also restored and a skull reconstruction made using epoxy and an archival 

cellulose-based sculpting medium (McQuilkin, 1999, 2000). 

Systematic paleontology 

REPTILIA Linnaeus, 1758 

ARCHOSAURIA Cope, 1869 

Genus Pteromimus, new genus 

Etymology: From the Latin "ptero" ("wing") referring to pterosaurs, a group to 

which the new animal is similar, and the Latin "mimus" ("similar"). 

Generic definition: Relatively small predatory archosaur with elongate 

procoelous cervical vertebrae and long neck. The skull is elongated and high, with large 

external naris and orbit and a moderately-sized antorbital fenestra; all teeth with 

thecodont implantation; premaxillary and anterior dentary teeth long, conical, with fluted 

distal ends; maxillary teeth short, conical, with fluted distal end; interdental plates on the 

lingual alveolar margin; large, plate-like supraoccipital; pneumatic premaxilla and 
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maxilla; maxilla with no antorbital fossa and large antorbital cavity; large and inflated 

frontal with dorsolateral crest over orbit, upper temporal fossa and oblique ventral 

thickening; anteroposteriorly short parietal with small overhang posteriorly; long thin 

nasal; tall quadrate with hemispherical head. Cervical vertebrae procoelous, elongate, 

vsdth dorsoventrally compressed centra that are hexagonal in anterior view; middle 

cervicals much longer than anterior and posterior cervicals; parapophysis and diapophysis 

with bipartite structure (anterior thickening and posterior depression); long and low 

neural arch and neural process; neural process has a long, low and narrow spine table 

with mostly smooth dorsal surface; large cavities for interspinal ligament; epipophyses 

present on all cervicals. 

Type species; Pteromimus longicollis, new species 

Locality and Horizon: Post Quarry, Garza County, Texas, USA; Cooper Canyon 

Formation, Dockum Group, Norian, Late Triassic. 

Etymology: The specific name comes from Latin "longus" ("long") and "collum" 

("neck") referring to the long neck of the new animal. 

Specific definition: Same as for genus. 

Holotype: TTUP 10085, partially preserved skull, two cervicals, and an 

unidentified fragment. 

Repository: Museum of Texas Tech University, Lubbock, Texas, USA. 

Referred material. Material from the Post Quarry, Garza County, Texas, USA 

(Cooper Canyon Formation, Dockum Group): 

TTUP 9489: incomplete left maxilla. 

TTUP 9490: incomplete right maxilla. 

TTUP 10086: left vomer. 

TTUP 10087: left pterygoid. 

TTUP 10088-10106: cervical vertebrae. 

Material from the Post Quarry, Garza County, Texas, USA (Cooper Canyon 

Formation, Dockum Group): TTUP 10088-10095, cervical vertebrae. 

Material from the Neyland Quarry, Garza County, Texas, USA (Cooper Canyon 
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Formation, Dockum Group): TTUP 10096, cervical vertebra. 

Material from the Kirkpatrick Quarry, Crosby County, Texas, USA (Tecovas 

Formation, Dockum Group): TTUP 10097-100106, cervical vertebrae. 

Description of Pteromimus 

Skull 

The length from the tip of the premaxilla to the posteriormost point of the occiput 

of the reconstructed skull of Pteromimus is about 73 mm (Figures 5, 6 and 7). Height 

from the most dorsal part of the frontal to the ventral articular surface of the quadrate is 

43 mm. The maximum width of the skull roof is about 34 mm, and skull width at the 

ventt-al articular surface of the quadrate is about 36 mm. The skull exhibits the typically 

diapsid upper and lower temporal fenestrae and archosauriform features such as 

development of antorbital fenestra and large terminal external nares. Measurements of 

the material are given in Table I. 

Skull Roof 

Premaxilla 

Only the left, almost complete premaxilla is preserved. It is missing the 

anteriormost part along with a small portion of the medial wall which contacted the other 

premaxilla (Figure 8). Also missing is the dorsoposteriorly projecting (ascending) nasal 

process. The preserved portion of the premaxilla is anteroposteriorly short and bears two 

tooth alveoli with a complete fully erupted tooth in the anterior socket. It appears that the 

missing anterior part of the premaxilla would have included one additional alveolus, thus 

adding to a total number of three tooth sockets for the entire premaxilla. The tip of the 

premaxilla is slightly expanded laterally £ind forms a small and rounded terminal rosette. 

On the posterior lower margin of the premaxilla there is a small notch that opens 

ventrolaterally and appears the be the anterior portion of a larger notch on the upper jaw 

similar to that seen in Ornithosuchus longidens (Walker, 1964) and Riojasuchus 

tenuiceps (Bonaparte, 1969, 1972). A notch is also present in the upper jaw of some 
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other archosaurs {Proterosuchus, erythrosuchids, early crocodylomorphs, theropod 

dinosaurs) to allow enlarged dentary teeth to slide past it when the jaws are closed. A 

small triangular process is present on the medial side of the posterior end of the lower 

margin of the premaxilla. The process projects posteriorly and probably fitted in a 

respective emargination on the anteroventral surface of the maxilla. The process forms a 

medial wall to the premaxilla/maxilla notch and thus the notch is closed medially. The 

premaxilla-maxilla articulation appears to be very limited in extent with the two elements 

contacting via a low bridge above the notch and along the medial wall of the notch. This 

suggests that the posterior process of premaxilla may have been only loosely attached to 

the maxilla allowing for some mobility in the joint. On the posterior margin of the 

premaxilla, above the contact surface for the maxilla, there is a small emargination 

forming the anterior portion of the external naris. This indicates that the external naris 

was more laterally positioned than in most other archosaurs. The ascending process of 

premaxilla is not preserved but probably formed the dorsal margin of the anterior portion 

of the external naris. 

The medial side of the preserved portion of the premaxilla is closed by an 

extensive bone wall which articulated with the medial wall of the other premaxilla. As a 

result the anterior part of the premaxilla is closed by bone walls on all sides except 

posteriorly, enclosing a relatively large cavity. The cavity is largely filled by the long 

tooth alveoli which almost reach the dorsal surface of the premaxilla. A similar division 

of the premaxillary cavity by a medial wall is seen in the phytosaur Nicrosaurus kapffi 

(Hungerbiihler, 1998), but the presence of this feature is currently not known to be 

present in other archosaurs. At least in part this lack of knowledge is due to the fact that 

this portion of the skull is often not exposed or accessible. There is a small opening in 

the dorsal portion of the medial wall of the premaxilla of Pteromimus which because of 

its irregular edges appears to be the result of crushing rather than a true foramen. No 

such opening in the premaxilla is known in any other archosaur, which supports this 

view. Anterioriy the lower margin of the medial wall of the premaxilla curves upward 

and forms the medial wall of a relatively wide groove that faces anteroventrally. The 
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groove is positioned posteriorly to where the presumed first alveolus would have been, 

and is medial to the second alveolus. In the center of the groove there is a relatively large 

foramen leading into the hollow interior of the premaxilla and which is tentatively 

identified as the foramen incisivum. 

Along the lateral and anterior walls of the premaxilla and on the tip of the dentary 

are scattered numerous small foramina similar to those seen on the rostrum of the modem 

alligator and in many fossil diapsids. The foramina are cone-shaped with the larger 

opening on the bone surface, and the size of the foramina increased anteriorly in both 

elements. There are 17 foramina on the premaxilla and 5 on the dentary. It is apparent if 

the foramina communicate with the premaxillar cavity or the central canal of the dentary. 

In crocodiles blood vessels pass through similar foramina on the jaws to reach the skin 

and teeth. Sensory branches of nerve V3 also pass through these foramina and probably 

serve as tactile receptors (Camp, 1930). 

Maxilla 

The description of the maxilla is based on the two isolated and incomplete 

maxillae of approximately the same size, TTUP 9489 and TTUP 9490 (Figure 9), found 

at the Post Quarry. The two elements are almost identical in size and morphology and 

are being referred to this taxon because of the similarity of their dentition to that of the 

premaxilla and dentary. They do not belong to any taxon known so far from the Dockum 

Group and correspond well in size and morphology with the other skull material of 

Pteromimus. 

In both maxillae the anteriormost and posteriormost portions are missing. TTUP 

9489 represents a more anterior portion of a left maxilla and includes the posterior 

portion of the ventral margin of the external naris, most of the ascending process, and the 

anterior portions of the antorbital fenestra and the antorbital cavity. TTUP 9490 is an 

incomplete right maxilla that lacks the narial portion but preserves the base of the 

ascending process, the complete anterior portion of the antorbital cavity, and a longer 

posterior portion than TTUP 9489. The following description is based primarily on the 
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more complete TTUP 9489, with additional details provided by TTUP 9490. The maxilla 

is moderately high and indicates the presence of an antorbital fenestra. It has a well-

developed ascending process that is dorsomedioposteriorly directed and has a wide base. 

The tip of the ascending process is missing, but a well-developed articular facet on the 

lacrimal indicates that the ascending process of the maxilla overiapped it laterally. The 

basal portion of the ascending process is slightly convex laterally and forms a large 

anterior antorbital ca\it> medially. The anterior portion of the dorsal margin of the 

maxilla forms the ventral margin of the external naris and is broadly concave ventrally. 

There is a small narial fossa formed by the slightly inset narial edge and a shallow groove 

separating it from the lateral wall of the maxilla. The anterior margin of the ascending 

process curves medially and forms the ventroposterior edge of the external naris. The 

posterior margin of the maxillary ascending process forms the rounded anterior portion of 

the antorbital fenestra. From TTUP 9490, it can be seen that the dorsal margin of the 

posterior portion of the maxilla forms the ventral margin of the antorbital fenestra and 

that the height of the maxilla decreases posteriorly. There is no indication of the presence 

of an external antorbital fossa on the preserved portion of the maxilla. On the medial side 

of the maxilla, however, there is a deep and extensive antorbital cavity that extends 

anteriorly to occupy the entire base of the ascending process of the maxilla (Figure 8). 

The floor of the anterior portion of the antorbital cavity is formed by a horizontal lamina 

overlying the alveoli. In the anteriormost end of the antorbital cavity in both maxillae 

there is a relatively large opening leading into an accessory cavity running anteriorly and 

pneumatizing the maxilla. The cavity becomes narrower anteriorly and its cross-section 

is visible on the transversely broken anterior ends of the maxillae. In TTUP 9489 a small 

portion of the anterodorsal medial wall is missing including a section of the roof of the 

accessory cavity. The breakage appears to indicate that there is a canal connecting the 

edge of the external naris with the accessory antorbital cavity running below it. In this 

area the external naris reaches its most ventral extent and the dorsal opening of the canal 

is indicated by the thin and more laterally directed rim which in dorsal curves laterally. 
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Because of the breakage it is difficult to estimate the dimensions of the canal, but its 

narial opening has a length of 1.2 mm. 

The preserved portions of the two maxillae do not indicate participation in the 

formation of the palatal complex. However, the lack of correspondence in the shape of 

the posterior margin of the premaxilla and the anterior margin of the vomer suggests that 

the anterior maxilla may have a medial process that inserts between the premaxilla and 

the \'omer and may have even reached the palatal midline. 

The TTLIP 9489 maxilla has seven well-developed alveoli with five of them 

contaming teeth in various stages of development. The TTUP 9490 maxilla has nine 

alveoli, three of which contain fully erupted teeth, two contain remnants of the crown 

base and one has a tooth in a very early stage of development. On the basis of the 

number of alveoli in the two incomplete maxillae, the total number of maxillary teeth 

appears to have been at least eleven and probably a somewhat higher than that. In both 

maxillae the lingual side of the alveoli exhibits interdental plates fused to the maxilla at 

the base. 

The antorbital fenestra appears to be of moderate size and is bounded almost 

entirely by only two elements: the maxilla (anterioriy and ventrally) and the lacrimal 

(dorsally and posteriorly). It is not known whether the jugal participated in the ventro

posterior comer of the antorbital fenesfra. The internal opening of the fenestra 

corresponds closely in size to its external opening. 

Nasal 

This long, narrow, and flat element of thin plate-like bone is interpreted as the left 

nasal with its anterior portion missing (Figure 10). Originally, it was attached to the 

ventral ramus of the squamosal in the partially preserved skull (Figure II). The 

thickened posterior edge is slightly mgose and appears similar to mgosities often seen on 

the skull roof of archosaurs. 

In the reconstmcted skull the nasal occupies large portion of the anterior part of 

the skull and with the frontal forms most of the skull roof of Pteromimus. The edges of 
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the nasal are mostly complete with only the tip of a lateroventrally directed process in the 

lateroposterior corner lacking, and a small section missing from the lateral margin at 

about mid-length. There is also a small portion missing along the midline margin in the 

anterior part. The anterior end of the preserved portion of the nasal is slightly deformed 

by lateromedial compression. The entire lateral margin of the nasal is slightly curving 

lateroventrally, forming the dorsal margin of the elongate external naris. The margin 

cur\'ature is more pronounced in the posterior portion of the nasal where there is a 

lateroventralh' directed lacrimal process that articulates with the lacrimal ventrally and 

the prefrontal posteriorly. Anteriorly the margin curvature gradually decreases until it 

completely disappears in the anterior part. The anterior edge of the lacrimal process is 

emarginated, forming the posterior end of the external naris. The posterior margin of the 

lacrimal process appears-to have a small articular facet for the prefrontal that faces 

lateroposteriorly. The posterior edge of the nasal has an extensive contact with the 

frontal and after a sharp curve in the lateroposterior comer immediately above the 

lacrimal process, the suture runs anteromedially in a straight line until it reaches the skull 

midline. Thus the long and straight posteromedial margins of the two nasals would form 

a wide "V" pointing anteriorly with the frontals wedging between them. On the dorsal 

surface of the posterior portion of the nasal there is a shallow round depression that 

gradually disappears anteriorly. It is not clear whether the depression is the result of 

postmortem deformation or is an original structure. 

External naris 

The extemal naris is large, laterally facing and very elongate anteroposterioriy 

(Figure 5). It is about twice as high in the anterior one-half as it is in the posterior 

portion. The borders of the naris are formed by the premaxilla anteriorly, the maxilla 

ventrally, the lacrimal posteroventrally and the elongate nasal dorsally and 

dorsoposteriorly. 
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Frontal 

The frontal is the largest element in the skull and forms most of posterior half of 

the skull roof It is incompletely preserved and a large anterior and anteromedial portions 

appear to be missing (Figure 6). There is also a small and fractured bone fragment 

attached to the \entrally bent anterior portion of the parietal in the partially preserved 

skull, which is probably the posteriormost portion of the frontal (Figure 12). A small part 

of the lateral edge of the frontal where the it articulated with the postfrontal is also 

missing. A small fragment of the anterior part of the postfrontal, however, appears to be 

in articulation with the frontal. The most noticeable feature of the frontal is that it is 

inflated, especially in its posterior one-third. The inflated central portion of the frontal is 

bounded by a tall ventt-al ridge laterally and its curvature gradually decreases anterioriy. 

The ridge represents a thickening of the bone, it is narrower and higher in the posterior 

part of the frontal and becomes lower and wider as it progresses anterioriy. In its anterior 

portion the ridge curves in anteroventral direction in a wide arc and becomes very low 

and wide, and probably disappeared gradually in the missing anterior portion of the 

frontal. The lateral edge of the frontal beyond the ridge is elevated and forms the dorsal 

orbital rim and the anterior portion of the rim of the upper temporal fenestra. Medially 

the frontal has a well developed groove for a tongue-and-groove articulation with the 

other frontal. There is another well developed groove on the lateroposterior margin of 

the frontal for articulation with the postorbital. The frontal would have articulated with 

the nasal anteriorly and with the prefrontal anterolaterally, but those portions are not 

preserved. The separated posterior end of the frontal is articulated with the deformed 

anterior portion of the parietal, which has been bent at a right angle and is pointing 

ventrally. On the dorsal surface of the posterior one-quarter of the frontal there is a deep 

and medially expanded depression leading into the upper temporal fenestra. Just anterior 

to the large dorsal depression there is a small and deep indentation that appears so 

represent a tooth mark. Supporting this identification are the very narrow and elongate 

shape of the indentation fitting the cross-section of a laterally compressed tooth and the 
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presence of a short and shallow groove running anteriorly and connected to the groove 

which probably represents a mark from the sliding of the tooth on the surface of the 

frontal. 

Lacrimal 

The element identified as the lacrimal is an almost complete L-shaped bone found 

associated with the skull material. In the skull reconstraction it is positioned between the 

extemal naris, the antorbital fenestra and the orbit (Figure 5). Both rami of the lacrimal 

are relatively flat and with smooth bone surface. The dorsal horizontal bar is twice as 

wide as the vertical ramus and becomes slightly narrower anterioriy. There is a small 

circular portion of the lacrimal missing where the two bars join. The anterior portion of 

the dorsal bar bears a relatively large articular facet on its dorsal surface for the 

overlapping ascending process of the maxilla, the two forming the ventral border of the 

extemal naris. There is a low and broad ridge running anteroposteriorly in the middle of 

the bar along its entire length, formed as a result of the dorsally sloping maxillary facet 

and the ventrally sloping surface. The ventral margin of the horizontal ramus of the 

lacrimal forms the running upper dorsal edge of the antorbital fenestra which nms in 

anterodorsal direction. The anterior tip of the dorsal bar is slightly expanded with a small 

and thin bone lamina projecting ventrally and perpendicular to the ramus. The posterior 

end of the dorsal bar has a low and wide dorsal process for articulating with the ventral 

process of the nasal. The dorsoposterior portion of the lacrimal probably overlapped the 

anterior edge of the ventral process of the prefrontal. In the ventral comer of the joining 

of the horizontal and vertical rami there is small tubercle-like process that projects 

laterally and ventroposteriorly and overhangs the lacrimal duct. 

The vertical bar of the lacrimal is at a right angle to the anterior portion and 

separates the antorbital fenestra from the orbit. There is a very shallow and wide groove 

mnning dorsoventrally in the anterior portion of the vertical bar along its entire length. 

The groove forms an oblique anterior surface of the ventral ramus that faces 

anterolaterally. The two sides of the lacrimal groove are bordered by two low ridges 
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starting from the xentral tip of the ramus and running dorsoventrally until they reach the 

tubercle-like process. There is also a third faint ridge that runs dorsoventrally along the 

middle of the lacrimal groove. It begins at the anterior comer of the ventral tip of the 

vertical bar and curves gradually in anterodorsal direction while staying within the limits 

of the groove. Dorsally it extends for about two-quarters of the length of the groove, 

after which it disappears. The ventral tip of the vertical ramus has a small ventral 

projection similar to that seen in the horizontal ramus, although in this case it is smaller 

and more tubercle-like. It probably served for an expanded contact with jugal which 

most likely articulated with the lacrimal ventrally, although it is also possible that the 

maxilla had a dorsal process that reached the lacrimal. 

Prefrontal 

The prefrontal is a relatively small bone forming the dorsoanterior comer of the 

orbit (Figures 5 and 6). It consists of a flat dorsal portion that is part of the skull roof and 

a laterally compressed venfral process. The prefrontal was found together with the 

postfrontal, the latter being separated from the dorsal portion of the prefrontal by a 

narrow layer of matrix (Figure 13). In the skull reconstmction the dorsal part of the 

prefrontal articulates with the lacrimal process of the nasal anteriorly and probably 

contacted the anterolateral margin of the frontal dorsally. The ventral process of the 

prefrontal is overlapped by the lacrimal anteriorly and forms the orbital rim posteriorly. 

Its distal end is incomplete due to erosion and its original length is unknown. The dorsal 

portion of the prefrontal continues as a laterally elevated surface on the ventral process 

with the shape of a downward pointing triangle. 

Postfrontal 

The postfrontal is a small subtriangular bone pointing ventrally and positioned 

ventrolaterally to the frontal. It forms the dorsoposterior portion of the orbital rim and 

the anterior portion of the rim of the upper temporal fenestra (Figures 5 and 6). It was 

found attached to the horizontal dorsal portion of the prefrontal via a thin layer of matrix 
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and appears to be missing a portion of its anteroventral margin (Figure 13). A small 

fragment from the anterior postfrontal was found still articulated with the lateral edge of 

the frontal. The postfrontal articulates with the frontal dorsomedially and its 

anteroventral margin forms the orbital rim. The ventroposterior margin of the postfrontal 

probably articulated with the anterior process of the postorbital and formed the anterior 

edge of the upper temporal fenestra. 

Postorbital 

The postorbital is a T-shaped bone in side view, the cross-bar contacting the 

postfrontal anteriorly and the squamosal posteriorly (Figures 5 and 14). The tips of the 

anterior and ventral processes are missing and the dorsalmost part of the ventral process 

has been crushed. The entire postorbital is strongly mediolaterally compressed, with a 

short posterior process and a long ventral process. The posterior process is horizontal and 

contacts the anterior process of the squamosal posteriorly. The ventral margin of the 

posterior process along with the margin of the squamosal process form the dorsal edge of 

the lower temporal fenestra. The anterior process of the postorbital is directed 

anterodorsally and would have articulated with the postfrontal. The dorsal margin of the 

postorbital cross-bar along with the anterior squamosal process form the ventral edge of 

the large upper temporal fenestra. The ventral process of the postorbital is slightly 

curving anteriorly and it probably articulated with the jugal medially. The anterior 

margin of the postorbital formed the posterior orbital rim, and there is a small anterior 

projection into the orbit at about its mid-length. A narrow groove starts at the base of the 

anterior process and runs ventrally along the anterior edge of the ventral process for most 

of its length. The groove gradually expands to more than half the width of the process at 

its mid-length, after which it again becomes progressively narrower until it ends right 

above the broken end of the process. The posterior edge of the ventral process consists of 

a well developed ridge mnning ventrally parallel to the groove and forming the anterior 

margin of the lower temporal fenestra. 
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Parietal 

The parietal is an anteroposteriorly shortened element forming the posteriormost 

part of the skull roof and a large portion of the occiput (Figures 6 and 7). It is a part of 

the partially preserved skull and is complete although it has been fractured and deformed. 

The anterior one-third of the parietal along with the attached fragment of the posterior 

frontal is bent ventrally at a right angle relative to the skull roof Anterolaterally the 

parietal fonned the posterior portion of the medial margin of upper temporal fenestra. 

The parietal overiaps the dorsal process of the squamosal posterolaterally and overiaps 

the supraoccipital posterioriy, forming a small overhang over the occiput. Medially the 

parietal articulates with its counterpart and there is no evidence of sagittal crest. There is 

a large posterior portion of the parietal that participates in the formation of the occiput 

and reaches the dorsal margin of the posttemporal fenestra. 

Squamosal 

The squamosal is a bone of moderate size forming the dorsoposterior temporal 

region of the skull (Figures 5 and 7). The left squamosal is a part of the partially 

preserved skull and is almost complete, although it has been slightly deformed (Figures 

11 and 12). From the right squamosal only a small fragment from its ventral process is 

preserved attached to the right quadrate immediately below its head (Figure 15). This 

appears to be the original articulation of the squamosal and the quadrate, indicating that 

the ventral process of the squamosal overlaps the wing-like process on the anterolateral 

margin of the quadrate. The ventromedial portion of the left squamosal has been badly 

cmshed, obscuring its articular surfaces for the quadratojugal and the quadrate. The 

anterior process of the squamosal has been pushed medially, and the anteroventral 

surface of the squamosal is overlapped anterioriy by a thin plate of bone. The bone plate 

conceals from view this part of the squamosal and appears to be a part of the palatal 

complex that has been pushed dorsoposterioriy. The posterior portion of the squamosal 

participates in the occipital region of the skull and forms a low but well developed 

overhanging posterior edge. This edge marks the separation of the lateral and the 
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occipital surfaces of the skull which contact each other at a right angle. The squamosal 

takes only a small part in tlic formation of the occipital region and is limited to its most 

dorsolateral portion. It has an extensive medial contact with the expanded supraoccipital. 

The robust dorsal process of the squamosal articulates with the lateroposterior edge of the 

parietal dorsall>'. The anterior edge of the dorsal process is broadly emarginated and 

forms the posterior margin of the upper temporal fenestra. The anterior process of the 

squamosal is slender, almost circular in cross-section and tapers to a point. It articulates 

with the posterior process of the postorbital anterioriy. 

Quadratojugal 

Only the posteriormost portions of the two quadratojugals are preserved and they 

are attached to the lateral sides of the two quadrates (Figure 15). The left quadratojugal 

is represented by a few small fragments from the ventroposterior margin of the element. 

They have been slightly displaced anteriorly and medially, but a well developed articular 

facet bordered by a ridge on the lateral surface of the quadrate indicates their original 

articulated position. In this articulation the quadratojugal overlaps the anterior half the 

ventral portion of the quadrate body in lateral view. The right quadratojugal is badly 

cmshed and deformed, and few details can be distinguished. It indicates that the 

quadratojugal is relatively high and posteriorly has a long vertical articulation with the 

quadrate, reaching to about two-thirds of the quadrate height. However, it does not reach 

the squamosal dorsally. The posterior portion of the right quadratojugal is a thin sheet of 

bone that has been pushed posteriorly and folded over itself A well developed quadrate 

foramen perforates the quadratojugal/quadrate suture at about one-quarter of the height of 

the quadrate (Figure 15). The anterior margin of the quadratojugal presumably formed 

the posterior edge of the lower temporal fenestra. 

Quadrate 

The quadrate is a stout and unusually long bone that forms the mam load-bearing 

element of the cheek and the temporal region. The right quadrate is almost complete, 
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with the anteroventral portion of the large pterygoid flange missing (Figure 15). Only the 

ventral half of the left quadrate is preserved, including the ventral half of its pterygoid 

flange. The preserved parts of the pterygoid flange of the two quadrates complement 

each other and allow for a full reconstmction of the structure. The middle portion of the 

quadrate body is crushed inward in both elements, possibly indicating that the body was 

hollowed to some degree. Both quadrates have remnants of the quadratojugal partially 

overlapping the lateral faces of the quadrate body. The articulation of the quadrate with 

the quadratojugal is well visible on the lateral surface of the left quadrate. The 

quadratojugal overlaps the quadrate by fitting in a small excavation on the lateroposterior 

margin of the quadrate body. The excavation is restricted posteriorly by a low but well-

developed ridge. From the right quadrate, which is complete in this area, it cein be seen 

that the ridge starts immediately above the lateral condyle and runs dorsally along the 

lateral surface of the quadrate body. The ridge is present on both quadrates and at about 

mid-height of the quadrate it appears to merge with the narrowed lateral margin of the 

quadrate. This overlapping articulation of the quadratojugal and the quadrate causes the 

quadratojugal to hide the anterior half of the lateral surface of the quadrate body in side 

view. Exposed in lateral view are only the posterior half of the quadrate body and the 

lateral condyle. The single quadrate head is a hemispherical that would have fitted into a 

corresponding socket on the ventral part of the squamosal. It would have been hidden in 

lateral view as is the case in most archosaurs. Below the head on the lateral margin of 

the right quadrate there is a short wing-like process that projects anteriorly. The process 

is overlapped laterally by the remnant of the ventral process of the squamosal. The body 

of the quadrate is slightly curved anteroventrally and in posterior view with the venfral 

condyle horizontal, the quadrate head is aligned with the lateralmost edge of the lateral 

condyle. A wide and shallow longitudinal groove mns vertically from the head to the 

ventral articular surface along the middle of the posterior surface of the quadrate body. 

The medial edge of the quadrate body is thickened and rounded for most of its length. 

When approaching the head the medial edge becomes a narrow, tapering ridge that curves 

posteriorly to form the posterior margin of the quadrate head. The two sides of the ridge 
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expand to form the lateral and the medial sides of the dorsal quadrate body respectively. 

Since the anterior surface of the quadrate body is uniformly flat in lateromedial direction, 

the dorsal one-quarter of the quadrate body and the quadrate head have a triangular cross-

section. The medial surface of the body below the quadrate head, and the dorsal portion 

of the pterygoid flange probably articulated with the paroccipital process of the 

opisthotic, which is not preserved. The pterygoid flange of the quadrate is a well 

developed triangular process of sheet-like bone directed anteromedially. Vertically the 

flange extends from about one-third of the way from the quadrate base to about three-

quarters of the quadrate height. In profile the ventral edge of the flange is slightly 

conca\ e. and the upper edge is convex. The articular surface of the quadrate for the 

lower jaw consists of a medial and a lateral condyle separated by a well-developed 

shallow and wide groove running obliquely in posterolateral direction. 

Braincase 

Supraoccipital 

The supraoccipital is a moderately-sized thin plate occupying the central portion 

of the dorsal occipital area (Figure 7). Only a portion of the supraoccipital is preserved 

as a part of the partially preserved skull and a small vertical break mns close to its suture 

with the parietal, which has a considerable participation in the occiput. In anterior view it 

can be seen that the supraoccipital is overlapped dorsally by the parietal. Laterally the 

supraoccipital contacts the descending portion of the parietal, and ventrally forms the 

edge of a mediolaterally elongate posttemporal fenestra. 

Palate 

Vomer 

The right vomer is a flat bone of moderate size with a large anterior portion in the 

shape of a anterioriy pointed triangle and a narrow, short posterior end (Figure 16). 

There is a small fragment attached to the ventral surface of the posterior end of the vomer 

which is probably the anterior end of the palatine bone still in articulation. It was found 
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as an isolated element at the Post Quarry. The size and morphology of the vomer 

correspond to those of an archosaurian reptile the size of Pteromimus, and therefore the 

element is tentativeh referred to this taxon. The medial margin forms the midline of the 

palatal complex and has a longitudinal groove mnning posteriorly for most of its length. 

The groo\e temiinates shortly before the end of the margin and is for a tongue-and-

groo\e articulation with the left vomer. The anterolateral margin of the vomer expands 

rapidly from the midline to the lateral ramus of the maxilla in the anterior one-third of the 

vomer. Because of the different shape of the anterior margin of the vomer and the 

posterior margin of the premaxilla they probably did not contact each other. A ventral 

process of the maxilla may have separated them and thus participated in the formation of 

the anterior palate as in Ornithosuchus (Walker, 1964). After the expansion the lateral 

margin of the vomer becomes straight for its articulation with the maxilla for another 

one-third of the element length. In the posteriormost part of the lateral margin there is a 

deep rectangular emargination for the anterior edge of the large intemal naris. Posterior 

to the narial emargination the vomer ends as a short and narrow bar the ventral margin of 

which forms the palatal midline, and the lateral margin of which forms the medial edge of 

the intemal naris. Posteriorly the vomer most likely articulates with the palatine and the 

fragment attached to the ventral surface of the vomer probably indicates that the anterior 

end of the palatine overlapped the vomer ventrally for a short distance. 

Palatine 

The palatine bone is relatively large, plate-like bone forming most of the posterior 

palate (Figure 16). It was found as a part of the association with the partially preserved 

skull at the Post Quarry and it is incompletely preserved. There are small missing 

portions of the medioposterior comer and the posterior margin, the anterior part is 

slightly crushed with the tip broken off, and the ventral surface is highly fractured and 

irregular. Due to the state of preservation it is not possible to establish whether the 

medial margin of the palatine forms a solid midline by joining the other palatine or 

whether it forms an edge for the interpterygoid vacuity. The anterior process of the 
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palatine is long and slender, and its emarginated lateral margin forms the smoothly 

curving posterior edge of the elongate internal naris. The medial portion of the palatine 

has a well-de\eloped and posterioriy expanding depression on its ventral surface. This 

depression most likely is for the long palatal process of pterygoid, which would have 

overiapped the palatine ventrally. There is an elongate bone fragment attached to the 

ventt-al surface of the palatine juts anterior to the visible part of the depression. This 

fragment is most likely the anteriormost portion of the ventrally overlapping pterygoid 

process, most of which is missing. At the base of the anterior process of the palatine, 

there is a small pterygopalatine fenestt-a with walls fonned by the palatine dorsally and by 

the anterior process of the pterygoid ventt-ally. The posterior half of the lateral margin of 

the palatine is stt-aight for its articulation with the lateral wall of the skull. The 

lateroposterior margin of the palatine has an emargination forming the anterior edge of 

the suborbital fenestra. The posteriormost portion of the palatine is missing but h was 

probably overlapped by the pterygoid ventrally and may have also articulated with the 

ectopterygoid laterally, but the latter is not preserved. 

Pterygoid 

The pterygoid was found as an isolated element at the Post Quarry and is 

incompletely preserved (Figure 16). It has a tripartite stmcture with a long tapering 

medial palatal ramus, a short and wide lateral process for the ectopterygoid, and a stout 

quadrate wing. Only the base and the tip are preserved from the anterior portion of the 

palatal ramus. The shape of the pterygoid depression on the palatine indicates that the 

palatal process was long, tapering and reached almost the anterior end of the palatine, 

enclosing the pterygopalatine fenestra. The medial margin of the posterior portion of the 

palatal ramus probably formed the edge of the interpterygoid vacuity. The ectopterygoid 

and the palatal rami are quite fractured and slightly cmshed. The lateroposteriorly 

projecting quadrate wing is a bone plate that gradually increases in height posteriorly and 

articulates with the pterygoid flange of the quadrate. 
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Lower Jaw 

Dentary 

Only the most anterior portion of the dentary is preserved with the two terminal 

teeth complete (Figure 17). The lower jaw appears to be of moderate height, with the tip 

slightly expanded dorsoventrally. There is a mild constriction on the ventral edge of the 

jaw behind the terminal expansion, after which the height of the dentary begins to 

increase in posterior direction. The short symphysis on the medial wall of the dentary 

consists of numerous low ridges and shallow grooves of varying length mnning in 

anteroposterior direction. On the lateral surface of the dentary there are eight foramina 

corresponding in morphology and distribution to those foimd on the premaxilla. The 

dentary is broken transversely along the middle of the third alveolus and the Meckelian 

canal is visible in cross-section. The canal is narrow, which is to be expected near the tip 

of the jaw. and runs adjacent to the medial wall and immediately above the ventral edge 

of the dentary. The alveoli are well developed, wide and deep, but it is possible that only 

the first few teeth on the lower jaw were enlarged as seems to be the case with the upper 

jaw. There are interdental plates between the alveoli on the medial side of the dentary 

and they are separated from the more ventral surface by a well-developed longitudinal 

groove. The anterior wall of the first alveolus is directed forward and originally the tooth 

was probably slightly protmding anteriorly. The tooth has been fractured and a little bit 

cmshed, has been pushed back against the second tooth and is preserved in an upright 

position. The second tooth is also fractured, but there seems to be no deformation or 

displacement. It is elongate, upright and slightly recurved and is similar to the preserved 

single tooth in the premaxilla, although both of the dentary teeth are relatively longer and 

more massive. 

Dentition 

Dentition is thecodont with well developed tooth alveoli that are about as deep as 

the length of the tooth crowns. In the preserved portions of the premaxilla and dentary 

the tooth roots almost reach the opposite side of the element. All teeth are conical. 
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slightK laterally compressed and with fluted distal parts (Figures 8, 9, and 17), The 

dental fomiula of the upper jaw appears to be three elongate teeth in the premaxilla and at 

least 11 (and probably more) teeth in the maxilla. The premaxillary and the anterior 

dentar>' teeth are slightly recurved, more rounded in cross-section and considerably 

longer than the maxillar> teeth. The only premaxillary tooth preserved appears to be 

number two and is almost complete, lacking only the posterior portion of the crown base. 

It has a crown height of 5.2 mm, a reconstmcted crown base length of about 2 mm and 

base width of 1.8 mm. This tooth was preserved slightly displaced and protmding 

forward, and its original more vertical position was restored using the shape of the 

alveolus as a guide. Most of the maxillary alveoli still contain teeth or tooth remnants. 

The maxillary teeth are in various stages of development, but the fully empted teeth are 

shorter, stouter and more laterally compressed than the terminal teeth, and are not 

recur\ed. The most complete maxillary tooth is the fifth tooth of TTUP 9490 which 

appears to be fiilly empted. It has a crown height of 1.8 mm, crown length of about 1.2 

mm, and a crown width of 0.9 mm. From the transversely broken seventh maxillary 

tooth in TTUP 9489 and the eighth in TTUP 9490 it can be seen that the enamel in the 

maxillary teeth was relatively thick and the pulp cavity was small. 

The first, fourth and sixth maxillary alveolus of TTUP 9489 and the 7'̂  alveolus 

of TTUP 9490 contain replacement teeth in various stages of development, indicating the 

pattem of tooth replacement in Pteromimus. The 6'*' alveolus of TTUP 9489 preserves 

the remnants of the crown base of a fully empted tooth. At the base of the tooth root 

there is a small pit where a replacement tooth is located. As typical for many living and 

fossil diapsids, the cavity probably formed by resorpfion at the base of the old tooth. The 

cavity gradually increased in size as the replacement tooth grew until the old tooth is 

reduced to a cap. Eventually the cap was shed and the growing replacement tooth 

empted. A large replacement tooth that has not erupted yet is visible in the 4' alveolus 

of TTUP 9489. 
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Postcranial Skeleton 
Vertebral Column 

Two elongate procoelous cervical vertebrae, TTUP 10085/1 and 10085/2 were 

found associated with the skull material (Figure 18). Nineteen similar complete or 

partially presened cervical vertebrae have been found as isolated elements at the Post 

and Kirkpatrick quarries. Because of their great similarity to the two associated cervicals 

the> are being referred to Pteromimus and are included in the description of the vertebral 

colunm. One partially preserved vertebra from the Kirkpatrick Quarry (TTUP 10102) 

represents the posterior portion of a centmm that is very similar to the posterior centra of 

the cervicals, and four fragments (TTUP 10103-10106) represent the posteriormost 

portions of centt-a with the articular cotyle preserved. The type of these fragments cannot 

be established with certainty because the centta of dorsal vertebrae are unknown, but the 

strongly dorsoventtally compressed centra are very similar to those of the known 

cervicals, and these elements are also identified as cervical vertebrae. 

Cervical Series 

A universally accepted criterion for determining the relative position of vertebrae 

in the vertebral column is the position of their articular surfaces for the ribs. Eleven 

cervical vertebrae of various positions in the cervical series have the anterior portion of 

the centrum preserved, and in all of them the parapophysis is invariably positioned on the 

anterior ventrolateral surface of the centrum. The variation in the morphology of the rib 

articulation comes from the dorsal migration of the diapophysis in vertebrae that have a 

progressively more posterior position in the series. From the material available it appears 

that the diapophysis migrates dorsally only a small amount in the entire cervical series. 

The deformation and damage in some of the vertebrae sometimes makes the 

determination of the exact original configuration of the rib articulation facets difficult. 

This infroduces some uncertainty in the estimation of the relative position of vertebrae in 

the series and other criteria, such as changes in vertebral length, shape of centmm cross-

section and other features become useful. Because of the limited amount and the 
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disassociated nature of the material it is not possible to determine the exact number of 

cer\'ical \ertebrae in Pteromimus. A reasonable estimate appears to be a total of eight or 

nine cervicals. The vertebrae found at the Post, Neyland and the Kirkpatrick Quarries, 

although from different fomuitions and of different age, are very similar and appear to 

belong to the same taxon. Most of the vertebrae are of similar size and have centmm 

lengths between 15 and 22 mm (Table I), but there is one incomplete centmm of a 

cer\ical from the Kirkpatt-ick Quarry (TTUP 10101) that is more than two times the size 

of the other \ertebrae with estimated length of 42 mm. This vertebra indicates that larger 

individuals of Pteromimus were present at least during the Camian, but the limited 

amount of material does not indicate whether this is a case of large adult size, prolonged 

or indeterminate growth, sexual dimorphism, or the presence of a separate taxon. The 

neurocenttal sutures are fused in all cervicals of Pteromimus, and are not visible on the 

surface even in the smallest vertebrae. The timing and pattem of the fiision of 

neurocentral sutures in the vertebrate column of reptiles has been the subject of interest of 

the paleontological community in the last decade as a possible indicator of ontogenetic 

age in fossils. Studies on turtles (Rieppel, 1993), squamates (Rieppel, 1992) and 

crocodiles (Brochu, 1996) revealed that there is a wide variation in the pattem and timing 

of the suture fusion, and that this criterion should be applied to fossils with caution. 

WTiile in extant crocodylians the neurocentral suture closure sequence is caudal to 

cranial, it is cranial to caudal in squamates. The distribution of the crocodylian pattem 

within Archosauromorpha has not been constrained yet with studies on fossils, but there 

are indications that this may have not been the case in some basal taxa. The juvenile 

forms of the prolacertiform Tanystropheus, for example, do not exhibit any visible 

neurocentral sutures despite of the fact that they are much smaller than the adults (Wild, 

1973; pers. obs.). Therefore, until the fusion pattems have been studied in more detail, 

the absence of visible neurocentral sutures in Pteromimus cannot be interpreted with 

certainty to indicate that these vertebrae belong to adult, fully-grown individuals. The 

possibility that the vertebrae of different size represent different growth stages of the 
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same species of Pteromimus is considered most likely because of the great similarities in 

the morphology of the elements. 

All cerv ical vertebrae are elongate and procoelous, with a moderately deep 

articular socket anteriorly and a rounded ball posterioriy. Theoretical models of modem 

crocodylian vertebrae have indicated that the procoelous condition may be an adaptation 

for increased functional length and mobility in the vertebral column while maintaining 

the mechanical strength of the vertebrae and the intervertebral articulation when the 

propulsion force is transmitted in anterior direction (Troxell, 1924). The centra of the 

Pteromimus cervicals are strongly dorsoventrally compressed, especially their posterior 

end. In the more anterior cervicals the compression is not as pronounced and the centra 

are relatively higher. The degree of dorsoventral compression gradually increases 

posteriorly and some of the middle to posterior cervicals such as TTUP 10091, 10098, 

1099, and 10103-10106 are quite low. No intercentra are present in the cervical series. 

The anterior and middle cervical vertebrae are elongate, with a marked trend of 

increasing elongation towards the middle cervicals. The anteriormost vertebra present in 

the material appears to be TTUP 10088 because the diapophysis is in the most ventral 

position relative to all other vertebrae, and is located on the anteroventral margin of the 

centmm. This vertebra and TTUP 10089, which appears to be the next vertebra in the 

cervical sequence, are moderately elongate with length less than three times the anterior 

width of the centrum. The following cervical vertebrae in the sequence are TTUP 10090 

and the two vertebrae found associated with the skull material (TTUP 10085/1 and 

10085/2), the length of which increases to three times or more the width of their centra. 

The more posterior cervicals such as TTUP 10099 and 10091 become shorter again, with 

length about two times the width of their centra. In anterior and posterior view the 

cervical centra are hexagonal, which is caused by the lateral expansion at the diapophyses 

anteriorly and the two longitudinal ridges continuing this expansion posteriorly along the 

sides of the centrum. The centrum is laterally constricted in its middle portion, and its 

width gradually increases towards the two ends. The constriction'is more pronounced in 

the long middle cervicals. The venfral surface of the cervical centta is only slightly 
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concave in lateral \'iew and a long ventral ridge or keel is characteristic for all cervicals 

of Pteromimus. The keel is weakly developed, low and rounded in the anterior cervicals, 

and becomes high and distinctive in the middle and more posterior cervical vertebrae 

(Fig. 19 and 20). 

The parapophysis in all cervicals does not vary in position and consists of two 

distinct parts with different morphology and probably different function (Fig. 20). The 

much larger posterior portion is a triangular, moderately deep depression on the flattened 

\'enttal surface of the centtum. The lateral margin of the parapophysis is usually formed 

by a low but well-defined ridge. The parapophyseal depression opens anterioriy towards 

the intercenttal articular surface of the centrum. In ventral view the two sides of the 

depression are slightly arched laterally and meet at an angle of about 20-25 degrees at the 

posteriorly pointing rounded apex. On the better preserved vertebrae the parapophyseal 

depression exhibits irregular surface with numerous small ridges and mgosities, probably 

for increasing the contact surface and therefore the strength of the articulation with the 

rib. The anterior portion of the parapophysis is positioned on a thickened edge of the 

centrum anteriorly to the parapophyseal depression. It consists of a small triangular 

articular surface facing anterolaterally, with smooth bone surface and flat or slightly 

concave articular facet. 

In most vertebrae the apex of the parapophyseal depression gives rise to a low 

longitudinal ridge posteriorly. The ridge forms the ventrolateral edge of the centrum and 

becomes more pronounced shortly before it its termination on the posterior intercentral 

articular surface. 

The diapophysis is similarly a two-partite stmcture with a broad posterior 

depression and a smaller anterior articular facet (Fig. 20). The depression is with 

triangular or elliptical shape and opens on the anterior intercentral articular surface. It is 

shallower than the parapophyseal depression and in most cases there are no distinctive 

ridges marking its boundaries. Usually the margins of the depression are raised to the 

level of the surrounding surface of the centmm, but sometimes the depression is so 

shallow that no distinct boundaries are visible. There is a well-developed longitudinal 
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ridge running through the ventral portion of the depression. The ridge ends anterioriy 

with a protuberance that is the lateralmost point of the anterior articular facet. Posterioriy 

the ridge runs along the lateral surface of the centmm forming its lateral borders, and 

terminates shortly before reaching the posterior intercentral articular surface. In some Of 

the more posterior cervicals such as TTUP 10091, 10098 and 10102 the lateral ridge can 

become ver> narrow and high. 

The edge of the anterior intercenttal articular surface is thickened considerably 

along the opening of the diapophyseal depression. The anterior surface of this thickening 

forms the anterior articular facet of the diapophysis that faces anterolaterally. The 

articular surface of the anterior facet is very similar to the anterior facet of the 

parapophysis and is positioned immediately above it. The diapophyseal facet is about 

two times larger than the facet of the parapophysis and its surface is smooth and flat or 

slightly concave. Because of the close proximity of the anterior articular facets of the 

parapophysis and diapophysis they often merge or are connected via a thickened edge to 

form a continuous articular surface. 

Posterior to their anterior facets, the parapophysis and the diapophysis are 

separated by a narrow groove that in most cervicals appears to continue posteriorly along 

the side of the centrum. Beyond the rib articulations the groove separates the lateral and 

venttolateral ridges of the centmm and can vary considerably in length and depth even on 

the same vertebra. The morphology of the groove is highly dependent on the 

morphology of the lateral and ventrolateral ridges, which form its boundaries. Because 

of fracturing, deformation and the incomplete preservation in many cervicals, it is often 

difficult to follow the development of the groove. The ridges and the groove are weakly 

developed in the anterior cervical TTUP 10089 and in the middle cervicals TTUP 

10085/2, 10092 and 10094. The groove and one or both of the ridges are absent in the 

middle cervicals TTUP 10091 and 10093. In the middle cervical TTUP 10095 which is 

an almost complete posterior half of a vertebra, the lateral groove mns on the right side of 

the centrum, but there is only a trace of the groove on the left side. In the more posterior 

complete cervical TTUP 10097 the venttolateral ridge is weakly developed and the 
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groove is \ery shallow and runs only for about the first half of the centmm, gradually 

merging with the curved lateral surface of the centrum. In other posterior cervicals such 

as TTUP 10098 and 10099 the groove and the ridges are well developed and mn 

posteriorly for the entire length of the centmm. 

The neural arch of the cervical vertebrae is low and elongate and bears a long and 

low neural process. The arch fomis a wide neural canal with elliptical cross-section and 

well-developed cavities for the interspinal ligament above it (Figures 18 and 19). An 

unusual feature of all cervical vertebrae is that the middle portion of the neural canal 

expands \enttally to occupy the interior of that part of the centmm. This feature is also 

known to be present in the cervical vertebrae of the prolacertiform Tanystropheus, which 

are exttemely long (Wild, 1973). 

Both the anterior and posterior end of the neural arch bears well-developed 

cavities for the interspinal ligament (Figures 18 and 19). The cavities are positioned at 

the base of the neural process immediately above the neural canal and indicate the 

presence of a sttong ligament probably needed to support the long neck. The anterior 

interspinal cavity is triangular in cross-section and is floored by the lamina that forms the 

ceiling of the neural canal and connects the bases of the prezygapophyses anteriorly. The 

two side walls of the cavity start from the bases of the prezygapophyses and join at angle 

of about 80 degrees. The posterior cavity for the interspinal ligament is usually larger 

and much deeper than the anterior cavity (Figures 18 and 19). It is also located 

immediately above the neural canal and between the large laminae of the 

postzygapophyses. The cavity is circular in cross-section and is separated from the 

neural canal by a thin lamina. An unusual feature not seeij in other archosaurs is that the 

posterior interspinal cavity is restricted dorsally by a horizontal lamina of bone that 

serves as a base for the neural process. The presence of such lamina is may be due in part 

to the great depth of the cavity, which in most archosaurs is a shallow and narrow 

depression or a mgose area on the posterior surface of the neural process. On the inside 

of the lateral walls of the posterior cavity there are two posterioriy facing small 

depressions. The depressions are close to the cavity entrance in the anterior cervical 
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TTUP 1008.8 and gradually migrate deeper into the cavity to become well-defined 

recesses in the mid-cervicals such as TTUP 10093 and 10095. 

Complete prezygapophyses are preserved only in the two middle cervical 

\ertebrae of Pteromimus (TTUP 10085/1, 10085/2). Their prezygapophyses are elongate 

with a tapering anterior end that reaches far in front of the centrum. Such elongate 

prezygapoph>ses would have allowed for an increased mobility of the neck by keeping 

the \ertebrae in articulation while the neck is being bent and twisted. The 

prezygapophyses are anterolaterally directed and their lateral extent exceeds that of the 

centrum. The articular facets face dorsally and to a lesser degree medially and 

posteriorly. In anterior view the prezygapophyses of the mid-cervicals are widely 

separated and are at an angle of about 60-70 degrees relative to the sagittal plane. This 

configuration probably allowed a wide range of lateral movement, but the almost 

horizontal articular facets would have restricted the dorsoventral bending of this portion 

of the neck. 

The postzygapophyses are generally more completely preserved and are present in 

a larger number of the cervical vertebrae than the prezygapophyses, probably because 

they are more robust stmctures that do not extend as far from the bulk of the vertebra. 

The postzygapophyses are well-developed processes that are particularly elongate in the 

mid-cervicals, reaching the middle of the vertebra anteriorly and extending posteriorly 

well beyond the opening of the neural canal. The dorsal surface of the postzygapophyses 

is concave in the anterior and the posterior cervicals, and is flat or slightly convex in the 

middle cervicals. The shape of the postzygapophyseal processes generally corresponds to 

the shape of the prezygapophyses. They are narrower and more elongate in the anterior 

and middle cervicals, and shorter and more rounded in the posterior cervicals. 

It is interesting to note that in most cases the angles of the postzygapophyses do 

not correspond very closely to those of the prezygapophyses, as might be expected for 

complementary stmctures that articulate with each other. The discrepancy may be an 

indicator for the range of mobility possible at a given section of the vertebral colunm. In 

the mid-cervicals the postzygapophyses are more vertical than the prezygapophyses and 
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appear to fomi an angle of about 40-50 degrees with the sagittal plane as opposed to 60-

70 degrees for the prezygapophyses. This would leave a difference of about 20 degrees 

between the zygapophyses of the mid-cervical vertebrae which may serve as an indicator 

for the range of mobility in the neck. 

Above the postzygapophyses all cervical vertebrae have epipophyses, which are 

w eakh de\ eloped in the anterior cervicals and become progressively larger posterioriy. 

The epipoph) ses of Pteromimus are posterioriy projecting rounded processes that are 

dorsoventtally compressed. They are positioned on the lamina that is at the base of the 

neural process and overiies the postzygapophysis and the interspinal ligament cavity. In 

posterior view the epipophyses are located above the middle of the postzygapophyses. 

In all cervicals the neural process is low and long, running for most of the length 

of the vertebra. It is not complete in any of the cervicals, but most of the anterior and 

middle vertebrae have complete portions of it preserved. The neural process is relatively 

thin at the base and gradually expands dorsally to form a narrow spine table. The width 

of the spine table appears to remain constant throughout most of the cervical series. The 

anterior and middle cervicals have only a slightly expanded spine table the width of 

which remains constant for the entire length of the neural process, and tapers off at the 

two ends. The dorsal surface of the table varies from slightly concave in the anterior 

cervicals to flat and then slightly convex and rounded in the mid-cervicals. The dorsal 

surface of the spine table is smooth in most of the cervicals except for the anteriormost 

vertebra (TTUP 10088), where the surface is more irregular, covered with numerous 

small ridges and grooves with mostly transverse orientation. 
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Table I. Measurements of the vertebrae of Pteromimus longicollis. (L = length, W = 
width, H = height, D = distance, ant. = anterior, post. = posterior, np - neural process, 
przp = prezygapophyses, pozp = postzygapophyses, dp = diapophyses). * indicates 
estimated value for an incomplete element. 

TTUP No. 

10085/1 

10085/2 

10088 

10089 

10090 

10091 

10092 

10093 

10094 

10095 

10096 

10097 

10098 

10099 

10100 

lOIOl 

10102 

10103 

10104 

10105 

10106 

vertebral type 

middle cervical 

middle cervical 

anterior cervical 

anterior cervical 

middle cervical 

middle-posterior? 

cervical 

middle cervical 

middle cervical 

middle cervical 

middle cervical 

anterior cervical 

middle cervical 

middle cervical? 

middle cervical 

anterior cervical 

middle cervical 

middle cervical 

posterior? cervical 

posterior? cervical 

posterior? cervical 

posterior? cervical 

centrum 

L 

22.4 

26.1 

14.8 

19,4 

22.6 

-

-

-

-

-

7.1 

16.8 

-

12.8 

20.3 

42* 

-

-

-

-

centrum 

Want. 

6.3* 

7.5 

4.9 

7 

-

6.8 

-

-

3.1 

5.9 

6 

4.9 

8.3 

16,9 

-

-

-

-

-

centmm 

W post. 

4.4 

5.7 

4.4 

6.2 

5 

4.6 

4.6 

6 

4.3* 

6.1 

2.7 

4.8 

6.8 

4.5 

7.9 

14.2 

6.6 

7.7 

7.5 

9.6 

5.8 

centmm 

Hant. 

3.4 

4.2 

3.4 

4.3 

4.3 

3 

-

-

-

-

1.3 

3.2 

3.2 

2.7 

3.9 

10.2 

-

-

-

-

-
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Table 1. Continued. MeasmemerMsof the veriebrae of Pteromimus longicollis. (L = 
length, W = width, H = height, D = distance, ant. = anterior, post. = posterior, np = neural 
process, przp = prezygapophyses, pozp = postzygapophyses, dp = diapophyses). 
* indicates estimated value for an incomplete element. 

TTUP No. 

10085/1 

10085/2 

10088 

10089 

10090 

10091 

10092 

10093 

10094 

10095 

10096 

10097 

10098 

10099 

lOIOO 

10101 

I0I02 

I0I03 

10104 

10105 

10106 

centtum H 

post. 

3.2 

4,4 

2,6 

3,4 

3.4 

2.5 

3.3 

4.7 

3.5 

4.7 

1.1 

2.9 

3.1 

2.2 

3.8 

8.5 

3.8 

2.6 

3.6 

4.4 

3.1 

Spine 

table L 

15 

-

9.6* 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

spine table 

W 

1.2 

-

1.2 

1.9 

-

-

0.5 

1.6 

0.9 

I 

-

-

-

-

-

-

-

-

npH 

4.6* 

-

2.8 

-

-

-

-

-

-

-

1.8* 

-

-

-

-

-

-

-

-

pozp 

W 

6.2* 

4.6* 

4.6* 

7.8* 

7.6* 

-

7.5 

8.4 

6.8* 

5.1 

-

-

-

-

-

-

-

-

-

-

-

przp 

angle 

64 

68 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

pozp 

angle 

3.2 

4.4 

2.6 

3.4 

3.4 

2.5 

3.3 

4.7 

3.5 

4.7 

-

2.9 

3.1 

2.2 

3.8 

8.5 

3.8 

2.6 

3.6 

4.4 

3.1 
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Table 1. Continued. Measurements of the vertebrae of/'/c-raw/wM.y/o«^/co//w. (L = 
length, W = width, H = height, D = distance, ant. = anterior, post. = posterior, np = neural 
process, przp = prezygapophyses, pozp = postzygapophyses, dp = diapophyses). * 
indicates estimated value for an incomplete element. 

TTUP No. 

10085/1 

10085/2 

10088 

10089 

10090 

10091 

10092 

10093 

10094 

10095 

10096 

10097 

10098 

10099 

10100 

lOIOl 

10102 

10103 

10104 

10105 

10106 

W przp 

42 

-

43 

60 

53 

-

-

70 

65 

-

-

-

-

-

-

-

-

-

-

D przp-pozp 

7.4 

8.6 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

W/D 

przp-pozp 

23.8 

27* 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

dpW 

0.31 

0.32 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

dp W / przpW 

7.2 

8.3 

5.8 

7.3 

7.7 

8.4 

-

-

-

-

-

6.6 

5.9 

5.6* 

10.4 

19.7 

-

-

-

-

-
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Figure 4, Quarry map of the type material (skull association) of Pteromimus longicollis 
at Post Quarry, Scale bar equals 1 cm. 
Legend: 1 - cervical vertebra (TTUP 10085/2); 2 - partially preserved skull; 
3 - left quadrate; 4 - right quadrate; 5 - lacrimal; 6 - palate; 7 - dentary; 8 - premaxilla. 
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I cm 

Figure 5. Lateral view of skull reconstmction of Pteromimus longicollis. 
Scale bar equals 1 cm. 
Legend: pm - premaxilla; m - maxilla; 1 - lacrimal; n - nasal; prf - prefrontal; 
f - frontal; pf- postfrontal; po - postorbital; j -jugal; qj - quadratojugal; 
sq - squamosal; p - parietal; q - quadrate. 
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po qj 

Figure 6. Dorsal view of skull restorations of Pteromimus longicollis. 
Scale bar of drawing equals 2 cm and scale bar of photograph equals 1 cm. 
Legend: pm - premaxilla; m - maxilla; 1 - lacrimal; n - nasal; prf - prefrontal; 
f - frontal; pf - postfrontal; po - postorbital; j -jugal; qj - quadratojugal; 
sq - squamosal; p - parietal; q - quadrate. 
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Figure 7. Posterior view of skull restoration of Pteromimus longicollis. 
Scale bar equals I cm. 
Legend: sq - squamosal; p - parietal; q - quadrate; so - supraoccipital. 
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Figure 8. Lateral, medial, anterior and posterior view of premaxilla of Pteromimus 
longicollis. Scale bar 1 equals 1 cm. 
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Figure 9. Lateral and medial view of the maxillae of Pteromimus longicollis. 
A. TTUP 9489. B. TTUP 9490. Scale bar equals 2 cm. 
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Figure 10. Dorsal and ventral view of nasal of Pteromimus longicollis. 
Scale bar equals 2 cm. 
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Figure 11. Lateral view of partially preserved skull of 
Pteromimus longicollis. Scale bar equals 2 cm. 
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Figure 12. Anterior view of partially preserved skull of Pteromimus longicollis. 
The nasal and an unidentified fragment have been removed. Scale bar equals 2 

cm. 

56 



Figure 13. Dorsolateral view of prefrontal-postfrontal association of Pteromimus 
longicollis. Scale bar equals 1 cm. 
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Figure 14. Lateral and medial views of postorbital of Pteromimus longicollis. 
Scale bar equals 2 cm. 
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Figure 15. Medial and lateroposterior views of the right quadrate of Pteromimus 
longicollis with fragments of the quadratojugal and squamosal attached. Scale bar equals 
1 cm. 
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Figure 16. Dorsal and ventral views of reconstmcted palate of Pteromimus 
longicollis. Scale bar equals 2 cm. 
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Figure 17. Lateral and medial views of anterior dentary of Pteromimus longicollis. Scale 
bar equals 2 cm. 
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Figure 18. Dorsal, lateral, anterior and posterior views of mid-cervical vertebra of 
Pteromimus longicollis. Scale bar equals 1 cm. 
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Figure 19. Lateral, dorsal, anterior and posterior views of the anterior cervical 
vertebra (TTUP 10088) of Pteromimus longicollis. Scale bar equals I cm. 
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Figure 20. Lateral, anterior, posterior, and oblique views of the large cervical vertebra 
(TTUP 10101) of Pteromimus longicollis. Scale bar equals 2 cm. 
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CHAPTER IV 

DESCRIPTION OF THE NEW ARCHOSAUR PROCOELOSAURUS 

Material 

A\'ailable material consists of an almost complete pelvic girdle and hindlimb 

associated with a partially preserved vertebral column and a fragmentary maxilla and 

dentary found in the Norian (Late Triassic) Cooper Canyon Formation of the Dockum 

Group at the Post Quarry, Garza County, West Texas. The pelvic girdle consists of a 

right ilium, two right ischia, and die right hindlimb is represented by femur, tibia and 

fibula, asttagalus and calcaneum, and articulated metatarsals with the first phalanx of the 

fifth digit. A large number of isolated vertebrae from all regions of the vertebral column 

of Procoelosaurus have also been found in the Cooper Canyon Formation (Norian, Late 

Triassic) at the Post and Neyland Quarries in Garza County, Texas. A smaller number of 

isolated vertebrae have been found in the Tecovas Formation (Camian, Late Triassic) of 

the Dockum Group at the Kirkpatrick Quarry. The material was collected between 1980 

and 2002 with the holotype association collected in 1982. All bones were imbedded in 

clay matrix and were prepared by mechanical removal of the matrix with pinvise. Some 

elements were sttengthened using epoxy and an archival cellulose-based sculpting 

medium (McQuilkin, 1999, 2000). VINAC B-15® (polyvinyl acetate) was used to 

consolidate the bone and to make a protective cover on the surface. 

Systematic paleontology 

REPTILIA Linnaeus, 1758 

ARCHOSAURIA Cope, 1869 

Genus Procoelosaurus, new genus 

Etymology: From the anatomical term "procoelous" referring to the procoelous 

condition of the vertebrae, and the Greek "sauros" ("lizard"). 

Generic definition: Relatively small predatory archosaur with procoelous 

vertebrae throughout the vertebrate column. All vertebrae exhibit a high and long neural 
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process with a distinctive large spine table. The spine table is strongly laterally expanded 

and its dorsal surface is flat or slightly concave; its surface is ornamented with numerous 

low ttansverse ridges intersected by a central longitudinal groove. All vertebrae except 

the posteriormost caudal possess well-developed epipophyses and large and deep cavities 

for the interspinal ligament; cervicals are with dorsoventrally compressed centra that are 

wider than dorsals, sacrals or caudals; cervical centra as long as dorsals or sacrals; 

anterior cervicals ha\'e bipartite parapophyses and diapophyses with anterior thickening 

and a posterior depression; at least three sacral vertebrae; anterior caudals are with 

imusually wide ttansverse processes. The skull is with parallel lateral sides and broad 

triangular anterior end; the maxilla and dentary are high; maxillary and dentary teeth are 

w ith thecodont implantation, ttiangular, slightly recurved and with a sharp pointed tip; all 

teeth are sttongly laterally compressed, with both edges coarsely serrated. Ilium with 

short preacetabular and long postacetabular processes, low iliac blade, moderately 

developed preacetabular shelf; acetabulum of moderate depth and imperforate; ischium 

large, with narrow proximal portion and expanded, pentagonal, plate-like distal portion. 

All hindlimb elements hollow; long femur with medially oriented head at an angle of 

110-115 degrees from shaft, no femoral neck, femoral shaft straight in anterior view and 

anteriorly bowed in lateral view; large, round and symmetrical distal condyles of femur. 

Tibia and fibula sttaight, tibia robust with developed cnemial crest, fibula with reduced 

distal end. Astragalus dorsoventrally flattened with ascending process; astragalus with 

trochlear distal articular surface; calcaneum small, cone-shaped, and with reduced tuber; 

mesotarsal ankle stmcture. Metatarsals closely appressed with flat proximal and distal 

articular surfaces; round metatarsal shafts with no flat facets; hooked fifth metatarsal; and 

plantigrade pes. 

Type species: Procoelosaurus brevicollis, new species. 

Locality and Horizon: Post Quarry and Neyland Quarry, Garza County, Texas, 

USA; Cooper Canyon Formation, Dockum Group, Norian, Late Triassic. 

Etymology: The specific name comes from Latin "brevis" ("short") and "collum" 

("neck") referring to the relatively short neck of the new animal. 
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Specific definition: Same as for genus. 

Holotype: TTUP 10110, association of a partial right maxilla, incomplete left 

dentary. two sacral vertebrae, right ilium, right ischium, and right hindlimb consisting of 

femur, tibia, fibula, asttagalus, calcaneum, five articulated metatarsals and the first 

phalanx of fifth digit. 

Repository: Museum of Texas Tech University, Lubbock, Texas, USA, 

Referred Material, Material from the Post Quarry, Garza County, Texas, USA 

(Cooper Canyon Formation, Dockum Group): 

TTUP 10110: left ischium, 

TTUP 10111-10117, I0I37, 10139, 10140, 10141, 10143, 10175: cervical vertebrae. 

TTUP: 10118-10122, 10125, 10126, 10136, 10144-10146, 10148-10150, 10152-10154, 

10156-10158, 10173, 10179-10181, 10186-10190: dorsal vertebrae. 

TTUP 10123, 10133, 10138, 10159, 10160: sacral vertebrae. 

TTUP 10127-10132, 10134, 10135, 10142, 10147, 10151, 10161-10172, 10174, 10176-

I0I78, 10182-10184, 10191-10198: caudal vertebrae. 

Material from the Neyland Quarry, Garza County, Texas, USA (Cooper Canyon 

Formation, Dockum Group): 

TTUP 10209, 10217: dorsal vertebra. 

TTUP 10210-10216: articulated series of dorsal vertebrae and disarticulated rib 

fragments. 

Material from the Kirkpatrick Quarry, Crosby County, Texas, USA (Tecovas 

Formation, Dockum Group): 

TTUP 10199-10202: cervical vertebrae. 

TTUP 10203: dorsal vertebra. 

TTUP: 10204: sacral vertebra. 

TTUP 10205-10209: caudal vertebrae. 

67 



Description of Procoelosaurus 

Skull 

Measurements of the material are given in Table 2. 

Cranium 

Maxilla 

Only the anterior portion of the right maxilla is preserved, indicating a relatively 

high maxilla (Figure 21). The anterior, dorsal and ventral borders of the maxilla are 

complete except for the very anteroventral comer where the ventralmost portion of the 

tooth socket is missing. The maxilla exhibits a relatively large depressed articular surface 

in its anterior one-third for the overlapping premaxilla. The border of articular facet 

starts on the lateral wall of the first tooth alveolus and runs dorsoposteriorly to reach the 

dorsal edge of the maxilla immediately before the broken posterior end of the element. 

The border makes a gentle curve dorsally and delimits the anteromedially slanting surface 

of the articular facet fro the premaxilla. The anterior and dorsal edges thin out but it is 

not possible to determine if any of them participated in the formation of the extemal 

naris. There is nutrient foramen about midway up on the maxilla that opens 

anteroventrally. The medial side of the maxilla bears a low and broad depression in its 

dorsal half The depression starts at about one-third of the length of the maxilla, 

gradually expands posteriorly and may be the result of a collapse of an intemal cavity, 

possibly an accessory cavity connected to the antorbital fenestra. The preserved portion 

of the maxilla does not indicate the presence or absence of an antorbital fenestra. 

On the maxillary fragment there are five teeth preserved in their sockets. They 

are in various growth stages and only one of them is broken at the base of the crown. All 

teeth are placed in deep alveoli and are with thecodont implantation. A cross-section of 

the fifth alveolus is visible in the plane of breakage of the maxilla. The tooth in this 

alveolus is a complete growing tooth with crown length of 3 mm and has a slightly longer 

root with length of 4.4 mm. All teeth are triangular and strongly laterally compressed. 

Teeth one and three exhibit coarsely serrated anterior edges, which apparentiy have 
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eroded on the other teeth. Teeth three and five arc undistorted and indicate that the teeth 

are slight!) recurved and with a sharp pointed tip. The largest complete tooth is the 

fourth witii a crown height of 6.4 mm and a crown ba.se 3 mm long. The broken second 

maxillar,' tooth reveals that the crown is of moderate thickness and there is a relatively 

large pulp ca\ ity. 

The lateral ah eolar edge of the maxilla is about 2,5 mm higher than its medial 

edge. On the lingual side of the tooth row there are triangular interdental plates, some of 

which are fused to the medial wall of the maxilla and some are separated from it by a 

groove. The height of the interdental plates is equal to that of the lateral edge of the 

dentan,'. 

Mandible 

Dentary 

The mandible of Procoelosaurus is represented only by an almost complete left 

dentary, missing its most ventroposterior portion (Figure 22), The dentary indicates that 

the lower jaw was relatively long and high, with numerous laterally compressed and 

pointed teeth. Anteriorly on the medial side of the dentary there is a relatively large oval-

shaped symphyseal articular surface. Immediately posterior to the symphysis there is a 

large fossa running posteriorly for the remaining length of the dentary and occupying 

almost entirely its medial side (Figure 22). This fossa may represent the articular surface 

for the splenial, which is an element present in the mandible of most archosaurs. A 

similar longitudinal fossa is also visible on the medial dentary of the early pterosaurs 

Eudimorphodon and probably Peteinosaurus, where the splenial is very reduced and the 

fossa has been interpreted to house the Meckelian canal (Wild, 1978). On the posterior 

dorsal rim of the large fossa there is a narrow venttally facing groove probably for 

articulation with one of the posterior mandibular elements such as the angular, 

prearticular or surangular. The ventral margin of the dentary is rounded and relatively 

thick anterior to the point of breakage. The posteriormost one-third of the ventral margin 

of the dentary is complete and gradually slopes dorsally until it almost reaches the tooth 
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row. Unlike the thicker anterior portion of the dentary here the ventral margin becomes 

\ er> thin and was probably overlapping another mandibular element. In dorsal view it 

can also be seen that both the widths of the dentary and the tooth row gradually decrease 

in posterior direction. The dentary does not indicate whether an extemal mandibular 

fenestra was present in Procoelosaurus. 

In dorsal Niew with the symphysis vertically positioned, the posterior half of the 

dentary has a straight edge, anterioriy it curves medially for about 1/3 of the dentary 

length, and then the tip becomes straight again for the length of the symphysis. This 

shape of he dentary indicates a skull with parallel lateral sides and a broad triangular 

anterior end. 

There are seventeen densely disttibuted alveoli in the dentary and most of them 

contain teeth. The morphology of the dentary teeth is identical to the maxillary teeth. 

The> are also located in deep alveoli with thecodont implantation and are in various 

growth stages. The tooth crowns are highly laterally compressed, recurved and with 

pointed tips. Although most teeth have eroded edges and tips, the fifth dentary tooth 

possesses coarsely serrated anterior and posterior edges, and the less eroded anterior edge 

of the first tooth also exhibits coarse serrations. The largest complete dentary tooth has a 

crown height of 4.2 mm and base length of 2.4 mm , although there are several teeth with 

larger base lengths of 2.7-2.9 mm that would have also been higher. As in the maxilla 

there are triangular interdental plates some of which appear to be fused to the medial wall 

of the dentary and some are separated from it by a shallow groove. The morphology of 

the teeth is consistent with a carnivorous mode of life which is typical for most early 

archosaurs. 

Postcranial Skeleton 

Vertebral Column 

The type material of Procoelosaurus includes two procoelous sacral vertebrae 

(TTUP-10109/I and 10109/2) that articulate well with each other and with the right 

ilium. The sacrals possess distinctive expanded and omamented spine tables and were 
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part of a series of 10-15 vertebrae with similar spine tables found associated with the 

pelvic and hindlimb material (Chatterjee, pers.com,). The information about the exact 

identity of tiiose vertebrae has been lost, but four dorsal vertebrae, TTUP 10149, 10152, 

10122 and 10125, correspond in size and seem to articulate well with each other and with 

die first sacral vertebra of the type specimen. Therefore, they may represent part of the 

original series found with the type material. A large number of procoelous vertebrae with 

expanded and omamented spine tables have also been found at the Post and Kirkpatrick 

quarries, mostiy as isolated elements. Because of the numerous features shared with the 

two sacrals, these vertebrae are being referred to Procoelosaurus. All vertebrae of 

Procoelosaurus are procoelous like the cervicals of Pteromimus but are shorter, do not 

have a venttal keel, and have a tall neural process with highly expanded and omamented 

spine table. Since the dorsal vertebrae and probably the sacral and caudal vertebrae of 

Pteromimus are also relatively short compared to its cervicals, and may have not had a 

venttal keel, it seems that vertebral length and keel development may not be criteria for 

distinguishing between the post-cervical vertebrae of the two taxa. The neural spines and 

the spine tables, on the other hand, are very diagnostic and can be used to distinguish 

between the two taxa. The neural spines of Procoelosaurus are much higher and the 

spine tables are wider and with elaborate omamentation, consisting of varying number of 

low transverse ridges intersected in the middle by a wide longitudinal groove. The neural 

spines of Pteromimus are much lower and the spine tables are narrow with a smooth 

dorsal surface that may be flat, slightly convex or slightly concave. There is no 

omamentation on most vertebrae, and there are only a few faint transverse ridges on the 

large dorsal of Pteromimus. The material referred to Procoelosaurus brevicollis was 

selected from the large number of incompletely preserved procoelous post-cervical 

vertebrae found at the Post, Kirkpatrick and Neyland Quarries using the morphology of 

the neural spine and table as a criterion. 

In 2002, a short series of six posterior dorsal vertebrae and rib fragments were 

found partially articulated at the Neyland Quarry (TTUP 10210-10218), and an isolated 

dorsal was also found at the same locality on a separate occasion (TTUP 10209). These 
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dorsal vertebrae appear to be identical to the dorsals referred to Procoelosaurus 

brevicollis except for die presence of a low vertical ridge on the posteriormost portion of 

die spine table. Since no other vertebrae possess such a projection, these dorsals seem to 

indicate the presence of a different morph of Procoelosaurus, although at present h is not 

possible to determine whether this is a case of sexual dimorphism or a taxonomic 

difference. These vertebrae are somewhat smaller than the average dorsal of the type 

material of Procoelosaurus brevicollis, but vertebrae that are of the same size or smaller 

tiian the dorsals with the spine table ridge do not exhibit any dorsal projections. This 

argues against the possibility that the presence of this stmcture represents an ontogenetic 

stage of Procoelosaurus brevicollis. 

Because of the limited amount and the dissociated nature of the vertebral material 

of Procoelosaurus, it is not possible to determine the exact number of vertebrae in the 

cervical, dorsal and caudal sections of the column. No intercentra are present in the 

vertebral column of Procoelosaurus. 

Cervical Series 

Similarly to the case of determining the relative position of vertebrae in the 

vertebral column of Pteromimus, the position of the articular surfaces for the ribs is used 

as a criterion for element identification in Procoelosaurus. A total of sixteen vertebrae 

have the anterior portion of the centmm preserved with both the parapophysis and 

diapophysis present, a feature traditionally used to distinguish between the cervical and 

the dorsal series. Unlike in Pteromimus, in Procoelosaurus both the parapophysis and 

the diapophysis migrate dorsally in vertebrae that have progressively more posterior 

positions in the cervical series. The atlas and axis are not known, but there appear to be a 

total of eight cervical vertebrae in Procoelosaurus. Most of the vertebrae are of similar 

size and have centrum lengths between 10 and 19 mm. The neurocentral sutures are 

fiised in all vertebrae and are not visible on the surface, but this may not be a good 

indicator of the ontogenetic stage since there seem to be a considerable variation in the 

ossification pattem of the neurocenttal suture in diapsids (Rieppel, 1993; Brochu, 1996). 
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Unlike the cervical vertebrae of Pteromimus, there is no elongation and the length of the 

vertebrae of Procoelosaurus is very similar to that of the dorsals. The ratio of centrum 

length to centtum width varies between 1.4 and 1.9 without any systematic changes 

observed in the series. The centra of all Procoelosaurus cervicals are strongly 

compressed dorsoventtally in a manner similar to that of the more posterior cervicals of 

Pteromimus such as TTUP 10097, 10102, 10103, 10107 and 10084-10087. The 

anteriormost \ertebrae present in the material appear to be TTUP 10111 and 10199, 

which probably represent the third cervical vertebra of Procoelosaurus. Their 

parapophyses and diapophyses are in the most ventral position, located on the 

anteroventtal margin of the centrum. Of the two anteriormost vertebrae, only TTUP 

10111 has a complete neural spine which is moderately high, with a narrow and 

omamented spine table. The spine table tapers off anteriorly, gradually increases in 

width posteriorly imtil it reaches its maximum width in its middle portion, and then starts 

to gradually decrease in width posteriorly and ends with a broadly rounded tip. In the 

next cervicals the neural spine increases in height and the spine table becomes wider, 

although it appears that the width of the spine table is positively correlated with the 

overall size of the vertebra. Small vertebrae such as TTUP 10111 (third cervical), TTUP 

10114 (sixth), TTUP 10117 and 10204 (eighth) have narrow spine tables, while larger 

cervicals such as TTUP 10112 (fourth) and TTUP 10175 and especially 10141 (both 

seventh cervicals) have wide spine tables. 

In anterior view the cervical centra are reniform with the concave dorsal portion 

forming the floor of the neural canal. This shape results from the dorsoventtal flattening 

of the centmm and from the additional lateral expansion by the presence of parapophyses 

and diapophyses in the anterior portion of the centmm. The posterior end of the centtTom 

consists of a broad and well rounded articular ball that fits into the deep socket on the 

centmm of the succeeding vertebra. In the third through seventh cervical the posterior 

articular ball is dorsoventrally flattened to fit in the dorsoventrally compressed anterior 

articular surface of the succeeding vertebra. In the eighth cervical, represented by TTUP 

10117,10143 and 10202, the articular ball is circular and compressed, marking the 
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ttansition from the cervical series to the dorsal series where the centta have a circular 

cross-section. 

The centrum of the cervicals is laterally constticted in its middle portion and its 

width gradually increases towards the two ends, more so towards the anterior. The 

venttal surface of the cervical centra is rounded and smooth, and is slightly concave in 

lateral view. 

The parapophyses of the cervicals of Procoelosaurus exhibit interesting 

morphology tiiat shows some similarities with Pteromimus. In the third through the fifth 

cervicals the parapophyses have the bipartite stmcture of Pteromimus and are similarly 

positioned only on the flattened anteroventtal surface of the centrum. The parapophyses 

of these vertebrae also consist of two distinct parts with different morphology and 

probably different function. Unlike in Pteromimus, however, the posterior portion is the 

smaller part of the parapophysis in Procoelosaurus. It is a shallow triangular depression 

on the flattened venttal surface of the centrum and is particularly well visible on TTUP 

10199 and TTUP 10200. The lateral margin of the parapophysis is formed by a low but 

well-defined ridge and the surface of the parapophyseal depression is irregular. The 

parapophyseal depression opens anterolaterally towards the intercentral articular surface 

of the centrum. In ventral view the two sides of the depression are slightly arched 

laterally and meet at an angle of about 35 degrees at the posteriorly pointing rounded 

apex. In the more posterior cervicals the depression becomes shallower and less 

distinctive, and is not visible on the sixth through eighth cervicals. The anterior portion 

of the parapophysis is positioned on a thickened edge of the centrum anteriorly to the 

parapophyseal depression. It consists of a small triangular articular surface facing 

anterolaterally, with smooth bone surface and flat or slightly convex articular facet. In 

the posterior cervicals the anterior portion of the parapophysis increases in size and 

attains the morphology of a typical parapophyseal process with a laterally facing articular 

surface (TTUP 10116, 10141), although in most other vertebrae this surface is still 

connected to the thickened anterolateral edge of the centrum. In the eighth cervical 
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(TTUP 10117. 10143. 10202) die parapophysis is raised high on the centrum and is 

immediately adjacent to and connected to the overlying diapophysis. 

The diapophyses in all cervicals of Procoelosaurus are well-developed processes 

that gradually migrate dorsally to reach the base of the prezygapophyses on the neural 

arch in the posterior cervicals. In the third through sixth cervical the diapophysis is an 

anteroposteriorly oriented thickened lamina tivat overhangs the parapophysis and is 

separated from it by a groove that widens posteriorly. In these vertebrae the anteriormost 

portion of the diapophyseal lamina merges with the rim of the anterior intervertebral 

articular surface which is thickened in a manner similar to that in Pteromimus. This 

anterior portion also forms a continuous surface with the anterior articular portion of the 

underlying parapophysis. In the seventh and eighth cervicals the diapophysis becomes a 

round process that may be slightly elongate in anteroposterior direction and is positioned 

high on the centrum or on the neural arch. 

The neural arch of the cervical vertebrae is elongate and of moderate height, and 

bears a long neural process with a spine table. The arch forms a wide neural canal with 

ttansversely oval cross-section and well-developed cavities for the interspinal ligament 

above it (Figures 23 and 24). Similarly to Pteromimus, in all cervicals the middle portion 

of the neural canal expands ventrally to occupy the interior of that part of the centrum, 

which is well visible in the broken vertebrae TTUP 10139, 10175, 10141, 10115,10140 

and 10200. In Procoelosaurus this ventral expansion also occurs in all dorsal, sacral and 

caudal vertebrae. 

Both the anterior and posterior ends of the neural arch in Procoelosaurus bear 

well-developed cavities for the interspinal ligament (Figures 23 and 24). They are very 

similar in size and morphology to those of Pteromimus. The cavities are positioned at the 

base of the neural process immediately above the neural canal and indicate the presence 

of a strong interspinal ligament. The anterior interspinal cavity is triangular in cross-

section and is floored by the lamina that forms the ceiling of the neural canal and 

connects the bases of the prezygapophyses anteriorly. The two side walls of the cavity 

start from the bases of the prezygapophyses and join at angle of about 80-90 degrees. 
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The posterior cavity for the interspinal ligiunent is larger and much deeper than the 

anterior cavity (Figures 23 and 24). It is also located immediately above the neural canal 

and between die large laminae of the postzygapophyses. The cavity is circular in cross-

section and is separated from the neural canal by a thin lamina. Similarly to Pteromimus 

and unlike otiier archosaurs the posterior interspinal cavity of Procoelosaurus is 

restticted dorsally by a horizontal lamina of bone that also serves as the base for the 

neural process. The presence of such lamina may be due in part to the great depth of the 

ca\ ity. which in most archosaurs is only a shallow and narrow depression or a rugose 

area on the posterior surface of the neural process. Unlike Pteromimus there do not seem 

to be any depressions on the inside of the lateral walls of the posterior cavity. 

Complete prezygapophyses are preserved only in few of the cervical vertebrae of 

Procoelosaurus and there do not seem to be considerable changes in the 

prezygapophyseal morphology throughout the series. In the anterior and middle cervicals 

the prezygapophyses are more elongate and extend more in front of the centrum (TTUP 

10199, 10139) compared to the more rounded and more laterally directed 

prezygapophyses of the posterior cervicals (TTUP 10175, 10201). The more elongate 

prezygapophyses would have allowed for an increased mobility in the anterior portion of 

the neck by keeping the vertebrae in articulation while the neck is being bent and twisted. 

The lateral extent of the prezygapophyses in all cervicals approximately equals that of the 

centrum and is less than the width of the diapophyses. The articular facets face dorsally 

and to a smaller degree medially and posteriorly. In anterior view the prezygapophyses 

of the mid-cervicals are widely separated and are at an angle of about 60-70 degrees 

relative to the sagittal plane. This configuration probably allowed a wide range of lateral 

movement but the almost horizontal articular facets would have restricted the 

dorsoventral bending of the this portion of the neck. The prezygapophyses of the 

posterior cervical TTUP 10098 are anteroposteriorly shortened and more rounded, with 

anterior and lateral extent equal to that of the centmm. Their shortening and increased 

width are probably associated with the need to provide support for the neck, which would 

also restrict the overall mobility at the neck base. The prezygapophyses and their 
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articular facets face more venttally than those of the mid-cervicals, forming an angle of 

about 50 degrees with to the sagittal plane. This would have restricted the lateral bending 

of the neck at its base and would have allowed for an increased mobility in dorsoventral 

direction. 

The postzygapophyses are generally more complete and are preserved in more 

cervical \'ertebrae than die prezygapophyses, probably because they are more robust 

sttuctures diat do not extend as far from the bulk of the vertebra. The postzygapophyses 

are well-developed processes that extend posteriorly well beyond the opening of the 

neural canal. The dorsal surface of the postzygapophyses is slightiy concave. The shape 

of the postzygapophyseal processes generally corresponds to the shape of the 

prezygapophyses. They are narrower and more elongate in the anterior and middle 

cervicals, and shorter and more rounded in the posterior cervicals. 

It is interesting to note that in most cases the angles of the postzygapophyses do 

not correspond very closely to those of the prezygapophyses as might be expected for 

such complementary stmctures in articulation. The discrepancy may be an indicator for 

the range of mobility possible at a given section of the vertebral column. In the mid-

cervicals the postzygapophyses are more vertical than the prezygapophyses and appear to 

form an angle of about 40-50 degrees with the sagittal plane as opposed to 60-70 for the 

prezygapophyses. This would leave a difference of about 20 degrees between the 

zygapophyses of the mid-cervical vertebrae which may serve as an indicator for the range 

of mobility in the neck. In the posterior cervical TTUP 10098 both the prezygapophyses 

and the postzygapophyses are at an angle of about 50 degrees relative to the sagittal plane 

indicating close fit and reduced freedom of movement. 

As in Pteromimus, in Procoelosaurus all cervical vertebrae have well-developed 

epipophyses above the postzygapophyses. The epipophysis is a posteriorly projecting 

triangular process that is dorsoventrally compressed in the cervicals. It is positioned on 

the lamina forming the base of the neural process and overlying the postzygapophysis 

and the interspinal ligament cavity. In posterior view, the epipophysis is located above 

the middle of the postzygapophysis. 
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The neural process in the cervical vertebrae of Procoelosaurus is long, running 

for most of the length of the vertebra. The height of the neural spine varies from 

moderate in the smaller vertebrae to high in the largest cervicals. In anterior view, the 

neural process is ttiangular with a narrow base that gradually increases in width dorsally 

and its dorsalmost surface forms an expanded and flat spine table. The width of the spine 

table varies and also appears to be proportionate to the size of the vertebra. The 

omamentation of the cervical spine tables is of the same type as that of the post-cervical 

\'ertebrae, with a centtal longittidinal groove running for the entire length of the table and 

numerous ttansversely oriented ridges. In the narrow tables the groove may not be well 

developed (TTUP 10111) or even not present (TTUP 10114), and the transverse ridges 

are not regularly spaced and straight, creating a more irregular surface with small ridges 

and depressions. 

Dorsal Series 

A total of thirty-two dorsal vertebrae are being referred to Procoelosaurus 

brevicollis, with twenty-one of them fully prepared. Additional six articulated and one 

isolated dorsals are known from the other morph of Procoelosaurus with low ridges on 

the spine table (TTUP 10210-10217). This articulated series most likely represents the 

posteriormost portion of the dorsal series, because in the last vertebra of the articulated 

sequence the ttansverse process is dorsoventrally flattened and has migrated posteriorly 

to the middle of the vertebra, while in all of the preceding dorsals the ttansverse process 

is rounded and positioned at the base of the prezygapophysis. This configuration also 

occurs in the four dorsals that may have been in the series found with the type material of 

Procoelosaurus. Overall only three of the thirty-six dorsals have a flattened and 

posteriorly located transverse process, and in all of the other dorsal vertebrae the 

transverse process is oval and positioned at the base of the prezygapophysis. The limited 

disttibution of this feature seems to indicate that there were relatively few vertebrae with 

flat transverse processes and it is likely that these represent only the posteriormost 

dorsals. 
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In all dorsals the articular ends of the centrum are circular in cross-section with 

well dexeloped anterior concavity and posterior ball (Figure 24). In most dorsals the 

ventral surface of die centrum is smooth and rounded, although in some vertebrae there is 

a noticeable lateral constriction in the middle, for example in TTUP 10156, 10119 and to 

a lesser degree 10149. In lateral view the ventral edge of the centmm is slightiy concave 

in all dorsals except for the posteriormost dorsals TTUP 10125 and 10157. The 

epipophyses are well developed in the dorsal series, but unlike in the cervicals, here they 

are \'erticall> oriented and are located on the lateral walls of the posterior cavity for the 

interspinal ligament. The epipophyses retain this position throughout the sacral and 

caudal series as well. In all dorsals, die parapophysis and diapophysis have merged into a 

ttansverse process, the position of which can also be used as a criterion for estimating the 

relative position of a vertebra in the dorsal series. The anteriormost dorsals present in the 

material appear to be TTUP 10144 and 10118, whose transverse process is located at the 

base of the prezygapophyses on the anterior neural arch. It occupies the same position as 

the diapophysis in the posteriormost cervical, close to the anterior rim of the centmm. 

TTUP 10144 preserves a complete left transverse process which is long and extends 

laterally perpendicular to the longitudinal axis of the vertebra. The transverse process is 

oval at the base with the long axis horizontal, and gradually becomes dorsoventrally 

compressed towards its distal end. In the more posterior but still anterior dorsals (TTUP 

10119, 10120, 10145, 10148, and 10150) die transverse process migrates further up on 

the prezygapophysis, occupying most of its lateroposterior surface. The transverse 

process in these vertebrae connects to the anterior tip of the prezygapophysis via a low 

and narrow ridge. The articular surface of the transverse process is also oval and faces 

lateroposteriorly. In the middle dorsals (TTUP 10149, 10153, 10154, 10155, and 10156) 

the transverse process starts to migrate posteriorly, although it is still positioned high on 

the neural arch and close to the base of the prezygapophysis. As in the anterior dorsals, 

the transverse process in the middle and also in the more posterior dorsals TTUP 10152 

and 10121 is connected to the prezygapophysis with a narrow ridge. In these posterior 

dorsals the transverse process continues to migrate posteriorly and is also located more 
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\entrally, A thin lamina develops posterior to the transverse process that runs along the 

base of the lateral wall of the neural canal and reaches the posterior opening of the canal. 

Under the lamina, a small ventrally facing depression starts to develop, and it becomes 

deeper in the succeeding dorsal TTUP 10122, In the posteriormost dorsals TTUP 10125 

and 10157 the ttansverse process has reached the middle of the centmm and its cross-

section has changed from oval to dorsoventrally compressed. The posterior lamina is still 

present and a new lamina develops anterior to the process, linking it with the rim of the 

anterior articular surface of the centrum immediately below the prezygapophysis. 

The neural arches and the neural processes of the dorsals are moderately high and 

long, running for most of the length of the vertebrae. The neural canal is oval in cross-

section with the long axis ttansversely oriented. As in the cervical vertebrae of 

Procoelosaurus, the neural canzil expands ventrally to invade the centrum and a CT scan 

of TTUP 10153 indicates that there is a large opening on the floor of the neural canal that 

communicates with the hollow interior of the centrum. As in the cervical vertebrae, the 

dorsals have very well developed anterior and posterior cavities for the interspinal 

ligament that are separated from the neural canal by thin horizontal laminae. The 

posterior area of attachment for the interspinal ligament is much larger and deeper than 

the anterior one. The upper portion of the posterior cavity consists of a moderately deep 

groove that runs dorsally on the posterior surface of the neural process (TTUP 10144, 

10154 and 10155). There is a low ridge mnning vertically in the middle of the groove 

along the posterior surface of the neural process. 

The prezygapophyses of the dorsals are well developed and are more laterally 

directed as in the posterior cervicals. The prezygapophyses are considerably more 

vertical than those of the cervicals and form an angle of about 36 degrees with die sagittal 

plane. In anterior view they are wider than the centmm but their lateral extent is smaller 

than that of the transverse process. The shorter, wider and more vertical 

prezygapophyses would have provided support by limiting the lateral mobility and 

making the torso more rigid. 
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The postz>gapophyses are also wider and more laterally directed and correspond 

in shape to the prezygapophyses. The postzygapophyseal processes extend laterally as 

much as the prezygapophyses and connect with them and the transverse process 

anteriorly via a narrow shelf formed by the neural arch. The shelf mns above the level of 

the neural canal and is parallel to the base of the neural process. The dorsal surface of the 

postzygapophyseal processes is broadly concave and gradually becomes horizontal on the 

shelves anteriorly. The portion of the neural arch forming the side walls of the neural 

canal curves medially below the shelves before it joins the dorsal centmm. The angle of 

the postzygapophyses is the same as that of the posterior cervicals, about 47-50 degrees 

relative to the sagittal plane. 

Above the postzygapophyses the two anterior dorsals have well developed 

epipophyses that are longer and more massive than those of the cervicals. As in the 

cervicals the epipophyses are dorsoventrally compressed but are more vertically oriented. 

The processes are also positioned closer to the midline compared to the cervicals. As in 

the cervicals and in Pteromimus, they are separated from the articular surfaces of the 

postzygapophyses by a shallow oblique groove. The base of the epipophysis connects to 

the posterolateral surface of the neural process by a thin vertical ridge that forms the 

dorsal part of the walls of die groove for the interspinal ligament. 

The neural process of die dorsal vertebrae is relatively high and elongate, forming 

a wide spine table on its dorsal surface. The spine table has long parallel sides and is 

broadly rounded at the two ends. The base of the neural process is narrow but quickly 

expands in dorsal direction. The surface of the spine table bears the omamentation typical 

for all Procoelosaurus vertebrae. The anterior end of the spine table extends more 

anterioriy than the base of the neural spine. When the vertebrae are articulated, the 

anterior tip of the spine table fits between the lateral walls of the groove of the posterior 

interspinal cavity of the preceding vertebra. This must have restricted the amount of 

lateral movement possible between the dorsals and would have contributed to die 

development of a rigid torso. 
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Sacral Series 

Two incompletely preserved sacral vertebrae, TTUP 10109/1 and 10109/2 were 

found associated with the pelvic and hindlimb material of Procoelosaurus. There are five 

additional sacral vertebrae found as isolated elements, and three of them can be identified 

as the second sacral (TTUP 10159. 10160, 10138). The two sacrals from the type 

material articulate well with each other and with the anterior portion of the ilium, 

suggesting that these are the first and the second sacral vertebrae. After articulating the 

first two sacrals with the ilium, a considerable amount (almost half the length) of the 

posterior surface of the ilium remains free, indicating that Procoelosaurus must have had 

at least one more sacral vertebra, and possibly two additional sacrals. None of the other 

sacral \ertebrae found appears to represent a more posterior sacral than the two vertebrae 

from the type material. 

The massive sacral ribs are fused to the sacral vertebrae, and there is no evidence 

of fusion between the two vertebrae or between the sacral ribs and the ilium. The two 

sacrals from the type material are fractured, and die entire posterior half of the centrum of 

the first sacral is missing. The second sacral is almost complete with only its left sacral 

rib lacking. The right rib of the second sacral appears to be distorted and pushed 

backwards, since it does not reach close to the sacral rib of the first sacral when the two 

are articulated, which is commonly the case in archosaurs. The distortion also causes the 

second sacral to become slightly displaced laterally when an attempt is made to articulate 

the two vertebrae with each other and the ilium simultaneously. 

The centra of the two sacrals are anteroposteriorly shortened and are slightly 

dorsoventtally compressed. The overall morphology of the sacral vertebrae is very 

similar to that of the dorsals. It is interesting to note, however, that the sacrals from the 

type material and another relatively large posterior sacral vertebra, TTUP 10159, have 

very wide spine tables, more expanded than the similarly-sized dorsals that may be from 

the same series. The ribs of the first sacral project perpendicularly to the longitudinal 

axis of the vertebra. They have elliptical cross-section and articular surfaces, with the 

long axis of the ellipse tilted anterioriy to about 60 degrees above the horizontal plane. 
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The rib of the second sacral is directed anteriorly and the angle varies among the different 

specimens. The ribs of the sacrals attach to the anterior half of the centmm and their 

distal articular ends face laterally to articulate with the medial wall of the iliac blade. 

Caudal Series 

A total of forty-two caudal vertebrae that can be referred to Procoelosaurus 

brevicollis have been found as isolated elements at the Post and Kirkpatrick Quarries. 

The wide variety of caudal vertebrae found allows for a reasonably good reconstmction 

of the tail region of the vertebral column. All caudal vertebrae preserve the high and long 

neural spine, except for the posteriormost caudals where it becomes reduced in length. 

The spine table is also present in all caudals, although it gradually decreases in length 

after the mid-caudals. In the anterior caudals, the epipophyses are well-developed, after 

the middle caudals they start to decrease gradually in size until they become completely 

reduced in the posterior caudals. 

There is also a gradual reduction in the size of the anterior cavity for the 

interspinal ligament throughout the caudal series, and the cavity is not present in the 

posteriormost caudals even though the neural spine is still relatively high. The tail 

appears to have been relatively long with an estimated length of about thirty vertebrae. 

There is a gradual decrease in size and increase in the relative length of the vertebrae 

towards the distal end of the tail. Except for the most posterior caudals of 

Procoelosaurus, the centra of all identified vertebrae exhibit articular facets for the 

chevrons at their ventroposterior end. Since in most archosaurs the first caudal and 

sometimes the anterior two or three caudals do not bear a chevron, this indicates that at 

least the first caudal of Procoelosaurus is not known. The centmm of the proximal 

caudals (TTUP 10127-32, 10193 and 10142) is strongly constricted laterally in the 

middle portion, leading to the development of a ventral keel. In the more posterior 

caudals the keel is replaced by a longitudinal groove and the centtum becomes less 

constricted. The venttal outline of the centmm is slightly concave in the anterior caudals 

and becomes flat or almost flat in the middle and posterior caudals. The anterior caudals 
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have a well-developed dorsoventrally compressed transverse process, which is broken at 

tile base in most cases. The transverse process gradually becomes reduced in the more 

posterior caudals and is not present in the middle caudals and afterwards. One complete 

anterior caudal of Procoelosaurus (TTUP 10129), and another caudal, the neural process 

of which is missing and therefore can only be referred to Procoelosaurus tentatively 

(TTUP 10126), have almost complete ttansverse processes that are unusually long and 

indicate a very wide base of the tail. 

The posterior caudals are most easily distinguished by the reduced length of the 

neural spine, located mostly in die posterior portion of the vertebra and by the narrow 

spine table. 

Pelvic Girdle 

The pelvic girdle of Procoelosaurus is part of the type material and was found 

closely associated with the hindlimb and the series of vertebrae. It consists of a complete 

right ilium and two partially preserved right ischia (TTUP 10109/3 and 10110), with the 

ischium from the type material articulating well with the ilium, 

IHum 

The ilium has a relatively low blade compared to other archosaurs with a ratio of 

0.9 measured as maximum blade height versus height of the iliac portion of acetabulum 

(Table 3). In most archosauriforms the ratio varies between 0.5 (Proterosuchus) and I 

(Erythrosuchus) and for the early pterosaur Eudimorphodon it is 0.6. In the more derived 

archosaurs such as basal dinosauromorphs and dinosaurs the ratio varies between 1.3-1.5. 

The preacetabular process is very short anteroposteriorly, considered from the 

posteriormost point of the anterior edge of the ilium above the acetabulum, to the 

anteriormost point on the iliac blade (Figure 25). The posterior portion of the ilium is 

unusually long and tapers to a point. The considerable elongation of the postacetabular 

process may be related to the development of powerfiil femoral retractors which attach in 

this area. When articulated with the horizontally positioned sacral vertebrae, the 
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orientation of die ilium is such that its dorsal edge is approximately horizontal. The 

dorsal edge of the iliac blade is not straight, but is slightly raised in the anterior portion, 

makes a shallow ventral curve at about mid-length, and then gently raises again in the 

posteriormost portion. In dorsal view the edge is almost straight in the anterior one-third, 

after which it makes a broad lateral curve for the remaining length of the iliac blade. The 

acetabulum is well developed and of moderate depth, with a relatively well-developed 

preacetabular shelf positioned anteriorly and anterodorsally. Posterior to the acetabulum 

die shelf continues dorsoposterioriy as a low and broad ridge that reaches the edge of the 

iliac blade. As it runs posteriorly the ridge gradually becomes broader and its function 

may be to sttengthen the pelvis by redistributing the stresses because the first two sacrals 

appear to have attached on the medial side of the ilium opposite to the ridge. The ridge 

bounds a large shallow fossa that occupies most of the dorsoanterior iliac blade. Both the 

pubic and the ischiadic peduncles face ventrally. The articular surfaces of the two 

peduncles are mgose indicating that they were probably covered with cartilage in life. 

The pubic peduncle has a slightly concave articular surface with straight edges. The 

anterior half of the articular surface of the ischiadic peduncle has a shallow dorsal 

emargination, and its posterior half is with straight edges and curves lateroposteriorly. In 

ventral view the two pedimcles form a wide arc that probably allowed for a wide range of 

anteroposterior motion of the femur. On the ventral margin of the medial side of the 

ilium, immediately posterior to the ischiadic peduncle, there is an unusual thickening of 

the ilium with a flat and smooth facet facing medioposteriorly. Above the facet there is a 

small and shallow depression, which originally must have been even shallower because 

the thin edge of the ilium in this area is slightly cmshed and laterally displaced. 

Ischium 

The two right ischia are incomplete but the preserved portions are complementary 

to each other and since they are almost the same size, this allows for a reconstmction of 

the original shape (Figure 26). The presence of two right elements shows that there was 

more than one individual preserved in the association. The ischium from the type 
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material TTUP 10109/3 is slightiy smaller than the other ischium (TTUP 10110) and has 

a better fit with die ilium, indicating that they probably belonged to the same individual. 

The ischium of Procoelosaurus is large, robust and plate-like. The expanded proximal 

surface has four articular facets of different size that are separated by distinctive ridges. 

The largest facet faces laterodorsally and participates in the formation of the acetabulum; 

the next two smaller facets are for the articulation with the curved ischiadic peduncle of 

the ilium dorsally. The fourth and smallest facet faces anteriorly and is a narrow 

ttiangular surface for articulation with the pubis. When the ilium and ischium are 

articulated there are no openings between their articular surfaces, and with the ischium 

articulating with the pubis anteriorly and the ilium articulating with it ventrally this 

would have formed an imperforate acetabulum. When articulated with the vertical ilium, 

the ischium is directed ventroposteriorly. Below the articular surfaces the ilium has a 

narrower "neck" before expanding posteriorly and anteriorly into a symmetrical 

pentagonal plate. The neck is rounded and thick posteriorly and gradually thins out 

anteriorly. The distal plate is made of relatively thick bone and the two oblique dorsal 

edges and the distal edge are additionally thickened. All edges of the pentagonal plate 

are relatively sttaight except for the distal edge, which is slightly dorsally concave. There 

is no evidence of fusion between the ischia although it is possible that they articulated 

with their distal edges, which have mgose surface. 

Hindlimb 

An almost complete right hindlimb of Procoelosaurus was found at the Post 

Quarry, consisting of a femur, tibia and fibula, astragalus and calcaneum, and the 

metatarsals with die first phalanx of the fifth digit. The hindlimb elements are thin-

walled and with a hollow marrow cavity. 

Femur 

The femur is relatively long and slender, with a sttaight shaft in anterior view and 

well-developed head and distal condyles in the same plane (Figure 27). The entire femur 
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is bowed anteriorly which may be due at least in part to deformation, because both the 

tibia and the fibula are also anteriorly bowed to a similar degree. The femoral shaft is 

quite crushed and fractured, making it difficult to distinguish surface features. The 

femoral head appears to exhibit only minor deformation and has been slightiy displaced 

posteriorly. A concave depression on the anterior surface at the base of the head marks 

the point of breakage and displacement. The dorsal, dorsoanterior and medial surfaces of 

die femoral head seem to be slightly eroded, but most of the original morphology appears 

to be preserved. The distal portion of the femur is also deformed with the shaft being 

progressi\'ely more anteroposteriorly flattened towards its distal end until it is reduced to 

a thin plate immediately above the distal condyles. 

The distinct femoral head is medially oriented ("intumed") and positioned at an 

obtuse angle of 1 lO-115 degrees relative to die shaft (20-25 degrees above die 

horizontal). When the femur is articulated with the reconstmcted pelvis, the medial 

surface of head articulates with the central region of the acetabulum and the dorsal 

surface of the head abuts against the prominent supraacetabular crest of the ilium. In 

anterior view the head is subrectangular with a wider base, a straight dorsal edge that is 

dorsomedially directed, and a vertical medial articular surface. In dorsal view the 

femoral head is roughly triangular with the base of the triangle facing medially. The 

medial articular surface is approximately square in cross-section and is medially convex 

in dorsal view. There seems to be a gradual transition between the base of the head and 

the femoral shaft with no distinctive femoral neck, a condition similar to the femora of 

Ornithosuchus (Walker, 1964) and the early pterosaur Eudimorphodon (Wild, 1978). 

On the lateral surface of the femoral head there is a small process-like protmsion 

which, if it is not an artifact of the cmshing, may represent the lesser trochanter. On the 

medial surface of the shaft, immediately below the head, there is a thickening that does 

not seem to be the product of deformation. This thickening may be indicative of the 

fourth trochanter, but the top part of the projection has been broken off and the 

identification is not certain. If this is the fourth trochanter, then it is positioned relatively 

high on the femur and is shorter than in most other archosaurs. 
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The distal condyles of the femur are of equal size and are well rounded, almost 

ball-hke. The lateral condyle is symmetrical in anterior and posterior view but the medial 

condyle has been cmshed and flattened anteriorly. There is a well developed 

intercondylar groove that is wider posteriorly to accommodate the tendon for of die 

quadriceps femoris muscle. 

Tibia 

Bodi die tibia and fibula are about 60 % of the length of the femur (Figure 28 and 

Table 2). The shafts of the two elements are sttaight in anterior view and mn parallel to 

each other. In lateral view the tibia and fibula are bowed anterioriy, which appears to be 

the result of post-mortem deformation. The two elements articulate only in their 

proximal and distal ends and their combined proximal width is slightly smaller than the 

maximum width of the femoral distal condyles. 

The tibia is the more robust bone and has expanded proximal and distal ends and 

a narrower shaft. The proximal surface has triangular outline with the anteromedial 

comer slightly raised above the remaining gently concave surface, and marks the 

dorsahnost point of the cnemial crest. The laterally directed comer articulates with the 

fibula, for which there appears to be a small flat surface on the dorsolateral wall of the 

tibia. The cnemial crest runs along the proximal half of the anteromedial surface of the 

tibial shaft and it is relatively well developed with a rounded edge. There are two other 

longitudinal ridges on the shaft that are more weakly developed and more rounded than 

the cnemial crest, giving the shaft a subtriangular cross-section. One of the ridges mns 

along the lateral surface of the tibia directly facing the fibula, and the other runs along the 

posterior surface of the shaft and is the most rounded and least conspicuous of the three. 

The distal end of the tibia is less expanded than its proximal end and is circular in distal 

view. The anterolateral side is slightly flattened for the articulation with the distal end of 

the fibula which, however, is shorter than the tibia and does not reach its distal articular 

surface. 
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Fibula 

The fibula is slightly shorter and more slender than the tibia, having an average 

diameter of about two-diirds that of the tibia (Figure 28). The proximal end is much 

more expanded dian the distal end and its articular surface is only slightiy smaller than 

diat of die tibia. The outiine of the proximal articular surface is oval widi a small 

posteromedial projection, which gives raise to a well-defined ridge mnning along the 

posteromedial surface of the fibula for its entire length. A similar but more rounded ridge 

runs longitudinally along the anteromedial surface of the fibula. The area between the 

two ridges faces the shaft of the tibia and is smooth and flat. The anterior, lateral and 

posterior surfaces of the fibular shaft are well rounded. The distal end of the fibula is 

only slightly more expanded than the shaft and is anteroposteriorly flattened. 

Tarsus 

Only the proximal tarsals of Procoelosaurus axe known (Figure 29). They were 

foimd closely associated with the metatarsals. The astragalus and calcaneum are 

relatively small and exhibit unusual morphology. The astragalus is about two times the 

size of the calcaneum, but is considerably smaller than the distal articular surface of the 

tibia. Since there are portions of the dorsal surface of the astragalus that do not exhibit 

smooth cortical bone, it is possible that there was a significant cartilaginous portion of the 

astragalus in life. Additional argument for the possibility that this material belongs to an 

individual that has not reached adult size is the presence of a few Procoelosaurus 

vertebrae that are much larger than the majority of average-sized vertebrae. 

The astragalus of Procoelosaurus brevicollis is a dorsoventrally flattened plate 

that is rectangular in dorsal view. It is only slightly transversely elongate with maximum 

anteroposterior length of 4.3 mm, and mediolateral width of 3.5 mm. There is a 

moderately high ascending process at the anteromedial comer of the astragalus. On the 

proximal surface of the astragalus there is a mediolaterally mnning shallow groove. The 

lateral portion of the groove expands into a moderately deep depression that occupies 

most of the lateral surface of the astragalus. On the anterior surface of the asttagalus 
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below and lateral to the ascending process, there is a short vertical groove that does not 

communicate widi the mediolateral groove on the proximal surface. The distal surface of 

die astragalus consists of a single large trochlea of moderate depth that is 

anteroposterioriy oriented and may have separated the two distal condyles of the tibia still 

made up largely of cartilage. Such configuration would indicate an advanced mesotarsal 

ankle joint similar to that seen in pterosaurs and dinosaurs, with the plane of flexion 

between the proximal and distal tarsals. The distal tarsals are not known for 

Procoelosaurus and it is possible that they were cartilaginous and were not preserved. 

The calcaneum is a small cone-shaped bone that has a roller-like lateral surface 

and a flat medial surface which articulates with the astragalus. The calcaneum is 3.3 mm 

long and its apex is posteriorly oriented. The anterior surface (base of the cone) is 2.3 

mm wide and has a shallow depression. There is a shallow narrow groove that starts 

close to the anterodistal comer of the calcaneum and mns dorsoposteriorly along die the 

convex lateral surface for a short distance. The lateral surface of the calcaneum is 

smooth and convex, and may have articulated with the hooked fifth metatarsal. 

Pes 

The preserved portion of the pes includes five metatarsals and the first phalanx of 

the fifth digit (Figure 30). All elements are well preserved, except for the distal ends of 

metatarsals two and three, which are missing. Metatarsals I-III are slightly distorted and 

metatarsal I crosses over metatarsal II, but no element is cmshed despite the fact that they 

are hollow (Figure 30). The metatarsals of Procoelosaurus are elongate, subequal in 

length and are closely appressed. The complete metatarsals show an expanded proximal 

end, narrow and straight shaft and a less expanded distal end. Metatarsal V is the shortest 

at 9.5 mm and it appears that metatarsal III was the longest with an estimated length of 

about 15.4 mm. Metatarsal IV was probably slightly shorter at 14.7 mm, followed by 

metatarsal II with an estimated length of 11.6 mm and by metatarsal I at 12.1 mm. The 

proximal articular surfaces of metatarsals I-IV are closely appressed in the same plane 

and metatarsal V is positioned ventrally to metatarsals III and IV (Figure 30). The tight 
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sutures and broad contacts between metatarsals 1-IV proximally sttongly suggests that 

this is their natural condition, and that they did not diverge. Metatarsal V was probably 

displaced venttally from its original position next to metatarsal IV. The combined 

proximal widdi of the pes exceeds that of the distal tibia and fibula. The proximal 

articular surfaces of metatarsals I-IV form a single almost flat plane with metatarsal V 

raised abo\e it b> 3.5 mm. In proximal view the articular surfaces of metatarsals II-IV 

are subrectangular and that of metatarsal I is pentagonal with the apex laterally directed. 

The proximal half of metatarsal V is slightiy "hooked" medially. Its proximal articular 

surface is a flat facet located on the medial surface of the most proximal portion of the 

element, above the common articular surface of the pes. It most likely articulated with 

the lateral wall of die distal tarsal and possibly also widi the roller-like surface of the 

calcaneum. 

The shafts of the metatarsals are well-rounded which indicates that they were not 

as closely appressed as to exclude the possibility for independent motion of each 

metatarsal. This would have not prevented the functioning of metatarsals I-IV as a single 

unit, which was probably the case on most occasions, especially considering the 

alignment and close contact of the proximal articular surfaces of the metatarsals. 

Metatarsal V probably had a different plane of motion and may have had a much larger 

freedom of motion due to its articulation with the distal tarsal and perhaps the roller-like 

calcaneum. A similar morphology of the foot occurs in pterosaurs, where the metatarsals 

are also closely positioned, especially at their proximal articular ends, but are still capable 

of some independent movement as evidenced by their separate and non-compressed 

shafts (Bennett, 1997). This configuration differs from that of obligate bipedal cursors 

such as theropod dinosaurs, where the metatarsals are closely appressed to form a 

strengthened single unit capable of withstanding greater stresses. The metatarsal shafts of 

even early theropods such as the Late Triassic Coelophysis become more laterally 

compressed and develop flattened articular surfaces on the sides for closer articulation 

with the adjacent metatarsals (Colbert, 1989). Such articulation independent movement 

of the individual metatarsals is very restricted. 
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The distal articular surfaces are complete in the first, fourth and fifth metatarsals 

of Procoelosaurus, as is the proximal articular surface of the first phalanx of the fifth 

digit. All of them appear to be quite flat and very similar to the articular surfaces of the 

first four metatarsals and their phalanges in the Eariy Jurassic basal pterosaur 

Dimorphodon weintraubi from Mexico (Clark et al., 1998). In Dimorphodon the distal 

surfaces are not completely flat, but only slightly convex, and the proximal phalanges are 

w itii corresponding slightly concave articular surfaces which would not allow the range 

of motion normalh' associated widi digitigrade motion. The foot structure of 

Dimorphodon weintraubi gives strong support to the notion that pterosaurs were 

plantigrade. Because of the great similarity in the articular surfaces, a similar case can be 

made for the foot of Procoelosaurus. 

Attached to metatarsal V is the first phalanx of digit V, and its expanded distal 

end indicates that there was at least one more phalanx or ungual in digit V. Phalanx I is 

dorsoventtally compressed which may be due to post-mortem deformation, and its distal 

end extends almost as far as the distal end of metatarsal IV, The expanded distal articular 

ends of the complete metatarsals I and IV indicate that they, and most likely all 

metatarsals, articulated with at least one phalanx distally. 
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Table 2, Measurements of the vertebrae of Procoelosaurus brevicollis. (L = length, W 
widtii, H = height, D = distance, ant. = anterior, post. = posterior, np = neural process, 
przp = prezygapophyses, pozp = postzygapophyses, dp = diapophyses). * indicates 
estimated value for an incomplete element. 

TTUP 

No. 

10110/1 

10110/2 

lOlIl 

10112 

10113 

I0I14 

10115 

10116 

10117 

10118 

10119 

10120 

10121 

10122 

10123 

10125 

10127 

10128 

10129 

10131 

I0I32 

I0I34 

centrum 

L 

-

14.5 

13.4 

18.7 

19.6 

10.4 

13.6 

16.3 

12 

15 

16.5 

14.2 

14.9 

15.6 

9.6 

15.3 

16.1 

19 

16.7 

10.3 

17.5 

14.8 

centrum W 

ant. 

8 

8.2* 

6.9 

12.3 

12.1 

7.6 

7.1 

10.2 

6.9 

6.1 

6.8 

5.4 

7.5 

7.2 

5.1 

6.8 

6 

8.8 

5.7 

3.8 

6.8 

5.5 

centmm W 

post. 

-

7 

5.9 

5.8* 

6.4 

5.2 

5.7 

6.7 

5.3 

5.3 

5.3 

4.8 

6.5 

6.4 

4.9 

6.7 

4.6 

6.5 

5 

3.3 

5.5 

4.3 

centmm H 

ant. 

7.2 

5.3 

2.9 

4.7 

5.5 

2.1 

3.6 

5.7 

4.7 

6.1 

5.2 

5.3 

6.3 

6.8 

3.7 

7.7 

5.3 

10 

5.9 

3.8 

6.4 

5.3 

centmm H 

post. 

5.8 

2.2 

-

3.8 

2.3 

3.4 

5.1 

4.4 

4.5 

5.1 

4.9 

5.2 

5.7 

3.4 

7.2 

5.8 

6.3 

5.5 

3.3 

5.6 

5 
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Table 2, Continued, Measurements of the vertebrae of Procoe/o^aMrM:y6rev/co//w. (L = 
length. W - widdi. H = height, D = distance, ant. == anterior, post. = posterior, np ^ neural 
process, przp = prezygapophyses, pozp = postzygapophyses, dp = diapophyses). 
* indicates estimated value for an incomplete element. 

TTUP 

No, 

10135 

10137 

10138 

10140 

10I4I 

10142 

10143 

10144 

10145 

10147 

I0I48 

I0I49 

10150 

10151 

I0I52 

I0I53 

10154 

10156 

10157 

10159 

I0I60 

I016I 

centtum 

L 

14.3 

18.3 

-

-

-

13.7 

15.6 

9 

9.6 

9.5 

17.3 

15.9 

14.7* 

12.3 

14.4 

19.4 

17.4 

15 

12.5 

16.3 

8.5 

15.1 

centrum W 

ant. 

4.9 

13.2* 

-

9.5 

8.8 

5.3 

8.8 

4.5 

3.4 

3.3 

7.5 

5.5 

5 

4.5 

8 

7.5 

7.6 

5.8 

4.9 

8.2 

4.7 

5.1 

centmm W 

post. 

4.2 

7.7 

4.7 

-

-

4.9 

4.9 

3.7 

3.6 

3 

6 

6.1 

4.6 

3.9 

7.3 

6 

6.7 

4.9 

4.4 

7.9 

4.2 

4.8 

centmm H 

ant. 

4.8 

3.1 

5.7 

5 

5.5 

3.6 

4 

3.2 

3.4 

7.3 

6.5 

3.4* 

4.2 

5.3 

6 

6.4 

5.8 

4.7 

5.4 

2.8 

5.8 

centrum H 

post. 

4.8 

3.9 

3.5 

-

-

5.4 

4.3 

3.4 

3.4 

3.1 

6.3 

5.4 

4 

4.2 

5.8 

5.7 

5.3 

5.1 

4.1 

6.1 

3.1 

5.2 
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/̂  u~u, _''"^'""^'^- ^Measurements of the vertebrae of Procoelosaurus brevicollis. (L = 
iengtti, W - w^dth, H = height. D = distance, ant. = anterior, post. = posterior, np = neural 
process, przp - prezygapophyses. pozp = postzygapophyses, dp = diapophyses). 

indicates estimated value for an incomplete element. 

TTUP 

No. 

10162 

10163 

10164 

10165 

10167 

10168 

I0I69 

10170 

10171 

10172 

10174 

I0I75 

I0I78 

10182 

10183 

10184 

10186 

10199 

10200 

10201 

10202 

centrum 

L 

13.9 

15.6 

18.9 

17.1 

13.7 

19.9 

18.3* 

14.1 

17.6 

14.9 

8.5 

-

7.5 

-

13.3 

18.6 

10.7 

12.7* 

18.1* 

12.1 

14.5 

centrum W 

ant. 

5.4 

4.7 

6.5 

6.5 

4.3 

6.2 

5.7 

4.2 

5.3 

4.4 

3.3 

8.7 

2.7 

5.1* 

3.8 

6.7 

3.7 

6.8 

10.4 

7.2 

7.1 

centrum W 

post. 

4.9 

4.2 

5.6 

4.9 

3.8 

5.8 

5.2 

4 

4.8 

3.7 

2.9 

-

2.4 

4.3 

3.4 

5.6 

3.1 

-

-

5.7 

5.5 

centmm H 

ant. 

5.6 

4.7 

5.7 

5.4 

4 

5.1 

5.1 

4 

4.8 

3.3 

3 

4.6 

2.6 

4.7* 

3.1 

6.1 

4.1 

3.3 

4.2 

3.7 

4.8 

centmm H 

post. 

5.1 

4.7 

6.2 

5.7 

3.9 

4.6 

4.1 

3.4 

4.1 

3 

3.6 

-

2.2 

4.7 

3 

6.4 

3.7 

-

-

2.9 

4.6 
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Table 2, Continued, Measurements of the vertebrae of Procoe/oMwrw* Z)rev/co//w, (L = 
lengdi. W = width, H = height. D = distance, ant. = anterior, post. = posterior, np = neural 
process, przp = prezygapophyses, pozp = postzygapophyses, dp = diapophyses). 
* indicates estimated value for an incomplete element. 

TTUP 

No. 

10203 

10204 

10205 

10206 

10207 

10208 

10209 

centrum 

L 

21.3 

10.1 

13.1 

22,4 

16.2 

11.1 

28.2 

centtum W 

ant. 

10* 

6.4 

4.8 

6 

4.4 

3.5 

10* 

centrum W 

post. 

9.7 

4.9 

4.6 

5.6 

4 

2.8 

8.6 

centmm H 

ant. 

9.5 

5.7 

4.4 

6 

4.8 

3.3 

10.6 

centmm H 

post. 

8.4 

4 

4.6 

5.7 

4.2 

3,3 

10.4 
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Table 2, Continued, Measurements of the vertebrae of PA-ocoe/ô awra,? ^rev/co/Z/ .̂ (L = 
length, W - w^dth, H = height. D = distance, ant. = anterior, post. = posterior, np = neural 
process, przp - prezygapophyses, pozp = postzygapophyses, dp = diapophyses). 
* indicates estimated value for an incomplete element. 

TTUP No, 

10110/1 

10110/2 

10111 

10112 

10113 

10114 

10115 

10116 

10117 

10118 

10119 

10120 

10121 

10122 

10123 

10125 

10127 

10128 

10129 

I0I31 

10132 

I0I34 

table L 

12,3 

11,2 

8,2 

-

12* 

6,5 

-

-

9,6 

12 

13,5 

11,7 

11.1 

12.3* 

7.5 

11.9 

12 

15.5 

13.2 

8.1 

13.8* 

11.3 

table W 

10.6 

8* 

1.5 

4.4* 

3.5 

0.8 

-

2.7 

5 

7.6 

6.3 

6.2 

7.7 

4.1 

7.1 

5.5 

6.5 

7.1 

2.5 

5.8 

5.3 

npH 

6,9* 

8 

2,6 

6.9* 

9 

2.7 

-

3.7 

5.9 

5.4 

6 

5 

8.8 

5.4 

8.4 

7.1 

11.5 

8.6 

4.8 

8 

7.1 

Dv (pp, dp) 

-

1.1 

2.3 

2 

1.3 

1.8 

3 

1.9 

-

-

-

-

-

-

-

-

Dv (dp, przp) 

0 

1.9 

3.1 

3.7 

2.6 

-

1.5 

0.6 

0 

-1.1 

-I.l 

-2.3 

0.5 

0.5 

0.8 

0.6 

-1 

-

1.6 

-1.2 

-0.7 

° 
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Table Continued. Measurements of the vertebrae of Procoe/o^awrw^ 6rev/co//w. (L = 
lengdi, W - widdi, H = height, D = distance, ant. = anterior, post. = posterior, np = neural 
process, przp - prezygapophyses, pozp = postzygapophyses, pp = parapophyses, dp = 
diapophyses). * indicates estimated value for an incomplete element. 

TTUP No. 

10135 

10137 

10138 

10140 

10141 

10142 

10143 

10144 

10145 

10147 

10148 

10149 

10150 

10151 

I0I52 

10153 

10154 

10156 

10157 

10159 

I0I60 

I0I6I 

10162 

table L 

10 

-

7.7 

-

15.7 

11.3 

-

7.6 

8 

7.1 

14.2 

15.3 

II 

-

12.8 

14.9 

12.6 

11.5 

-

13.9 

6.9 

14.1 

12 

table W 

4.1 

-

3.2* 

-

8.9 

4.6 

-

4.2 

3.3 

2 

5.1 

6.7 

4.4 

3.1* 

7.9 

9.4 

4.7 

4.6 

-

6.8 

3.3 

5.2 

4.4 

npH 

5.3 

-

-

-

5.8 

7.1 

-

3.6 

3.3 

3.9 

6.2 

5.1 

4.5 

3.4* 

7.1 

6.8 

6.6 

4.7 

4.6 

10.2 

3.9 

7 

6.1 

Dv (pp, dp) 

-

1,6 

3 

3 

-

2.8 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Dv (dp, przp) 

0.5 

2.6 

-

2.2 

1.4 

-

0.2 

0 

-0.8 

-

-3.3 

-1.2 

-1.7 

-

0 

-2.5 

-2.5 

-

0.4 

3 

1.5 

-

-
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Table 2. Continued. Measurementsof the vertebrae of Procoe/o5aMrw5 6/-ev/co///5. (L = 
lengdi, W = width, H = height, D = distance, ant. = anterior, post. = posterior, np = neural 
process, przp = prezygapophyses, pozp = postzygapophyses, dp = diapophyses). 
* indicates estimated value for an incomplete element. 

TTUP No. 

10163 

10164 

10165 

10167 

10168 

10169 

10170 

10171 

10172 

10174 

I0I75 

10178 

10182 

10183 

I0I84 

10186 

10199 

10200 

10201 

10202 

10203 

10204 

table L 

11,1 

15 

14,1 

9.2 

16.4 

-

10.8 

11.9 

10.8 

6* 

-

13 

6 

17 

-

-

-

-

12 

17.2 

8.8* 

table W 

3.8 

6.4 

7.9 

3.3 

2.8 

2.8 

2.7 

2 

1.5 

1.6 

4.4 

5.9 

1.3 

7.3 

-

-

-

4.8 

4.8 

3.9 

npH 

4.5 

6.4 

5.9 

3.7 

6.4 

4.6 

4.4 

3,8 

2.8 

4.8 

-

3.8 

8.3 

-

-

-

-

4.8 

11.8 

6.7 

Dv (pp, dp) 

-

-

-

-

-

-

-

-

2.7 

• 

-

1.1 

2.1 

1.9 

2.5 

-

Dv (dp, przp) 

-

-

-

-

-

-

-

-

0.6 

-

-

-

0 

3.1 

2.8 

1.1 

0 

0 

-
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Table 2, Continued. Measurements of the vertebrae of/'rocoe/o^awrwi'fez-ev/co/fc. (L = 
length, W = width, H = height, D = distance, ant. = anterior, post. = posterior, np = neural 
process, przp = prezygapophyses. pozp = postzygapophyses, dp = diapophyses). 
* indicates estimated value for an incomplete element. 

TTUP No. 

10205 

10206 

10207 

10208 

10209 

table L 

9.3* 

18.2* 

10.6* 

8.6* 

22.5 

table W 

2.5 

3.4 

2.5 

1.8 

8.3 

npH 

5 

5.7 

4.1 

3.3 

-

Dv (pp, dp) 

-

-

Dv (dp, przp) 

-

-

-

-

-
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Table 2. Continued. Measurements of the vertebrae of Procoe/oiOMA-M* *rev/co//w. (L = 
length, W = width, H = height. D = distance, ant, = anterior, post, = posterior, np = neural 
process, przp = prezygapophyses, pozp = postzygapophyses, dp = diapophyses). 
* indicates estimated value for an incomplete element. 

TTUP No, 

10110/1 

10110/2 

10111 

10112 

10113 

10114 

10115 

10116 

10117 

10118 

10119 

10120 

10121 

10122 

10123 

10125 

10127 

10128 

10129 

10131 

10132 

10134 

przp W 

12,5 

7,7 

10.9 

8.6* 

-

-

11.3 

8.8 

8.3 

10.3 

-

-

6.2* 

9.8* 

8.5 

8 

6.6* 

5.1 

-

8.4* 

przp-pozp D 

13.5 

15.7 

12.3* 

-

19.6 

14.1 

12.5 

14.9 

15.7 

-

-

9.6 

15.2 

16 

17.8 

16.7 

10.5 

-

14.6 

dpL 

8.7 

5.9 

2.3 

3.9 

3.7 

-

-

-

-

-

-

-

-

6 

4.5 

-

4.5 

2.8 

4.6 

2.6 

dpH 

4.8 

8.8 

1.3 

2.1 

0.9 

1.4 

1.7 

2.3 

2 

1.1 

2.1 

1.7 

vertebral W at dp 

34.7 

36.6* 

8.4 

14.1 

13.8 

8.9 

II.4 

16.5 

9.1 

11 

12.4 

11.6* 

-

15.2 

10.4* 

9.3 

6.9 

lO.I* 

6.2* 

5.6 

10.8 

7.9 
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Table 2, Continued. Measuremer\ts of the vertebrae of Procoelosaurus brevicollis. (L = 
lengdi, W = widdi, H = height. D = distance, ant. = anterior, post. = posterior, np - neural 
process, przp = prezygapophyses, pozp = postzygapophyses, dp = diapophyses). 
* indicates estimated value for an incomplete element. 

TTUP No. 

10135 

10137 

10138 

10140 

10141 

10142 

10143 

10144 

10145 

10147 

I0I48 

I0I49 

10150 

10I5I 

10152 

10153 

10154 

I0I56 

10157 

10159 

10160 

10I6I 

przp W 

6* 

10.8* 

-

10.6 

-

9.1 

6.1 

6.4 

3.2 

11.2* 

8.8 

7.9 

5.3* 

-

11.9 

9.5 

8.2 

-

6.7 

4* 

8.2* 

przp-pozp D 

14 

19.1 

-

-

18,4 

14,3 

9.5 

9.5 

9.5 

17.1 

13 

13.5 

12.2* 

16.7 

16.1 

14.5 

-

16.2 

9.9 

15.9 

dpL 

2 

-

3.2 

-

3.9 

3.1 

-

-

-

2.3 

-

-

-

-

3.9 

6 

-

-

dpH 

1.1 

4.7 

1.4 

3.3 

2.3 

1.5 

7.8 

vertebral W at dp 

6.5 

17.4 

20.2* 

15.2 

15.1 

8 

13,1 

8.7* 

8.4 

4 

13.2 

11.9 

10.4 

-

14.1 

14.4 

14.4* 

11.6 

6.7 

27.7 

-

-
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Table 2, Continued, Measuremer\tsof the vertebrae of Procoelosaurus brevicollis. (L = 
lengtii, W = width. H = height, D = distance, ant, = anterior, post, = posterior, np = neural 
process, przp = prezygapophyses. pozp = postzygapophyses, dp = diapophyses). 
* indicates estimated value for an incomplete element. 

TTUP No. 

10162 

10163 

10164 

10165 

10167 

10168 

10169 

10170 

10171 

10172 

10174 

10175 

10178 

10182 

10183 

10184 

10186 

10199 

10200 

10201 

10202 

10203 

przp W 

5,3 

5,2 

7,7 

7* 

4,6* 

6.1 

4.9 

-

4.8 

3.7 

-

11.8 

-

3.7 

8* 

5.2 

6 

-

8,2 

7.3 

13 

przp-pozp D 

14.1 

14,8 

18.1 

17.2 

13.1 

21.4 

17.5* 

-

17.4 

14.6 

-

14.4 

-

12.4 

19.4 

10.9 

14.7 

-

12.4 

14.8 

21.5 

dpL 

-

-

-

-

-

-

-

-

3.5 

3.5 

3.8 

2.6 

-

3.1 

3.4 

4.5 

dpH 

-

-

-

-

-

2.4 

-

2.2 

1.5 

1.3 

2.7 

2.2 

3.9 

vertebral W at dp 

-

-

-

-

-

-

-

-

-

-

14.5 

-

-

9.9 

6.2 

8.2 

12.2 

10.3 

10.2 

15.1 
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Table 2, Continued, Measurementsof the vertebrae of Procoe/oiawrws ferev/co//i5. (L = 
length. W = width. H = height. D = distance, ant. = anterior, post. = posterior, np - neural 
process, przp = prezygapophyses. pozp = postzygapophyses, dp = diapophyses). 
* indicates estimated value for an incomplete element. 

TTUP No. 

10204 

10205 

10206 

10207 

10208 

10209 

przp W 

6.2* 

7.3* 

5* 

-

15* 

przp-pozp D 

10,5* 

13,1 

22.5 

15.8 

-

-

dpL 

-

-

dpH 

-

-

-

-

-

vertebral W at dp 

-

-

-

-

-

-
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Table 2, Continued, Measurementsof the postcranial material of 
Procoelosaurus brevicollis. (L = length, W = width, H = height, 

nit = metatarsal, ph = phalanx, max, = maximum, min. = minimum). 

ilium L 

ilium H 

ischium L 

femur L 

femur proximal max. W 

femur min. W 

femur distal max. W 

tibia L 

tibia proximal W 

tibia min. W 

tibia distal W 

fibula L 

fibula proximal W 

fibula min. W 

fibula distal W 

mtIL 

mt I proximal W 

mt I min W 

mt I distal W 

mtl lL 

mt II proximal W 

mt II min W 

mt III L 

40.8 

30.5 

45.5 

56.5 

9.4 

5 

11.5 

34.7 

5.3 

2.9 

5.3 

32.7 

4.8 

1.9 

3.1 

12.1 

2.9 

1.3 

2,4 

11.6* 

2.2 

1 

15.4* 
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Table 2. Continued. Measurements of the postcranial material of 
Procoelosaurus brevicollis. (L = length, W = width, H = height, 

mt = metatarsal, ph = phalanx, max. = maximum, min. = minimum). 

mt III proximal W 

mt III min W 

mtlVL 

mt IV proximal W 

mt IV min W 

mt IV distal W 

mtVL 

mt V proximal W 

mt V min W 

mt V distal W 

digit V ph. 1 L 

digit V ph. I proximal W 

digit V ph, 1 min. W 

digit V ph. 1 distal W 

2.5 

1.3 

14.7 

2.2 

1,3 

2.1 

9.5 

2.6 

1.2 

1.6 

6.3 

1.8 

1 

1.8 
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Table 3. Ratios of iliac blade height to acetabulum height 
in basal archosauriforms. 

Taxon 

Procoelosaurus 

Eudimorphodon 

Dimorphodon 

Proterosuchus 

Erythrosuchus 

Chanaresuchus 

Euparkeria 

Parasuchus 

Stagonolepis 

Ornithosuchus 

Riojasuchus 

Postosuchus 

Scleromochlus 

Lagerpeton 

Marasuchus 

Herrerasaurus 

blade/acetabulum ratio 

0.9 

0.6 

1.1 

0.5 

1.0 

0.8 

0.8 

0.7 

0.7 

1.8 

1.2 

1.5 

1.5 

1.3 

1.4 

1.5 
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Figure 21. Lateral and medial views of the maxilla of Procoelosaurus brevicollis. 
Scale bar equals 1 cm. 
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Figure 22. Lateral and medial view of dentary of Procoelosaurus brevicollis. Scale bar 
equals 2 cm. 
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Figure 23. Anterior cervical of Procoelosaurus brevicollis in all views. Scale bar equals 
1 cm. 
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Figure 24. 
1 cm. 

Dorsal vertebra of Procoelosaurus brevicollis in all views. Scale bar equals 
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Figure 25. Lateral and medial view of ilium of Procoelosaurus brevicollis. Scale bar 
equals 2 cm. 
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Figure 26. Lateral view of two ischia (TTUP 10109/3 and 10110) of Procoelosaurus 
brevicollis. Scale bar 2 cm. 
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Figure 27. Anterior and posterior view of femur of Procoelosaurus brevicollis. Scale bar 
equals 1 cm. 
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Figure 28. Anterior view of tibia and fibula of Procoelosaurus brevicollis. Scale bar 
equals 1 cm. 
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Figure 29. Proximal and distal views of astragalus and calcaneum of Procoelosaurus 
brevicollis. Each subdivision of the scale bar equals 1 mm. 
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Figure 30. Anterior and posterior views of pes of Procoelosaurus brevicollis. Scale bar 
equals 1 cm. 
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CHAPTER V 

PHYLOGENETIC ANALYSIS 

Taxa 

•A total of sixteen terminal taxa are used in the analysis of Archosauromorpha, 

including the tw o new reptiles Pteromimus and Procoelosaurus: Lepidosauromorpha 

(outgroup); Rli> nchosauria; Prolacertiformes; Proterosuchidae; Erythrosuchidae; 

Proterochampsidae; Euparkeria. Parasuchia; Suchia; Omithosuchidae; Lagosuchus; 

Dinosauria; Scleromochlus; and Pterosauria, 

Most of these terminal taxa have been used in eariier cladistic analyses and have 

been established as monophyletic groups (Gauthier, 1984, 1986; Benton, 1985, 1990, 

1999; Benton and Clark, 1988; Sereno and Arcucci, 1990; Sereno, 1991; Juul, 1994; 

Bennett, 1996), Since many of the fossils are only partially preserved, it seems to be 

advantageous to use larger monophyletic groups so that larger number of characters can 

be coded. 

Lepidosauromorpha is generally considered to be the sister-group of 

Archosauromorpha (Gauthier, 1984; Benton, 1985; Gauthier et al,, 1988a), and is used as 

the outgroup, Scleromochlus could not be coded for many characters because it is 

preserved predominantly as impressions on sandstone (Huene, 1914; Benton, 1999), 

Gauthier (1984, 1986; Gauthier et al., 1988a) adopted the crown-group concept 

and redefined the term Archosauria to include the last common ancestor of the extant 

crocodilians and birds and all of its descendants. The purpose was to stabilize the term, 

and it was proposed that the group traditionally referred to as Archosauria be named the 

Archosauriformes, Although this redefinition of Archosauria has not been accepted by 

some systematists, the term Archosauriformes is now widely used by most workers. In 

this analysis the term Archosauriformes will also be adopted to refer to the traditional 

group Archosauria that includes Proterosuchidae, Erythrosuchidae, Proterochampsidae, 

Euparkeria, and Archosauria to refer to the crown-group Archosauria, Gauthier (1984, 

1986) coined the term Omithodira for the group including Lagosuchus, Pterosauria, and 
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Dinosauria, and this definition has been widely accepted. The group Suchia, introduced 

b> Krebs (1974, 197(i) includes aetosaurs, rauisuchians, poposaurs, and crocodylomorphs 

(Benton and Clai-k, 1988; Sereno 1991; Bennett, 1996). 

Characters 

Man> of the characters used in the present analysis have been derived from earlier 

anahses of the .Archosauromorpha. A list of phylogenetic characters used in previous 

analyses of .Archosauromorpha was compiled and is included in Appendix A, In the list 

the characters are organized b\ anatomical region and chronological order, with the 

author(s) and the numbers of the characters in their original analysis included. 

For the present ph>logenetic analysis, character definitions were reformulated 

whene\er it was deemed necessary. For the character state codings 1 have used 

archosauromorph material available in the collections of the Museum of Texas Tech 

Uni\ ersiiN, but in many cases codings are based on data from the literature, including 

previous analyses. Unless otherwise noted, the coding of the plesiomorphic condition of 

the Pterosauria is based on the condition in the four Triassic pterosaurs, Eudimorphodon, 

Peteinosaurus, and Preondactylus (Wild, 1978, 1983, 1993; Dalla Vecchia, 1998) and 

Austriadactylus (Dalla Vecchia et al,, 2002), 

Following are the characters used in the phylogenetic analysis in order of 

anatomical position: skull, axial skeleton, forelimb, and hindlimb. The character-taxon 

matrix is included in Appendix B, 

Characters used in Phylogenetic Analysis 

1, Skull height. States; 0 = less than one-third skull length; 1 = greater than or 

equal to one-third skull length (Benton, 1985; Bennett, 1996), 

Benton (1985) used this character to support the Erythrosuchidae+ 

Proterochampsidae + Euparkeria + Archosauria, and Bennett (1996) supported the 

Archosauriformes. The skull height is greater than one-third its length in Pteromimus. 
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2, Elongate preorbital region consisting of maxillae, pterygoids, palatines and 

nasals. States: 0 = not present; 1 = present (modified from Gauthier, 1984). 

Gauthier (U)S4) employed a character "nasals longer than frontals," which in his 

anah sis supported the Archosauroiuorpha, even though it was not present in the 

Rli>nchosauria. He noted that this character was to indicate that the preorbital region was 

elongated b\ "elongation of the maxillae, pterygoids, palatines, and nasals," Benton 

(1985. 1990) used the character to unite the Prolacertiformes + Archosauriformes, and the 

character "snout longer than half the length of the skull) has been used by Evans (1988), 

Rieppel (19Q4, 1998), deBraga and Rieppel (1997), Jalil (1997), Dilkes (1998), and 

Peters (2000), The preorbital region is elongate in Pteromimus and is unknown for 

Procoelosaurus. 

3. Premaxilla size. States: 0 = small; 1 = enlarged, forming most of the tip of the 

snout (Gautiiier et al.. 1988b), 

A similar character, "archosauromorph premaxilla" was used by Gauthier (1984) 

to support the Archosauromorpha, Benton (1985, 1990) also employed a similar 

character, "premaxilla extends up behind naris," to support the Archosauromorpha, This 

character has also been used in analyses by Evans (1988), Sereno (1991), Bennett (1996), 

and Rieppel (1998), The premaxilla forms most of the tip of the snout in Pteromimus and 

is coded 1. The premaxilla is not known for Procoelosaurus. 

4, Prominent subnarial process of premaxilla. States: 0 = absent, so that extemal 

naris is bounded by maxilla, lacrimal, and nasal posteriorly; 1 = present, so that the 

maxilla is excluded from the extemal naris (Gauthier et al,, 1988b), 

This character has also been used under various definitions in almost all 

phylogenetic analyses of archosauromorphs. The premaxilla of Pteromimus does not 

exclude the maxilla from the naris, and is coded 0, The premaxilla is not known for 

Procoelosaurus. 

5. External nares. States: 0 = rounded and well separated by processes of the 

premaxillae and nasals; 1 = elongate and close to midline (Benton, 1985). 
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Benton (1^)85, U)QO) and Bennett (L)̂ ){i) used this chaiaclcr to support 

.Archosauromorpha, Benton noted that the apomorphic condition was present in the 

Prolacertiformes and archosauriforms, Pteromimus ha.s large, elongate nares close to the 

midline and is coded 1, The niorplioK)g> of the external nares is not known in 

Procoelosaurus. 

6, .Antorbital fenestra. States: 0 = absent; 1 = present (Gauthier, 1984), 

This character has long been considered to be diagnostic of Archosauriformes and 

has been used in the anahses of most workers. Pteromimus has a moderately-sized 

antorbital fenestra. 

7, .Antorbital fenestra position. States: 0 = separated from naris by a long stretch 

of premaxilla and maxilla; 1 = close to naris (Benton, 1985), 

Benton (1985) used this character to support the Erythrosuchidae + 

Proterochampsidae + Euparkeria + Archosauria, and Bennett (1996) and Peters (2000) 

supported Archosauriformes, The antorbital fenestra is close to the naris in the 

Pteromimus. 

8, Distinct antorbital fossa. States: 0 = absent; 1 = present (Gauthier, 1984), 

Gauthier (1984) used this character to support Archosauria, Benton (1985, 1990) 

and Benton and Clark (1988) used "antorbital fenestra large and lying in depression" to 

support Euparkeria + Archosauria, Proterochampsidae, Pterosauria and Pteromimus do 

not have a distinct antorbital fossa, although, Sereno and Arcucci (1990) stated that some 

proterochampsids have an antorbital fossa in the form of a "smooth depression along the 

maxillary and lacrimal margins of the antorbital fenestra," 

9, Marginal tooth morphology. States: 0 = peg-like teeth; 1 = recurved teeth 

(Benton, 1985), 

Benton (1985, 1990) used this character to support the Prolacertiformes + Archo

sauriformes, The teeth of Pteromimus are not peg-like, and the long anterior teeth are 

slightly recurved, so it is coded 1, Procoelosaurus also has recurved teeth, 

10, Laterally compressed with sharply pointed crowns. States: 0 = absent; 1 = 

present (modified from Gauthier (1984). 
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Gauthier (1984) used "marginal iccth with sharply pointed crowns, serrated 

mai-gins, and compressed shafts" to support the Archosauriformes, Benton (1985, 1990), 

Benton and Clark (DSS), Juul (l^W), Bennett (1996), and Dilkes (1998) used this 

character to support the same group. Plcromimus has slightly compressed teeth and 

Procoelosaurus has highl\- compressed teeth, 

11, Serrated teeth. States: 0 = absent; 1 = present (Gauthier et al,, 1988b). 

This character has been used to support Archosauriformes by Gauthier et al. 

(lQ88b), Juul (lt)94). Bennett (1996) and Dilkes (1998). Pterosaurs are coded 1 because 

die newh disco\ ered .Austriadactylus has serrated teeth (Dalla Vecchia et al., 2001), 

aitiiough the authors termed them "multicusped" probably to emphasize the relationship 

to otiier earl) pterosaurs such as Eudimorpodon and Peteinosaurus. The marginal teeth 

of Eudimorpodon and Peteinosaurus are laterally compressed and have a main apex and 

se\eral smaller cusps or serrations along the anterior and posterior edge of the tooth 

(Wild, 1978). Given the similarity of their configuration to the more finely serrated teeth 

of Austriadactylus, it seems more appropriate to term such morphology "coarsely serrated 

teeth" rather than "multicusped teeth" Procoelosaurus has serrated teeth, and 

Pteromimus does not have serrated teeth. 

12, Tooth implantation. States; 0 = subthecodont; 1 = thecodont (Gauthier, 

1984), 

This character is heavily dependent on the definition of "thecodont implantation" 

and in this analysis I have employed Gauthier's (1984) suggestion that thecodont 

implantation is defined by the presence of lingual and labial alveolar margins of equal 

height. In both Pteromimus and Procoelosaurus the lingual wall appears to be lower than 

the labial wall and they are coded 0, 

13, Posterior extent of mandibular and maxillary tooth rows. States: 0 = 

subequal; 1 = unequal, with maxillary tooth row extending further posteriorly. 

Gauthier (1984) used this character to support the Prolacertiformes + 

Archosauriformes. The state of this character cannot be determined in Pteromimus or 

Procoelosaurus. 
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14, Postfrontal, States: 0 = large; 1 = reduced; 2 - absent, 

Gauthier (1084), Benton and Clark (L)SS), and Benton (LM)()) used "postfrontal reduced" 

to support the .Archosauriformes, Gauthier (1984, 1986) used its absence to support his 

Omithodira. According to Gauthier (1984) the identification of postfrontal is problematic 

in pterosaurs and most likely it is not present. However, Wellnhofer (1985) and Bennett 

(1996, 2001) consider pterosaurs to ha\c postfrontals, and Gauthier appears to have 

confused the postfrontal w ith the neoniorph "supraorbital" in pterosaurs. Sereno and 

Arcucci (1990) coded the Pterosauria as having a postfrontal present, and used the 

absence of the postfrontal to support the Dinosauromorpha. A reduced postfrontal is 

present in Plcromimus. 

15, Upper temporal fenestra. States: 0 = large and facing dorsolaterally; 1 = 

reduced in size, directed dorsally, and barely visible in lateral view (Gauthier, 1984). 

Gauthier (1984) used this character to support the Archosauriformes. Pteromimus 

has a large dorsolaterally facing upper temporal fenestra, 

16, Posterior margin of the lower temporal fenestra. States: 0 = vertical; 1 = 

bowed anteriorly (Gauthier, 1984), 

Gauthier (1984) used this character to support the Archosauromorpha, while 

Benton and Clark (1988), Benton (1990), Evans (1988), and Bennett (1996) used it to 

support the Archosauriformes, The posterior margin of the lower temporal fenestra in 

Pteromimus was formed at least in part by the quadratojugal, which has been heavily 

deformed and this character cannot be coded, 

17, Parietal foramen. States: 0 = large; 1 = small; 2 = absent (modified from 

Gauthier, 1984). 

Gauthier (1984) and Benton (1990) used "parietal foramen reduced or absent" to 

support the Archosauromorpha, Benton (1985, 1990) and Benton and Clark (1988) used 

"parietal foramen absent" to support the Proterochampsidae + Euparkeria + Archosauria, 

Parietal foramen is not present in Euparkeria, proterochampsids, pterosaurs and 

archosaurs. There is no evidence of a parietal foramen in Pteromimus. 
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IS. Postparietals, States: 0 = pancd; 1 - fused into single median element; 2 = 

absent (Gauthier, 1984). 

Gauthier (L)S4) used derived state 1 to support the Archosauriformes, Benton 

(1985. 1990) and Benton and Clark (1988) used "postparietals fused or absent" to support 

the same group, .A postparietal is not present in Pteromimus. 

I'-l Supratemporals. States; 0 = present; 1 = absent, 

Gauthier (H^84), Benton (1985. U)̂ )0), and Benton and Clark (1988) used this 

character to support the Erythrosuchidae + Proterochampsidae + Euparkeria + 

Archosauria, Pteromimus does not have supratemporals, 

20, Squamosals. States: 0 = not reduced and ventral process extends to inferior 

margin of lower temporal fenestra; 1 = reduced to one-half or less of height of lower 

temporal fenestra; 2 = reduced and descending ramus gracile (Bennett, 1996), 

Gauthier (1984) used derived state 1 to support the Archosauromorpha and 

derived state 2 (Gauthier, 1984, 1986) to unite his Ornithosuchia including Euparkeria. 

Benton and Clark (1988) and Benton (1990) used derived state 2 to support their 

Ornithosuchia (excluding Euparkeria), and noted that the apomorphic state was also 

present in Euparkeria. Bennett (1996) combined the two characters into a multistate 

character as it is used here. The squamosal of Pteromimus appears to be reduced but it is 

not known if it was gracile, and therefore it is coded conservatively as 1, The squamosal 

is not known for Procoelosaurus. 

21, Tabulars, States: 0 = present; 1 = absent (Gauthier, 1984), 

Gauthier (1984), Benton (1985, 1990), and Bennett (1996) used this character to 

support the Archosauromorpha, Tabulars are present in Lepidosauromorpha 

plesiomorphically, although they are lost in Sphenodon and the Squamata, Pteromimus 

lacks tabulars and the element is not preserved in Procoelosaurus. 

22, Postorbital ramus of jugal extends beyond the middle of the lower temporal 

fenestra. States: 0 = absent; 1 = present (Gauthier, 1984), 

Gauthier (1984), Gauthier et al, (1988b), used this character to support the 

Archosauromorpha, and the character was also used in the analyses of deBraga and Reisz 
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(b)̂ )-̂ ), and Bennett (L)^)6), In Pteromimus the postorbital ramus appears to extend 

below the middle of the lower temporal fenestra. The jugal is not known for 

Procoeh>SiUirus. 

23, Suborbital ramus of jugal. States: 0 = docs not extend anterior to the orbit; 

1 = extends anterior to the orbit (Gauthier, L)84). 

Gauthier (U)S4) used this character to support the Archosauriformes. The jugal is 

not know n in Pteromimus. 

24. Tall dorsal process of quadratojugal. States: 0 = absent; 1 = present, 

Gauthier (L)84) employed the character "quadratojugal L-shaped with tall dorsal 

and short anterior processes" to support the Archosauromorpha, and Benton (1985, 

1990) used the formulation, "quadratojugal (if present) located mainly behind the lower 

temporal fenestra" to support the same group, Benton's character did not mention the 

shape of the quadratojugal, but the description of the position implies that the anterior 

process is reduced, and Bennett (1996) simplified the formulation of the character in the 

form used here. In Pteromimus the quadratojugal has a tall dorsal process. The element 

is not known in Procoelosaurus. 

25. Quadrate extends ventrally far below the level of braincase. States: 0 = not 

present; 1 = present (Gauthier, 1984). 

Gauthier (1984) used this character to support the Prolacertiformes + 

Archosauriformes, and Benton (1990) used a similar character, "tall quadrate", to support 

the Archosauromorpha, The character "tall quadrate" was also been used by Evans 

(1988), and Bennett (1996), The quadrate appears to have extended well below the 

braincase in Pteromimus, and its condition is not known for Procoelosaurus. 

26, Exoccipital and opisthotic. States: 0 = remain separate; 1 = fuse early in 

post-hatching ontogeny (Gauthier, 1984). 

Gauthier (1984) used this character to support the Archosauria, and Benton and 

Clark (1988) used "discrete postparietal and exoccipitals absent beyond juvenile stage" to 

support the same group, Gauthier (1984) noted that the two bones "persist as separate 

elements no later than juvenile stages in Archosauria," Sereno and Arcucci (1990) used a 
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similar- character, "exoccipital-opisthotic: suturally distinct (0), fused (I)." Gauthier 

(1984) stated that pterosaurs exhibit the apomorphic condition, while Sereno and Arcucci 

(1990) coded the Pterosauria as missing data. The occiput is pooriy known in the 

Triassic pterosaurs, but according to (Bennett, IWb) the exoccipital and opisthotic 

appeal- to be fused in all pterosaurs in which the occiput is satisfactorily known. This 

region of the skull of Pteromimus is not preserved, 

27, Paroccipital processes of the opisthotic. States: 0 = do not contact the 

suspensorial region of the skull; 1 = contact the suspensorial region of the skull with 

tapered distal ends; 2 = contact the suspensorial region of the skull with vertically 

expanded distal ends. 

Gauthier (1984) and Benton (1990) used derived state 1 to support the 

Archosaui-omorpha. Gauthier (1984) used derived state 2 to support the Erythrosuchidae 

+ Proterochampsidae + Euparkeria + Archosauria, Bennett (1996) combined Gauthier's 

tw 0 characters into one multistate character and his formulation is used here. The 

condition is unknown in Pteromimus. 

28, Ossified laterosphenoid. States: 0 = absent; 1 = present (Gauthier, 1984), 

Gauthier (1984) used this character to support the Archosauria, although he noted 

that the derived condition might be present in the Erythrosuchidae and 

Proterochampsidae, Benton and Clark (1988), Benton (1990), and Clark et al. (1993) 

established the presence of the apomorphic condition is present in Proterosuchus, 

Erythrosuchus, and Euparkeria, and used it to support the Archosauriformes. The 

laterosphenoid is not preserved in Pteromimus or Procoelosaurus. 

29, Posttemporal fenestra. States: 0 = relatively large; 1 = small or absent, 

Gauthier (1984) and Benton (1985, 1990) used this character to support the 

Prolacertiformes + Archosauriformes, According to Gauthier (1984) the Archosauria 

exhibit the apomorphic condition plesiomorphically. The posttemporal fenestra appears 

to have been small in Pteromimus and is coded 1, 

30, Vomers, States: 0 = long and broad; 1 = reduced (Gauthier, 1984), 
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Gauthier (l'-)S4) used this character to support the Archosauriformes, The vomer 

is reduced in Plcromimus. 

31, Palatal teeth. States: 0 = present; 1 = absent (Gauthier, 1984). 

This character has had different interpretations by the various authors, and the 

definition used here is presence of teeth on any of the palatal elements, Pteromimus does 

not appear to ha\ e had palatal teeth, 

32, Teeth on trans\'ersc processes of pterygoid. States: 0 = present; I = absent 

(Gauthier, 1^84). 

Gaudiier (1^84) used this character to support the Erythrosuchidae + 

Proterochampsidae + Euparkeria + Archosauria. Pteromimus does not appear to have 

had teeth on the pter>goids. 

33, Ectopter>goid has limited or no contact with maxilla and broad contact with 

jugal. States: 0 = absent; 1 = present (modified from Gauthier, 1984), 

Gauthier (1984), Bennett (1996), and Dilkes (1998) used this character to support 

the Archosauromorpha, The ectopterygoid is not known in Pteromimus and 

Procoelosaurus and the posterior portions of their maxillae are not preserved, 

34, Pyriform recess. States: 0 = broad but confined to posterior margins of 

pterygoids; 1 = narrow and extends forward to separate pterygoids and posterior ends of 

vomers; 2 = reduced, pterygoids meet medially in palate, 

Gauthier (1984) used "narrow pyriform recess" to support the Prolacertiformes + 

Archosauriformes, Benton (1985, 1990) and Benton and Clark (1988) used "pterygoids 

meet medially" to support the Archosauria, Bennett (1996) combined them into one 

multistate character and his formulation is used here. The palate of Pteromimus is not 

well preserved in this area but the pterygoids appear to meet, 

35, External mandibular fenestra. States: 0 = absent; 1 = present (Gauthier, 

1984), 

Gauthier (1984), Benton (1985, 1990), and Benton and Clark (1988) used this 

character to support the Erythrosuchidae + Proterochampsidae + Euparkeria + 
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.Archosaiuia. Pterosaurs lack an external mandibular fenestra. This character is not 

known in Pteromimus or Procoelosaurus. 

36, Enlarged anterior dentary teeth project upward between upper tooth rows in 

more or less prominent diastema, often accompanied by more or less prominent notch 

between premaxilla and maxilla. States: 0 = absent; I = present (Gauthier, 1984), 

Gauthier (1984) used this character to support the clade Erythrosuchidae + 

Proterochampsidae + Euparkeria + Archosauria, Pteromimus and all basal pterosaurs 

ha\e enlarged anterior dentary teeth, while Procoelosaurus lacks them, 

37, \'ertebrae. States: 0 = with notochordal canal until late in ontogeny; 1 = not 

notochordal in adults (Gauthier, 1984), 

Gauthier (1̂ 584) and Benton (1985,1990) used this character to support the 

Archosauromorpha, The \ertebrae are not notochordal in Pteromimus or 

Procoelosaurus. 

38, Presacral vertebral column subdivided into cervical, cervico-dorsal, and 

dorsal regions. States: 0 = absent; 1 = present (Padian, 1984), 

Padian (1984). Benton and Clark (1988), and Benton (1990) used this character to 

support the Omithodira, Padian (1984) formulated the character as "presacral vertebral 

column is regionalized into three distinct segments (cervical, cervico-thoracic, and 

lumbar)," based on Bonaparte's (1975) description of Lagosuchus. However, as noted 

by Bennett (1996), the proposed regionalization appears to be valid only for lagosuchids 

and dinosaurs, and is not applicable to other archosauromorphs such as the pterosaurs. 

The criteria outlined for the subdivision of the vertebral column by Bonaparte (1975) and 

Padian (1984) also do not appear to apply to Procoelosaurus. Only cervical vertebrae are 

known for Pteromimus and therefore it is coded as unknown, 

39, Intercentraofpostaxial presacral vertebrae. States: 0 = present; 1 = absent 

(Benton and Clark, 1988), 

Gauthier (1984) and Benton and Clark (1988) used the character 

"intercentra in trunk region absent in adults" to support the Archosauriformes, 

Benton (1985) used "presacral intercentra absent" to support the Archosauria. 
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Intercentra are not present in Prococlo.unirus and in the cervical series of 

Pteromimus. and both are coded 1. 

40, Diapoph\ sis and parapophysis. States: 0 = parapophysis on centrum in 

anterior dorsal \ ertebrac, and diapophysis and parapophysis separate in posterior dorsal 

vertebrae so ribs remain double-headed; I = parapophysis transfers to neural arch in 

anterior dorsal \ ertebrac. and diapophysis and parapophysis fuse in posterior dorsal 

\ ertebrae and ribs become single-headed. 

These character states were used as separate characters by Benton and Clark 

(1988) and Benton (1990) to support the clade Euparkeria + Archosauria, Bennett 

(1996) combined the their characters into a single character and his formulation is used in 

this anal)sis. In Procoelosaurus the parapophysis migrates onto the neural arch and 

merges w ith the diapophysis in the anterior dorsals, 

41, Spine tables on neural spine. States; 0 = absent; 1 = present (Gauthier, 

1984), 

Gauthier (1984) and Gauthier et al. (1988b) used this character to support the 

Archosauria, and has subsequently been used by Novas (1993), Juul (1994), and 

Bennett (1996), Both Pteromimus and Procoelosaurus have spine tables. 

42, Length of centra of cervical vertebrae 3-5, States: 0 = shorter than those of 

mid-dorsal vertebrae; 1 = subequal to those of mid-dorsal vertebrae; 2 = greater than 

those of mid-dorsal vertebrae. 

The different states of this character have been used previously as separate 

characters by numerous researchers (Gauthier, 1984, 1986; Benton, 1985, 1990; Evans, 

1988; Sereno and Arcucci, 1990; Serene, 1991; Novas, 1993; Benton and Allen, 1997), 

The character used in this analysis was formulated by Bennett (1996), The cervical 

vertebrae of Procoelosaurus are longer than its dorsals, and the elongate cervicals of 

Pteromimus almost certainly must have been longer than its dorsals, and both are coded 

as 2, 

43, Centra of cervical vertebrae 3-6 steeply inclined to yield an S-shaped neck. 

States; 0 = absent; 1 = present (Benton and Clark, 1988), 
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Benton and Clark (L)88) and Benton (19')0) used this character to support the 

Omithodira, and a similar formulation was used by Sereno (1 ')91) to support the 

Dinosaurmorpha. Pterosaurs, Pteromimus and Procoelosaurus do not have steeply 

inclined cervicals. 

44. Cervical rib shape and orientation. States: 0 = heads not plowshare-shaped 

and shafts projecting posterolateral 1>; 1 = heads plowshare-shaped and elongate shafts 

extend posteriorly. 

Gauthier (1 ^84) used this character to support the Prolacertiformes + 

Archosauriformes. and Benton (1985, 1990) used "long, thin, tapering cervical ribs with 

two ox tliree heads and an anterior dorsal process" to support the Prolacertiformes + 

Archosauriformes, The cervical ribs of Pteromimus and Procoelosaurus are not 

preseiAcd, but the morphology of the rib facets is very similar to the that of the rib 

articulations of the prolacertiform Tanystropheus, which has very long cervical ribs. 

Also elongate cervicals are usually associated with long cervical ribs, and therefore 

Pteromimus and Procoelosaurus are tentatively coded 1, 

45. Transverse processes of trunk vertebrae. States: 0 = weakly developed; 1 = 

moderately developed; 2 = elongate, resulting in proximal bifurcation of tmnk ribs, 

Gauthier (1984) used derived state 1 to support the Archosauromorpha, and 

derived state 2 to support the Proterochampsidae + Archosauria, Benton (1985, 1990) 

used "transverse processes on dorsal vertebrae project as distinctive narrow elongate 

processes", to support the Archosauromorpha. Benton (1985, 1990) and Benton and 

Clark (1988) used "ribs all one- or two-headed" to support the Proterochampsidae + 

Euparkeria + Archosauria, Bennett (1996) combined these various states into a single 

character and his formulation is used in this analysis. The transverse processes of both 

Pteromimus and Procoelosaurus are relatively broad and long; however, they appear to 

be single headed, and both taxa are coded 1. 

46. Number of sacral vertebrae. States; 0 = two; 1 = three or more (Gauthier, 

1984), 
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Gauthier (1984) used this character to support his clade Ornithosuchia and noted 

that the Omithosuchidae, Dinosauria, and Pterosauria have three or more sacrals 

plesiomorphicalh, although the basal dinosauromorphs Ldi^osuchiis and Lagerpeton and 

the basal dinosaurs Herrerasaurus. Slaurikosaurus, and some specimens of Sellosaurus 

ha\e onh two sacrals (Bonapai'te, L)75; Galton, 1977; Arcucci, 1986; Novas, 1992, 

1993; Sereno and No\as, U''̂ )2; Cialton, L^H'), Procoelosaurus appears to have had at 

least tluee sacral \ertebrae, 

47, Caudal z\ gapoph>seal facets. States: 0 = disposed at no more than 45° from 

horizontal; 1 = nearl\ \erticalh' disposed in all but proximal part of the tail, 

Gauthier (1984, 1986) used this character to support his Omithodira, and Benton 

and Clark (1988) and Benton (1990) used a similar character to support the same clade. 

This character formulation is by Bennett (1996), Procoelosaurus is coded 0, 

48, Glenoid fossa of scapulocoracoid. States: 0= laterally facing; 1 = 

posteroventtally facing (Gauthier, 1984), 

Gauthier (1984, 1986) supported his Omithodira with this character, while Benton 

and Clark (1988) used "glenoid faces fijlly backwards" to support the Dinosauria, 

Scapulocoracoids are not known for Pteromimus and Procoelosaurus. 

49, Clavicle, States: 0 = present; 1 = reduced or unossified (Gauthier, 1984). 

Gauthier (1984) used the reduction of the clavicles to support first the Dinosauria 

+ Pterosauria, and later (Gauthier, 1986) his Omithodira. Clavicles are not known for 

Pteromimus and Procoelosaurus. 
50, Forelimb length. States; 0 = greater than or equal to half that of hindlimb; 

1 = less than half that of hindlimb (Gauthier, 1984). 

Gauthier (1984, 1986) used this character to support his Omithodira, while Sereno 

(1991) used it to support the Dinosauromorpha, As noted by Bennett (1996), because of 

the modification of pterosaur forelimbs for flight, they are coded as profound 

transformation, Forelimbs are not known for Pteromimus and Procoelosaurus. 

51, Deltopectoral crest extends at least one-quarter of way dovm shaft of 

humerus. States: 0 = absent; 1 = present (Benton, 1985). 
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Benton (L)85, 1^00) and Benton and Clark ( r)88) used this character to support 

the Er> throsuchidae + Proterochampsidae + F.uparkeria + Archosauria, The 

humerus is not know n for Pteromimus and Procoelosaurus. 

52. Fntepicondylar foramen in humerus. States: 0 = present; 1 = absent 

(Gauthier, 1984), 

Gauthier (1984) and Benton (1985, D^O) used this character to support the 

.Archosauromorpha. No humeri are known for Ptcrouunnts and Procoelosaurus. 

53. Foramen between ulnare and intermedium in carpus. States: 0 = present; 1 = 

absent (Benton, 1985), 

Benton (1985, 1990) used this character to support the Archosauromorpha, No 

forelimb elements are known in Pteromimus or Procoelosaurus. 

54. Manus length. States; 0 = greater than or equal to half that of tarsus and pes; 

I = less than half that of tarsus and pes (Benton, 1985), 

Benton (1985) used this character to support the Erythrosuchidae + 

Proterochampsidae + Euparkeria + Archosauria, Pterosaurs are coded as profound 

ttansformation because of the modification of the pterosaur forelimb for flight, as noted 

by Bennett (1996), 

55. Manual symmetry. States; 0 = digit IV the stoutest and longest, with the 

more medial digits progressively diminishing in length and robustness; 1 = digits I and II 

much stouter than digits IV and V, which are reduced and divergent, and digit III is 

longest; 2 = marked, with digits IV and V very reduced (Gauthier, 1984; Bennett, 1996), 

Gauthier (1984) used derived state 1 to support the Proterochampsidae + 

Euparkeria + Archosauria, According to Bennett (1996) the asymmetry of the pterosaur 

manus may reflect manual asymmetry in the pterosaur ancestor and they are coded 0, 

The manus is not known for Pteromimus and Procoelosaurus. 

56. Iliac spine (preacetabular process). States; 0 = absent or weakly developed; 

1 = moderately to well developed (Gauthier, 1984). 
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(.uiuthier (1984) used "iliac spine present" to support the Erythrosuchidae + 

Proterochampsidae + Euparkeria + .Archosauria. Procoelosauru.s has a short 

preacetabular process. 

57, Prominent supraacetabular crest (buttress) on ilium. States: 0 = absent; 1 = 

present (modified troiu Gauthier, L)84), 

Gauthier (1^)84, 1986) used "prominent acetabular buttress" to support the 

Omithosuchia, and "a more prominent supra-acetabular buttress" to support the 

Dinosauria. Benton and Clark (1988) and Benton (1990) used "supraacetabular crest on 

ilium" to support the Omithodira. Procoelosaurus does not have a well-developed 

supraacetabular crest. 

58, Configuration of pubis and ischium. States: 0 = puboischiadic plate and 

broad contact between pubis and ischium present; 1 = puboischiadic plate absent, but 

bones relati\ eh short and broad; 2 = puboischiadic plate absent, and bones elongate 

(Benton. 1985). 

Benton (1985) and Benton and Clark (1988) used "pelvis markedly three-

rayed w ith long down-turned pubis and ischium" to support Euparkeria + 

Archosauria, In 1990 Benton used the same character to support the 

Erythrosuchidae + Proterochampsidae + Euparkeria + Archosauria, Gauthier 

used the elongate pubis and ischium to support the Ornithosuchia in 1984, and 

"prominently triradiate pelvis with pubis length at least three times width of 

acetabulum" to support the same clade in his 1986 analysis, Bennett (1996) 

combined Benton's and Gauthier's characters into a single multistate character 

and his formulation is used in this analysis. Procoelosaurus had a broad, plate

like ischium and is coded 0, 

59, Lengthof ischium relative to width of acetabulum. States: 0 = short; 

1 = posteroventrally elongate (Gauthier, 1984), 

Gauthier (1984) used this character to support his Omithosuchia including 

Euparkeria. Benton (1985, 1990) and Benton and Clark (1988) used a similar character, 

"ischium has large caudo-ventral process (ischium is longer than iliac blade)," to support 
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the Er> throsuchidae + Proterochampsidae + Euparkeria + Archosauria. The ischium is 

relati\'ely short in Procoelosaurus. 

60. Pubis length. States; 0 = shorter than ischium; 1 = longer than ischium 

(Benton and Clark, U)88; Sereno. 1991). 

Benton and e'lark (1988) and Benton (L)')()) used this character to support 

the Ornithosuchia, and Benton and Clark (1^88) used "pubis length is more than 

tiiree tiiues the width of the acetabulum" for the Omithodira, Sereno (1991) used 

this character to support Suchia + Omithosuchidae, The pubis is not known in 

Pteromimus or Procoelosaurus. 

61. Acetabulum, States: 0 = imperforate; 1 = perforate (Gauthier, 1984), 

Gauthier (1984) used "reduction of acetabular junctions of ilium and ischium, and 

to a lesser extent, the pubis, and development of a more prominent supra-acetabular 

buttress" to support the Omithosuchia, Gauthier (1984, 1986) used "semiperforate 

acetabulum and prominent supra-acetabular buttress" to support the Dinosauria, while 

Benton and Clark (1988) and Benton (1990) used "acetabulum perforated to some extent" 

to support the Omithodira, Benton and Clark (1988) used "acetabulum fully open" to 

support the Dinosauria, Character formulation used in this analysis is from Bennett 

(1996), Procoelosaurus appears to have had imperforate acetabulum, 

62. Hindlimb posture. States: 0 = sprawling; 1 = semierect or erect (Benton 

(1985), 

Benton (1985, 1990) and Benton and Clark (1988) used "hindlimbs brought in 

under the body" to support the Proterochampsidae + Euparkeria + Archosauria, Gauthier 

(1986) used "modifications of hindlimb and girdle correlated with semierect gait" to 

support his Ornithosuchia including Euparkeria. The femoral morphology of 

Procoelosaurus indicates that it had achieved at least semierect posture, 

63. Femoral shaft curvature. States: 0 = not markedly sigmoid; 1 = sigmoid; 2 = 

bowed anteriorly. 

Femoral shaft curvature has been defined in different ways, and Sereno (1991) 

noted that it is often difficult to assess shaft curvature in fossil material, Gauthier (1984) 
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and Seieno and .Arcucci (1990) used deri\ed state 1 to support the Proterochampsidae + 

.Archosauria. Benton (1985) used the character "lemur sigmoidal and slender" to support 

die Neodiapsida. Benton and Clark (1^)88), Benton (19*)0), Sereno and Arcucci (1990), 

and Sereno (h)^)|) used "shaft of femur bowed dorsally" to support the Omithosuchia, 

The character formulation used in this analysis is from Bennett (1996), The femur is 

bowed anteriorh in Procoelosaurus and pterosaurs 

o4. Lesser trochanter of femur. States: 0 = absent or appearing only in the last 

stage of post-hatching ontogen\'; 1 = present early in post-hatching ontogeny (Gauthier, 

1984). 

Gauthier (1984, 1986), Benton and Clark (1988), and Benton (1990) used this 

character to support the Ornithosuchia, Gauthier defined the character as "lesser 

ttochanter on femur appears early in postnatal development" because a lesser trochanter 

is occasionalh' found in the largest individuals of more primitive forms. Although the 

femur of Procoelosaurus is crushed in this area, there does not seem to be a lesser 

ttochanter. 

65, Fourth trochanter of femur. States: 0 = absent; 1 = mound-like; 2 = sharp 

(aliform) flange (modified from Gauthier, 1984). 

Gauthier (1984, 1986) used the character "aliform fourth trochanter" to support 

his Ornithosuchia, Benton (1985, 1990) used "possession of a fourth trochanter" to 

support the Archosauriformes, and Benton and Clark (1988) and Benton (1990) used 

"fourth trochanter with sharp flange" to support the Ornithosuchia, They also used the 

characters "fourth trochanter a wing-like process" and "fourth trochanter runs down one-

third to one-half the length of femur shaft" to support the Omithodira, The character 

formulation used in this analysis is from Bennett (1996), Because of the extensive 

cmshing in the femur of Procoelosaurus, it is not possible to establish the presence or 

absence of a fourth trochanter, 

66, Distal end of femur with prominent anterior and posterior intercondylar 

grooves, with the latter constricted by prominent external tibial condyle. States: 0 = 

absent; 1 = present (Gauthier, 1984), 
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Gauthier (1984) used this character to support the Dinosauria + Pterosauria, and 

later (Gauthier. 1986) to support his Omithodira, Benton and Clark (1988) and Benton 

(1990) used similar characters "distal end of femur forms two subterminal condyles" and 

"knee articulates at 90 degrees" to support the Omithodira scnsu Gauthier, The femur of 

Procoelosaurus ha\ e well defined intercondylar grooves and prominent condyles, and is 

coded 1, 

67, Tibial length. States: 0 = shorter than femur; 1 = equal or greater than femur 

(Gaudiier 1986), 

Gauthier (1986). Sereno and Arcucci (1990), and Sereno (1991) used this 

character to support the Omithodira, while Benton and Clark (1988) used "femur is 

shorter than the tibia" to support the Dinosauria, The tibia of Procoelosaurus is shorter 

than the femur and is coded 0. 

68. Prominent cnemial crest on tibia. States: 0 = absent; 1 = present (Gauthier, 

1984), 

Gauthier (1984, 1986) used the character "dinosaur tibia: cnemial crest prominent 

and w ith weakly crescentic profile in dorsal view. Distal tibia broadened mediolaterally, 

and with prominent fossa for ascending process" to support the Dinosauria, while the 

present character was used by Benton and Clark (1988) and Benton (1990) to support the 

Omithosuchia, Procoelosaurus has a relatively well-developed cnemial crest, 

69, Fibula reduced and tapered distally. States: 0 = absent; 1 = present 

(Gauthier, 1984), 

Gauthier (1984, 1986) used "fibula thin and strongly tapered distally and 

calcaneum reduced" to support his Omithodira. Benton and Clark (1988) and Benton 

(1990) used "fibula is greatly reduced" to support the Dinosauria. As indicated by 

Gauthier's (1984) definition, the reduction of the fibula is probably related to the 

reduction of the calcaneum, and Procoelosaurus has both reduced calcaneum and 

reduced distal end of the fibula. 

70. Fibular anterior trochanter. States: 0 = crest-shaped and low; 1 = knob-

shaped and robust (Sereno and Arcucci, 1990), 
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Sereno and .Arcucci (1990) and Sereno (1991) used this character to support the 

Crurotai-si, Procoelosaurus does not have a fibular trochanter, 

71, Fibulai- distal end width: subequal or less (0) or greater (1) than proximal end 

(Sereno and .Arcucci, 1990; Sereno, 1991), 

Sereno and Arcucci (1990) and Sereno (1991) used this character to support the 

Crurotarsi, In Procoelosaurus the proximal fibular width is greater than the distal width, 

72, Crocodyloid tarsus (loss of foramen, rotation between astragalus and 

calcaneum possible). States: 0 = absent; 1 = present (modified from Benton 1985), 

Benton (1985, 1990) used "complex concave-convex articulation between 

asttagalus and calcaneum" to support the Archosauromorpha, Benton (1985, 1990) and 

Benton and Clark (1988) also used "possession of crocodyloid tarsus (foramen lost, 

rotation between astragalus and calcaneum possible" to support the Proterochampsidae + 

Euparkeria -i- Archosauria, Procoelosaurus appears to have a mesotarsal ankle, 

73, Advanced mesotarsal ankle, with astragalus and calcaneum tightly appressed 

to tibia. States: 0 = absent; 1 = present (modified from Gauthier, 1984), 

Gauthier (1984, 1986) used "astragalus and calcaneum with smooth, roller-like 

articular surfaces abutting against depressed distal tarsals" to support his Omithodira, and 

Benton and Clark (1988) and Benton (1990) used "mesotarsal ankle; with astragalus and 

calcaneum fused to tibia" to support the same clade, Procoelosaurus has a mesotarsal 

ankle and is coded 1, 

74, Transversely widened astragalus. States: 0 = absent; 1 = present (Gauthier, 

1984), 

Gauthier (1984, 1986) used this character to support his Omithodira, The 

astragalus of Procoelosaurus is as wide as it is long, but since it is smaller than the distal 

articular surface of the tibia, h may have had cartilaginous extensions. Since their shape 

is not known, Procoelosaurus is coded 0, 

75, Ascending process of astragalus fitting between tibia and fibula. States: 0 = 

absent; 1 = present (Gauthier, 1984). 
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(.lauthier (1^)84), Benton and Clark (L)88), and Benton (1990) used this 

character to support the Omithodira scnsu Gauthier, According to Kellner and 

Tomida (1993) pterosaurs lack an ascending process, and since their fibula does 

not reach the tarsus Bennett (L)96) considered the pterosaur tarsus to be too 

transformed to score, I am following Bennett (I'-Mb) and pterosaurs are coded X, 

Prococ/osaiinis appears to ha\e a small ascending process and is coded I, 

76, \'entral flange of astragalus. States: 0 = present; 1 = absent (Gauthier, 

1984), 

Gauthier (1984, 1986) used this character to support his Omithosuchia including 

Euparkeria. and Benton and Clark (1988) and Benton (1990) used it to support their 

Omithosuchia. Prococlosawus does not have a ventral flange, 

77 Dorsal and \entral astragalocalcaneal facets. States: 0 = subequal in size; 1 

= ventral facet much larger than the dorsal (Sereno and Arcucci, 1990), 

Sereno and Arcucci (1990) used this character, and Sereno (1991) used 

"x'entral astragalocalcaneal articular facet size: small (0); large (1)" to support the 

Crurotarsi, Pterosaurs do not have separate facets (Kellner and Tomida, 1993), 

and neither does Procoelosaurus, so both are coded X, 

78, Astragalar tibial and fibular facets. States: 0 = separated; 1 = adjacent 

(Sereno and Arcucci, 1990). 

Sereno and Arcucci (1990) used this character to support the Archosauria. 

However, as noted by Bennett (1996), they coded the Pterosauria 1, which is not 

correct. The fibula does not reach the tarsus in pterosaurs, and they do not have a 

fibular facet on the asttagalus, I follow Bennett (1996) in coding the Pterosauria 

X, The dorsal surface of the astragalus of Procoelosaurus appears to have been 

covered with cartilage in life, and therefore its morphology is not known, 

79, Astragalar tibial facet. States: 0 = concave; 1 = saddle-shaped (modified 

from Gauthier, 1984), 

Gauthier (1984, 1986) used "screw-joint tibio-astragalar articulation" to 

support the Suchia, while Sereno and Arcucci (1990) and Sereno (1991) used 
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"saddle-shaped" and "Hexed" astragalar tibial facet, respectively, to support the 

Crurotarsi, .According to Bennett (1996), the tibial facet is concave in 

pterodactyloids, and probably was not saddle-shaped in early pterosaurs, and 1 

follow him in coding Pterosauria 0, The dorsal surface of the astragalus of 

Procoelosaurus appears to ha\e been co\ered with cartilage in life, and therefore 

its morpholog) is not know n. 

80, .Astragalar \ entral articular facet lor calcaneum. States: 0 = planar; 1 = 

cupped (i.e. crocodile-re\ ersed); 2 = convex (i,e, crocodile-normal) (Sereno and Arcucci, 

1990). 

This character was used hy Sereno and Arcucci (1990) and Sereno (1991) to 

support Crurotarsi, In 1993 Kellner and Tomida described the proximal tarsals of a 

young anhanguerid, with a small calcaneum that was convex where it contacted the large 

astragalus, a configuration similar to the crocodile-reversed condition. However, I concur 

with Bennett (1996) that since pterosaurs do not have crocodyloid tarsi, they should be 

coded X. as are all other taxa that do not have crocodyloid tarsi, including 

Procoelosaurus. 

81, Astragalocalcaneal canal. States: 0 = present; 1 = absent (Gauthier, 1984; 

Sereno and Arcucci, 1990), 

Gauthier (1984) used the character "perforating foramen between astragalus and 

calcaneum absent," and Sereno and Arcucci (1990) used the present formulation to 

support the Archosauria, Benton (1985, 1990) included the loss of the foramen in the 

character "possession of crocodyloid tarsus," As noted by Bennett (1996), the foramen 

would probably be lost in any taxon with an advanced mesotarsal ankle with the 

astragalus and calcaneum tightly appressed or fused to the tibia, Procoelosaurus appears 

to lack an astragalocalcaneal canal. 

82, Hemicylindrical calcaneal condyle. States: 0 = absent; 1 = present, 

Sereno and Arcucci (1990) and Sereno (1991) used this character to support the 

Cmrotarsi. Procoelosaurus does not have a calcaneal condyle. 
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8.'̂  (.'alcaneal facets for fibula and distal tarsal 4, States: 0 separated; 

1 = contiguous, 

Sereno and Arcucci (1990) and Sereno (L)91) used this character to support the 

.Archosauria. The calcaneum of Procoelosaurus dt)es not have distinct facets for the 

fibula and distal tarsal 4. 

84. Calcaneal tuber. States: 0 = present; 1 = reduced or absent (Gauthier, 1984), 

Gauthier (1984), Benton (1985, 1990). and Benton and Clark (1988) used 

the presence of a lateral tubercle on the calcaneum to unite Archosauromorpha. 

Gaudiier (L)84, 1986) used the absence or extreme reduction of the lateral 

tubercle to support the Dinosauria + Pterosauria, and the Dinosauria alone, 

respecti\ely, while Benton (1990), Sereno and Arcucci (1990), and Sereno (1991) 

used it to support the Omithodira sensu Gauthier, Procoelosaurus does not have 

calcaneal tuber, 

85. Calcaneal tuber orientation. States: 0 = oriented less than 45° posteriorly, 

shaft taller than broad, and distal end rounded, 1 = oriented more than 45° posterioriy, 

shaft broader than tall, and distal end flared (Sereno, 1991; Bennett, 1996), 

Gauthier (1984) used the character "calcanear tubercle directed more 

posteriori}- than in archosauromorphs plesiomorphically" to support the 

Archosauria, Sereno and Arcucci (1990) and Sereno (1991) used the same 

character to support the Cmrotarsi. Gauthier (1984, 1986) and Benton and Clark 

(1988) used "enlarged calcanear tubercle" to support the Crocodylotarsi, while 

Sereno and Arcucci (1990) and Sereno (1991) used characters related to the size 

and shape of the tubercle to support the Cmrotarsi, Bennett (1996) combined 

Serene's (1991) three characters into one and this multistate formulation is used 

in the current analysis, Scleromochlus, Lagosuchus, Dinosauria, Pterosauria, and 

Procoelosaurus are coded X because they do not have a calcaneal tubercle, 

86. Pedal centrale. States. 0 = not displaced; 1 = displaced laterally, 

Gauthier (1984) and Benton (1990) used this character to support the Archosauromorpha, 

No distal tarsals are known for Pteromimus or Procoelosaurus. 
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87. Distal tarsal V Stales: 0 = present; 1 = absent, 

Gauthier (U)84) and Benton (L)85, 1 ogo) used this character to unite 

Archosauromorpha, No distal tarsals are known for Pteromimus or Procoelosaurus. 

'^'^. Pes. States: 0 = iunctionalh' pentadactyl or tettadactyl; 1 == functionally 

ttidactyl (Gauthier, 1^84), 

Ciauthier (1984, L)8o), Padian (U)84), Benton and Clark (1988), and 

Benton (L)O0) used this character to support the Omithodira sensu Gauthier, 

Sereno (U^M) used a related character, "metatarsal 1 length: 50-75 percent (0) or 

85 percent or more (I) of metatarsal 3 length," to support the clade Scleromochlus 

+ Pterosauria, Procoelosaurus undoubtedly had a functionally pentadactyl or 

tetradact) 1 pes as indicated h\ the subequal metatarsals, similar to those of 

pterosaurs, 

89, Pedal stance. States; 0 = plantigrade; 1 = digitigrade (Gauthier, 1984), 

Gauthier (1984, 1986), Benton and Clark (1988), and Benton (1990) used this 

character to support the Omithodira sensu Gauthier, Sereno and Arcucci (1990) also 

used it but linked it with the metatarsus configuration. Now it universally accepted that 

pterosaurs were plantigrade, and based on the similarity of the pes of Procoelosaurus 

with that of earh' pterosaurs, it is also coded 0, 

90, Metatarsus configuration. States: 0 = spreading; 1 = compact (Gauthier, 

1984), 

Gauthier (1984, 1986), Benton and Clark (1988), Benton (1990), and Sereno 

(1991) used this character to support the Omithodira sensu Gauthier. When discussing 

this character, Bennett (1996) convincingly argued that pterosaurs were capable of 

spreading their pes. Procoelosaurus also appears to have been capable of easily 

separating its metatarsals and is coded 0. 

91, Metatarsals II; III and IV States: 0 = unequal in length with metatarsal IV 

longest; 1 = subequal in length with metatarsal III longest (Benton and Clark, 1988). 
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Benton and Clark (1988) and Benton (1990) used this character to support the 

Erythrosuchidae -i- Proterochampsidae + Euparkeria + Archosauria. In Procoelosaurus 

and pterosaurs the metatarsals are subequal in length. 

92. Metatarsal 111 length. States: 0 = less than one-half tibial length; 1 = more 

than one-half tibial length. 

Sereno and Arcucci (1990) used this character to support the Omithodira sensu 

Gaudiier, while Sereno (1991) used a slightly different formulation, "metatarsal 2-4 

lengdi: less (0) or more (1) dian 50 percent tibial length." As pointed out by Bennett 

(1996) in both cases pterosaurs were scored incorrectly as 1. Metatarsal III I shorter than 

one-half tibial length in both pterosaurs and Procoelosaurus. 

93. Metatarsal V. States: 0 = short and expanded proximally, but not hooked 

medially; 1 = hooked medially to contact distal tarsal IV, but not gracile; 2 = hooked 

medially to contact distal tarsal IV, and gracile. 

Gaudiier (1984) and Benton (1985, 1990) used derived state I to unite 

Archosauromorpha, and Gauthier (1984, 1986) employed "gracile metatarsal V" to 

support his Omithosuchia. Bennett (1996) combined these characters into a single 

multistate character and his formulation is used in this analysis. Metatarsal V of 

Procoelosaurus is hooked medially but is not gracile as in pterosaurs. No hindlimb 

elements are knovm for Pteromimus. 

94. Anteroposterior hook of metatarsal V. States: 0 = present; 1 = absent. 

Benton and Clark (1988) and Benton (1990) used this character to support the 

Erythrosuchidae + Proterochampsidae + Euparkeria + Archosauria. Procoelosaurus and 

pterosaurs do not exhibit an anteroposterior hook. 

95. Pedal digit III. States: 0 = shorter than digit IV; 1 = longer than digit IV. 

Gauthier (1984) used the character "pedal digits 1 and 2 short, and pedal digit 4 

shorter than 3" to support the Proterochampsidae + Archosauria. Sereno and Arcucci 

(1990) simplified the character to the present formulation to support the clade 

Proterochampsidae + Euparkeria + Archosauria. The digits are not known for 

Pteromimus and Procoelosaurus. 
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'•>6. Pedal digit V States: 0 = unreduced; 1 = reduced, does not exceed length of 

metatarsal l\ ' and composed of no more than two phalanges (Gauthier, 1984). 

Gauthier (1984) used this character to support his Omithodira, In 

pterosaurs pedal digit V has onl> two phalanges and I follow Bennett (1996) and 

code them as 1, The digits are not known for Pteromimus and Procoelosaurus. 

Analysis 

The character data matrix (Appendix B) was analyzed using PAUP (Version 3) on 

a .Apple Macintosh computer. All characters were unordered and the DELTRAN 

optimization w as used. The branch-and-bound algorithm was used to find the most 

parsimonious trees (MPTs). Three equally parsimonious trees with lengths of 171 steps, 

Consistenc> Indices of 0,65, Retention Indices of 0,76, and Rescaled Consistency Index 

of 0,49 resulted. The trees differ only in the topology of the Procoelosaurus -i-

Pteromimus + Pterosauria clade, which is the sister-group to a Scleromochlus + 

Dinosauromorpha clade; a 50% majority rule consensus identified Pteromimus as the 

sister-group of Pterosauria in two out of the three MPTs, with Procoelosaurus as the 

outgroup (Figure 29), In the other tree Pteromimus and Pterosauria also formed a clade, 

and Procoelosaurus took the position of a basal omithodiran {sensu Gauthier), and in the 

third tree Procoelosaurus and Pteromimus formed a clade with Pterosauria as their sister-

group. 

Results 

The analysis supports the results from previous analyses regarding the topology of 

the basal archosauromorphs and archosauriforms (Benton 1990; Sereno 1991), the only 

difference being the more derived position of Euparkeria relative to Proterochampsidae, 

The present analysis disagrees, however, with the analysis of Sereno (1991), which 

placed Scleromochlus as the sister-group of pterosaurs, and with Benton (1999) which 

placed Scleromochlus as the most basal member of Omithodira {sensu Gauthier) sister-

group of Dinosauromorpha {Lagosuchus + Dinosauria), 
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Crown-group Archosauria is supported by four unequivocal characters, but only 

character 83, calcaneal facets for fibula and distal tarsal four, does not exhibit reversals in 

other taxa. The usefulness of this synapomorphy may be questionable, however, because 

four out of die nine members of the group are either with a modified state (Pterosauria 

and Procoelosaurus) or die character is with unknown state (Scleromochlus and 

Pteromimus). Another s\ napomorphy, the pyriform recess, has a reversal in Pterosauria; 

character 18. reduction of the postparietals, has a reversal in Parasuchia, and the third 

synapomorphy, character 31. palatal teeth, is also present in Erythrosuchidae and is 

reversed in Pterosauria. 

Omithodira is supported by four very good unequivocal synapomorphies: fibula 

thin and sttongly tapered distally; presence of an advanced mesotarsal ankle, with 

asttagalus and calcaneum tightly appressed to tibia; astragalus transversely widened; 

ascending process of astragalus fitting between tibia and fibula; and calcaneal tuber 

absent. Character 65, shape of the fourth trochanter, does not seem to be a good 

sjnapomorphy of Omithodira because it exhibits somewhat erratic distribution, with 

reversal from mound-like ttochanter to no trochanter in Pterosauria and Scleromochlus 

(the character state is unknown in Pteromimus and Procoelosaurus), and ttansformation 

to aliform flange in dinosaurs. 

The clade Procoelosaurus + (Pteromimus + Pterosauria) is characterized by a 

reversal from thecodont to subthecodont dentition, and by a reversal in the length of 

ischium relative to acetabulum, also present in Parasuchia. The autapomorphies of 

Procoelosaurus are short preacetabular process and short and broad ischium. 

The clade of Pteromimus + Pterosauria is supported by the reversal to non-

serrated marginal teeth. The autapomorphy of Pteromimus is squamosal reduced to one-

half or less of height of lower temporal fenestra. Pterosauria exhibits the following 

autapomorphies (all reversals): tall dorsal process of quadratojugal absent; broad 

posterior pyriform recess; pterygoid teeth present; and spine tables absent. 

The Scleromochlus + Dinosauromorpha clade is supported by the unequivocal 

synapomorphies of digitigrade pedal stance, posteroventrally facing glenoid fossa of 

144 



scapulocoracoid, compact metatarsus, metatarsal 3 more than one-half tibial length, and 

reduced pedal digit V Character 58. elongate pubis and ischium and absent 

puboischiadic plate, is not as good a synapomorphy because it is also present in 

Ornithosuchus. 
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Figure 31. Majority-rule consensus tree of Archosauromorpha with Lepidosauromorpha 
as an outgroup. 
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APPINDIX A 

LIST OF CHARACTERS USED IN PREVIOUS PHYLOGENETIC 

ANALYSES OF ARCHOSAUROMORPHA 

The characters in the list are arranged in groups by suiatomical region and in 

roughly chronological order. Characters with the same or very simil£ir definitions are also 

grouped together within the anatomically delimited groups. The following sources were 

used to compile this character list (in alphabetical order): Bennett (1996), Benton (1985, 

1990, 1999). Benton and Allen (1997), Benton and Clark (1988), deBraga and Reisz, 

1995, deBraga and Rieppel (1997), Dilkes (1998), Evans (1986, 1988), Gauthier (1984, 

1986), Gaudiier. Kluge and Rowe (1988a, 1988b), Gower and Sennikov, (1997), Heckert 

and Lucas (1999), Jalil (1997), Juul (1994), Laurin and Reisz, 1995, Novas (1989, 1992, 

1993, 1996), Olsen, Sues and Norell (2001), Parrish (1992, 1993, 1994), Peters (2000), 

Rieppel (1994, 1998), Sereno (1991, 1993), Sereno and Arcucci (1990), Sereno and 

Novas (1992, 1993), Sereno et al. (1993). 

Skull 

size 

sculptured skull (for Crocodylia; Gauthier, 1984). 

a relatively large skull in comparison to body size (for Pterosauria; Gauthier, 

1984). 

skull small relative to body size (for Sauropodomorpha, Gauthier, 1984). 

Jl. Skull is high (for Archosauria 2) (Benton, 1985). 

31. Skull height. States: 0 = less than one-third skull length; 1 = greater dian or 

equal to one-third skull lengtii (Bennett, 1996). 
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33. Skull length: less (0) or more (I) than 50 percent presacral column length 

(Sereno, 1991). 

33, Skull lengdi: less (0) or more (1) than 50% presacral column lengtii (Novas, 

1996). 

1. Dimensions of skull. Midline lengdi greater than maximum width (0) or midline 

lengdi less dian maximum widtii (1) (Dilkes, 1998). 

2, Relative lengdi of snout, <50% of total skull length (0), or >50% of total skull 

lengdi (1) (Dilkes, 1998). 

shape 

2) Nasals longer dian frontals - elongate preorbital region of skull, mvolving 

elongation of maxillae, pterygoids, palatines and nasals [= I] (for Archosauromorpha, 

Gaudiier, 1984). 

28) Skull subttapezoidal in cross-section from just anterior to orbits to posterior 

end of skull, and snout high, narrow, and subtriangular in cross-section (Gauthier, 1984). 

snout high and narrow (for Omithosuchia; Gauthier, 1984). 

Elongate preorbital region of skull (for Omithopoda, Gauthier, 1984). 

Elongation of snout (for living Crocodylia) (Benton, 1985). 

DI. Long snout and a narrow skull. The ratio of snout length (anterior margin of 

orbit - anterior tip of snout) to total skull length is generally greater than, or equal to, a 

half (for Prolacertiformes + Archosauria) (Benton, 1985). 

Ql. Breadth of the skull across the temporal region greater than its length (for 

Hyperodapedontinae) (Benton, 1985). 

Sculpture on extemal surface of skull (for living Crocodylia) (Benton, 1985). 

Rectangular skull table behind the orbits (for living Crocodylia) (Benton, 1985). 
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15. Postorbital region of skull relative to preorbital length. Subequal (0), preorbital 

longer (1) or postorbital longer (2) (Gauthier et al., 1988b). 

(a) rosttum relatively broad, broadens gradually posterioriy (Benton and Clark, 

1988). 

(b) rostrum high and narrow (for Sebecosuchia, Benton and Clark, 1988). 

HI. long narrow snout, at least half the length of the skull (Evans, 1988). 

K19. elongation of temporal and antorbital regions (Evans, 1988). 

N5. posterior margin of skull table deeply emarginated, lies well forward relative 

to quadrate (Evans, 1988). 

P8. long gavial-like snout (Evans, 1988). 

Long snout and narrow skull (for unnamed group 3) (Benton, 1990). 

F, Anterior snout and extemal narial form: small (0); large and overhanging (1) (for 

Riojasuchus, Sereno, 1991). 

O. Piscivorous snout: absent (0); present (1) (for Parasuchia, Sereno, 1991). 

Y. Skull proportions at mid length: widdi subequal to height (0); widtii twice 

height (1) (for Scleromochlus, Sereno, 1991). 

32. Skull shape. States: 0 = rounded in cross-section; 1 = subtrapezoidal in cross-

section from just anterior to orbits to posterior end of skull, and snout high, narrow, and 

subttiangular in cross-section (Bennett, 1996). 

19. Skull proportions: preorbital skull length equal to postorbital length (0); 

preorbital lengdi exceeds postorbital skull length (1); postorbital length exceeds preorbital 

skull length (2) (deBraga and Rieppel, 1997, from Rieppel, 1994 #9). 

12. Preorbital and postorbital region of skull: of subequal lengtii (0), preorbital 

region distinctiy longer than postorbital region (1), postorbital region distinctly longer(2) 

(Rieppel, 1998). 
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38. Skull low and narrow with short and narrow postorbital region - (0) no (I) yes 

[here a low and narrow snout scored a (I) despite the presence of large orbits and a high 

cranium] (Jalil. 1997; Peters. 2000), 

64, Long and narrow snout - (0) no (1) yes (Jalil, 1997; Peters, 2000), 

General 

3. Preorbital region consisting of maxillae, pterygoids, palatines and nasals. States: 

0 = not elongate; I = elongate (Bennett, 1996). 

LI 1. metotic fissure divided to give separate opening for cranial nerve 9 and 

perihmphatic duct (Evans, 1988). 

30. Basicranial joint. Metakinetic (0) or fused (I) (Dilkes, 1998). 

Dentition 

tooth row position and length 

more deeply mset marginal tooth rows (for Omithischia, Gaudiier, 1984). 

25) Posterior termination of lower tooth row well anterior to that of upper tooth 

row (Gauthier, 1984). 

More deeply mset marginal tooth rows (for Melisauria, Gauthier, 1984). 

109. Upper—lower tooth rows. End at same level posteriorly (0) or dentary row 

terminates anterior to maxillary tooth row (1) (Gauthier et al., 1988b). 

H5. posterior dentary teeth lie anterior to posterior maxillary teeth (Evans, 1988). 

18. Posterior extent of mandibular and maxillary tooth rows. States: 0 = subequal; 

1 = unequal, with maxillary tooth row extending further posteriorly (Bennett, 1996). 

14. Relative positions of posterior terminations of tooth rows: posterior dentary 

teeth lie level with, or behind, posterior maxillary teeth (0); posterior dentary teeth lie 

anterior to posterior maxillary teeth (I) (Benton and Allen, 1997). 
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62, Posterior dentary teeth lie anterior to posterior maxillary teeth - (0) no (I) yes 

(Jalil. 1997; Peters. 2000), 

crown morphology and occlusion 

36) Marginal teeth witii sharply pointed crowns, serrated margins, and 

compressed shafts (Gauthier. 1984). 

45) Enlarged anterior dentary teeth project upward between upper tooth rows in 

more or less prominent diastema, often accompanied by more or less prominent notch 

beUveen premaxilla and maxilla (Gauthier, 1984), 

crowTi compressed laterally, subttiangular in profile, prominent ridge marks the 

\'ertical tooth axis, and enlarged accessory denticles lie along the anterior and posterior 

tooth margins (for Omithischia, Gauthier, 1984), 

108, Serrated teeth. Absent (0) or present (I) (Gauthier et al,, 1988b), 

115, Postcanines, Unicuspid (0) or multicuspid (1) (Gauthier et al., 1988b). 

117, Cheek teeth orientation. Anteroposterior (0), or transverse (I) (Gauthier et 

al., 1988b). 

D4. Recurved teeth (for Prolacertiformes + Archosauria) (Benton, 1985). 

13. Teetii laterally compressed (for Archosauria 1) (Benton, 1985). 

(a) marguial teeth are laterally compressed ( for Archosauria) (Benton and Clark, 

1988), 

a) maxilla and dentary with two sinusoidal waves of enlarged teedi (Benton and 

Clark, 1988). 

(h) teedi homodont (for features considered to be correlated with longirostry 

(Benton and Clark, 1988). 
(i) teeth conical (Benton and Clark, 1988). 

recurved teeth (for unnamed group 3) (Benton, 1990). 
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marginal teeth laterally compressed [and serrated?] (for Archosauria) (Benton, 

1990), 

16. Marginal tooth shape. States: 0 = peg-like; 1 = recurved (Bennett, 1996). 

17. Marginal tooth cross-section. States: 0 = not laterally compressed with 

sharply pointed crowns; 1 = laterally compressed with sharply pointed crowns (Bennett, 

1996). 

3. Serrated teetii: States: absent - 0; present - 1 (Juul, 1994). 

5. Marginal teeth: conical (0); laterally compressed (1) (Juul, 1994). 

8. Teedi recurved (0) or conical (1) (Parrish, 1994; Heckert and Lucas, 1999 #3). 

50. Marguial teeth. States: 0 = not serrated; 1 = serrated (Bennett, 1996). 

56. Caniniform teedi. Present (0) or absent (1) (Dilkes, 1998). 

57. Serrated teeth. Absent (0) or present (I) (Dilkes, 1998). 

58. Curvattire of teeth. Absent (0) or present (1) (Dilkes, 1998). 

59. Cross-sectional shape of teeth. Oval (0) or laterally compressed (1) (Dilkes, 

1998). 

136. Crown of marginal teeth. Single point (0) or tricuspid (1) (Dilkes, 1998). 

15. Teeth isodont (0) or heterodont (I) (Parrish, 1993). 

Teedi elongate and increasing in height anterioriy, especially in premaxilla (for 

Sauropodomorpha, Gauthier, 1984), 
lanceolate teeth with coarsely serrated crowns (for Sauropodomorpha, Gauthier, 

1984). 

C5. no caiuniform teedi (Evans, 1988). 

D2. marginal teeth laterally compressed and serrated [(0) absent (1) present] 

(Evans, 1988; Peters, 2000). 

H6. laterally compressed, recurved teeth (Evans, 1988). 

K27. teedi mediolaterally expanded (Evans, 1988). 
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K28. teeth circular or square in cross-section (Evans, 1988). 

subttiangular maxillary/dentary crowns (for Omithischia) (Sereno et al., 1993). 

largest maxillary/dentary tooth in center of tooth row (for Omithischia) (Sereno et 

al., 1993). 

51. Enlarged anterior dental teeth project upward between upper tooth rows in 

more or less prominent diastema, often accompanied by more or less prominent notch 

between premaxilla and maxilla. States: 0 = absent; 1 = present (Bennett, 1996). 

25. Caniniform region: present (0); absent (1) (Laurin and Reisz, 1995). 

4. Caniniform teeth present (0) or absent (1) (deBraga and Reisz, 1995). 

95. Caniniform teedi: present (0); absent (1) (deBraga and Rieppel, 1997, from 

Laurin and Reisz, 1995 #24). 

65. Jaw occlusion. Single-sided overlap (0), flat occlusion (1) or blade and groove 

(2) (Dilkes, 1998), 

54. Anterior (premaxillary and dentary) teeth upright (0) or sttongly procumbent 

(1) (Rieppel, 1998). 

63, Teeth recurved and laterally compressed - (0) no (1) yes (JaUl, 1997; Peters, 

2000). 

4. Teeth unreduced, mediolaterally compressed (0) or reduced in size, nearly 

conical (I) (Parrish, 1994). 

2. Teeth unreduced, mediolaterally compressed (0) or reduced in size, nearly 

conical (1) (Heckert and Lucas, 1999, from Parrish, 1994). 

tooth implantation 

Tooth implantation. States: 0 = subthecodont; 1 = thecodont; 2 = 

ankylothecodont; 3 = pleurodont; 4 = acrodont 

78) Thecodont tooth implantation (Gauthier, 1984). 
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35) Teetii attached superficially to jaws (for Lepidosauromorpha; Gauthier, 

1984). 

106. Maxillary and dentary teeth. In shallow (0). or deep (1), sockets (Gauthier et 

al.. 1988b). 

107. Tooth attachment. By attachment bone (0) or periodontal ligament (1) 

(Gaudiier et al.. 1988b). 

J13. teeth attached superficially to jaws (Evans, 1988). 

K4. Thecodont denthion (for Archosauria 3) (Benton, 1985). 

possession of tiiecodont dentition (for unnamed group 6) (Benton, 1990). 

P7. thecodont teetii (Evans, 1988). 

94. Tootii implantation: set in deep sockets (0); loosely attached to medial surface 

of jaw (1); ankylosed to jaw (2) (deBraga and Rieppel, 1997, modified from Rieppel, 

1994 #42), 

53. Teeth set in shallow or deep sockets (0) or superficially attached to bone (1) 

(Rieppel, 1998). 

K4. altematmg acrodont teeth (Evans, 1988). 

K9. all teetii acrodont m aduk (Evans, 1988). 

52. Tooth implantation. States: 0 = subthecodont; 1 = thecodont (Bennett, 1996). 

11. Tooth implantation (relatively "simple," clearly thecodont = 0, fully 

developed teeth tightiy contacting alveolar bone = 1). (Gower and Sennikov,, 1997). 

55. Tooth implantation. Subthecodont (0), ankylothecodont (1) or pleurodont (2) 

(Dilkes, 1998). 
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Lateral elements and features of cranium 

jaws 

K26, propalinal jaw action (Evans, 1988). 

premaxilla 

1) Archosauromorph premaxilla - small premaxilla form anterior half of extemal 

naris, posterior half formed by maxilla, lacrimal, and nasal; septomaxilla exposed on lateral 

surface of skull at posteroventtal margin of extemal naris (in Petrolacosaurus); in Sauria 

die reduced lacrimal do not participate in extemal naris; In Archosauromorpha premaxilla 

is enlarged, forms most of the snout tip, and have prominent subnarial process extending 

dorsally up die narial margin of maxilla to contact nasal, excluding maxilla and 

septomaxilla from extemal naris and displacing naris toward the dorsal midline (for 

Archosauromorpha, Gauthier, 1984). 

1. Premaxilla. Small (0) or large, forming most of tip of snout (1) (Gauthier et al., 

1988b). 

2. Premaxilla. Without (0) or with (1) prominent postnarial process contacting 

nasal to exclude maxilla from extemal naris (Gauthier et al., 1988b). 

large premaxillae tipped anteroventrally over the lower jaws (for Omithosuchia; 

Gaudiier, 1984). 

CI, Premaxilla extends up behind naris (for Archosauromorpha) (Benton, 1985). 

Nl. Premaxilla beak-like and lacks teeth (for Rhynchosauroidea) (Benton, 1985). 

Premaxilla extends up behind the naris (for Archosauromorpha) (Benton, 1990). 

07. enlarged posterolateral processes on premaxilla (Evans, 1988). 

N3. premaxilla contacts frontals, separates nasals in midline (Evans, 1988). 

Nl. premaxilla extends anterolaterally to form slender rostrum (Evans, 1988). 
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Gl. premaxilla widi enlarged dorsolateral process; maxilla usually excluded from 

naris (Evans. 1988), 

El 8. reduction of dorsomedial process of premaxilla (Evans, 1988). 

Kl 1. chisel-like premaxillary region (Evans, 1988). 

1. Posterolateral process of premaxilla: short (0); long and broad (1) (Sereno and 

Novas, 1993), 

1. Dorsomedial process of premaxilla: extends between narial openings (0); 

reduced (1) (Benton and Allen, 1997). 

7. Premaxilla and prefrontal. No contact (0) or contact present (I) (Dilkes, 1998). 

2. Premaxilla (not downtumed = 0, downtumed = I) (Gower and Sennikov,, 

1997). 

25. Premaxilla with well-developed posterodorsal process - (0) no (1) yes (Jalil, 

1997; Peters, 2000). 

premaxilla-maxilla contact 

deep, broadly-roofed notch between premaxilla and maxilla (for Crocodylia; 

Gaudiier, 1984). 

broad fossa between premaxilla and maxilla, and broad diastema between the 

premaxillary and maxillary tooth rows, into which fit enlarged anterior dentary teeth (for 

Omithosuchia; Gauthier, 1984). 

(h) premaxilla and maxilla sutured together along butt joint (Benton and Clark, 

1988). 

(k) premaxilla/maxilla contact without indentation (Benton and Clark, 1988). 

17. Posterior process of premaxilla loosely (0) or firmly (1) attached to the maxilla 

(Parrish, 1993). 

8. Premaxillary/maxillary step absent (0), present (1) (Parrish, 1992). 
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8. Shape of maxillary ramus of premaxilla. Conttibutes only to venttal border of 

extemal naris (0) or extends as a posterodorsal process to form caudal border of extemal 

naris (1) (Dilkes. 1998). 

17. Fomi of suture between premaxilla and maxilla above dentigerous margin. 

Simple \ ertical or diagonal contact (0) or notch present in maxilla (1) (Dilkes, 1998). 

1. Posterodorsal process of premaxilla overiapping anterodorsal surface of maxilla 

(0) or dorsal process of premaxilla vertical, sttongly sutured to maxilla (I) (Olsen et al., 

2001). 

shape, size, position 

palatal shelf of premaxilla forms partial secondary palate (for Omithischia, 

Gaudiier, 1984). 

Premaxilla contacts lacrimaLprefrontal to exclude maxilla from nasal (for 

Omidiopoda, Gauthier, 1984). 

Intemasal process of premaxilla compressed (for Sauropodomorpha, Gauthier, 

1984). 

1) Contact between maxillary process of premaxilla and nasal reduced or absent 

(for Saurischia, Gauthier, 1986). 

(b) palatal part of premaxillae meet posteriorly (Benton and Clark, 1988). 

(a) premaxillae subvertical (Benton and Clark, 1988). 

(d) premaxillae expanded anterior to nares (Benton and Clark, 1988). 

N. Premaxillary rostrum length: short (0); elongate with prenarial lengtii equal to 

or exceeding postnarial length (I) (for Parasuchia, Sereno, 1991). 

T. Premaxillary-palatine contact: absent (0); present (I) (for Parasuchia, Sereno, 

1991). 
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51, Contact between maxillary process of premaxilla and nasal: wide (0), reduced 

or absent (1) (Novas, 1993). 

1. Premaxilla size. States: 0 = small; 1 = enlarged, forming most of the tip of the 

snout (Bennett, 1996). 

2. Prominent subnarial process of premaxilla. States: 0 = absent, so that extemal 

naris is bounded by maxilla, lacrimal, and nasal posterioriy; I = present, so that the 

maxilla is excluded from die extemal naris (Bennett, 1996). 

6. Shape of premaxilla. Horizontal venttal margin (0) or dovm-tumed ventral 

margin (1) (Dilkes, 1998). 

I. Premaxilla exposure: exposure anterolateral to extemal nares small restiicted to 

low posterolateral process forming less tiian one-half the height of the premaxilla (0); 

posterolateral process tall reaching dorsal process (1) (deBraga and Rieppel, 1997, 

modified from Rieppel, 1994 #1). 

1. Dorsal process of premaxilla broad (0) or narrow (1), resulting in dorsal 

exposure of extemal nares (deBraga and Reisz, 1995). 

4. Premaxilla/extemal nares relationship: excluded from posterior border of nares 

(0); conttibutes to posterior border (1) (deBraga and Rieppel, 1997, modified from 

Rieppel, 1994 #2). 

1. Premaxillae small (0) or large (I), forming most of snout in front of extemal 

nares (Rieppel, 1998). 

2. Premaxilla witiiout (0) or with (1) postnarial process, excluding maxilla from 

posterior margin of extemal naris (Rieppel, 1998). 

45. Premaxillae enter intemal naris (0) or are excluded (1) (Rieppel, 1998). 

3. Premaxilla edentulous anteriorly, with an anteroventrally inclined, 

mediolaterally expanded "shovel" at die anterior end: absent (0) or present (1) (Parrish, 

1994). 
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1. Premaxilla edentulous anteriorly, with an anteroventrally inclined, 

mediolaterally expanded "shovel" at the anterior end: absent (0) or present (1) (Heckert 

and Lucas, 1999, from Parrish, 1994). 

premaxillary teeth 

loss of anteriormost premaxillary teetii and mgose surface on premaxilla indicating 

development of a comified beak (for Omidiischia, Gauthier, 1984). 

Loss of all premaxillary teeth (for Omithopoda, Gauthier, 1984). 

110. Premaxillary teeth. Implanted in shallow (0), or deep (1), sockets (Gauthier 

etal., 1988b). 

Ml. Premaxilla bearing a small number of acrodont teeth, or none at all (for 

Rhynchosauria) (Benton, 1985). 

(d) premaxillary teeth homodont (paralleled in thalattosuchians) (Benton and 

Clark, 1988). 

Fl. premaxilla with small number of acrodont teeth or none (Evans, 1988). 

K5. seven or less premaxillary teeth on each side (Evans, 1988). 

K8. four or less premaxillary teeth on each side (Evans, 1988). 

KIO. three or less premaxillary teeth on each side (Evans, 1988). 

45. Premaxillary teeth smaller tiian or equal to (0), or larger than (1), maxillary 

teeth (Gauthier, Kluge and Rowe, 1988a) 

12. Posterior premaxillary teeth: present (0) or absent (1) (Parrish, 1994; Heckert 

and Lucas, 1999 #6). 

15. Numbers of premaxillary teeth on each side: seven or fewer (0); more than 

seven (1) (Benton and Allen, 1997). 

9. Premaxilla and cranial part of dentary. Teeth present (0) or edenttilous (1) 

(Dilkes, 1998). 
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subnarial fenestta (subnarial foramen, maxillary fenestra) 

15. Subnarial foramen: absent (0); present (1) (Sereno and Novas, 1993; Novas, 

1993). 

2, Premaxilla-maxilla fenestta: absent (0), present (1) (Sereno and Novas, 1993). 

subnarial foramen (for Saurischia) (Sereno et al., 1993). 

subnarial foramen between die premaxilla and maxilla (for Saurischia) (Sereno and 

Novas, 1992). 

23. Subnarial fenestta absent (0) or developed as part of joint between premaxilla 

and maxilla (Parrish, 1993). 

20. Subnarial fenestra absent (0), present (I) (Parrish, 1992). 

37. Subnarial fenestta or foramen between premaxilla and maxilla: absent (0); 

present (1) (Juul, 1994). 

13) Presence of maxillary fenestra (for Theropoda, Gauthier, 1986). 

37) Maxillary fenestra large and posteriorly placed (for Tetanurae, Gauthier, 

1986). 

septomaxilla 

reduction or loss of septomaxilla (for Pseudosuchia; Gauthier, 1984). 

6) septomaxilla absent (for Pseudosuchia2, Gauthier, 1986). 

L3. septomaxilla elaborated to protect vomeronasal organ (Evans, 1988). 

(a) septomaxilla is absent (parallelism in Suchia) (Benton and Clark, 1988). 

Septomaxilla absent (parallelism in Suchia) (for Omithosuchia) (Benton, 1990). 
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S, Paramedian "septomaxilla": ab.sent (0); present (I) (for Parasuchia, Sereno, 

1991), 

14, Septomaxilla, Present (0) or absent (1) (Dilkes, 1998). 

maxilla 

contacts 

maxillaries form secondary palate anterioriy (for Crocodylomorpha; Gauthier, 

1984), 

22) Maxillaries contact to form secondary palate anteriorly (for 

Crocodylomorpha, Gauthier, 1986). 

8. Palatal processes on anteromedial surfaces of the maxillae (absent = 0, present = 

1) (Gower and Sennikov,, 1997). 

(cc) maxillae form secondary palate (with vomer) (Benton and Clark, 1988). 

maxillary secondary palate without vomer contribution (Benton and Clark, 1988). 

(c) notch between premaxilla and maxilla closed (Benton and Clark, 1988). 

(a) secondary palate composed of maxillary and palatine (Benton and Clark, 

1988). 

(k) premaxilla/maxilla contact without indentation (Benton and Clark, 1988). 

40. Secondary palate formed by maxilla and vomer absent (0) or present (1) 

(Parrish, 1993). 

3. Maxillae do not meet on palate (0) or meet on palate to form secondary bony 

palate anterior to choana (1) (Olsen et al., 2001). 

shape, size, position 

maxillary process of maxilla enlarged and lengthened posterioriy to separate 

maxilla from nasal for half or more of their lengths (for Omithischia, Gauthier, 1984). 
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enlarged facial process of maxilla further reduces antorbital fenestra (for 

Omidiischia. Gaudiier. 1984). 

30, Maxilla \entral margin. Horizontal (0) or bowed ventrally (1) (Gauthier et al,, 

1988b), 

02, Interlocking groove and blade jaw apparatus (for Rhynchosauridae) (Benton, 

1985), 

PI Two groo\ es on the maxilla and two matching ridges on the dentary 

Q3 Single longitudinal groove on maxillary tooth plate (for Hyperodapedontinae) 

(Benton, 1985). 

(2) maxilla shorter dian jugal (Benton and Clark, 1988). 

(b) maxilla subvertical (Benton and Clark, 1988). 

(1) lateral edge of maxilla sttaight (Benton and Clark, 1988). 

E4. tall maxilla (Evans, 1988). 

B. Maxilla with free posterior prong: absent (0); present (1) (for Ornithosuchus, 

Sereno, 1991). 

7. Convex ventral surface of maxilla absent (0), present (1) (Parrish, 1992). 

15. Posterodorsally expanded posterior ramus of maxilla absent (0), present (1). 

(Parrish, 1992). 

22. Posterior ascending process of premaxilla tall (0) or dorsoventrally 

compressed (I) (Parrish, 1992). 

19. Anterodorsal process of tiie maxilla: absent (0); low, does not reach nasal or 

mid-height of extemal naris (1); high, reaches nasal and mid height of extemal naris (2) 

(Laurin and Reisz, 1995). 

3. Anterodorsal process of maxilla absent (0) or present (1), reaching nasal and 

dorsal limit of extemal nares (deBraga and Reisz, 1995). 
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11. Maxilla ascending process: absent (0); present between orbit and extemal nares 

(1) (deBraga and Rieppel. 1997, from Laurin and Reisz, 1995 #19). 

14, Maxilla length: extends to posterior orbital margin (0); does not reach posterior 

margin of orbit (1) (deBraga and Rieppel, 1997). 

15, Maxilla orbital exposure: absent (0); present (I) (deBraga and Rieppel, 1997, 

from Lee, 1994 #28). 

16, Maxilla. Horizontal venttal margin (0) or convex ventral margin (1) (Dilkes, 

1998). 

13. Position of maxilla relative to extemal nares: excluded (0) or included (1) 

(Heckert and Lucas, 1999, from Long and Murry, 1995). 

2, Facial portion of maxilla anterior to anterior edge of antorbital fenestta equal in 

length or longer than portion posterior to anterior edge of fenestra (0) or shorter than 

posterior portion (1) (Olsen et al,, 2001). 

maxillary tooth row 

Asymmetrically enameled crowns and wear facets indicating occlusal interactions 

between the cheek teeth (for Melisauria, Gauthier, 1984). 

Relatively larger cheek teeth (for Melisauria, Gauthier, 1984). 

38) Antorbital tooth row (for Tetanurae, Gauthier, 1986). 

111. Caniniform maxillary tooth. Present (0) or absent (1) (Gauthier et al., 1988b). 

Q4. No teeth on lingual side of maxilla (for Hyperodapedontinae) (Benton, 1985). 

(h) maxilla with smgle wave of enlarged teeth (Benton and Clark, 1988). 

K7. posteromedial flanges on posterior maxillary teeth (Evans, 1988). 

46. Maxillary tooth row homodont (0), or with caniniform region (1) (Gauthier, 

Kluge and Rowe, 1988a) 
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K13. prominently flanged and striated teeth on posterior region of the maxilla 

(Evans. 1988). 

15, Two-tooth diastema: absent (0); present (I) (Sereno, 1991), 

14, Maxillary tooth row extends beyond the ventral apex of the orbit (0) or 

terminates anterior to orbit (1) (Parrish, 1993), 

11. Maxillary tooth row does (0) or does not (1) extend anterior to the posterior 

end of the extemal naris (Parrish, 1994; Heckert and Lucas, 1999 #5). 

60. Maxillary tooth plate. Absent (0) or present (1) (Dilkes, 1998). 

61. Number of tooth rows on maxilla. Single row (0) or multiple rows (1) (Dilkes, 

1998). 

62. Number of grooves on maxilla. None (0), one (1) or two (2) (Dilkes, 1998). 

63. Location of maxillary teeth. Only on occlusial surface (0) or on occlusial and 

Imgual surfaces (I) (Dilkes, 1998). 

4) Caniniform maxillary teetii absent (for Sauria, Gaudiier, 1984), 

cheek teeth with distinct crown and root (for Omithischia, Gauthier, 1984). 

56. One or two caniniform teeth present (0) or absent (1) on maxilla (Rieppel, 

1998). 

antorbital fenestra 

29) Antorbital fenestta (Gauthier, 1984). 

31. Antorbital fenestra. Absent (0) or present (1) (Gauthier et al., 1988b). 

enlarged temporal and antorbital fenestrae (for Pterosauria; Gaudiier, 1984). 

Loss of antorbital fenestra (for Thyreophora, Gauthier, 1984). 

II. Possession of an antorbital fenestra (for Archosauria 1) (Benton, 1985). 

Possession of antorbital fenestta (for Archosauria) (Benton, 1990). 

DI. antorbital fenestra [-(0) absent (1) present] (Evans, 1988; Peters, 2000). 
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1. Antorbital fenestra absent (0). present (1) (Parrish, 1992). 

1. Antorbital fenestra absent (0), present (I) (Juul, 1994). 

41, Antorbital fenestra. States: 0 = absent; 1 = present (Bennett, 1996). 

41, Antorbital fenestra - (0) absent (I) present (2) three present (Peters, 2000, 

modified from Bennett. 1996). 

5. Antorbital fenestra. Absent (0) or present (1) (Dilkes, 1998). 

size 

antorbital fenestta reduced and much smaller than orbit (for Omithischia, 

Gaudiier, 1984). 

(a) antorbital fenestta relatively small, about as tall as long (Benton and Clark, 

1988). 

(g) antorbital fenestra much smaller than orbit (Benton and Clark, 1988). 

(c) reduction of antorbital fenestta to tiny hole (Benton and Clark, 1988). 

shape, position and contacts 

J2. Antorbital fenestra close to naris (for Archosauria 2) (Benton, 1985). 

Kl. Antorbital fenestta large and lies in a depression (for Archosauria 3) (Benton, 

1985). 

Antorbital fenestra large and lying in a depression (for unnamed group 7) (Benton, 

1990). 

I. Antorbital fossa on maxilla and lacrimal: absent (0), present (1) (Sereno and 

Arcucci, 1990). 

Z. Raised maxillary margin of antorbital fossa: absent (0); present (I) (for 

Scleromochlus, Sereno, 1991). 
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16. Antorbital fenestta without lateral excavation (0), or with lateral recess 

adjacent to anterior and anterodorsal borders (1) (Parrish, 1992). 

42, Antorbital fenestra position. States: 0 = separated from naris by a long stretch 

of premaxilla and maxilla; 1 = close to naris (Bennett, 1996), 

42, Antorbital fenestta position - (0) separated from naris by a long stretch of 

premaxilla and maxilla (1) close to nares (2) no antorbital fenestra (Peters, 2000, modified 

from Bennett, 1996), 

antorbital fossa 

32, Antorbital fossa. Absent (0) or present (1) (Gauthier et al., 1988b). 

74) Antorbital fenestra set in more or less prominent fossa (Gauthier, 1984). 

G. Antorbital fossa ventral margin position: dorsal to (0) or coincident with (I) 

the ventral margin of maxilla (for Riojasuchus, Sereno, 1991). 

3, Anterior margin of antorbital fossa: asymmetrical (0); semicircular (I) (Sereno 

and Novas, 1993). 

17. Antorbital fossa (in connection with the antorbital fenestra): absent (0); 

present (1) (Juul, 1994). 

43. Prominent antorbital fossa surtounding antorbital fenestra. States: 0 = absent; 

1 = present (Bennett, 1996). 

1. Antorbital fenestra (without = 0, or with = I antorbital fossa) (Gower and 

Sennikov, 1997). 

43. Prominent preorbital fossa surrounding antorbital fenestra - (0) absent (1) 

present (2) no AOF (Peters, 2000, modified from Bennett, 1996). 
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lacrimal 

30) Reduced lacrimal (for Lepidosauromorpha; Gauthier, 1984). 

12) Lacrimal broadly exposed on skull roof (for Theropoda, Gauthier, 1986), 

17. Lacrimal large and separates nasal from maxilla (0), or lacrimal reduced and 

maxilla contacts nasal (1) (Gaudiier et al., 1988a). 

33, Lacrimal, Separates maxilla and nasal and enters margin of naris (0) or maxilla 

contacts nasal and excludes lacrimal from naris (1) (Gaudiier et al., 1988b). 

C2. lacrimal fails to reach extemal nares (Evans, 1988). 

E2. lacrimal fails to meet nasal (Evans, 1988). 

E14, lacrimal restricted to orbital rim (Evans, 1988). 

J12. lacrimal restricted to orbit (Evans, 1988). 

K3. no lacrimal bone (Evans, 1988). 

40. Lacrimal: not exposed on skull roof (0), exposed (1) (Novas, 1993). 

9. Lacrimal narial contact: present (0); absent (I) (Laurin and Reisz, 1995). 

5. Lacrimal contact with nasal: present (0); absent (1) (Benton and Allen, 1997), 

6,Lacrimal extent: element runs forward from the orbit (0); restricted to the orbital 

rim in lateral view (1) (Benton and Allen, 1997). 

15. Lacrimal. Contacts nasal and reaches extemal naris (0), contacts nasal but does 

not reach naris (1) or does not contact nasal or reach naris (2) (Dilkes, 1998). 

2. Lacrimal large, forming posterior border of extemal nares (0), or reduced and 

excluded from narial margin (1) (deBraga and Reisz, 1995). 

17. Lacrimal morphology: present and contributing to extemal nares (0); present at 

least as long as tall, but excluded from extemal nares (1); if present small, restricted to 

orbital margin, or absent entirely (2) (deBraga and Rieppel, 1997, from Rieppel, 1994 #7). 

18. Lacrimal duct: enclosed by lacrimal only (0); lateral border formed by maxilla 

(1) (deBraga and Rieppel, 1997, modified from Laurin and Reisz, 1995 #10). 
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9. The lacrimal is present and enters the extemal naris (0) or remains excluded 

from the extemal naris by a contact of maxilla and nasal (1), or the lacrimal is absent (2) 

(Rieppel, 1998). 

15, Lacrimal - (0) large (1) small or absent (Jalil, 1997; Peters, 2000). 

50. Lacrimal fails to meet die nasal (0) no (1) yes (Jalil, 1997; Peters, 2000). 

orbit 

keyhole-shaped orbit (for Omithosuchia; Gauthier, 1984). 

12, Orbit shaped more like an inverted triangle than a circle (for Archosauria 1) 

(Benton, 1985). 

postorbital 

(p) postorbital lies medial to jugal on postorbital bar (Benton and Clark, 1988). 

(b) postorbital bar relatively robust, unsculpted (Benton and Clark, 1988). 

(b) postorbital bar inset and columnar (Benton and Clark, 1988). 

(c) postorbital without broad anterolateral edge (Benton and Clark, 1988). 

(1) vascular foramen within postorbital (Benton and Clark, 1988). 

12. postorbital with posterior process extending back beyond end of upper 

temporal fenestta (Evans, 1988). 

P9. fused postorbitofrontal (Evans, 1988). 

C. Postorbital crest: absent (0); present (1) (for Ornithosuchus, Sereno, 1991). 

25. Quadratojugal/postorbital contact absent (0) or present (1) (Parrish, 1993). 

II. Postorbital/squamosal, jugal/quadratojugal tongue-and-groove articulations 

absent (0), present (1) (Parrish, 1992). 
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8, Posterior process of postorbital: does not extend beyond back of lower 

temporal fenestta (0): extends back beyond the posterior margin of the lower temporal 

fenestta (1) (Benton and Allen, 1997), 

8, Posterior process of postorbital short, not reaching posterior limit of upper 

temporal fenestta (0). or long (1). extending beyond posterior border of fenestra (deBraga 

and Reisz, 1995), 

31, Postorbital/parietal relationship: in contact (0); contact absent (1) (deBraga 

and Rieppel. 1997). 

32. Postorbital posterior extent: terminates prior to reachmg posterior limit of 

parietal (0); extends to at least die posterior limit of the parietal (1) (deBraga and Rieppel, 

1997). 

22. Postorbital and parietal contact. Present (0) or absent (1) (Dilkes, 1998). 

23. Ratio of lengths of anteroventral and posterodorsal processes of postorbital. 

>1.0 (0) or < 1,0 (I) (Dilkes, 1998). 

1. Postorbital/quadratojugal contact: absent (0) or present (1) (Parrish, 1994). 

squamosal 

4) Ventral process of squamosal reduced to only half or less of height of lower 

temporal fenestra [= 1] (for Archosauromorpha, Gauthier, 1984). 

ventral process of squamosal absent (for Crocodylomorpha; Gauthier, 1984). 

enlarged ventral process of squamosal extends anteroventrally to meet the 

anterodorsally directed quadratojugal (for Omithosuchia; Gauthier, 1984). 

squamosal and quadratojugal form boss near their junction dividing the lower 

temporal fenestra into narrow dorsal and wide ventral areas (for Omithosuchia; Gauthier, 

1984). 

84) Squamosal reduced (Gaudiier, 1984). 
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29) Long anterior extent of squamosal, usually extending anterior to level of 

braincase and approaching closely or contacting elongate postorbital ramus of jugal (for 

Lepidosauromorpha; Gaudiier, 1984). 

(b) squamosal is reduced and descending' ramus is gracile (Benton and Clark, 

1988). 

(d) cranio-quadrate canal (for tempero-orbital vein, seventh cranial nerve) enclosed 

by quadrate, otoccipital, and squamosal (Benton and Clark, 1988). 

48. Squamosal. Extends to (0), or broadly separated from (1), venttal margin of 

skull (Gaudiier et al., 1988b). 

50. Squamosal—quadratojugal posterior margins. Vertical (0) or bowed (1) (viz. 

otic notch present) (Gauthier et al., 1988b). 

39. Descending process of squamosal absent (0) or present (1) (Parrish, 1993). 

27. Occipital flange of squamosal: in otic notch and overlaps pterygoid (0); gently 

convex all along the posterior edge of the skull (1); convex above quadrate emargination 

and concave medial to tympanic ridge (2); absent (3); medial to tympanic ridge, facing 

posteromedially (4); medial to tympanic ridge, concave, facing posterolaterally or 

venttolaterally (5) (Laurin and Reisz, 1995). 

35. Squamosal lateral exposure: ventral process long, descends to level limit of 

orbital margin (0); ventral process short, terminates prior to reaching venfral orbital 

margin (1); venfral process absent or restricted to region above dorsal limit of orbit (2) 

(deBraga and Rieppel, 1997). 

9. Occipital flange of squamosal present (0) or absent (1) (deBraga and Reisz, 

1995). 

11. Ventral process of squamosal broad with the distal width approaching total 

height (0) or slender with width much less than total height (1) (deBraga and Reisz, 1995). 
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37. Squamosal occipital flange: absent or poorly developed forming only a thin 

ridge (0); flange well developed fomiing a broadly exposed lapett (1) (deBraga and 

Rieppel. 1997, modified from Laurin and Reisz, 1995 #27). 

HI, Squamosal has a ttiradiate shape (for Prolacertidae) (Benton, 1985). 

24) Squamosal without xentral ramus (for Crocodylomorpha, Gauthier, 1986). 

1) Squamosal reduced and descending ramus gracile (reversed in large-headed, 

carnivorous omidiosuchians such as tyrannosaurs) (for Omithosuchia, Gauthier, 1986). 

04. loss of ventt-al ramus of squamosal (Evans, 1988). 

L4, loss of venttal ramus of squamosal (Evans, 1988). 

E2I. reduction of venttal ramus of squamosal cotyle for quadrate head (Evans, 

1988). 

L9. frequently, ventral peg of squamosal fits into quadrate notch (Evans, 1988). 

(a) squamosal broadly overhangs quadrate laterally (Benton and Clark, 1988). 

(bb) parietal relatively narrow on occiput, squamosal relatively wide (Benton and 

Clark, 1988). 

(a) lateral edge of squamosal witii groove (Benton and Clark, 1988). 

(b) squamosal relatively thick (Benton and Clark, 1988). 

squamosal reduced and descending ramus gracile (for Omithosuchia) (Benton, 

1990). 

7. Ventral process of squamosal, shape: tapered (0); subquadrate with lateral 

depression (I) (Sereno and Novas, 1993). 

27. Laterally projecting flange on squamosal absent (0) or present (I) (Bonaparte, 

1982; taken from Parrish, 1993). 

17. Squamosal hooked (0), with smooth posterior edge (1) (Parrish, 1992). 

74. Squamosal not overhangmg quadratojugal laterally (0), squamosal overhanging 

quadrate and quadratojugal laterally, and contacting the laterotemporal fenestra dorsally 
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(1), or squamosal overhanging quadrate and quadratojugal laterally, but is excluded from 

die rim of die laterotemporal fenestra by postorbital and quadratojugal (2) (Juul, 1994). 

5. Squamosals, States: 0 = not reduced and ventral process extends to inferior 

margin of lower temporal fenestta; 1 = reduced to one-half or less of height of lower 

temporal fenestta; 2 = reduced and descending ramus gracile (Bennett, 1996). 

4. "Ventral flange of squamosal narrow or confined to dorsal half of lower 

temporal fenestra - (0) no (1) yes" restructured as: > 4. Squamosal - (0) not reduced (I) 

reduced and descending ramus anterior to quadrate (2) reduced and descending ramus 

gracile (3) descending ramus posterior to quadrate (4) no descending ramus (Peters, 2000, 

modified from Bennett, 1996). 

9. Venttal ramus of squamosal: present, and extends below quadrate head (0); 

reduced and cotyle formed for quadrate head (1) (Benton and Allen, 1997). 

34. Anteroventtal process of squamosal. Broad ventrally with distal width that is 

approximately equal to dorsoventtal height (0), narrow ventrally with distal width less 

than dorsoventtal height (1) or absent (2) (Dilkes, 1998). 

28. Squamosal descends to (0), or remains broadly separated from (I) venttal 

margin of skull (Rieppel, 1998). 

4. Venttal flange of squamosal narrow or confined to dorsal half of lower temporal 

fenestta - (0) no (I) yes (Jahl, 1997; Peters, 2000). 

54. Reduced ventral flange of squamosal - (0) no (1) yes (JaHl, 1997; Peters, 

2000). 

10. Squamosal not significantiy overhanging lateral temporal region (0) or witii 

broad lateral expansion overhanging lateral temporal region (I) (Olsen et al., 2001). 

11. Descending process of squamosal anterior to quadrate present (0) or absent (1) 

(Olsen etal., 2001). 
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12, Squamosal witiiout ridge on dorsal surface along edge of supratemporal fossa 

(0) or witii ridge (1) (Olsen et al., 2001), 

jugal 

6) Posterior process of jugal extends posterior to center of lower temporal fenestra 

[= 1] (for Archosauromorpha. Gaudiier, 1984), 

30) Suborbital ramus of jugal extends anterior to orbit (Gauthier, 1984). 

34, Jugal. Extends posteriorly to middle of lower temporal fenestra (0) or extends 

nearly to posterior end of skull (1) (Gauthier et al., 1988b). 

Q2. Jugal occupies a large area of the cheek and has a heavy lateral ridge (for 

Hyperodapedontinae) (Benton, 1985). 

(1) jugal does not form posterior border of antorbital fenestra (Benton and Clark, 

1988). 

(a) anterior part of jugal relatively broad (Benton and Clark, 1988). 

(f) jugal reduced to a rod beneath lateral temporal fenestta (Benton and Clark, 

1988). 

G3. posterior process of jugal extends beyond midpoint of lower temporal 

fenestra (Evans, 1988). 

05. loss of posterior process of jugal (Evans, 1988). 

H. Jugal bar shape between antorbital and laterotemporal fenestta: 

anteroposterioriy elongate (0); dorsoventrally deep (I) (for Riojasuchus, Sereno, 1991). 

19. Posterior process of jugal greater (0) or less (1) tiian 50% of jugal lengdi 

(Parrish, 1992). 

5. Jugal ridge: absent (0), present (1) (Sereno and Novas, 1993). 

16. Jugal-lacrimal articular relation: lacrimal overiaps jugal (0); jugal overiaps 

lacrimal (1) (Sereno and Novas, 1993; Novas, 1993). 
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jugal overlaps lacrimal (for Saurischia) (Sereno et al.. 1993). 

jugal posterior process forked (for Saurischia) (Sereno et al., 1993). 

17, Shape of posterior process of jugal: tapering (0); forked (1) (Sereno and 

Novas, 1993; Novas, 1993). 

38. Postorbital/jugal bar behind orbit: curved or straight (0), or "stepped" (1) 

(Juul, 1994). 

11. Jugal anterior process: does not extend to anterior orbital rim (0); extends at 

least to le\el of anterior orbital rim (1) (Laurin and Reisz, 1995). 

13, Posterior process of jugal short and relatively broad (0) not reaching beyond 

mid-point along \enttal margin of lower temporal fenestta or long and slender (1) 

approaching posterior limit of lower temporal fenestra (deBraga and Reisz, 1995). 

4, Postorbital ramus of jugal. States: 0 = extends to the middle of lower temporal 

fenestta; 1 = extends well posterior to the center of lower temporal fenestra (Bennett, 

1996). 

38, Suborbital ramus of jugal States: 0 = does not extend anterior to the orbit; 1 = 

extends anterior to the orbit (Bennett, 1996). 

10. Posterior process of jugal: present (0); absent (1) (Benton and Allen, 1997). 

3. Posterior process of the jugal (tapering simply = 0, or semielliptical = 1, in 

lateral view) (Gower and Sennikov, 1997). 

4. Posterior process of the jugal (greater = 0, or less than = 1, half of total jugal 

length) (Gower and Sennikov, 1997). 

5. Anterior process of jugal (slender and tapering = 0, broad and expanded 

anteriorly = 1) (Gower and Sennikov, 1997). 

32. Subtemporal process of jugal. Robust widi height >50% of length (0) or 

slender witii height <50% of length (1) (Dilkes, 1998). 
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33, Lateral surface of jugal above maxilla. Continuous (0) or lateral shelf present 

(I) (Dilkes. 1998), 

33, Jugal posterior process: extends posterioriy only to the middle of the cheek 

(0); reaches nearly the posterior limit of the skull (I) (deBraga and Rieppel, 1997). 

23, The jugal extends anterioriy along the venttal margin of the orbit (0) (Rieppel, 

1998). 

24. The jugal extends backwards no fardier dian to the middle of the cheek region 

(0), or nearly to die posterior end of the skull (1) (Rieppel, 1998). 

14, Jugal: not downtumed (0) or down tumed (1) (Heckert and Lucas, 1999, from 

Long and Murry. 1995). 

28. Posterior process of jugal extending posterioriy nearly to back of skull - (0) no 

(1) yes (Jahl, 1997; Peters, 2000). 

42, Posterior process of the jugal much reduced and spur-like (0) no (1) yes (Jalil, 

1997; Peters, 2000). 

4. Jugal participates in posterior edge of antorbital fenestra (0) or is excluded by 

lacrimal or maxilla (1) (Olsen et al., 2001). 

quadratojugal 

5) L-shaped quadratojugal with tall dorsal and short anterior processes (for 

Archosauromorpha, Gauthier, 1984). 

18) Quadratojugal extends to dorsal surface of skull (for Crocodylomorpha, 

Gaudiier 1984, 1986) 

quadrate and quadratojugal inclined forward dorsally (for Crocodylomorpha; 

Gaudiier, 1984). 

19) Quadrate and quadratojugal inclined anterodorsally (for Crocodylomorpha, 

Gaudiier, 1986). 
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quadratojugal trapezoidal in lateral view, and fails to contact squamosal (for 

Omidiischia Gautiiier. 1984). 

52, Quadratojugal processes. Long anterior and short dorsal rami (0) or short 

anterior and long dorsal rand (I) (Gauthier et al., 1988b). 

C3, Quadratojugal (if present) located mainly behind the lower temporal fenestra. 

If a lower temporal bar is present, it is formed largely by the jugal, and the squamosal has 

a short venttal process (for Archosauromorpha) (Benton, 1985). 

Fl. Quadratojugal much reduced or absent (for Prolacertidae + Tanystropheidae) 

(Benton, 1985). 

06. loss or fusion of quadratojugal (Evans, 1988). 

L5. loss of quadratojugal and quadratojugal foramen (Evans, 1988). 

ElO. loss of quadratojugal [(0) no loss (1) loss (2) new appearance] (Evans, 1988; 

Peters, 2000). 

J2. quadratojugal reduced or absent (Evans, 1988). 

G15. tall quadratojugal with reduced anterior process (Evans, 1988). 

13. reduced rod-like quadratojugal under lower temporal fenestra contacts jugal 

(Evans, 1988). 

(aa) quadratojugal reaches dorsally to postorbital, descending process of 

squamosal concomitantly reduced (Benton and Clark, 1988). 

(I) quadratojugal very broad (Benton and Clark, 1988). 

(a) quadratojugal narrows dorsally (Benton and Clark, 1988). 

quadratojugal mainly behind the infratemporal fenestra rather than below it (for 

Archosauromorpha) (Benton, 1990). 

Q. Quadratojugal shape: L-shaped (0); subtriangular (1) (for Parasuchia, Sereno, 

I99I). 

186 



8. Posterior portion of quadratojugal, orientation: lateral (0); deflected strongly 

medially (1) (Sereno and Novas, 1993). 

20, Quadratojugal makes up less than (0) or 500/0 or more (1) of the ventral 

margin of tiie lateral temporal fenestta (Parrish, 1993). 

25. Quadratojugal/postorbital contact absent (0) or present (I) (Parish, 1993), 

7. Tall dorsal process of quadratojugal. States: 0 = absent; 1 = present (Bennett, 

1996). 

7. Quadratojugal - (0) contact with squamosal (1) absent (2) spur medioposterior 

to jugal (Peters, 2000, modified from Bennett, 1996). 

11 .Quadratojugal shape; an indicator of whetiier there is a complete lower 

temporal bar: low and with anterior process (0); tall with reduced anterior process (1) 

(Benton and Allen, 1997). 

12. Quadratojugal: present (0); absent (1) (Benton and Allen, 1997). 

35. Quadratojugal. Present with anterior process (0), present without anterior 

process (1) or absent (2) (Dilkes, 1998). 

42. Quadratojugal morphology: present and horizontal dimension exceeds vertical 

dimension by a factor of at least three (0); present but vertical dimension exceeds 

horizontal by a factor of at 

least two (1); present, but greatly reduced and restricted to condylar region (2); 

absent (3) (deBraga and Rieppel, 1997). 

29. Quadratojugal present (0) or absent (1) (Rieppel, 1998). 

30. Quadratojugal with (0) or without (I) anterior process (Rieppel, 1998). 

27. Quadratojugal L-shaped and/or situated behind upper [sic - lower] temporal 

fenestra - (0) no (1) yes (Jalil, 1997; Peters, 2000). 
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39, Quadratojugal, when present, much reduced and situated behind lower 

temporal fenestra (0) no (I) >es (2) quadratojugal absent [refers to original qj only] 

(Jain. 1997; Peters, 2000), 

43, Quadratojugal - (0) present (1) absent (2) reappearance (Jalil, 1997; Peters, 

2000), 

13, Quadratojugal extends anterodorsally to contact postorbital (0) or does not 

contact postorbital (1) (Olsen et al.. 2001). 

lower temporal fenesfra (infratemporal fenestra) 

7) Posterior margin of lower temporal fenestra bowed anteriorly (for 

Archosauromorpha, Gauthier, 1984). 

lower temporal arch robustly constructed, thus consfricting the lower temporal 

fenestta (for Omithischia, Gauthier, 1984). 

lower temporal fenestra relatively narrow, slanting anteroventtally to terminate 

below posterior margm of orbit (for Sauropodomorpha, Gauthier, 1984). 

37. Lower temporal fenestra. Absent (0) or present (1) (Gauthier et al., 1988b). 

38. Lower temporal fenestra. Absent (0), or opens laterally (1) or dorsally (2) 

(Gaudiier et al., 1988b), 

El. lower temporal bar uicomplete (for Prolacertiformes) (Benton, 1985). 

A3, lower temporal fenestra (Evans, 1988). 

D5. posterior border of lower temporal fenestra bowed (Evans, 1988). 

caudal border of infratemporal fenestra bowed (for Archosauria) (Benton, 1990). 

A. Laterotemporal fenestra shape: subrectangular with substantial postorbital-

squamosal bar (0); subtriangular with short postorbital-squamosal bar (1) (for Suchia, 

Sereno, 1991). 
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6. Dorsal portion of laterotemporal fenestra: subequal to (0), or less than one-half 

of (1) venttal portion (Sereno and Novas, 1993). 

12, Lower temporal fenestra absent (0) or present (1) (deBraga and Reisz 1995), 

9, Infratemporal fenestra antero-posteriorly short, dorso-ventrally elongate (0) or 

more equant to square (1) (Heckert and Lucas, 1999, from Long and Murry, 1995). 

31. Lower temporal fenestra shape: non-triangular (0), or triangular and reduced in 

size (1) (Juul 1994). 

45. Posterior margin of the lower temporal fenestta. States: 0 = vertical; 1 = 

bowed anteriorh- (Bennett, 1996). 

4. Lower temporal fenestra. Present and closed ventrally (0), present and open 

venttally (1) or absent (2) (Dilkes, 1998). 

51. Lower temporal fenestta: absent (0); present quadratojugal included (1); 

present quadratojugal excluded (2); open ventrally (3) (deBraga and Rieppel, 1997). 

27. Lower temporal fossa absent (0), present and closed ventrally (1), present but 

open venttally (2) (Rieppel, 1998). 
13. Lower temporal arcade - (0) complete (1) incomplete (Jalil, 1997; Peters, 

2000). 

otic notch 

77) Archosaur otic notch - squamosal has a more or less prominent process tiiat 

hooks down behind tiie head of die quadrate (Gauthier, 1984). 

Closure of the otic notch by union of squamosal and quadrate posteriorly (for 

hving Crocodylia) (Benton, 1985). 
K3. Otic notch well developed (for Archosauria 3) (Benton, 1985). 

otic notch well developed (for unnamed group 6) (Benton, 1990). 
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46. Otic notch. States: 0 = little modified from the primitive condition found in the 

Archosauromorpha; 1 = deeply arched in profile and the squamosal has a more or less 

prominent process that hooks down behind the head of the quadrate (Bennett, 1996). 

auditory bulla 

68. Medial wall of inner ear: unossified (0); ossified (1) (deBraga and Rieppel, 

1997. from Lee. 1993 #A6). 

stapes 

23) Stapes thin and without foramen for passage of stapedial artery (Gauthier, 

1984). 

31) Imperforate stapes (for Lepidosauromorpha; Gaudiier, 1984). 

39. Dorsal process of stapes ossified (0), or unossified (1) (Gauthier, Kluge and 

Rowe, 1988a) 

68. Stapes. Stout (0) or rod-like (1) (Gauthier et al., 1988b). 

69. Stapes dorsal process. With (0), or without (1) osseous connection to 

paroccipital process of opisthotic (Gauthier et al., 1988b). 

C5. Stapes without a foramen (for Archosauromorpha) (Benton, 1985). 

slender stapes without a foramen (for Archosauromorpha) (Benton, 1990). 

Jl I. slender stapes (Evans, 1988). 

G6. slender stapes (Evans, 1988). 

G18. stapes lacks foramen (Evans, 1988). 

67. Stapedial dorsal process: ossified (0); unossified (1) (Laurin and Reisz, 1995). 

19. Stapes. States: 0 = with foramen for Stapedial Artery; I = slender without 

foramen. (Bennett, 1996). 
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45, Stapes morphology: robust with its greatest depth exceeding one-third of its 

total lengtii (0); slender with the length at least four times the depth (I) (deBraga and 

Rieppel, 1997). 

46. Stapedial dorsal process; present as ossified process (0); absent (1) (deBraga 

and Rieppel. 1997, from Laurin and Reisz. 1995 #67). 

6. Stapedial foramen - (0) present (1) absent (Jalil, 1997; Peters, 2000). 

Dorsal elements and features of cranium 

nasal 

4, Nasal, Shorter (0), or longer (1), tiian frontal (Gaudiier et al., 1988b). 

D2, Nasals longer than frontals (for Prolacertiformes + Archosauria) (Benton, 

1985). 

(b) nasals do not contact narial border (Benton and Clark, 1988). 

(a) nasals do not reach nares (Benton and Clark, 1988). 

(c) nasals do not reach premaxillae (Benton and Clark, 1988). 

nasals run forward between the nares (for unnamed group 7) (Benton, 1990). 

nasals longer than frontals (for unnamed group 3) (Benton, 1990). 

E17. nasals taper anteromedially (Evans, 1988). 

H4. nasals longer than frontals (Evans, 1988). 

P2. slender nasals, fused m midline (Evans, 1988). 

16. Nasal-prefrontal contact: present (0); very reduced or absent (1) (Sereno, 

1991). 

R. Nasal anterior extension: between (0) or anterior to (I) extemal naris (for 

Parasuchia, Sereno, 1991). 

2. Relative length of nasals and frontals: nasals shorter than frontals (0); nasals 

longer than frontals (1) (Benton and Allen, 1997). 
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9. Nasals: paired (0); fused (1); lost (2) (deBraga and Rieppel, 1997). 

10. Nasal/frontal ratio: nasal equal to or shorter than frontal (0); nasal at least one-

third longer, or better (1) (deBraga and Rieppel, 1997, from Rieppel, 1994 #4). 

13, Shape of cranial margin of nasal at midline. Strongly convex with anterior 

process (0) or ttansverse with little convexity (1) (Dilkes, 1998). 

18. Ratio of lengtiis of nasal and frontal. < 1.0 (0) or >1.0 (1) (Dilkes, 1998). 

5, Nasals shorter (0) or longer (1) tiian frontal(s) (Rieppel, 1998). 

49. Nasal tapering anteromedially - (0) no (1) yes (Jalil, 1997; Peters, 2000). 

61. Nasals longer dian die frontals - (0) no (1) yes (Jalil, 1997; Peters, 2000). 

extemal naris 

erdarged nares (for Pterosauria; Gauthier, 1984). 

relatively large extemal nares (for Sauropodomorpha, Gauthier, 1984). 

CI. Nares elongate and close to midline (for Archosauromorpha) (Benton, 1985). 

M2. Single median naris (for Rhynchosauria) (Benton, 1985). 

(b), (c) nares confluent (Benton and Clark, 1988). 

G17. nares elongated and close to midhne (Evans, 1988). 

N2. extemal nares are placed posteriorly (Evans, 1988). 

01 . extemal nares confluent, no median dorsal process on premaxilla (Evans, 

1988). 

PL confluent nares (Evans, 1988). 

nares elongate and close to die midline (for Archosauromorpha) (Benton, 1990). 

F2. single median naris (Evans, 1988). 

P. Principal orientation of extemal naris and orbit: lateral (0); dorsal (1) (for 

Parasuchia, Sereno, 1991). 

8. Extemal nares longer tiian antorbital fenestta: no (0) or yes (1) (Heckert and 
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Lucas. 1999, from Long and Murry, 1995), 

13. External nares. States: 0 = rounded and well separated by processes of the 

premaxillae and nasals; 1 = elongate and close to midline (Bennett, 1996). 

6, Extemal nares exposure: dorsal process of premaxilla broad restricting nares to a 

lateral exposure (0); dorsal process narrow resulting in dorsal exposure of nares (1) 

(deBraga and Rieppel, 1997). 

7. Extemal nares: separated by inttanarial bar of premaxilla (0); confluent (1) 

(deBraga and Rieppel, 1997). 

10. Extemal nares. Separate (0) or smgle, medial naris (I) (Dilkes, 1998). 

11. Extemal nares location. Marginal (0) or close to midline (1) (Dilkes, 1998). 

12. Extemal nares shape. Rounded (0) or elongate (1) (Dilkes, 1998). 

26. Extemal naris elongated anteroposteriorly and close to the midline - (0) no (1) 

yes (JaUl, 1997; Peters, 2000). 

prefrontal 

II) Prefrontal-nasal suture trends anterolaterally (for Lepidosauromorpha; 

Gaudiier, 1984). 

68) Prefrontal reduced or absent (for Maniraptora, Gauthier, 1986). 

(c) prefrontal pillar meets palate (Benton and Clark, 1988). 

(1) loss of broad transverse flange at top of prefrontal (Benton and Clark, 1988). 

(2) prefrontal pillar contact with palatine robust (Benton and Clark, 1988). 

P3. long prefrontals meet in midline, separate nasals from frontals (Evans, 1988). 

125. Prefrontals. Separate along midline (0) or meet along midline (I) (Dilkes, 

1998). 

20. Prefrontal/palatine antorbital contact: narrow forming less than 1/3 the 

ttansverse distance between the orbits (0); contact broad forming at least 1/2 the distance 
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between the orbits (1) (deBraga and Rieppel, 1997, modified from Laurin and Reisz, 1995 

#6 and #7). 

10. The prefrontal and postfrontal are separated by the frontal along the dorsal 

margin of the orbit (0). or a contact of prefrontal and postfrontal excludes the frontal from 

the dorsal margin of the orbit (1) (Rieppel. 1998). 

1. Prefrontal-nasal suture - (0) oriented anteroposteriorly parallel to intemasal 

suture (1) anterolaterally directed (Jalil, 1997; Peters, 2000). 

5. Descending process of prefrontal absent (0) or present (I) (Olsen et al., 2001). 

6. Descending process of prefrontal not contacting palate (0) or contacting palate 

(1) (Olsen etal., 2001). 

7. Prefrontal not underlying anterolateral edge of frontal to a significant degree (0) 

or with distinct posterior process underlying frontal dorsal to orbit (1) (Olsen et al., 

2001). 

palpebral 

ossified palpebral cartilage above orbit (for Omithischia, Gaudiier, 1984). 

(m) two large palpebrals are present (Benton and Clark, 1988). 

(b) smgle palpebral ossification (Benton and Clark, 1988). 

frontal 

2) Temporal musculattire extends onto frontal (for Saurischia, Gauthier, 1986). 

(b) frontals fused (Benton and Clark, 1988). 

extension of adductor musculattire onto frontal (1) (Sereno and Novas, 1992). 

8. Temporal musculattire: not extended onto frontal (0), or extended onto frontal 

(I) (Novas, 1993). 

frontal participation in supratemporal fossa (for Dinosauria) (Sereno et al, 1993). 
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3, Fronto-parietal suture: interdigitating (0); straight (1) (Benton and Allen, 1997). 

19. Ratio of lengths of frontals and parietals. >1.0 (0) or < 1.0 (1) (Dilkes, 1998). 

20. Shape of dorsal surface of frontal next to sutures with postfrontal and parietal. 

Flat to slightly concave (0) or longitudinal depression with deep pits is present (1) 

(Dilkes, 1998). 

5, Lateral margins of frontals straight resulting in a parallelogram shape (0) or 

lateral margins constticted above orbit (1) creating an hour-glass shape (deBraga and 

Reisz, 1995). 

25. Frontal posterolateral processes: absent (0); present (1) (deBraga and Rieppel 

1997; from Rieppel, 1994 #12) 

27. Frontal morphology: parallelogreim shaped (0); hour-glass shaped (1) (deBraga 

and Rieppel, 1997). 

14. Frontal(s) paired (0) or fused (1) in the aduk (Rieppel, 1998). 

15. Frontal(s) -without (0) or with (1) distinct posterolateral processes (Rieppel, 

1998). 

16. Frontal widely separated from the upper temporal fossa (0), narrowly 

approaches the upper temporal fossa (1), or enters the anteromedial margm of die upper 

temporal fossa (2) (Rieppel, 1998). 

9. Dorsal surface of frontal flat (0) or widi longitudinal ridge along midline (I) 

(Olsenetal, 2001). 

postfrontal 

31) Postfrontals reduced (Gauthier, 1984). 

116) Postfrontal absent (for Omithotarsi, Gauthier, 1984). 

loss of postfrontal (for Crocodylomorpha; Gauthier, 1984). 

21) Postfrontal absent (for Crocodylomorpha, Gauthier, 1986). 
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17) Postfrontal absent (Lagosuchus'?; also in crocodylomorphs) (for Omithodira, 

Gaudiier. 1986). 

9. Postfrontal. Present (0) or absent (1) (Gauthier et al., 1988b). 

10. Postfrontal. Large (0) or small (1) (Gauthier et al., 1988b). 

D4. postfrontal reduced [(0) unreduced (1) reduced] (Evans, 1988; Peters, 2000). 

Ml. postfrontal enters upper temporal fenestra, loss of postorbital/parietal 

contact (Evans, 1988). 

loss of postfrontal (Benton and Clark, 1988). 

(a) or (b) postfrontal absent (Benton and Clark, 1988). 

post-frontal reduced (for Archosauria) (Benton, 1990). 

2, Postfrontal: present (0), absent (1) (Sereno and Arcucci, 1990). 

postfrontal absent (for Dinosauria) (Sereno et al., 1993). 

11. Postfrontal: present (0); absent (I) (Sereno and Novas, 1992, 1993) 

10. Postfrontal bone: present (0); absent (I) (Novas, 1993). 

16. Postfrontal: present (0); absent (1) (Juul, 1994). 

16. Postfrontal: present (0); absent (I) (Novas, 1996). 

33. Postfrontal. States: 0 = large; 1 = reduced; 2 = absent (Bennett, 1996). 

7. Postfrontal dimensions: substantial tripartite element (0); short element lacking 

clear processes (1) (Benton and Allen, 1997). 

29. Postfrontal contribution to upper temporal fenestra: postfrontal excluded (0); 

postfrontal included (1) (deBraga and Rieppel, 1997, modified from Rieppel, 1994 #10). 

21. Shape of dorsal surface of postfrontal. Flat or slightly concave towards raised 

orbital rim (0) or depression present with deep pits (I) (Dilkes, 1998). 

24. Postfrontal. Excluded from upper temporal fenestra (0) or entering upper 

temporal fenestta (I) (Dilkes, 1998). 

8. Postfrontal present (0) or absent (1) (Olsen et al., 2001). 
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parietal 

2) Adductor musculattire extends onto dorsal surface of parietal table during 

ontogeny (for Sauria. Gaudiier, 1984). 

fused parietals (for Crocodylia; Gauthier, 1984). 

fused parietals (for Omidiischia, Gauthier, 1984). 

M3. Fused parietals (for Rhynchosauria) (Benton, 1985). 

C8. venttomedial flanges on parietal (Evans, 1988). 

K17. narrow parietal (Evans, 1988). 

K29. narrow parietal (Evans, 1988). 

LI. fused parietals (Evans, 1988). 

L2, ttansverse fronto-parietal suture (Evans, 1988). 

(bb) parietal relatively narrow on occiput, squamosal relatively wide (Benton and 

Clark, 1988). 

(b) parietals fused (Benton and Clark, 1988). 

(i) parietal lacks broad occipital portion (Benton and Clark, 1988). 

Parietals send caudal processes onto the occiput (for unnamed group 8) (Benton, 

1990). 

11. Length of parietal: long (0) or short (1) (Heckert and Lucas, 1999, from Long 

and Murry, 1995). 

12. Posterior margin of parietal: unmodified (0) or modified to receive paramedian 

scutes (I) (Heckert and Lucas, 1999, from Long and Murry, 1995). 

34. Parietals. States: 0 = do not send caudal processes onto occiput; 1 = send 

caudal processes onto occiput which meet the supraoccipital (Bennett, 1996). 

25. Median contact of parietals. Suture present (0) or parietals fused with loss of 

suttire (1) (Dilkes, 1998). 
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26. Parietal table. Broad (0), constticted without sagittal crest (1) or sagittal crest 

present (2) (Dilkes, 1998), 

28, Shape of median border of parietal. Level with skull table (0) or drawn 

downwards to fomi \enttolateral flange (I) (Dilkes, 1998). 

6. Dorso-lateral margins of parietal not excavated (0) or excavated (1) for adductor 

musculature (deBraga and Reisz, 1995). 

48. Parietal shelf for adductor musculature: absent (0); present as shallow 

excavations on the lateral margins of the parietal (1) (deBraga and Rieppel, 1997, from 

deBraga and Reisz, 1995 #6). 

47. Parietal skull table: broad with the mid-line, ttansverse, width not less than 

half of the length measured along the element's midline (0); constricted with the length 

exceeding the width by at least three times (1); forming sagittal crest (2) (deBraga and 

Rieppel, 1997, modified from Rieppel, 1994 #16). 

17. Parietal(s) paired (0), fused in their posterior part only (1), or fully fused (2) 

in aduh (Rieppel, 1998). 

19. Parietal skull table broad (0), weakly constricted (1), strongly constricted (2) 

or forming a sagittal crest (3) (Rieppel, 1998). 

20. Temporal muscles on parietal table. Originate venttolaterally (0) or 

dorsolaterally (I) (Gautiiier et al., 1988b). 

15. In presumed adults, parietals separate (0), interparietal suture partially 

obliterated (1), or interparietal suture absent (2) [ordered] (Olsen et al., 2001). 

16. Posteroventtal edge of parietals extends more than half the width of occiput 

(0) or less than half the width of occiput (1) (Olsen et al., 2001). 

17. Medial extent of supratemporal fossa on lateral surface of parietal separated 

on midline by broad, flat area (0) or by "sagittal crest" (which may be divided by 

interparietal suture) (I) (Olsen et al., 2001). 
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18. Occipital margin of parietals V-shaped in dorsal view (0) or straight (1) (Olsen 

et al., 2001). 

parietal foramen 

3) Parietal foramen reduced or absent [= 1, present = 0] (for Archosauromorpha 

Gaudiier, 1984). 

16. Parietal foramen. Present (0) or absent (1) (Gaudiier et al., 1988b). 

17. Parietal foramen. Large (0) or small (I) (Gautiiier et al, 1988b). 

K2. Parietal foramen absent (for Archosauria 3) (Benton, 1985). 

N2. Parietal foramen absent (for Rhynchosauroidea) (Benton, 1985). 

G2. pmeal foramen reduced or absent (Evans, 1988). 

02. parietal foramen lost or at fronto-parietal suture (Evans, 1988). 

pineal foramen reduced or absent (for Archosauromorpha) (Benton, 1990). 

Parietal foramen absent (for unnamed group 6) (Benton, 1990). 

6. Foramen (0), fossa (I) or neither (2) for pineal present on skull table (Parrish, 

1993). 

13. Pineal foramen present (0), absent (1) (Parrish, 1992). 

23. Depression in pineal region present (0), absent (I) (Parrish, 1992). 

14. Parietal foramen. States: 0 = large; 1 = small; 2 = absent. (Bennett, 1996). 

4. Pineal foramen: present and relatively large (0); reduced or absent (1) (Benton 

and Allen, 1997). 

11. Parietal foramen: present (0), absent (I) (Juul, 1994). 

27. Parapmeal foramen. Present (0) or absent (I) (Dilkes, 1998). 

49. Pineal foramen position: located in the middle of die body from the parietal 

(0); displaced posteriorly (1); displaced anteriorly (2); absent (3) (deBraga and Rieppel, 

1997, from Rieppel, 1994 #15). 
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18. Pineal foramen close to the middle of the skull table (0), is displaced 

posteriorly(l), is displaced anterioriy (2), or is absent (3) (Rieppel, 1998). 

6. Pineal fossa (absent = 0, present = 1). This character was first employed by 

Parrish (1992) (Gower and Sennikov,, 1997). 

postparietal (dermal supraoccipital") 

34) Postparietals fused into a single median element, or development of 

neomorphic dermal supraooccipital (Gauthier, 1984). 

discrete postparietal confined to juvenile or earlier stages of development (for 

Pseudosuchia; Camp 1930, from Gauthier, 1984). 

4) Discrete postparietal confined to early juvenile or prehatching ontogenetic 

stages (for Pseudosuchia, Gauthier, 1986). (also in omithosuchians aside from Euparkeria) 

no separate postparietal at any time in postnatal development (for Pseudosuchia; 

Gaudiier, 1984). 

7) no separate postparietal at any time in posthatching ontogeny (for 

Pseudosuchia2, Gauthier, 1986). 

7) Discrete postparietal absent in post-hatching ontogeny (for 'Omithosuchia', 

Gauthier, 1986). ( Lagosuchus?; also m pseudosuchians) 

91) Loss of postparietal (Gauthier, 1984). 

13) Loss of postparietals (for Lepidosauromorpha; Gauthier, 1984). 

22. Postparietal. Paired (0) or fused (1) (Gautiiier et al., 1988b). 

LI. Postparietals absent (for higher Archosauria) (Benton, 1985). 

D3. postparietals retained but fused [(0) not fused (I) fused](Evans, 1988; Peters, 

2000). 

J4. no postparietals (Evans, 1988). 

P5. no postparietals (Evans, 1988). 
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discrete postparietal and exoccipitals absent beyond juvenile stages of 

development postparietals fused or absent (for Archosauria) (Benton, 1990). 

22, Postparietals: unfused (0), fused (1), or absent (2) (Juul, 1994). 

35, Postparietals States: 0 = paired; 1 = fused into single median element; 2 = 

absent (Bennett, 1996), 

29. Postparietal. Present (0) or absent (1) (Dilkes, 1998). 

52, Postparietal: present and paired (0); present but fiised (I); absent (2) (deBraga 

and Rieppel. 1997, from Laurin and Reisz, 1995 #4). 

20. Postparietals present (0) or absent (1) (Rieppel, 1998). 

3. Postparietal - (0) large (1) small (Jahl, 1997; Peters, 2000). 

14. Postparietals absent (0) no (1) yes (Jalil, 1997; Peters, 2000). 

supratemporal 

41) Supratemporal bones absent (Gauthier, 1984). 

23, Supratemporal, Present (0) or absent (1) (Gauthier et al., 1988b). 

J3. Loss of supratemporal (for Archosauria 2) (Benton, 1985). 

01 . Loss of supratemporal (for Rhynchosauridae) (Benton, 1985). 

(c) supratemporal fenestrae larger than orbits (Benton and Clark, 1988). 

Loss of the supratemporal (for unnamed group 5) (Benton, 1990). 

LI4. supratemporal (when present) lies deep (Evans, 1988). 

03. absence of supratemporal (Evans, 1988). 

P4. no supratemporal (Evans, 1988). 

36. Supratemporals. States: 0 = present; 1 = absent (Bennett, 1996). 

7. Supratemporals (present = 0, absent = I) (Gower and Sennikov,, 1997). 

13.Supratemporal: present (0); absent (1) (Benton and Allen, 1997). 
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53, Supratemporal: present and large with its transverse dimension nearly equal to 

its parasagittal dimension (0); present but reduced so that its transverse dimension is less 

tiian half of its parasagittal dimension (1); absent (2) (deBraga and Rieppel, 1997), 

22, Supratemporals present (0) or absent (1) (Rieppel, 1998), 

upper temporal fenestta (supratemporal fenestra^ 

32) Upper temporal fenestra reduced in size, directed dorsally, and barely visible 

in lateral view (Gauthier, 1984). 

35. Upper temporal fenestta. Absent (0), large (1) or small (2) (Gauthier et al., 

1988b). 

36. Upper temporal fenestra. Absent (0), dorsolaterally (1), or dorsally (2), 

oriented (Gautiiier et al., 1988b). 

Upper temporal opening small or closed (for living Crocodylia) (Benton, 1985). 

Al. upper temporal fenestra (Evans, 1988). 

N4. upper temporal fenestra sht-like or obliterated (Evans, 1988). 

Supratemporal fenestta [present] (for Diapsida) (Benton, 1990). 

4. Supratemporal depression: less than (0), or equal to or greater than (1) the area 

of supratemporal opening (Sereno and Novas, 1993). 

10. Position of supratemporal fenestra: dorsally exposed (0) or lateral (1) (Heckert 

and Lucas, 1999, from Long and Murry, 1995). 

44. Upper temporal fenestra. States: 0 = large and facing dorsolaterally; 1 = 

reduced in size, directed dorsally, and barely visible m lateral view (Bennett, 1996). 

3. Upper temporal fenestra. Oval in outiine and not elongated caudally (0) or 

elongated caudally with inner surface of parietal and squamosal facmg dorsally (I) 

(Dilkes, 1998). 

7. Upper temporal fenestra absent (0) or present (1) (deBraga and Reisz, 1995). 
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temporal region (including skull table) 

characteristic modifications of the bones surrounding the temporal region 

consequent to changes in the temporal musculature (resulting in appearance of the upper 

and lower temporal fenestta) (for Diapsida, Reisz 1981; Gauthier, 1984). 

(o) 'skull table' in temporal region with nearly flat dorsal surface (Benton and 

Clark, 1988). 

8. Temporal musculature: not extended onto frontal (0), or extended onto frontal 

(1) (Novas, 1993). 

20. Temporal musculature: not extended (0), or extended anterioriy (1) onto skull 

roof (Novas, 1996). 

Posterior elements and features of cranium 

occipital (occiput) 

I. Occiput orientation: 50 degrees (0) or only 20 degrees (1) above die horizontal 

(for Riojasuchus, Sereno, 1991). 

M. Occiput dimensions: height twice width (0); height subequal or less dian half 

widtii (1) (for Parasuchia, Sereno, 1991). 

36. Occipital crest absent (0) or present (1) (Rieppel, 1998). 

post-temporal fenestra 

33) Post-temporal fenestrae reduced (Gauthier, 1984). 

small post-temporal fenestta (for Crocodylomorpha; Gaudiier, 1984). 

25) Post-temporal fenestta very small (for Crocodylomorpha, Gauthier, 1986). 

(analogous modification achieved by separate means within Omidiosuchia) 
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D3. post-temporal fenestrae small or absent (for Prolacertiformes + Archosauria) 

(Benton, 1985). 

(c) post-temporal fenestta small or absent (Benton and Clark, 1988). 

41, Post-temporal fenestta. Small (0), large (1) or medium (2)-sized in adults 

posttemporal fenesttae small or absent (for unnamed group 3 (Benton, 1990). 

reduction of die posttemporal opening to a foramen (1) (Sereno and Novas, 1992). 

24. Partial (0) or entire (1) posterior border of lateral temporal fenestra is made up 

by die ascending process of the quadratojugal (Benton and Clark 1988; taken from 

Parrish,I993). 

14. Size of post-temporal opening: fenestta (0); foramen (1) (Sereno and Novas, 

1993). 

II. Post-temporal perforation: fenestra (0); foramen (1) (Novas, 1993). 

post-temporal opening reduced to a foramen (for Dinosauria) (Sereno et al., 1993). 

15. Posttemporal fenestra. States: 0 = relatively large; 1 = small or absent 

(Bennett, 1996). 

17. Size of post-temporal openmg: fenestra (0); foramen (1) (Novas, 1996). 

53. Post-temporal fenestra. Large (0) or small (1) (Dilkes, 1998). 

65. Post-temporal fenestra small or absent - (0) no (1) yes (Jalil, 1997; Peters, 

2000). 

tabular 

8) Tabulars absent (for Archosauromorpha, Gautiiier, 1984). 

12) Loss of tabulars (for Lepidosauromorpha; Gauthier, 1984). 

C4. Loss of tabulars (for Archosauromorpha) (Benton, 1985). 

25. Tabular. Present (0) or absent (1) (Gauthier et al., 1988b). 

tabulars absent (for Archosauromorpha) (Benton, 1990). 
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G4. loss of tabulars (Evans, 1988), 

J3. no tabulars (Evans, 1988). 

6. Tabulars. States: 0 = present; 1 = absent (Bennett, 1996). 

30. Tabular. Present (0) or absent (1) (Dilkes, 1998). 

55. Tabular: present but restricted to dorsal region of occiput (0); present but 

\entrally elongate descending to level of occipital condyle (1); absent (2) (deBraga and 

Rieppel. 1997). 

21. Tabulars present (0) or absent (1) (Rieppel, 1998). 

2. Tabular - (0) present (I) absent (Jahl, 1997; Peters, 2000). 

quadrate 

1) Quadrate exposed m lateral view (for Sauria, Gaudiier, 1984). 

22) Adductor chamber enlarged, so that quadrate extends further ventrally 

(Gautiuer, 1984). 

quadrate and quadratojugal inclined forward dorsally (for Crocodylomorpha; 

Gaudiier, 1984). 

20) Quadrate contacts prootic (for Crocodylomorpha, Gauthier 1984, 1986) 

quadrate and pterygoid broadly sutured (for Crocodylia; Gauthier, 1984). 

pneumatic quadrate (for Crocodylia; Gauthier, 1984). 

quadrate articulates dorsally with laterosphenoid (for Crocodylia; Gauthier, 1984). 

quadrate sutured to squamosal (for Crocodylia; Gauthier, 1984). 

quadrate elongate and massive (for Omithischia, Gautiiier, 1984). 

distal condyle of quadrate transversely wider than mandibular condyle (for 

Omithischia, Gautiiier, 1984). 

4) Prominent lateral conch on quadrate for support of tympanum (for 

Lepidosauromorpha; Gauthier, 1984). 
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5) Quadrate bowed in lateral view (for Lepidosauromorpha; Gauthier, 1984). 

6) Adductor chamber enlarged and quadrate extends well below level of occipital 

condyle (for Lepidosauromorpha; Gaudiier, 1984). 

22. Quadrate covered by squamosal and quadratojugal (0), or exposed laterally (1) 

(Gaudiier, Kluge and Rowe. 1988a) 

62. Quadrate. Covered by squamosal (0), or exposed (1), laterally (Gauthier et al., 

1988b). 

70. Craniomandibular joint: Even with occiput (0), or posterior (1), or anterior (2), 

to occiput (Gautiiier et al., 1988b). 

F2. Quadrate partially stteptostylic (for Prolacertidae + Tanystropheidae) 

(Benton, 1985). 

CI4. quadrate notched or emarginated (Evans, 1988). 

GI6. quadrate tall, more than half height of lower temporal fenestra (Evans, 1988). 

K23. reduction in quadrate/quadratojugal conch (Evans, 1988). 

CI 1, quadrate exposed m lateral view 

L7. greatly reduced quadrate/pterygoid overlap (Evans, 1988). 

(f) primary contact of quadrate head with prootic (Walker 1972) (Benton and 

Clark, 1988). 

(n) dorsal head of quadrate contacts laterosphenoid (Benton and Clark, 1988). 

64. Head of quadrate in lateral aspect: exposed (0); not visible (I) (Juul, 1994). 

great anterior extent of quadrate beneath squamosal (Benton and Clark, 1988). 

(k) quadrate hollow, widi several fenestrae m dorsal surface (Benton and Clark, 

1988). 

(d) cranio-quadrate canal (for tempero-orbital vein, seventh cranial nerve) enclosed 

by quadrate, otoccipital, and squamosal (Benton and Clark, 1988). 

(a) fenesttae in quadrate reduced in number (Benton and Clark, 1988). 
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(b) posterior edge of quadrate strongly concave dorsal to otoccipital contact 

(Hecht and Tarsitano 1983) (from Benton and Clark. 1988), 

tall quadrate (for Archosauromorpha) (Benton, 1990), 

13, Lateral exposure of quadrate head: hidden by squamosal (0); laterally exposed 

(1) (Sereno and Novas, 1992, 1993) 

12, Quadrate head: laterally hidden by the squamosal (0); laterally exposed below 

the squamosal (1) (T^ovas, 1993). 

quadrate head exposed laterally (for Dinosauria) (Sereno et al., 1993). 

34, Quadrate lateral exposure: absent (0); present (I) (Laurin and Reisz, 1995). 

10. Quadrate not exposed in lateral aspect behind squamosal (0) or exposed (1) 

(deBraga and Reisz, 1995). 

8. Venttal extent of quadrate. States: 0 = not much below the level of the braincase 

so the adductor chamber is small; 1 = further below braincase so that the adductor 

chamber is erdarged (Bermett, 1996). 

9. Metakinetic skull. States: 0 = absent; 1 = present (Bennett, 1996). 

18. Lateral exposure of quadrate head: hidden by squamosal (0); laterally exposed 

(1) (Novas, 1996). 

36. Quadrate. Covered laterally (0) or exposed laterally (1) (Dilkes, 1998). 

37. Quadrate emargination. Absent (0), present without conch (1) or present with 

conch (2) (Dilkes, 1998). 

38. Quadrate excavation: absent along posterior edge (0); posterior edge deeply 

excavated forming a concave region (1); quadrate greatly reduced (2) (deBraga and 

Rieppel, 1997, modified from Rieppel, 1994 #29). 

39. Quadrate exposure laterally: absent (0); present (1) (deBraga and Rieppel, 

1997, from Rieppel, 1994 #30). 
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40. Quadrate lateral conch: absent (0); present (I) (deBraga and Rieppel, 1997, 

from Rieppel, 1994 #31). 

37. Quadrate with straight posterior margin (0) or quadrate shaft deeply excavated 

(concave) posterioriy (1) (Rieppel, 1998). 

38. Quadrate covered by squamosal and quadratojugal in lateral view (0), or 

quadrate exposed in lateral view (1) (Rieppel, 1998). 

40. Lateral conch on quadrate absent (0) or present (1) (Rieppel, 1998). 

5. Quadrate - (0) not emarginated (1) emarginated (Jalil, 1997; Peters, 2000). 

16. Prominent lateral conch on the quadrate - (0) no (1) yes (Jalil, 1997; Peters, 

2000). 

14. Quadrate does not contact prootic (0) or contacts prootic (1) (Olsen et al., 

2001). 

quadrate foramen 

(2) quadrate foramen absent between quadrate and quadratojugal (from Benton 

and Clark, 1988). 

prootic 

(d) prootic does not broadly contact anterior surface of paroccipital process 

(Benton and Clark, 1988). 

(h) mastoid antrum enters into prootic (Benton and Clark, 1988). 

24. Ridge on lateral surface of inferior anterior prootic process below ttigeminal 

foramen. Present (0) or absent (1) (Gower and Sennikov, 1997, from Gower and 

Sennikov, 1996). 

27. Prootic midline contact on endocranial cavity floor. Absent (0) or present (1) 

(Gower and Sennikov, 1997, from Gower and Sennikov, 1996). 
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26, Crista prootica outline simply curved (0) or sinusoidal (I) (Gower and 

Sennikov. 1997, from Gower and Sennikov. 1996), 

67. Prootic/parietal contact: absent (0); present (1) (deBraga and Rieppel, 1997), 

47. Lateral surface of prootic. Continuous and slightly convex (0) or crista 

prootica present (1) (Dilkes, 1998). 

48. Anterior inferior process of prootic. Absent (0) or present (1) (Dilkes, 1998). 

70. Crista prootica - (0) absent (1) present (Jalil, 1997; Peters, 2000). 

20. Prootic broadly contacting anterior surface of paroccipital process (0) or not in 

broad contact (I) (Olsen et al., 2001). 

21. Depression for mastoid anttnm: absent (0), present on lateral surface of 

prootic dorsal to otic capsule (1), or entering into prootic and connecting with opposite 

tiirough supraoccipital (2) [ordered] (Olsen et al., 2001). 

supraoccipital 

(1) mastoid antrum extends through supraoccipital (Benton and Clark, 1988). 

54. Supraoccipital. Plate-like (0) or pillar-like (I) (Dilkes, 1998). 

56. Supraoccipital: plate-like with no sagittal crest (0); body of supraoccipital 

constricted at midline fomiing sagittal crest (1) (deBraga and Rieppel, 1997, modified 

from #55 of Laurin and Reisz, 1995). 

35. Supraoccipital exposed more or less vertically on occiput (0), or exposed more 

or less horizontally at posterior end of parietal skull table (1) (Rieppel, 1998). 

otoccipital 

(a) otoccipital contacts ventromedial part of quadrate to enclose carotid artery and 

form passage for cranial nerves IX-XI (Benton and Clark, 1988). 

(e) otoccipitals broadly meet dorsal to foramen magnum Benton and Clark, 1988). 
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(a) venttolateral contact of otoccipital with quadrate relatively broad (Busbey and 

Gow. 1984) (from Benton and Clark, 1988), 

(c) canal for cranial nerves IX-XJ situated well within otoccipital (Benton and 

Clark, 1988). 

(d) cranio-quadrate canal (for tempero-orbital vein, seventh cranial nerve) enclosed 

by quadrate, otoccipital. and squamosal (Benton and Clark, 1988). 

(e) cranioquadrate canal bordered by very broad contact of squamosal, quadrate, 

and otoccipital (Benton and Clark, 1988). 

(3) complete fusion of exoccipital and opisthotic (Benton and Clark, 1988). 

(d) N'enttolateral part of otoccipital greatly reduced in size (Benton and Clark, 

1988). 

foramina for nerve IX and nerves X-XI separate in otoccipital (Benton and Clark, 

1988). 

(a) fenesttae in quadrate reduced in number (Benton and Clark, 1988). 

(b) posterior edge of quadrate strongly concave dorsal to otoccipital contact 

(Hecht and Tarsitano, 1983) (from Benton and Clark, 1988). 

exoccipital 

76) Exoccipital fiised to opistiiotic early in post-hatching development (Gauthier, 

1984). 

80. Exoccipital. Separate (0), or fused with opisthotic (1), in aduh (Gautiiier et al., 

1988b). 

4. Exoccipital-opisthotic: suturally distinct (0), fused (1) (Sereno and Arcucci, 

1990). 

21. Exoccipital and opisthotics: discrete (0); fiised (1) (Juul, 1994). 
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37. Exoccipital and opisthotic. States: 0 = remain separate; 1 = fuse early in post-

hatching ontogeny (Bennett, 1996), 

35. Medial margin of exoccipitals. Do not make contact (0), make contact for 

majorit)- of their length (1) or meet anteriorly, but diverge posteriorly (2) (Gower and 

Sennikov, 1997, from Gower and Sennikov, 1996). 

34. Exoccipitals do (0) or do not (1) meet dorsal to the basioccipital condyle 

(Rieppel, 1998). 

19. Exoccipitals broadly separated dorsal to foramen magnum (0), approach 

midline without contacting (1), or contacting below supraoccipital (2) [ordered] (Olsen et 

al.,200I). 

mastoid antrum 

(1) mastoid antrum extends through supraoccipital (Benton and Clark, 1988). 

21. Depression for mastoid antmm: absent (0), present on lateral surface of 

prootic dorsal to otic capsule (1), or entering into prootic and connecting with opposite 

dirough supraoccipital (2) [ordered] (Olsen et al., 2001). 

basioccipital 

51) Secondary ossification centers form on ends of all long bones and in several 

muscle attachments, such as those inserting upon retroarticular process, neural arches, 

basioccipital ttibera, posterior end of the ilium and several other points on die pelvis, as 

well as in the knee and elbow joints (for Lepidosauromorpha; Gautiiier, 1984). 

(e) basioccipital tubera large (Benton and Clark, 1988). 

37. Foramen at basioccipital/basisphenoid junction absent (0) or present (1) 

(Panish, 1993). 
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63, Basioccipital/basisphenoid relationship: floor of braincase with gap between 

botii elements (0); elements fused to floor brain cavity (1) (deBraga and Rieppel, 1997, 

from Lee, 1993 #A5), 

24, Basipter>goid processes of basisphenoid present (0) or absent (1) (Olsen et 

al,.2001). 

25, Basipterygoid processes simple, without large cavity (0) or greatiy expanded, 

witii large cavity (1) (Olsen et al.. 2001). 

occipital condyle 

Formation of a median hypocentral occipital condyle (for living Lepidosauria) 

(Benton, 1985), 

P2, Occiput condyle set well forward of the quadrates (for Rhynchosaurinae) 

(Benton, 1985). 

82. Occipital condyle, Exoccipitals in contact on condyle mid-dorsally (0) or not 

m ontact (1) (Gauthier et al., 1988b). 

83. Occipital condyle. Basioccipital forms part (0), or most (1), or none (2), of 

condyle (Gautiiier et al, 1988b). 

51. Position of occipital condyle. Even with craniomandibular joint (0), cranial to 

craniomandibular jomt (I) or caudal to craniomandibular joint (2) (Dilkes, 1998). 

66. Occipital condyle anterior to craniomandibular joint - (0) no (I) yes (Jalil, 

1997; Peters, 2000). 

opisthotic 

77.0pisthotic. Paroccipital process tapering (0) or expanded (1) distally (Gauthier 

etal, 1988b). 
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78. Opistiiotic. Paroccipital process extending laterally (0) or posteriorly (I) 

(Gautiiier etal.. 1988b). 

(3) complete fusion of exoccipital and opisthotic (Benton and Clark, 1988). 

23, Venttal ramus of the opisthotic. Prominent (0) or recessed (1) (Gower and 

Sennikov, 1997. from Gower and Sennikov. 1996), 

32, "Pseudolagenar recess" between ventral surface of the ventral ramus of the 

opistiiotic and die basal tubera. Present (0) or absent (1) (Gower and Sennikov, 1997, 

from Gower and Sennikov, 1996), 

66, Opisthotic/cheek contact: not in contact (0); in contact and tightly sutured (1) 

(deBraga and Rieppel, 1997, from Lee, 1993 #A3), 

46, Club-shaped ventral ramus of opisthotic. Absent (0) or present (1) (Dilkes, 

1998). 

paroccipital process of opisthotic 

11) Paroccipital process of opisthotic contacts suspensorial region of skull (for 

Archosauromorpha, Gauthier, 1984). 

43) Paroccipital process expanded distally in vertical plane (Gauthier, 1984). 

15) Paroccipital process of opisthotic contacts quadrate (for Lepidosauromorpha; 

Gautiuer, 1984). 

G5. paroccipital process touches suspensorium (Evans, 1988). 

J6. paroccipital process meets suspensorium (Evans, 1988). 

L8. paroccipital process, supratemporal, and parietal closely associated and 

providing support for head of quadrate (Evans, 1988). 

LIO. paroccipital process distally expanded (Evans, 1988). 

paroccipital process touches suspensorium (for Archosauromorpha) (Benton, 

1990). 
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56. Paroccipital process: vertically broad (0); antero-posteriorly expanded (1); 

narrow (2); tabular, composed of opisthotic (3) (Laurin and Reisz, 1995). 

12. Paroccipital processes of the opisthotic. States: 0 = do not contact the 

suspensorial region of die skull; I = contact the suspensorial region of the skull with 

tapered distal ends; 2 = contact the suspensorial region of the skull with vertically 

expanded distal ends (Bennett. 1996). 

52. Paroccipital process. Ends freely (0) or reaches suspensorium (1) (Dilkes, 

1998). 

14, Paroccipital process not reaching cheek (0) or well ossified and reaching 

suspensorium (1) (deBraga and Reisz, 1995). 

60. Orientation of paroccipital process: extends laterally forming 90° with 

parasagittal plane (0); paroccipital process deflected posterolaterally at an angle of about 

20° from the ttansverse -width of the skull (1); paroccipital process deflected 

dorsolaterally at an angle of nearly 45° (2) (deBraga and Rieppel, 1997). 

31. Occiput with paroccipital process forming the lower margin of the 

posttemporal fossa and extending laterally (0), paroccipital processes trending posteriorly 

(1), or occiput plate-like with no distinct paroccipital process and with strongly reduced 

posttemporal fossae (2) (Rieppel, 1998). 

7. Paroccipital process-suspensorium contact - (0) weak (1) sttong (Jalil, 1997; 

Peters, 2000). 

22. Depression for posterior tympanic recess: absent (0), depression posterior to 

fenestta ovalis on anterior surface of the paroccipital process (1), penetrating prootic and 

paroccipital process (2) [ordered] (Olsen et al, 2001). 

23. Paroccipital process dorsoventrally tall and distinctly expanded distally (0) or 

process narrower dorsoventrally, distal end only slightly expanded (1) (Olsen et al, 

2001). 
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cochlea 

G27, Elongate cochlea present (in ciocodilians. birds and mammals); in 

Pseudosuchia and Ornithosuchia do not appear to exhibit this condition (Gauthier et al, 

1988b). 

G27b Eustachian tube passes "through die cranial base to open by a single 

opening in die roof of die pharynx" (for crocodilians and birds) (Gauthier et al, 1988b). 

Braincase and venttal elements and features of cranium 

Braincase 

Increased ossification of anterior braincase (for Omithopoda, Gauthier, 1984). 

72) Enlargement and elaboration of the dorsal ventricular ridge in the bram 

(Gaudiier, 1984). 

65. Venttal braincase tubera: absent (0); present and restricted to basioccipital (I); 

present, very large, and restticted to basisphenoid (2) (deBraga and Rieppel, 1997, 

modified from #13 m Lee, 1994). 

29. Semilunar depression. Present (0) or absent (I) (Gower and Sennikov, 1997, 

from Gower and Sennikov, 1996). 

34. Number of hypoglossal foramina. Two (0) or one (1) (Gower and Sennikov, 

1997, from Gower and Sennikov, 1996). 

vomer 

35) Vomers reduced (Gautiiier, 1984). 

vomer thin, vertically oriented plate (for Omithischia, Gauthier, 1984). 

41) Vomers elongate, reaching posteriorly at least to level of antorbital fenestra 

(for Dinosauria, Gauthier, 1986). 

14) Vomers fused anteriorly (for Theropoda, Gauthier, 1986). 
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120, Vomerine teetii. Present (0) or absent (1) (Gauthier et al, 1988b). 

LI3. vomerine teeth few or absent (Evans, 1988). 

\omer ttansversely broad, not rod-like (Benton and Clark, 1988). 

40. Secondary palate formed by maxilla and vomer absent (0) or present (I) 

(Parrish. 1993). 

39. Vomers, States: 0 = relatively long and broad; I = reduced (Bennett, 1996). 

38. Contact between vomer and maxilla. Absent (0) or present (1) (Dilkes, 1998). 

66, Vomerine teeth. Present (0) or absent (1) (Dilkes, 1998). 

palatine 

Secondary palate (for living Crocodylia) (Benton, 1985). 

(i) palatines meet along midline total length without diverging posteriorly (Benton 

and Clark, 1988). 

U. Palatine secondary palatal shelves: absent (0); present (I) (for Parasuchia, 

Sereno, 1991). 

V. Postpalatine fenestra size: moderate (0); very small (1) (for Parasuchia, Sereno, 

1991). 

41. Palatobasal articulation present (0) or absent (1) (Rieppel, 1998). 

palatal teeth 

loss of palatal teeth (for Pseudosuchia; Gauthier, 1984). 

92) Loss of palatal teeth (Gauthier, 1984). 

14) Loss of teeth on transverse flange of pterygoid (for Lepidosauromorpha; 

Gautiiier, 1984). 

32) Loss of teeth on parasphenoid (for Lepidosauromorpha; Gauthier, 1984). 

L3. Palatal teeth absent (for higher Archosauria) (Benton, 1985). 
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5) Palatal teeth absent (for Pseudosuchia, Gauthier, 1986). 

8) Palatal teeth absent (for 'Omithosuchia', Gauthier, 1986). 

121.Palatine teeth. Present (0) or absent (1) (Gauthier et al, 1988b). 

Kl. enlarged palatine tootii row, roughly parallel to maxilla (Evans, 1988). 

K12. posterolateral flanges on some palatine teetii (Evans, 1988). 

P6. palatal elements covered by a shagreen of teeth (Evans, 1988). 

palatal teetii absent (for unnamed group 8) (Benton, 1990). 

3. Palatal teetii on vomer, palatine and pterygoid present (0), absent (1) (Sereno 

and Arcucci, 1990) 

I. Palatal teetii (pterygoid, palatine, vomer): present (0); absent (1) (Sereno, 

1991). 

II. Palatal teetii present (0) or absent (1) (Parrish, 1992,1993). 

23. Palatal teetii: present (0); absent (1) (Juul, 1994). 

54. Palatal teetii. States: 0 = present; 1 = absent (Bennett, 1996). 

9. Palatal teeth on palatal ramus of the pterygoid (present = 0, absent =1) (Gower 

and Sennikov,, 1997). 

10. Palatal teeth on the posteroventral ramus of the pterygoid (present = 0, absent 

= 1) (Gower and Sennikov,, 1997). 

67. Palatine teeth. Present (0) or absent (1) (Dilkes, 1998). 

choana 

H2. choanae very long and bones of palate long and narrow (for Prolacertidae) 

(Benton, 1985). 

(c) extremely large choana (Benton and Clark, 1988). 

(a) choana nearly within pterygoid (Benton and Clark, 1988). 

choana entirely withm pterygoid (Benton and Clark, 1988). 
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pleurosphenoid 

14, ?Presence of a pleurosphenoid (for higher Archosauria) (Benton, 1985). 

parasphenoid 

10) Loss of teeth on parasphenoid (for Archosauromorpha, Gauthier, 1984). 

32) Loss of teeth on parasphenoid (for Lepidosauromorpha; Gauthier, 1984). 

D5. extensive participation of the parasphenoid/basisphenoid in the side wall of 

die braincase (for Prolacertiformes + Archosauria) (Benton, 1985). 

CIO. no parasphenoid teeth (Evans, 1988). 

extensive participation of die parasphenoid/basisphenoid in the side wall of the 

braincase (for unnamed group 3) (Benton, 1990). 

28. Parasphenoid rostmm rodlike (0) or a dorsoventrally expanded wedge (1) 

(Parrish, 1993; Juul, 1994: character 70). 

31. Parasphenoid culttiform process. Simple (0) or dorsoventrally constricted 

towards the base (I) (Gower and Sennikov, 1997, from Gower and Seimikov, 1996). 

33. Base of culttiform process of parabasisphenoid. Relatively short 

dorsoventtally (0) or tall, with the dorsal edge extending up between clinoid processes and 

ventral part of cristae prootica (1) (Gower and Sennikov, 1997, from Gower and 

Sennikov, 1996). 

44. Parasphenoid teeth. Present (0) or absent (I) (Dilkes, 1998). 

45. Foramen for entrance of intemal carotid arteries. Lateral wall of braincase (0) 

or venttal surface of parasphenoid (1) (Dilkes, 1998). 

epipterygoid (alisphenoid) 

L6. epipterygoid reduced to slender column (Evans, 1988). 

39. Dorsal wing of epipterygoid broad (0) or narrow (1) (Rieppel, 1998). 
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pterygoid 

14) Loss of teeth on transverse flange of pterygoid (for Lepidosauromorpha; 

Gautiiier, 1984). 

Pterygoid and quadrate tightly applied to the lateral wall of die braincase (for 

living Crocodylia) (Benton, 1985). 

12, Pterygoids meet medially (for higher Archosauria) (Benton, 1985). 

H3. Presence of a midline gap in the palate between the pterygoids and die 

posterior part of die \omers, and a long cultriform process of the parasphenoid mns 

forward in die gap (for Prolacertidae) (Benton, 1985). 

53) Subsidiary fenestta between pterygoid and palatine (for Coelurosauria, 

Gautiiier, 1986). 

54, Pterygoid-parasphenoid behind ttansverse process. Broadly separated (0) or 

appressed and clasping (1) (Gauthier et al, 1988b). 

(d) pterygoid extends dorsally to form ventrolateral edge of trigeminal foramen 

(Benton and Clark, 1988). 

(b) pterygoids fused posterior to choana (Benton and Clark, 1988). 

(2) pterygoid completely surrounds bottom of trigeminal foramen (Benton and 

Clark, 1988). 

(f) pterygoid strongly sutured to quadrate (Benton and Clark, 1988). 

pterygoids meet medially in the palate (for unnamed group 8) (Benton, 1990). 

17. Palatine-pterygoid fenestra: absent (0); present (1) (Sereno, 1991). 

12. Pterygoid-ectopterygoid articular relation: ectopterygoid ventral (0); 

ectopterygoid dorsal (1) (Sereno and Novas, 1993; Novas, 1996). 

12. Ectopterygoid-pterygoid articulation: ectopterygoid ventral to pterygoid (0), 

dorsal to pterygoid (1) (Novas, 1993). 
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45, TransN'crse flange of pterygoid orientation: directed posterolaterally or 

ttansversely (0); directed anterolaterally (I) (Laurin and Reisz, 1995). 

15. Transverse flange of pterygoid orientated ttansversely or postero-laterally (0) 

or oriented antero-laterally (1) (deBraga and Reisz, 1995). 

76. Palatal process of pterygoid: extends anterior to the anterior limit of the 

palatine (0); fomis oblique suture with palatine but process ends before reaching anterior 

limit of palatine (I); forms transverse suture with palatine (2) (deBraga and Rieppel, 

1997). 

77. Orientation of ttansverse flange of pterygoid: directed predominantly laterally 

(0); oriented in an anterolateral direction (1) (deBraga and Rieppel, 1997, from Laurin 

and Reisz, 1995 #45). 

79. Venttal extent of ttansverse flange: extends below maxillary tooth row (0); 

terminates at level of or above maxillary tooth row (1) (deBraga and Rieppel, 1997, from 

Lee, 1995 #14). 

80. Transverse flange lateral margin: posterolateral margin forms sharp edge with 

anteromedial margin (0); posterolateral margm merges smoothly into anteromedial margin 

formmg a smoothly convex lateral outlme (1) (deBraga and Rieppel, 1997). 

126. Pterygoids. Join cranially (0) or remain separate (I) (Dilkes, 1998). 

pyriform recess 

24) A narrow pyriform recess extends forward to separate pterygoids and 

posterior end of vomers (Gauthier, 1984). 

47. Pyriform recess. Extends anteriorly to posterior (0), or nearly to anterior (1), 

ends of palatines (Gauthier et al, 1988b). 
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11. Pyriform recess. States: 0 = broad but confined to posterior margins of 

pterygoids; 1 = narrow and extends forward to separate pterygoids and posterior ends of 

vomers; 2 = reduced, pterygoids meet medially in palate (Bennett, 1996). 

pterygoid teeth 

42) Teetii on transverse process of pterygoids absent (Gauthier, 1984). 

P3. Single row of teetii on tiie pterygoid (for Rhynchosaurinae) (Benton, 1985). 

Q5. No teetii on tiie pterygoid (for Hyperodapedontinae) (Benton, 1985). 

123.Teetii on transverse process of pterygoid. Present (0) or absent (I) (Gauthier 

etal., 1988b). 

CI 3. reduction of pterygoid teeth (Evans, 1988). 

K25. no pterygoid teetii (Evans, 1988). 

J5. no pterygoid flange teeth (Evans, 1988). 

7. Teeth on ttansverse processes of pterygoid: States: 0 = present; I = absent 

(Juul, 1994). 

53. Teeth on ttansverse processes of pterygoids. States: 0 = present; 1 = absent 

(Bennett, 1996). 

16.Pterygoid flange teeth; present (0); absent (I) (Benton and Allen, 1997). 

68. Teeth on palatine ramus of pterygoid. Present in two fields (0), present in one 

field (1), present in tiiree fields (2) or absent (3) (Dilkes, 1998). 

69. Teeth on transverse flange of pterygoid. Single row (0), multiple rows (1) or 

absent (2) (Dilkes, 1998). 

78. Dentition on ttansverse flange: present as a shagreen of teeth (0); present but 

with one large distinct row of teeth along the posterior edge of the ttansverse flange (1); 

edentulous (2) (deBraga and Rieppel, 1997, modified from Laurin and Reisz, 1995 #46). 

58. Teeth on pterygoid flange present (0) or absent (1) (Rieppel, 1998). 
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basipterygoid process 

15) Enlarged, pneumatic, basipterygoid processes (for Pseudosuchia 3, Gauthier 

1984. 1986) 

basipterygoid process sutured to pterygoid (for Crocodylia; Gauthier, 1984). 

(c) basipterygoid processes reduced, basipterygoid joint closed suturally (Benton 

and Clark. 1988). 

43, Orientation of basipterygoid processes. Anterolateral (0) or lateral (1) (Dilkes, 

1998). 

ectopterygoid 

9) Ectopterygoid in more or less broad contact with jugal behind posterior limit of 

maxiha (for Archosauria, Gauthier, 1984). 

54) Deeply excavated pocket on ventral surface of ectopterygoid flange (for 

Coelurosauria, Gauthier, 1986). 

15) Expanded ectopterygoid with ventral fossa (for Theropoda, Gauthier, 1986). 

58. Ectopterygoid-palatine. In contact or nearly so medially (0) or broadly 

separated (1) (Gauthier et al, 1988b). 

ectopterygoid overlapping pterygoid (for Dinosauria) (Sereno et al., 1993). 

48. Ectopterygoid dentition: present (0); absent (I) (Laurin and Reisz, 1995). 

16. Ectopterygoid present and large (0), present but small (1) and restricted to 

lateral margins of palate, or absent (2) (deBraga and Reisz, 1995). 

10. Ectopterygoid. States: 0 = broadly contacts the maxilla and narrowly contacts 

the jugal m venttal view; 1 = more or less broadly contacts jugal behind die posterior limit 

of die maxdia (Bennett, 1996). 
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39. Contact between ectopterygoid and jugal. Restricted with area of contact 

approximately equal to or less dian contact between ectopterygoid and pterygoid (0) or 

ectopterygoid expanded caudally (1) (Dilkes, 1998), 

40, Contact between ectopterygoid and maxilla. Absent (0) or present (1) (Dilkes, 

1998). 

42. Shape of ectopterygoid along suture with pterygoid. Transversely broad (0), 

postero\'enttally elongate and does not reach lateral comer of transverse flange (I) or 

posteroventtally elongate and reaches comer of ttansverse flange (2) (Dilkes, 1998). 

142, Suture between ectopterygoid and pterygoid. Simple overlap of 

ectopterygoid and pterygoid (0) or complex overlap between ectopterygoid and pterygoid 

(1) (Dilkes, 1998). 

46. Ectopterygoid present (0) or absent (I) (Rieppel, 1998). 

basisphenoid 

prominent, vertically expanded, basisphenoid rostrum (for Crocodylia; Gauthier, 

1984). 

(g) pneumatic space in body of basisphenoid (Benton and Clark, 1988). 

(b) basisphenoid rostrum (cultriform process) dorsoventrally expanded (Benton 

and Clark, 1988). 

(a) exposure of basisphenoid on venttal surface of braincase shorter than 

basioccipital (Benton and Clark, 1988). 

(a) basisphenoid vfrtually unexposed on ventral surface of skull (Benton and 

Clark, 1988). 

29. Posteroventrally open trough in basisphenoid by elongated and conjoined 

basipterygoid processes absent (0) or present (1) (Parrish, 1993). 
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9. Medial and lateral processes of basisphenoid absent (0), present (1) (Parrish, 

1992). 

10. Separate basisphenoid plate absent (0), present (1) (Parrish, 1992). 

14. Absence (0) or presence (1) of a deep, hemispherical fontanelle in the bottom 

of the basisphenoid between die basal tubera and basipterygoid processes (Parrish, 1994; 

Heckert and Lucas, 1999 #7). 

25. Basisphenoid horizontally (0) or more vertically (1) oriented (Gower and 

Sennikov, 1997, from Gower and Sennikov, 1996). 

28, Basisphenoid midline exposure on endocranial cavity floor. Present (0) or 

absent (1) (Gower and Sennikov, 1997, from Gower and Sennikov, 1996). 

64. Basi/parasphenoid ratio: narrowest treuisverse width no more than 60% of the 

maximum length measured from basipterygoid process to posteriormost limit (0); 

narrowest part (waist) exceeds 80%) of the length (1) (deBraga and Rieppel, 1997, 

modified from Lee, 1994 #12). 

75. Cultriform process: long, exceeding length of parasphenoid body and reaching 

forward to the level of the posterior lunit of the intemal nares (0); short, not reaching the 

level of die intemal nares (1) (deBraga and Rieppel, 1997, modified from Laurin and 

Reisz, 1995 #52). 

19. Position on basisphenoid of foramina for the intemal carotid artery leading to 

die pittiitary fossa. Ventrayposteroventtal (0) or lateral (1) (Gower and Sennikov, 1997, 

from Gower and Sennikov, 1996). 

20. Horizontal basisphenoid plate. Present (0) or absent (1) (Gower and Sennikov, 

1997, from Gower and Sennikov, 1996). 
68. Parasphenoid-basisphenoid in die side wall of braincase (0) no (1) yes (Jalil, 

1997; Peters, 2000). 
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pila antotica 

69. Pila antotica - (0) absent (1) present (Jalil, 1997; Peters, 2000). 

Vidian canal 

LI2. complete vidian canal (Evans, 1988). 

laterosphenoid 

75) Laterosphenoid (and ?presphenoid) ossifications(s) in the braincase (Gauthier, 

1984). 

71. Laterosphenoid ossification. Absent (0) or present (1) (Gauthier et al, 1988b). 

presence of an ossified latero-sphenoid (for Archosauria) (Benton, 1990). 

1. Laterosphenoid absent (0), present (1) (Parrish, 1992). 

2. Laterosphenoid absent (0), present (1) (Juul, 1992) 

30. Laterosphenoid anterodorsal channel. Absent (0) or present (1) (Gower and 

Sennikov, 1997, from Gower and Sennikov, 1996). 

40. Ossified laterosphenoid. States: 0 = absent; 1 = present (Bennett, 1996). 

50. Laterosphenoid. Absent (0) or present (1) (Dilkes, 1998). 

foramen for uitemal jugular vein 

loss of intemal jugular vein (for Crocodylomorpha; Gauthier, 1984). 

23) Intemal jugular vem absent (for Crocodylomorpha, Gauthier, 1986). 

fenestra pseudorotunda 

fenestra "pseudorotunda" (for Crocodylomorpha; Gauthier, 1984). 
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26) Fenestra "pseudorotunda" present (for Crocodylomorpha, Gauthier, 1986), 

(also appearing at some unknown level within omithischians and theropods) 

eustachian tubes 

(f) eustachian tubes enclosed between basioccipital and basisphenoid (Benton and 

Clark, 1988). 

channel or opening of intemal carotid artery 

7. Foramina for the intemal carotid enter the body of the basisphenoid ventral to 

(0) or lateral to (1) the basipterygoid processes (Parrish, 1993). 

basal tuber 

9. Basal ttaber width: less than (0), or equal to (1) width of occipital condyle 

(Sereno and Novas, 1993). 

sphenethmoid 

70. Sphenethmoid: present (0); absent (1) (deBraga and Rieppel, 1997). 

suborbital fenesfra 

enlarged suborbital fenesfra [present] (for Diapsida, Reisz 1981; Gauthier, 1984). 

57. Suborbital fenestra. Absent (0), small (1), or large (2) (Gauthier et al, 1988b). 

A2. suborbital fenestra (Evans, 1988). 

suborbital fenestra [present] (for Diapsida) (Benton, 1990). 

17. Suborbital fenesfra absent (0) or present (1) (deBraga and Reisz, 1995). 
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41, Elements contributing to lateral border of suborbital fenestra. Ectopterygoid, 

palatine and maxilla (0) or ectopteiygoid and palatine contact to exclude maxilla (1) 

(Dilkes, 1998). 

dorsum sellae and abducens foramina/canal 

33) Complete abducens canal and well-developed dorsum sellae (for 

Lepidosauromorpha; Gauthier, 1984). 

J14, complete abducens canals, well-developed dorsum sellae (Evans, 1988). 

21. Elements enclosing abducens foramina. Basisphenoid and prootic (0) or within 

prootic ordy (1) (Gower and Sennikov, 1997, from Gower and Sermikov, 1996). 

22. Position of extemal abducens foramina on an anterior (0) or ventral (1) surface 

(Gower and Sennikov, 1997, from Gower and Sennikov, 1996). 

49. Abducens foramina. In dorsum sella (0) or between prootic and dorsum sella 

(I) (Dilkes, 1998). 

Mandible 

robustly constmcted mandible, particulariy the dentary (for Omithischia, 

Gautiiier, 1984). 

Q6. Lower jaw very deep (for Hyperodapedontinae) (Benton, 1985). 

(g) mandibular symphysis elongated (Benton and Clark, 1988). 

71. Jaw symphysis. Formed largely or wholly by dentary (0) or formed only by 

splenial (1) (Dilkes, 1998). 

127. Symphysis. Small (0) or extended caudally (1) (Dilkes, 1998). 

70. Depth of lower jaw measured at maximum height of adductor fossa relative to 

length of jaw from tip to articular. <25% (0) or >25% (1) (Dilkes, 1998). 
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73, Dentary-coronoid-surangular profile. Horizontal to convex (0) or concave 

caudal to coronoid (1) (Dilkes, 1998) 

predentary 

neomorph predentary bone (for Omithischia, Gauthier, 1984). 

dentary 

Q7. Dentary has only one or two rows of teeth (for Hyperodapedontinae) 

(Benton, 1985). 

11) Reduced overlap of dentary onto postdentary bones and reduced mandibular 

symphysis (for Theropoda, Gauthier, 1986). 

36) Absence of enlarged fanglike tooth in dentary (for Tetanurae, Gauthier, 1986). 

(a) maxilla and dentary with two sinusoidal waves of enlarged teeth (Benton and 

Clark, 1988). 

K2. posterior process of dentary extends beyond coronoid (Evans, 1988). 

K6. anterolabial flanges on some dentary teeth (Evans, 1988). 

18. Dentary-splenial mandibular symphysis length: distally positioned (0); 

present along one-third of lower jaw (1) (Sereno, 1991). 

10. Slender, ribbed posterodorsal process of dentary and slotted surangular: absent 

(0), present (1) (Sereno and Novas, 1993). 

47. Dental-splenial mandibular symphysis length. States: 0 = distally positioned; 

I = present along one-third of lower jaw (Bennett, 1996). 

64. Number of tooth rows on dentary. One (0), two (I) or more than two (2) 

(Dilkes, 1998). 

72. Divergence of dentaries cranial to symphysis. Absent (0) or present (1) 

(Dilkes, 1998). 
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15. "Slipper shaped" mandible, consisting of robust posterior bones and processes 

with dorsally concave, less robust dentary: absent (0) or present (I) (Heckert and Lucas, 

1999. from Long and Murry, 1995). 

26, S>niphyseal region of dentary with straight ventral margin (0) or with deep 

"swelling" extending venttally below level of ventral margin of postsymphyseal portion 

of dentary (1) (Olsen et al, 2001). 

dentary teeth 

119. Dentary teeth. Subequal in size anteriorly (0) or with an enlarged tooth 

within a few teeth from symphysis (1) (Gautiiier et al, 1988b). 

9. Anterior part of dentary with teeth (0) or edentulous (1) (Parrish, 1994; 

Heckert and Lucas, 1999 #4). 

16. Dentary tooth count: 10 or more (0) or fewer than 10(1) (Heckert and Lucas, 

1999). 

splenial 

39. Splenial-angular articulation: posteroventral process of splenial vertical and 

angular anteriorly straight (0), splenial posterior process spoon-shaped and horizontally 

placed below angular, and angular anteriorly hooked for sliding articulation (1) (Novas, 

1993). 

88. Splenial: enters mandibular symphysis (0); present but excluded from 

mandibular symphysis (1); entirely absent (2) (deBraga and Rieppel, 1997, modified from 

Reisz and Laurin, 1991 #7). 

52. Splenial enters the mandibular symphysis (0), or remauis excluded there from 

(1) (Rieppel 1998). 
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postsplenial 

5) Postsplenial absent (for Sauria, Gauthier, 1984). 

C3. loss of postsplenial (Evans, 1988). 

angular 

16) Angular reduced and little exposed on lateral face of mandible - extends less 

than one-third of the way up the lateral surface of mandible (for Lepidosauromorpha; 

Gautiuer. 1984). 

J7. angular reduced to less than 1/3 lateral height of jaw (Evans, 1988). 

89. Angular lateral exposure: exposed along 1/3 the lateral face of the mandible (0); 

exposed ordy as a small sliver along the lateral face (1); absent from lateral aspect (2) 

(deBraga and Rieppel, 1997). 

17. Lateral exposure of the angular - (0) large (1) restricted (Jahl, 1997; Peters, 

2000). 

surangular 

surangular arched dorsally (for Crocodyha; Gauthier, 1984). 

(g) surangular arched dorsally (Benton and Clark, 1988), 

E. Surangular foramen location: above (0) or adjacent to (1) die surangular-angular 

suture, (for Ornithosuchus, Sereno, 1991). 

86. Surangular length: extends anterior to coronoid eminence (0); termmates prior 

to reachmg a level of coronoid eminence (1) (deBraga and Rieppel, 1997, from Laurin and 

Reisz, 1995 #72). 

87. Surangular lateral shelf: absent (0); present (I) (deBraga and Rieppel, 1997, 

modified from Laurin and Reisz, 1995 #78). 
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prearticular 

91. Prearticular: extends anterior to coronoid eminence (0); terminates prior to 

reaching coronoid eminence (1) (deBraga and Rieppel, 1997, from Laurin and Reisz, 1995 

#75). 

articular 

mandibular condyle below level of tooth row (for Omithischia, Gautiiier, 1984). 

Mandible relatively deeper posteriorly, mandibular condyle set below tooth row 

(for Sauropodomorpha, Gauthier, 1984). 

34) Mandibular condyle formed only by articular bone (for Lepidosauromorpha; 

Gaudiier, 1984). 

D. Venttal margm of posterior end of lower jaw: convex (0); concave and elevated 

(1) (for Ornithosuchus, Sereno, 1991). 

82. Mandibular joint: even with occiput (0); behind occiput (1); anterior to 

occiput (2) (deBraga and Rieppel, 1997, from Rieppel, 1994 #27). 

33. Mandibular articulations approximately at level with occipital condyle (0) or 

displaced to a level distinctly behind occipital condyle (1), or positioned anterior to the 

occipital condyle (2) (Rieppel, 1998). 

27. Articular without dorsomedial projection posterior to the glenoid fossa (0) or 

with dorsomedial projection (1) (Olsen et al, 2001). 

coronoid 

6) Accessory coronoid bones absent (for Sauria, Gauthier, 1984). 

deep coronoid eminence on mandible (for Omithischia, Gauthier, 1984). 

J5. Coronoid reduced or absent (for Archosauria 2) (Benton, 1985). 

coronoid reduced or absent (for unnamed group 5) (Benton, 1990). 
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48. Coronoid. States: 0 = unreduced; 1 = reduced or absent (Bennett, 1996). 

49. Distinct coronoid process of lower jaw absent (0) or present (I) (Rieppel, 

1998). 

coronoid process 

dentary coronoid process (for Omithischia) (Sereno et al, 1993). 

coronoid region half or more as deep as dentary ramus (for Omithischia) (Sereno 

etal.. 1993). 

83. Coronoid process: absent (0); present formed by coronoid (I); present formed 

by dentary (2) (deBraga and Rieppel, 1997, modified from Laurin and Reisz, 1995 #79). 

mandibular fenestta 

44) Mandibular fenestta present (Gauthier, 1984). 

mandibular fenestta very reduced or absent (for Omithischia, Gauthier, 1984). 

J4. Possession of a lateral mandibular fenestta (for Archosauria 2) (Benton, 1985). 

87. Mandibular fenestra. Absent (0) or present (I) (Gauthier et al, 1988b). 

possession of a lateral mandibular fenestra (for unnamed group 5) (Benton, 1990). 

extemal mandibular fenestra reduced (for Omithischia) (Sereno et al, 1993). 

2. Lateral mandibular fenestra absent (0), present (l)-i- (Parrish, 1992). 

6. Lateral mandibular fenestra: absent (0), present (I) (Juul, 1994). 

49. Extemal mandibular fenestra. States: 0 = absent; 1 = present (Bennett, 1996). 

76. Lateral mandibular fenestra. Absent (0) or present (1) (Dilkes, 1998). 

retroarticular process 

3) retroarticular process present (for Sauria, Gauthier, 1984). 
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43, Posterioriy directed retroarticular process absent (0), or present (1) (Gauthier, 

Kluge and Rowe, 1988a) 

7) Prominent rettoarticular process (for Lepidosauromorpha; Gauthier, 1984). 

51) Secondary ossification centers form on ends of all long bones and in several 

muscle attachments, such as those inserting upon retroEulicular process, neural arches, 

basioccipital tubera. posterior end of the ilium and several other points on the pelvis, as 

well as in the knee and elbow joints (for Lepidosauromorpha; Gauthier, 1984). 

104. Rettoarticular process. Medially (0), or posteriorly (1), directed (Gauthier et 

al., 1988b). 

CI 2. development of rettoarticular process (Evans, 1988). 

K24, reduction in rettoarticular process (Evans, 1988), 

(c) refroarticular process narrow, posteriorly directed (Benton and Clark, 1988). 

74. Refroarticular process. Absent (0), present and small and formed by articular 

(1), present and large and formed by articular (2) or present and formed by fiised articular 

and prearticular (3) (Dilkes, 1998). 

75. Uptumed retroarticular process. Absent (0) or present (1) (Dilkes, 1998). 

92. Retroarticular process: absent (0); present (1) (deBraga and Rieppel, 1997, 

from Rieppel, 1994 #38). 

48. Refroarticular process of lower jaw absent (0) or present (1) (Rieppel, 1998). 

8. Retroarticular process well-developed - (0) no (1) yes (Jalil, 1997; Peters, 

2000). 

18. Retroarticular process entirely fonned by articular - (0) no (1) yes (Jahl, 1997; 

Peters, 2000). 
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intt-a-mandibular joint 

18. Intta-mandibular joint: absent or poorly developed (0); well developed (1) 

(Sereno and Novas. 1993). 

intramandibular joint (for Herrerasauridae + other theropods) (Sereno et al, 1993). 

73, Intta-mandibular joint: absent or poorly developed (0); wed developed (I) 

(Juul. 1994). 

Postcranial Skeleton 

More stoutly constmcted postcranial skeleton (for Thyreophora, Gauthier, 1984). 

Large size ("gigantic proportions") (for Sauropodomorpha, Gauthier, 1984). 

Vertebral Column 

proportions 

Body relatively elongate, and neck relatively short (for Thyreophora, Gauthier, 

1984). 

K21. elongation of vertebral column by addition of presacrals (Evans, 1988). 

1. Ratio of lengths of centta of mid-cervical and mid-dorsal vertebrae. <1.0 (0), 

>l,0and<1.5(I)or>1.5(2)(Dilkes, 1998). 

17. Presacral vertebral column: gracile (0) or massively constiiicted (I) (Heckert 

and Lucas, 1999). 

centrum 

13) Non-notochordal vertebrae in adults (for Archosauromorpha, Gauthier, 1984). 

124. Vertebrae. Notochordal (0), or non-notochordal (1), in adult (Gauthier et al, 

1988b). 
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Supraparachordal course of die notochord (for living Lepidosauria) (Benton, 

1985). 

CI. Vertebrae not notochordal (for Archosauromorpha) (Benton, 1985). 

2. centta are steeph inclined in at least cervicals 3-6 (for Omithodira, Benton and 

Clark, 1988). 

(b) procoelous vertebrae (Benton and Clark, 1988). 

B2. sttong venttal keels on cervical and anterior dorsal vertebrae (Evans, 1988). 

G7. vertebrae not notochordal (Evans, 1988). 

08. platycoelous vertebrae (Evans, 1988). 

vertebrae not noto-chordal (for Archosauromorpha) (Benton, 1990). 

exfreme hollowing of centta and long bones (for Theropoda) (Sereno et al, 1993). 

19. Anterior parts of lateral sides of dorsal centra smoothly convex (0) or 

constticted (1) (Gauthier, 1984). 

20. Vertebrae. States: 0 = with persistent notochordal canal until quite late in 

ontogeny; 1 = not notochordal in adults, and all vestiges of the notochordal canal 

disappear well before the attainment of maximum adult size (Bennett, 1996). 

83. Notochordal canal. Present in adult (0) or absent in aduh (1) (Dilkes, 1998). 

131. Neurocenttal sutures. Closed in aduh (0) or open in aduh (1) (Dilkes, 1998). 

99. Vertebral centra: notochordal (0); non-notochordal (1) (deBraga and Rieppel, 

1997, from Rieppel 1994 #48). 

100. Vertebral central articulations: amphicoelous (0); platycoelous (1); other (2) 

(deBraga and Rieppel, 1997, from Rieppel, 1994 #49). 

59. Vertebrae notochordal (0) or non-notochordal (I) (Rieppel, 1998). 

60. Vertebrae amphicoelous (0), platycoelous (I) or procoelous/opisthocoelous 

(2) (Rieppel 1998). , 

235 



67. Vertebral centrum distinctly constricted in ventral view (0) or with parallel 

lateral edges (1) (Rieppel, 1998). 

104. Procoelous vertebrae - (0) absent (1) present (Peters, 2000). 

29. Vertebrae non-notochordal in adult - (0) no (I) yes (Jalil, 1997; Peters, 2000). 

intercentrum 

38) Intercentra in trunk region absent in adults (Gauthier, 1984). 

57. Axial intercenttnm with narrow (0), or broad (1), participation in cranio-

vertebral joint (Gautiiier, Kluge and Rowe, 1988a) 

127. Intercentta. Present (0), or absent (1), from anterior dorsals (Gauthier et al, 

1988b). 

128. Intercentta. Present (0), or absent (1), from all postcervical frunk vertebrae 

(Gaudiier et al., 1988b). 

129. Intercenfra. Present (0), or absent (1), from postaxial cervicals (Gauthier et 

al., 1988b). 

132. Second intercentrum. Narrowly (0), or broadly (1), participating in atlanto

axial joint (Gautiiier et al, 1988b). 

L5. Presacral intercentra absent (for higher Archosauria) (Benton, 1985). 

16) First intercentmm with large occipital fossa and small odontoid notch (for 

Theropoda, Gauthier, 1986). 

17) Second intercentrum with broad, crescentic fossa anteriorly for reception of 

first intercentrum (for Theropoda, Gauthier, 1986). 

5. Postaxial intercenfra: present (0), absent (I) (Sereno and Arcucci, 1990). 

18. Postaxial intercentra: present (0); absent (1) (Juul, 1994). 

8. Vertebral intercentra present (0) or absent (1) (Parrish, 1993). 
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55, Intercentra of postaxial presacral vertebrae. States: 0 = present; 1 = absent 

(Bennett. 1996). 

79. Postaxial cervical intercentra. Present (0) or absent (1) (Dilkes, 1998). 

80. Dorsal vertebrae intercentra. Present (0) or absent (1) (Dilkes, 1998), 

neural arch 

increased size - a complex that includes: taller neural arches; shorter, stouter, 

thicker-walled long bones; femur longer tiian tibia; metatarsal III half or less of femur 

length (for Omithopoda, Gauthier, 1984). 

51) Secondary ossification centers form on ends of all long bones and in several 

muscle attachments, such as those inserting upon retroarticular process, neural arches, 

basioccipital tubera, posterior end of the ilium and several other points on the pelvis, as 

well as in the knee and elbow joints (for Lepidosauromorpha; Gauthier, 1984). 

Bl. swollen neural arches with deep lateral excavations (Evans, 1988). 

65. Sutural facets receiving the pedicels of the neural arch on die dorsal surface of 

the centrum in the dorsal region are narrow (0) or expanded into a cmciform or 'butterfly-

shaped' platform (1) (Rieppel, 1998). 

diapophysis and parapophysis 

parapophysis and diapophysis of axis on odontoid process (for Pseudosuchia; 

Gautiiier, 1984). 

neural spine 

79) Spine tables present (Gauthier, 1984). 

39) Spme table on the axis (for Tetanurae, Gauthier, 1986). 
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126. Apex of neural spine. Nanow (0), or expanded (I), in dorsal view (viz. 

"spine tables" present) (Gauthier et al, 1988b). 

B3. manimillar\' processes on neural spines of posterior cervical and anterior 

dorsal vertebrae (E\ans, 1988). 

18. neural spines with specialized intervertebral facets (Evans, 1988). 

A. Spine tables on posterior dorsal and first sacral vertebrae (Novas, 1993). 

20. Spine tables on neural spines. States: 0 = absent; 1 = present (Juul, 1994). 

57. Spine tables. States: 0 = absent; 1 = present (Bennett, 1996). 

19. Height of presacral neural spines: low, less than height of centrum (0) or high, 

greater than height of centrum (1) (Heckert and Lucas, 1999). 

ttansverse process 

66. Transverse processes of neural arches of the dorsal region relatively short (0) 

or distinctly elongated (1) (Rieppel, 1998). 

18. Width of presacral transverse processes: less than twice as wide as centrum 

(0) or several times wider than centrum (I) (Heckert and Lucas, 1999). 

zygapophyses 

4) Axial postzygapophyses set lateral to prezygapophyses (for Saurischia, 

Gautiuer, 1986). 

21) Zygapophysial facets nearly vertically disposed in all but proximal part of 

tail 

3. zygapophyses of the middle and posterior caudals are inclined posteroventrally 

(Benton and Clark, 1988). 

70. Pre-and postzygapophyses do not (0) or do (1) show an anteroposterior ttend 

of increasing inclination witlun the dorsal and sacral region (Rieppel, 1998). 
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accessory articulations 

101. Accessory vertebral articulations: absent (0); present (I) (deBraga and 

Rieppel. 1997, from Rieppel 1994 #53), 

hypapophysis 

70) Hypapophyses on vertebrae from cervicothoracic region (for Maniraptora, 

Gaudiier, 1986). 

(1) posterior cervical vertebrae with well-developed hypapophyses (Benton and 

Clark, 1988). 

zygosphene - zyganttum 

36) Accessory intervertebral articulations (zygosphenes and zygantra) (for 

Lepidosauromorpha; Gauthier, 1984). 

JI6. accessory facets (zygosphene/zygantmm) on neural arches (Evans, 1988). 

64. Zygosphene-zygantrum articulation absent (0) or present (1) (Rieppel, 1998). 

20. Intervertebral articulation formed by zygosphene-zygantmm - (0) no (I) yes 

(Jalil 1997; Peters, 2000). 

ribs 

M4. ribs attach laterally to stemum (Evans, 1988). 

OlO. elongated one-piece ribs (Evans, 1988). 

K5. Ribs all one or two-headed (for Archosauria 3) (Benton, 1985). 

ribs all one- or two-headed (for unnamed group 6) (Benton, 1990). 
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presacral vertebrae 

102) Omitiiodiran cer%ical region (= three regions in presacral vertebrate column) 

(for Omitiiodira; Gauthier. 1984). 

At least two additional vertebrae added to trunk (from 9+12+6 to 9+15+6) (for 

Omithopoda. Gauthier. 1984). 

Sttongh opistiiocoelous cervical and anterior trunk vertebrae (for 

Sauropodomorpha, Gauthier. 1984). 

18) Pleurocoelous presacral vertebrae, particularly in cervical region (for 

Theropoda, Gauthier, 1986). 

1. presacral \ ertebral column is divided into three regions (cervical, cervical-

tiioracic, lumbar) (Benton and Clark, 1988). 

Presacral vertebral column is divided into three regions (cervical, cervical-thoracic, 

lumbar) (for Omitiiodira) (Benton, 1990). 

presacral intercentta absent behind the axis (for urmamed group 5) (Benton, 

1990). 

AA. Centrum shape in presacrals 6-9 (or 10): subrectangular (0); parallelogram-

shaped (1) (for Dinosauromorpha, Sereno 1991, also Gauthier, 1986). 

65. Length of presacral centrum to length of presacral centrum: less than (0), or 

more than 1.0 (1) (Juul 1994, also Gauthier, 1986). 

18. Neural arches or posterior dorsal and sacral vertebrae not excavated (0) along 

lateral margins or shallowly excavated (1) (deBraga and Reisz, 1995). 

102. Division of presacral vertebral column into cervical, cervico-dorsal, and dorsal 

regions. States: 0 = absent; 1 = present (Bennett, 1996). 

19. Ventral surface of cervical and anterior dorsal centra without sharp keel (0) or 

strongly keeled (1) (deBraga and Reisz, 1995). 

20. Cervical vertebrae and remamder of presacral column subequal (0) or cervical 
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\ ertebrae elongate (1) (deBraga and Reisz. 1995). 

6. Centtum shape in presacrals 6-9 (or 10): subrectangular (0); parallelogram-

shaped (1) (Novas. 1993, 1996) 

cervicals 

62. Cervical intercentra present (0) or absent (1) (Rieppel, 1998). 

shape, size, number 

12) Post-axial cervical vertebrae nearly equal to or longer than mid-tmnk vertebrae 

(for Archosauromorpha, Gauthier, 1984). 

37) An increased number of cervical vertebrae (8-9) (Gauthier, 1984). 

One vertebra added to cervical series (=10 cervicals) (for Sauropodomorpha, 

Gaudiier, 1984). 

Cervical vertebrae at least 25% longer than most trunk vertebrae (for 

Sauropodomorpha, Gauthier, 1984). 

Cervical centta at least twice the length of mid-trunk centra (for 

Sauropodomorpha, Gauthier, 1984). 

.3) Posterior cervicals elongate (for Saurischia, Gauthier, 1986). 

Gl. Very long neck (nearly as long as, or longer than, the trunk) with 9-12 

elongate cervical vertebrae (for Tanystropheidae) (Benton, 1985). 

E2. 7-12 elongate cervical vertebrae (for Prolacertiformes) (Benton, 1985). 

20) Modification of cervical centra and zygapophyses that combine to yield an S-

shaped neck (compared to dmosaurs, mdimentary in both Lagosuchus and in Pterosauria 

ancestrally; although within pterosaurs the neck may be in some ways more birdlike tiian 

is the neck of Archaeopteryx) (for Omithodira, Gauthier, 1986). 
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57) Anterior cer\ ical xertebrae broader than deep anteriorly, with kidney-shaped 

articular siu-faces that are taller laterally than on the midline (for Coelurosauria, Gauthier, 

1986). 

A4. cer\ical x'ertebrae longer tiian mid-dorsals (Evans, 1988). 

F3, cervical centta shorter than mid-dorsals (Evans, 1988). 

M2, cer\ ical centta shorter than mid-dorsals; equal or subequal to second sacral 

(Evans. 1988). 

E28. longest cervical vertebra lies at end of series (Evans, 1988). 

LI5, cervical intercentta form hypapophyses (Evans, 1988). 

11. short neck, 4-5 cervical vertebrae (Evans, 1988). 

E26. twelve cervical vertebrae (Evans, 1988). 

cervical \ ertebrae longer than mid-dorsals (for Diapsida) (Benton, 1990). 

48. Posterior cervicals: cervicals 3-5 are the longest of the postaxial neck vertebrae 

(0), cervicals 6-9 are die longest (I) (Novas, 1993). 

12. Cervical vertebrae (length greater than height = 0, subequal = 1) (Gower and 

Sennikov,, 1997). 

17. Numbers of cervical vertebrae: seven or fewer (0); more than seven (1) 

(Benton and Allen, 1997). 

18.Numbers of cervical vertebrae: fewer than ten (0); ten or more (1) (Benton and 

AUen, 1997). 

19. Relative lengths of mid and posterior cervical and dorsal vertebral centta: 

cervical centta subequal m lengtii to dorsals (0); cervical centta longer tiian dorsals (I) 

(Benton and Allen, 1997). 

104. Cervical mtercentta: present (0); absent (I) (deBraga and Rieppel, 1997, from 

Rieppel 1994 #51). 

56. Twelve cervical vertebrae - (0) no (1) yes (Jalil, 1997; Peters, 2000). 
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centta 

85) Omithosuchian neck (centta aie steeply inclined to at least the fifth post-

atiantal cervical) (Gauthier. 1984). 

2) Centta steeply inclined in at least the first four postatlantal cervicals (for 

Omithosuchia. Gautiiier, 1986). 

139. Cer\ical centta. Rounded (0), or keeled (1), ventrally (Gauthier et al, 1988b). 

centta steeply inclined in at least cervicals 3-6 (for Omithodira) (Benton, 1990). 

6. Cervical 3-5 centrum length: subequal or shorter (0), or longer (I), than rrud 

dorsal length (Sereno and Arcucci, 1990). 

21. Cervical 3-5 centrum length: shorter (0) or longer (I) than mid-dorsal (Sereno, 

1991). 

100. Length of centta of cervical vertebral 3-5. States: 0 = shorter than those of 

mid-dorsal vertebrae; 1 = subequal to those of mid-dorsal vertebrae; 2 = greater than those 

of mid-dorsal vertebrae (Bennett, 1996). 

101. Cenfra of cervical vertebrae 3-6. States: 0 = no more than moderately 

inclined; I = steeply inclined (Bennett, 1996). 

20. Venfral keel on cervical cenfra: present (0) or absent (1) (Heckert and Lucas, 

1999). 

101. "Cenfra of cervical vertebrae 3 to 6 - (0) no more than moderately inclmed (I) 

steeply mclmed" restmcttired as: 101. Cervical vertebrae - (0) more or less sfraight 

alignment (1) sigmoid curve (2) sunple curve (Peters, 2000, modified from Bennett, 1996). 

articulation surfaces 

5) Epipophysis present on anterior cervical postzygapophyses (for Saurischia, 

Gautiiier, 1986). 

56) Cervical zygapophyses flexed (for Coelurosauria, Gauthier, 1986). 
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(1) posterior cervical vertebrae with well-developed hypapophyses (Benton and 

Clark, 1988). 

diapophysis placed fairly high on the neural arch of cervical vertebrae (for 

urmamed group 7) (Benton, 1990), 

epipophyses on mid- and posterior cervical vertebrae (for Saurischia) (Sereno and 

Novas. 1992. Sereno et al. 1993), 

cer\ical epipophyses prong-shaped (for Theropoda) (Sereno et al, 1993). 

9. Epipophysis on anterior postaxial cervicals: absent (0), present (1) (Novas, 

1993). 

19. Postaxial cervical epipophyses: mdimentary or absent (0), prominent (1) 

(Sereno and Novas, 1993). 

34. Postaxial cervical epipophyses: rounded, poorly developed, not surpassing 

posterior margin of postzygapophyses (0), pointed, prominent epipophyses extended 

behind level of postzygapophyses (1) (Novas, 1993). 

21. Epipophyses on cervical vertebrae: absent (0); present (1) (Novas, 1996). 

neural spine 

E3. Cervical vertebrae have long low neural spines (for Prolacertiformes) (Benton, 

1985). 

(2) neural spines of posterior cervical vertebrae anteroposteriorly narrow (Benton 

and Clark, 1988). 

El. cervical neural spmes long and low (Evans, 1988). 

20. Cervical neural spine shape: short and tall (0); long and low (I) (Benton and 

Allen, 1997). 

21.Ovoid spine-table on top of neural spine: absent (0); present (I) (Benton and 

Allen, 1997). 
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82. Dimensions of cervical neural spine. Tall with height and width approximately 

equal (0) or long and low witii height < width (1) (Dilkes, 1998). 

134. Cranial margin of cer\ ical neural arch. Sttaight (0) or notched to form 

overhang (I) (Dilkes, 1998). 

143, Distal ends of cer\ical neural spines. No expansion (0) or expansion present 

in form of flat table (1) (Dilkes, 1998). 

40. Low and elongated cervical neural spines - (0) no (1) yes (Jalil, 1997; Peters, 

2000). 

adas/axis 

8) Fusion of second intercentrum and first centrum in juvenile or earlier stages of 

ontogeny (for Pseudosuchia2, Gauthier, 1986). 

13) Fhst (atlantal) intercentrum much longer than wide (for Pseudosuchia3, 

Gautiuer. 1986). 

14) Axial diapophysis reduced or absent (or corresponding process of axial rib 

reduced) (for Pseudosuchia3, Gauthier, 1986). 

18) Atlantal intercentrum enlarged, completely surrounding odontoid venttally and 

laterally and fitting into prominent recessed area below odontoid on axis (for Omithodira, 

Gautiiier, 1986). 

19) Axial intercentmm, and then odontoid, fuses to axis at cessation of growtii (for 

Omithodira, Gauthier, 1986). 

69) Axial epipophyses prominent (for Maniraptora, Gauthier, 1986). 

(3) atlas intercentrum elongated (Benton and Clark, 1988). 

J. Atiantal neural arch bases: separated (0) or sutured (I) m the midline (for 

Riojasuchus, Sereno, 1991). 

27. Axial epipophyses: absent (0), present (1) (Novas, 1993). 
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28. Axial postzygapophyses; axial pre- and postzygapophyses equally separated 

from midplane (0), postz> gapophyses set lateral to prezygapophyses (1) (Novas, 1993). 

99. Atlantal intercenttum. States: 0 = not enlarged; 1 = enlarged, completely 

surrounding odontoid \ entral 1>' and laterally and fitting into prominent recessed area 

below odontoid on axis (Bennett, 1996) 

102. Atlantal ribs: ossified (0); not ossified (1) (deBraga and Rieppel, 1997). 

133. Odontoid prominence on atlas pleurocentmm. Absent (0), or present (1) 

(Dilkes, 1998). 

cervical ribs 

26) Cervical rib heads plowshare-shaped, and with elongate rib shafts extend 

posteriorly parallel to centta and broadly overlap one another (Gauthier, 1984). 

3) cervical ribs short and stout (for Pseudosuchia, Gauthier 1984, 1986) 

55) Cervical ribs fused to centra in adults (for Coelurosauria, Gautiiier, 1986). 

143 .Cervical ribs. Witiiout anterior process and extending posterolaterally (0), or 

plowshare-shaped, witii rib shafts parallel to centra (1) (Gauthier et al, 1988b). 

DI. Long, thm, tapering cervical ribs witii two or three heads and an anterior 

dorsal process (for Prolacertiformes + Archosauria) (Benton, 1985). 

E3. long slender cervical ribs (Evans, 1988). 

H2.[Cervical] ribs run back parallel to die cervical vertebral column [(0) not 

parallel (I) parallel (2) no ribs] (Evans, 1988; Peters, 2000). 

H3. cervical ribs widi anterior process (Evans, 1988). 

H7. tapering cervical ribs (Evans, 1988). 

M3. one or more cervical ribs are single headed (Evans, 1988). 

long, tiiin, tapering cervical ribs with two or three heads and a cranial dorsal 

process (for unnamed group 3) (Benton, 1990). 
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mid-cervical ribs long and parallel to cervical column (for Saurischia) (Sereno et al, 

1993). 

26, Cer\ical ribs: slender (0); short and stout (1) (Juul, 1994). 

22, Cervical rib shape and orientation. States: 0 = heads not plowshare-shaped and 

shafts projecting posterolaterally; 1 = heads plowshare-shaped and elongate shafts extend 

posteriorly parallel to centra and broadly overlap one another (Bennett, 1996). 

22. Cervical ribs: short and stout (0); long and slender (1) (Benton and Allen, 

1997). 

77. Slender and tapering cervical ribs at low angle to vertebrae. Absent (0) or 

present (1) (Dilkes, 1998). 

78. Cervical rib accessory process. Absent (0) or present (1) (Dilkes, 1998). 

22. Anterior margin of cervical ribs without accessory processes (0) or accessory 

processes present (1) (deBraga and Reisz, 1995). 

105. Cervical ribs: without anterior process (0); anterior process present (I) 

(deBraga and Rieppel, 1997, from Rieppel, 1994 #56). 

71. Cervical ribs witiiout (0) or witii (1) a distinct free anterior process (Rieppel, 

1998). 

30. Cervical ribs dichocephalous - (0) no (1) yes (Jalil, 1997; Peters, 2000). 

36. Tapering cervical ribs oriented posteriorly parallel to neck axis - (0) no (1) yes 

(Jam, 1997; Peters, 2000). 

37. Cervical ribs with anterior processes - (0) no (I) yes (Jalil, 1997; Peters, 

2000). 

41. Long slender cervical ribs - (0) no (1) yes (Jahl, 1997; Peters, 2000). 
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dorsals 

E5. loss of trunk intercentra (Evans. 1988). 

D6. loss of ttunk intercentra (Evans, 1988). 

61. Trunk neural arches narrow (0), or moderately (1) to greatiy (2) swollen 

(Gauthier, Kluge and Rowe. 1988a) 

86. Tmnk neural arches: swollen with wide zygapophyseal buttresses (0); narrow 

(1); swollen witii narrow zygapophyseal butfresses (Laurin and Reisz, 1995). 

107. Dorsal intercentra: present (0); absent (1) (deBraga and Rieppel, 1997, from 

Rieppel 1994 #50). 

61. Dorsal intercenfra present (0) or absent (1) (Rieppel, 1998). 

cenfra 

Deep, oval "pleurocoelous" excavations below transverse processes (for 

Sauropodomorpha, Gauthier, 1984). 

Deep, oval "pleurocoelous" excavations below transverse processes (for 

Sauropodomorpha, Gauthier, 1984). 

Procoelous dorsal vertebrae (for living Crocodylia) (Benton, 1985). 

19. Anterior parts of lateral sides of dorsal centra smoothly convex (0) or 

constticted (1) (Gauthier, 1984). 

5. Dorsal centta not excavated laterally (0), excavated (1) (Parrish, 1992). 

18. Ventrally bevelled vertebral centra and/or mtercentra present (0), absent (1) 

(Parrish, 1992). 

24. Trunk intercentra: present (0); absent (1) (Benton and Allen, 1997). 

67. Loss of trunk intercentrum - (0) no (I) yes (Jalil, 1997; Peters, 2000). 
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processes 

14) Moderately de\eloped transverse processes in tmnk vertebrae (for 

Archosauromorpha. Gauthier. 1984). 

50) Presence of elongate transver.se processes on trunk vertebrae and concomitant 

bifurcation of ttunk ribs proximally (Gauthier. 1984). 

122. tall neural spines in dorsal and anterior caudal region (Evans, 1988). 

14, neural spines of dorsals tall and rectangular (Evans, 1988). 

84. Neural arches of mid-dorsals. Shallowly excavated (0) or deeply excavated (1) 

(Dilkes, 1998). 

85. Dorsal neural spine height. Tall (0) or low widi height < length (1) (Dilkes, 

1998). 

140. Distal ends of first five to six dorsal neural spines. Not expanded (0) or 

expanded (1) (Dilkes, 1998). 

21. Neural spines of dorsal vertebrae without dorsolaterally projecting 

(mammillary) processes (0) or mammillary processes present (1) (deBraga and Reisz, 

1995). 

108. Dorsal transverse processes: short no more than the total transverse width of 

the neural arch (0); long exceeding the transverse width of the neural arch (I) (deBraga and 

Rieppel, 1997, modified from Rieppel, 1994 #55). 

31. Transverse processes of tmnk vertebrae well-developed (0) no (1) yes (Jahl, 

1997; Peters, 2000). 

articulations 

6) Hyposphene-hypantrum accessory intervertebral articulations in trunk 

vertebrate (for Saurischia, Gauthier, 1986). 
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ttansverse processes on dorsal vertebrae project as distinctive narrow elongate 

processes (for Archosauromorpha) (Benton, 1990). 

parapophysis transfers to the neural arch in cranial dorsal vertebrae (for unnamed 

group 7) (Benton, 1990). 

58. Diapophysis and parapophysis. States: 0 = parapophysis on centmm in 

anterior dorsal \ertebrae. and diapophysis and parapophysis separate in posterior dorsal 

\ ertebrae so ribs remain double-headed; I = parapophysis ttansfers to neural arch in 

anterior dorsal \ertebrae. and diapophysis and parapophysis fiise in posterior dorsal 

vertebrae and ribs become single-headed (Bennett, 1996). 

Hyposphene-hypantrum articulations in the dorsal vertebrae (for Saurischia) 

(Sereno and Novas, 1992). 

hyposphene-hj'pantmm articulation in dorsal vertebrae (for Saurischia) (Sereno et 

al., 1993). 

29. Hyposphene-hypantrum articulation in the dorsal vertebrae: absent (0), 

present (1) (Novas, 1993). 

21. Transverse processes of tmnk vertebrae. States: 0 = feebly developed; I = 

moderately developed; 2 = elongate, resulting in proximal bifurcation of trunk ribs 

(Bennett, 1996). 

66. Hyposphene - hypantmm accessory intervertebral articulations in trunk 

vertebrae: absent (0); present (1) (Juul, 1994). 

dorsal ribs 

C6. Transverse processes on dorsal vertebrae project as distinctive narrow 

elongate processes (for Archosauromorpha) (Benton, 1985). 

E27. last few dorsals with fused ribs (Evans, 1988). 

GI9. transverse processes on dorsal vertebrae project (Evans, 1988). 
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09. long transverse processes on dorsal vertebrae (Evans, 1988). 

30. Anterolaterally projecting flange on the proximal portion of the dorsal ribs 

absent (0) or present (1) (Parrish. 1993). 

21. Three-headed ribs absent (0), present (1) (Parrish, 1992). 

25.Attacliment of ribs to posterior dorsal vertebrae: not fused (0); fused (1) 

(Benton and Allen, 1997). 

23. Trunk rib heads dichocephalic (0) or holocephalic (1) (deBraga and Reisz, 

1995). 

86. Trunk ribs. Most dichocephalous (0) or most holocephalous (1) (Dilkes, 

1998). 

137. Lumbar region. Not differentiated (0), ribs of last few presacrals project 

laterally and are not expanded (1) or ribs of last few presacrals fused or lost, project 

laterally and are not expanded distally (2) (Dilkes, 1998). 

19. [All] dorsal ribs holocephalus - (0) no (1) yes (Jalil, 1997; Peters, 2000). 

57. Posterior dorsal vertebrae with fused ribs - (0) no (I) yes (Jalil, 1997; Peters, 

2000). 

sacrals 

60) The m. puboischiofemoralis internus pars dorsalis originates anterodorsally 

either from below die transverse processes, as in most archosaurs, or from die enlarged 

preacetabular surface of die ilium as in Theropoda (Gauthier, 1984). 

four or more sacral vertebrae (for Omidiischia, Gautiiier, 1984). 

Neck forms half or more of length of presacral vertebral column (for 

Sauropodomorpha, Gauthier, 1984). 

93) At least one vertebra incorporated into sacrum, bringing total to at least three 

(Gauthier, 1984). 
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One \'ertebra added to sacrum for a total of six (for Melisauria, Gauthier, 1984). 

Addition of another \ertebra to sacral series (=4 sacrals) (for Sauropodomorpha, 

Gautiiier. 1984). 

Elongate neural spines in sacral region, with those in the center of the sacmm 

confluent witii one anodier (for Sauropodomorpha, Gauthier, 1984). 

29) At least tiiree vertebrae involved in sacrum (Lagosuchus?; also in 

Omithosuchidae?) (for Omithodira, Gauthier, 1986). 

19) At least two additional vertebrae incorporated into sacmm (including at least 

one from the caudal series and at least one from the ttunk) (for Theropoda, Gauthier, 

1986). 

three or more sacral vertebrae (Benton and Clark, 1988). 

addition of a dorsal vertebra to the sacrum (1) (Sereno and Novas, 1992). 

14. At least three sacral vertebrae (Novas, 1992). 

dorsal vertebra added to sacrum (for Dinosauria) (Sereno et al, 1993). 

56. Number of sacral vertebrae. States: 0 = no more than 2; 1 = 3 or more 

(Bennett, 1996). 

56. Number of sacral vertebrae - (0) no more than two (1) three (2) four or more 

(Peters, 2000, modified from Bennett, 1996). 

46. Number of sacral vertebrae: two (0), two plus an incipient third (1), or three or 

more (2) (Juul 1994). 

24. Number of sacral vertebrae: two sacrals (0), three or more sacrals (I) (Novas, 

1993, 1996) 

sacral ribs 

64. Sacral ribs oriented ventrally (0), or laterally (1) (Gauthier, Kluge and Rowe, 

1988a) 
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142, Sacral ribs. Point ventrally (0) or laterally (1) (Gauthier et al, 1988b). 

87. Second sacral rib. Not bifurcate (0), bifurcate with caudal process pointed 

bluntly (1) or bifurcate with caudal process truncated sharply (2) (Dilkes, 1998). 

132. Sacral and caudal ribs. Fused to centra (0) or free (1) (Dilkes, 1998). 

73. The number of sacral ribs is two (0); tiiree (1); four or more (2) (Rieppel, 

1998). 

75. Sacral (and caudal) ribs or transverse processes sutured (0) or fused (I) to their 

respecti\e centtum (Rieppel, 1998). 

caudals 

Wide-based neural spines on the anterior caudals (for Sauropodomorpha, 

Gaudiier, 1984). 

Proximal caudal cenfra relatively short and high, broad-based neural spines (for 

Sauropodomorpha, Gauthier, 1984), 

37) Caudal autotomic septa (for Lepidosauromorpha; Gauthier, 1984). 

ossified tendons present, at least above sacral region (for Omithischia, Gauthier, 

1984). 

ossified tendons extend down caudal region (for Omithopoda, Gauthier, 1984). 

20) Transition point in tail (sensu Russell 1972) (for Theropoda, Gauthier, 1986). 

40) Transition point begins closer to proximal half of tail (for Tetanurae, Gauthier, 

1986). 

71) Modifications associated with transition point begin close to base of tail (for 

Maniraptora, Gauthier, 1986). 

J15. caudal autotomy (Evans, 1988). 

K20. loss of caudal autotomy (Evans, 1988). 
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34, Accessor) neural spine on mid-caudal vertebrae: absent (0); present (1) (Juul, 

1994). 

88. Proximal caudal neural spine height. Moderately tall with height/length >1.0 

and <2.0 (0). low with height/length <1.0 (1), tall with height/length >2.0 and <3.0 (2) or 

very tall witii height/lengtii >3.0 (3) (Dilkes, 1998). 

44, Neural spines of proximal caudal vertebrae equal or taller than those of distal 

portion (0) or proximal caudal vertebrae shortest and increasing in height posteriorly (1) 

(deBraga and Reisz, 1995), 

48. Caudal vertebrae (neural arches and cenfra) longer theui tall (0) or length and 

height subequal (1) (deBraga and Reisz, 1995). 

49. Caudal zygapophyses flat and not expanded dorsally (0), zygapophyses tall 

(1), or functional zygapophyses absent (2) (deBraga and Reisz, 1995). 

50. Transverse processes present throughout most of caudal series (0) or absent 

on distal caudals (1) (deBraga and Reisz, 1995). 

110. Caudal lateral projections (transverse processes): absent beyond fifth caudal 

(0); present beyond fifth caudal (1) (deBraga and Rieppel, 1997, from Lee, 1993 #AIO). 

89. Ratio of lengths of caudal transverse processes and centra. <1.0 (0) or >1.0 (1) 

(Dilkes, 1998). 

90. Proximal caudal ribs. Recurved (0) or project laterally (I) (Dilkes, 1998). 

128. Ffrst caudal. Separate from sacrum (0) or incorporated in to sacrum (I) 

(Dilkes, 1998). 

139. Distal ends of caudal neural spines. Not expanded (0) or expanded (I) 

(Dilkes, 1998). 

101. Transverse processes on caudal vertebrae reduced - (0) absent (1) present 

(Peters, 2000). 
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haemal arch 

27) Elongate, paddle-shaped, haemal arches (Gauthier, 1984). 

121. haemal spines large and plate-like (Evans, 1988). 

45. Haemal spines longer tiian neural spines of same caudal vertebrae (0) or neural 

and haemal spines of equal lengtii (1) (deBraga and Reisz, 1995). 

46. Haemal spines tallest at base of tail and decreasing in height posteriorly (0) or 

haemal spines shortest at base of tail increasing in lengdi posteriorly (1) (deBraga and 

Reisz, 1995). 

47. Haemal spines not expanded distally (0), slightiy expanded distally (1), or 

greatiy expanded distally (2) (deBraga and Reisz, 1995). 

23.Neural spines of dorsal vertebrae: short and slender (0); tall and rectangular (I) 

(Benton and Aden, 1997). 

91. Distal width of haemal spine. Equivalent to proximal width (0), tapering (1) or 

wider than proximal width (2) (Dilkes, 1998). 

141. Curvature of haemal spines. No curvature (0) or cranial curvature present (0) 

(Dilkes, 1998). 

100. Hemal arches reduced or parallel to medial and distal caudal centta - (0) 

absent (1) present (Peters, 2000). 

127. Hemal arches and ttansverse processes - (0) unreduced (1) reduced (Peters, 

2000, modified from Bennett, 1996). 

articulations 

117) Except in proxunal part of tail, caudal zygapophyses nearly vertically 

disposed (for Omithotarsi, Gauthier, 1984). 

anterior elongation of prezygapophyses in distal half of tail (for Herrerasauridae, 

Gautiiier, 1984). 

255 



3, zygapophyses of the middle and posterior caudals are inclined posteroventrally 

(Benton and Clark. 1988). 

zNgapophyses of the middle and distal caudals inclined caudoventrally (for 

Omitiiodira) (Benton, 1990). 

(2) cond>ies on first caudal vertebra well developed (Benton and Clark, 1988). 

diapophysis and parapophysis fuse in the caudal dorsal vertebrae and the ribs 

become single-headed (for unnamed group 7) (Benton, 1990). 

elongate prezygapophyses in die distal caudal vertebrae (for Theropoda) (Sereno 

and Novas, 1992). 

distal caudal prezygapophyses elongate (for Herrerasauridae + other theropods) 

(Sereno et al., 1993). 

41. Distal caudal prezygapophyses: short (0), elongate (1) (Novas, 1993). 

103. Caudal zygapophyseal facets. States: 0 = disposed at no more than 45° from 

horizontal; 1 = nearly vertically disposed in all but proximal part of the tail (Bennett, 

1996). 

103. Caudal zygapophyseal facets - (0) disposed at no more than 45-60° from 

horizontal (I) nearly vertically disposed in all but proximal part of the tail (2) intertwined 

(Peters, 2000, modified from Bennett, 1996). 

129. Caudal zygapophysis. Inclined (0) or nearly or fully vertical (I) (Dilkes, 

1998). 

Caudal ribs 

66. Caudal ribs free (0), or fused (1) to caudal vertebrae in adults (Gauthier, Kluge 

and Rowe, 1988a) 

117. 19-28 pairs of caudal ribs (Evans, 1988). 

120. 9-10 pahs of caudal ribs (Evans, 1988). 
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19. anterior caudal ribs expand distally (Evans, 1988). 

90. Transverse process or ribs: present on only a few anterior caudals (0); present 

on at least thirteen caudals (1) (Lauiin and Reisz, 1995). 

111. Caudal rib shape: L-shaped, curved (0); straight (1) (deBraga and Rieppel, 

1997, from Lee 1995 #72). 

Gasttalia 

gasttalia absent (for Omidiischia, Gaudiier, 1984). 

LI 6. loss of dermal gastt-alia (Evans, 1988). 

92, Gasttalia. Absent (0) or present (1) (Dilkes, 1998). 

168. Gasfralia: present (0); lost (1) (deBraga and Rieppel, 1997, from Lee, 1994 

#129). 

119. The medial gasfral rib element always only has a single (0) lateral process or 

may have a two-pronged lateral process (1) (Rieppel, 1998). 

Shoulder Girdle 

scapulocoracoid 

More uniform width of scapular blade and enlarged "acromial" region of 

scapulocoracoid (for Thyreophora, Gauthier, 1984). 

75. Postcoracoid region of scapulocoracoid cartdage present (0), or absent (1) 

(Gautiiier, Kluge and Rowe, 1988a) 

LI7. anterior border of scapulo-coracoid with two emarginations (Evans, 1988). 

14. Scapulocoracoid notch absent (0) or developed at anterior junction of the 

scapula and coracoid (I) (Parrish, 1993). 

95. Scapulocoracoid ossifications: two (0); three (1) (Laurm and Reisz, 1995). 

95. Scapulocoracoid ossifications: two (0); three (1) (Laurin and Reisz, 1995). 
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scapula 

8) Scapula and coracoid do not coossify until late in posthatching ontogeny (for 

Sauria, Gauthier, 1984). 

46) Scapula relatively narrow (Gautiiier, 1984). 

J6. Ossified portion of the scapula very tall and narrow. The ratio of minimum 

widtii to height is less than one quarter (for Archosauria 2) (Benton, 1985). 

42) Scapula at least tiiree times longer than width at base, and entire 

scapulocoracoid further inclined posterodorsally (also in pterosaurs aside from 

Scleromochlus) (for Dinosauria, Gauthier, 1986). 

118) Scapular blade much longer than wide and scapulocoracoid inclined 

posterodorsally (for Omithotarsi, Gauthier, 1984). 

41) Scapula sfraplike (for Tetanurae, Gauthier, 1986). 

146. Scapula. Broad (0) or narrow (1) above glenoid (Gauthier et al, 1988b). 

scapula is long and strap-like, without an expanded tip (Benton and Clark, 1988). 

(q) scapula broadens dramatically dorsally (Benton and Clark, 1988). 

(a) scapula with nearly horizontal anterior and posterior edges (Benton and Clark, 

1988). 

E6. low scapula [(0) broad and tall (1) low (2) posteriorly oriented and strap-like 

(3) tall and strap-like] (Evans, 1988; Peters, 2000). 

118. scapula low in lateral view, mostly ventral (Evans, 1988). 

119. scapula subequal to coracoid (Evans, 1988). 

K15. short scapula, reduced coracoid (Evans, 1988). 

ossified portion of the scapula very tall and narrow (at least twice as tall as width 

of base) (for urmamed group 5) (Benton, 1990). 

34. Scapula length: more (0) or less (1) than 75 percent of humems lengtii (Sereno, 

1991). 
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1. Anterior contour of scapula from blade to acromion: gradual expansion to 

acromion (0); abrupt increase in width (I) (Sereno, 1993). 

scapular blade strap-shaped (for Herrerasauridae + other theropods) (Sereno et al, 

1993). 

27, Anterior margin of scapula straight (0) or slanted posterioriy (1) (deBraga and 

Reisz, 1995). 

34, Scapula lengtii: more (0) or less (1) than 75% of humems length (Novas, 

1996), 

62, Anteroposterior widtii of scapula. States: 0 = relatively broad; 1 = relatively 

narrow (lengtii ~ 2 times width) (Bennett, 1996). 

62. Anteroposterior width of scapula relatively narrow (0) relatively broad (1) 

relatively narrow (lengtii e" 2 times widdi) restructured as: > 62. Scapula (0) tall and 

broad (1) tall and narrow (2) narrow and posteriorly directed (3) short (Peters, 2000, 

modified from Bennett, 1996). 

14. Anterior margin of scapula in lateral view (approximately sfraight/convex = 0, 

or markedly concave = I) (Gower and Sennikov,, 1997). 

26. Scapula shape: tall, and larger than coracoid (0); low, and subequal in size to 

coracoid (I) (Benton and Allen, 1997). 

99. Shape of scapular blade. Tall and rectangular (0), low with deep caudal 

concavity (I) or tall and very narrow (2) (Dilkes, 1998). 

84. Scapula represented by a broad blade of bone (0), or with a constriction 

separating a ventral glenoidal portion from a posteriorly directed dorsal blade (1) 

(Rieppel, 1998). 

22. Apex of scapula: un- or modestly expanded (0) or broadly expanded (1) 

(Heckert and Lucas, 1999, from Long and Murry, 1995). 
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44, Scapula high and narrow - (0) no (1) yes (Jalil, 1997; Peters, 2000). 

45. Low sublunate scapula (0) no (1) yes (Jalil, 1997; Peters, 2000). 

coracoid 

104) Coracoid small, round, and nearly in same plane as scapula (for Omithodira; 

Gaudiier, 1984). 

9) Posterior coracoid absent (for Sauria, Gauthier, 1984). 

venfromedially elongate coracoid (for Crocodylomorpha; Gauthier, 1984). 

94) Coracoid tubercle lies closer to glenoid fossa and coracoid foramen (Gautiiier, 

1984). 

J7. Coracoid small and glenoid faces largely backwards (for Archosauria 2) 

(Benton, 1985). 

Elongated waisted coracoid (for living Crocodylia) (Benton, 1985). 

Q8, Coracoid has no posterior process (for Hyperodapedontinae) (Benton, 1985), 

29) Coracoid venfromedially elongate (for Crocodylomorpha, Gauthier, 1986). 

(also in pterosaurs) 

72) Coracoid with subrectangular profile (for Maniraptora, Gauthier, 1986). 

42) Coracoid tapers posteriorly in profile (for Tetanurae, Gauthier, 1986). 

9) Coracoid tubercle lies close to glenoid fossa and coracoid foramen (for 

'Omithosuchia', Gauthier, 1986). 

148. Coracoid ossification(s). One (0) or two (1) (Gauthier et al, 1988b). 

149. Postcoracoid cartdage. Present (0) or absent (1) (Gauthier et al, 1988b). 

CI. single coracoid (Evans, 1988). 

(j) venfromedial end of coracoid anteroposteriorly expanded, anterior edge concave 

(Benton and Clark, 1988). 
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coracoid small, and glenoid faces largely backward (for unnamed group 5) (Benton, 

1990). 

W. Coracoid shape: subcircular (0); crescentic (1); strut-shaped (2) (for 

Parasuchia, Sereno. 1991). 

12. Coracoids subrectangular (0) or more nearly circular (1) (Parrish, 1992). 

105, Coracoid, States: 0 = large plate that curves beneath the body to approach 

die intercla%'icle on die midline; 1 = small, with subcircular profile, and lying in nearly 

same plane as the scapula (Bennett. 1996), 

105. Coracoid - (0) large plate that curves beneath the body to approach the 

interclavicle on the midline (1) small, with subcircular profile, and lying in nearly same 

plane as the scapula (2) stmt-like (Peters, 2000, modified from Bennett, 1996). 

63. Coracoid (= biceps) tubercle. States: 0 = not displaced dorsally; I = lies close 

to glenoid fossa and coracoid foramen (Bennett, 1996). 

120. Coracoid ossifications: one (0); two (1) (deBraga and Rieppel, 1997, from 

Rieppel, 1994 #70). 

87. One (0) or two (1) coracoid ossifications (Rieppel, 1998). 

89. Coracoid foramen enclosed by coracoid ossification (0), or between coracoid 

and scapula (I) (Rieppel, 1998). 

94. Insertional crest for latissimus dorsi muscle prominent (0) or reduced (1) 

(Rieppel, 1998). 

26. Coracoid: shallow (0) or robust (I) (Heckert and Lucas, 1999). 

28. Coracoid subcircular in lateral view (0), witii elongate post-glenoidal process 

posteromedially (1), or with elongate ventromedial process expanded ventrally (2) (Olsen 

etal, 2001). 
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coracoid process for triceps 

B4. enlarged coiacoid process for triceps (Evans, 1988). 

28. Coracoid process for triceps musculature small (0) or large (1) (deBraga and 

Reisz. 1995), 

94, Coracoid process. Small (0) or large (1) (Dilkes, 1998). 

cleithmm 

15) Cleithra absent (for Archosauromorpha, Gauthier, 1984). 

8) Loss of cleithmm (for Lepidosauromorpha; Gauthier, 1984). 

C8. cleithmm absent (for Archosauromorpha) (Benton, 1985). 

151. Cleitiuoim. Present (0) or absent (1) (Gauthier et al, 1988b). 

cleithmm absent (for Archosauromorpha) (Benton, 1990). 

G8. no cleithmm (Evans, 1988). 

J9. no cleithmm (Evans, 1988). 

23.Cleitiirum. States: 0 = present; 1 = absent (Bennett, 1996). 

93. Cleitiirum. Present (0) or absent (1) (Dilkes, 1998). 

113. Cleithmm: present (0); absent (1) (deBraga and Rieppel, 1997). 

76. Cleiduami present (0) or absent (I) (Rieppel, 1998). 

9. Cleithmm - (0) present (1) absent (Jalil, 1997; Peters, 2000). 

glenoid cavity 

103) Glenoid faces posteroventrally (for Omithodira; Gauthier, 1984). 

24) Glenoid facet on scapulocoracoid faces posteroventtally (Pterosauria?) (for 

Omithodira, Gauthier, 1986). 

25) Glenoid small, with subcircular profile, and lying in nearly the same plane as 

the scapula (for Omithodira, Gauthier, 1986). 
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glenoid faces fully backwards (Benton and Clark. 1988). 

106. Glenoid fossa of scapulocoracoid. States: 0 = faces mostly laterally; 1 = faces 

posteroventtally (Bennett. 1996). 

supraglenoid foramen 

73. Supraglenoid foramen present (0), or absent (1) (Gaudiier, Kluge and Rowe, 

1988a) 

97. Supraglenoid foramen: present (0); absent (1) (Laurin and Reisz, 1995). 

supraglenoid butttess 

7) Supraglenoid butttess of scapula absent (for Sauria, Gauthier, 1984). 

74. Supraglenoid butttess prominent (0), or feeble (1) (Gauthier, Kluge and Rowe, 

1988a) 

147. Supraglenoid butttess. Present (0) or absent (1) (Gauthier et al, 1988b). 

C4. loss of supraglenoid butfress (Evans, 1988). 

119. Supraglenoid buttress: present (0); absent (1) (deBraga and Rieppel, 1997, 

from Rieppel, 1994 #69). 

86. Supraglenoid buttress present (0) or absent (1) (Rieppel, 1998). 

clavicle 

absence of clavicles (for Crocodylomorpha; Gauthier, 1984). 

76. Clavicles broad (0), or narrow (1) medially (Gautiiier, Kluge and Rowe, 1988a) 

28) Clavicles absent (for Crocodylomorpha, Gauthier, 1986). 

23) Clavicle reduced and gracile (Lagosuchus?; enlarged in coelosaurs) (for 

Omithodira, Gauthier, 1986). 

58) Furcula (for Coelurosauria, Gauthier, 1986). 
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153. Cla\ ides. Broad (0). or narrow (I), medially (Gauthier et al, 1988b). 

10. Ossified cla\iclcs; present (0), absent (1) (Sereno and Arcucci, 1990). 

24, Cla\ icie: present (0); rudimentary or absent (1) (Sereno, 1991). 

104, Cla\ icIe, States: 0 = present; I = reduced or unossified (Bennett, 1996), 

104. Cla\icle - (0) present (1) reduced or unossified (2') overlapping (Peters, 2000, 

modified from Bennett. 1996). 

95. Clavicular shape. Broad proximally (0) or narrow proximally (1) (Dilkes, 

1998). 

114, Cla\icle: intercla\icular process of clavicle broad and blade-like with the 

maximum anteroposterior lengdi at least 1/3 of hs transverse dimension (0); slender with 

its anteroposterior length less than 1/5 of tiie transverse dimension (1) (deBraga and 

Rieppel, 1997). 

77. Clavicles broad (0) or narrow (1) medially (Rieppel, 1998). 

78. Clavicles positioned dorsally (0) or anteroventtally (1) to the interclavicle 

(Rieppel, 1998). 

79. Clavicles do not meet in front of the interclavicle (0) or meet in an 

mterdigitatmg anteromedial suture (I) (Rieppel, 1998). 

80. Clavicles without (0) or with (1) anterolaterally expanded comers (Rieppel, 

1998). 

81. Clavicle applied to the anterior (lateral) (0) or to the medial (1) surface of 

scapula (Rieppel, 1998). 

interclavicle 

119) Interclavicle absent and clavicles reduced (for Omithotarsi, Gauthier, 1984). 

9) Gracile interclavicle (for Lepidosauromorpha; Gauthier, 1984). 
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77. Interclavicle without (0), or with (I), distinct lateral arms (Gauthier, Kluge and 

Rowe. 1988a) 

80) Lateral processes of interclavicle reduced (Gaudiier, 1984). 

22) Intercla\ icle absent (Lagosuchus?) (for Omitiiodira, Gauthier, 1986). 

154. Interclavicle. Rhomboidal (0). or T-shaped (1), anteriorly (Gauthier et al, 

1988b). 

155, Interclavicle lateral processes. Long (0) or short (1) (Gauthier et al, 1988b). 

M6. interclavicle T-shaped or cmciform (Evans, 1988). 

PIO. T-shaped interclavicle witii bulbous stem (Evans, 1988). 

4. loss of tiie interclavicle (Benton and Clark, 1988). 

loss of the interclavicle (for Omitiiodira) (Benton, 1990). 

9. Ossified interclavicle: present (0), absent (I) (Sereno and Arcucci, 1990). 

23. Interclavicle: present (0); absent (1) (Sereno, 1991). 

X. Interclavicle size: slender (0); long and broad (1) (for Parasuchia, Sereno, 1991). 

44. Interclavicle: present (0); absent (1) (Juul, 1994). 

92. Interclavicle: diamond-shaped (0); T-shaped, with long, slender lateral 

processes (Laurin and Reisz, 1995). 

59. Interclavicle. States: 0 = roughly T-shaped with well developed lateral 

processes; 1 = lateral processes reduced; 2 = absent (Bermett, 1996). 

59. Interclavicle (0) roughly T-shaped with well developed lateral processes (1) 

lateral processes reduced (2) absent (3) keeled (Peters, 2000, modified from Bennett, 

1996). 

96. Interclavicle proximal shape. Broad diamond (0) or gracile anchor (I) (Dilkes, 

1998). 

97. Cranial margm of mterclavicle. Smootiily convex (0) or notch present between 

clavicles (I) (Dilkes, 1998). 
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98. Caudal stem of interclavicle. Little change in width along entire length (0) or 

expansion present (1) (Dilkes. 1998). 

25. Interclavicle equal to not more than the length of six dorsal vertebrae (0) or 

interclaxicle length equal to eight dorsal vertebrae (1) (deBraga and Reisz, 1995). 

26, Interclavicle head diamond shaped (0) or T -shaped (I) (deBraga and Reisz, 

1995), 

13. Interclavicle (T-shaped = 0, anterolateral processes absent = 1) (Gower and 

Sennikov.. 1997). 

115. Interclavicle: anterior end rhomboidal (0); T-shaped but with broad 

transverse bar with its anteroposterior dimension at least 1/4 the transverse width of the 

bar (I); T-shaped but ttansverse bar slender with its anteroposterior dimension much less 

dian 1/4 die ttansverse widtii (2) (deBraga and Rieppel, 1997). 

82. Interclavicle rhomboidal (0) or T-shaped (1) (Rieppel, 1998). 

83. Posterior process on (T-shaped) interclavicle elongate (0), short (1), or 

mdimentary or absent (2) (Rieppel, 1998). 

stemum 

Ossified stemal plates (for Sauropodomorpha, Gauthier, 1984). 

I) Lepidosauromorph stemum - anteriorly, the cartilaginous stemum forms a 

broad plate lymg between the coracoids on the venfral midline; behmd the coracoids tiie 

stemum tapers abmptly to an elongate, rod-like stmcttire which supports four or five 

ribs; the sternum bifiircates posteriorly to form the xiphistema, that supports additional 

rib extensions; the stemum and its associated ventral rib extensions become calcified or 

ossified prior to the cessation of growth in extant saurians (plesiomorphic state); rib-

supporting posterior portion of stemum is formed by two broad plates that fiise to one 
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another prior to die cessation of growth (apomorphic state)(for Lepidosauromorpha; 

Gaudiier, 1984). 

38) Stemum indistinguishably fused in embryos (for Lepidosauromorpha; 

Gaudiier, 1984). 

39) Xiphistemum greatly reduced or absent - recent forms only (for 

Lepidosauromorpha; Gaudiier. 1984). 

59) Bony stemal plates fiised, at least in fully adult individuals (for Coelurosauria, 

Gaudiier, 1986). 

M5, stemum arises as two plates (Evans, 1988). 

116. Mineralized stemum: absent (0); present (I) (deBraga and Rieppel, 1997, 

from Laurin and Reisz, 1995 #100). 

24. Stemum not mineralized (0) or mineralized (I) (deBraga and Reisz, 1995). 

118. Mineralized stemum absent (0) or present (1) (Rieppel, 1998). 

Pelvic Girdle 

58) The m. iliofemoralis originates largely behind the level of the acetabulum 

(Gautiiier, 1984). 

42) Pelvis fused in adults (for Lepidosauromorpha; Gauthier, 1984). 

K6. Pelvis markedly 3-rayed with long narrow ventral processes on the pubis and 

the ischium (for Archosauria 3) (Benton, 1985). 

98) Pubis and ischium relatively elongate (= triradiate pelvis of Romer 1956) (for 

Omithosuchia, Gauthier, 1984). 

9) triradiate pelvis (for Pseudosuchia2, Gauthier, 1986). (also in omithosuchians) 

pelvis markedly three-rayed with a long, downtumed pubis and ischium (for 

unnamed group 5) (Benton, 1990). 
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diyroid foramen/fenestra 

19) Fenesttate pehic girdle (for Lepidosauromorpha; Gauthier, 1984). 

El 9. development of thyroid foramen in pelvis (Evans, 1988). 

J10. tiiyroid fenestra developed in pelvis (Evans, 1988). 

36. Thyroid foramen in die pelvis: absent (0); present (1) (Benton and Allen, 

1997). 

100. Pelvic girdle. Unfenestrated (0) or diyroid fenestta present (1) (Dilkes, 

1998). 

133. Thyroid fenestta: absent (0); present (1) (deBraga and Rieppel, 1997). 

102. Thyroid fenesfra absent (0) or present (1) (Rieppel, 1998). 

22. Thyroid fenestra on die pelvis - (0) absent (1) present (Jalil, 1997; Peters, 

2000). 

ihum 

Ilium forms 80-85% of surface area of acetabulum; femorzd butttess reduced; 

posterior margin of acetabulum buttressed, thus bony ridge completely encloses 

acetabulum; iliac blade enlarged, subtriangular, extends to level of posterior extent of 

ischium, and dorsal margin horizontally disposed in lateral view (for Sauria, Gauthier, 

1984). 

47) Iliac spine present (Gauthier, 1984). 

59) The m. iliotibialis originates from more than two-thhds of the dorsal margm of 

dium (Gautiiier, 1984). 

126) Fossa on ventral margin of postacetabular ilium for origm of 

m.caudofemoralis brevis ("brevis fossa") (for Dinosauria, Gauthier, 1984). 

ilium with enormously elongate iliac spine (for Omithischia, Gauthier, 1984). 

An arched dorsal margin of the ilium (for Sauropodomorpha, Gauthier, 1984). 
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86) Relatively elongate posterior process of ilium (Gauthier, 1984). 

43) Ilium fomis less tiian 80-85% of surface area of acetabulum, and iliac blade 

relatively narrow and more or less steeply inclined posterodorsally (for 

Lepidosauromorpha; Gauthier, 1984). 

44) Ilium with pubic flange - a short, depressed, more or less pointed process of 

die ilium tiiat passes anterodorsally over die acetabular junction of the pubis (for 

Lepidosauromorpha; Gauthier, 1984). 

Small, pointed iliac spine (for Sauropodomorpha, Gauthier, 1984). 

51) Secondary ossification centers form on ends of all long bones and in several 

muscle attachments, such as those mserting upon retroarticular process, neural arches, 

basioccipital tubera, posterior end of the ilium and several other points on the pelvis, as 

well as in the knee and elbow joints (for Lepidosauromorpha; Gauthier, 1984). 

77) Posterodorsal margm of ilium curves ventrally in lateral view (for 

Maniraptora, Gauthier, 1986). 

27) Preacetabular part of ilium enlarged and extending far forward of acetabulum 

(for Theropoda, Gauthier, 1986). 

28) Pronounced brevis fossa (for Theropoda, Gauthier, 1986). 

78) Pubic peduncle of ilium extends ventrally beyond level of ischiadic peduncle, 

and pubis dhected posteroventrally (for Maniraptora, Gauthier, 1986). 

79. Sacral ramus of ilium small, narrow, posterodorsally directed, shorter than 

ischium; ilium forms 60-65%i of oval acetabulum, and a cotyloid notch is present (0), or 

ilium sacral ramus large , broad, widi horizontal dorsal margm, extends to end of ischium 

posteriorly; ilium forms 80-85%) of rounded acetabulum without a cotyloid notch 

(Gaudiier, Kluge and Rowe, 1988a) 

169. Ilium dorsal groove. Present (0) or absent (I) (Gauthier et al, 1988b). 
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170. Ilium posterior process. Short (0) or extends to posterior limh of ischium (1) 

(Gautiiier et al., 1988b). 

171. Ilium. Narrow and posterodorsally oriented (0) or expanded anteriorly and 

dorsally and with horizontal dorsal margin (1) (Gauthier et al, 1988b). 

J12, Iliac blade has a small anterior process (for Archosauria 2) (Benton, 1985). 

30) Brevis shelf appears on ventral surface of postacetabular portion of ilium (for 

Omitiiodira, Gautiiier, 1986). 

15. Presence of a prominent brevis shelf on the lateroventral side of the 

postacetabular blade of the ilium (Novas, 1992). 

(e) anterior process of dium smaU (Benton and Clark, 1988). 

(c) anterior process of ilium nearly absent (Benton and Clark, 1988). 

E30. ilium short in relation to ischium (Evans, 1988). 

E9. ilium with reduced contribution to acetabulum (Evans, 1988). 

J20. dium witii sttong pubic flange (Evans, 1988). 

iliac blade has a small cranial process (for unnamed group 5) (Benton, 1990). 

brevis fossa on dium (1) (Sereno and Novas, 1992). 

brevis fossa (for Dmosauria) (Sereno et al, 1993). 

8. Anterior process on iliac blade: absent (0); present (1) (Juul, 1994). 

34. Iliac blade with well-developed postero-distal process (0) or expanded into 

fan-shaped stmcttire dorsally (1) (deBraga and Reisz, 1995). 

108. Iliac blade: low, with long posterior process (0); dorsally expanded, distally 

flaring (1) (Laurin and Reisz, 1995). 
73. Iliac spine. States: 0 = absent or feebly developed; 1 = moderately to well 

developed (Bennett, 1996). 

73. Iliac spine - (0) absent or feebly developed (1) broad and ax-like (2) long and 

knife-like (Peters, 2000, modified from Bennett, 1996). 
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34, Ilium lengtii relative to ischium: longer (0); equal or shorter (1) (Benton and 

Allen, 1997). 

35.Preacetabular butttess on ilium: absent, or insignificant (0); well-developed (I) 

(Benton and Allen, 1997). 

134. Posterior process of iliac blade: long, extending posteriorly well past level of 

acetabulum (0); posterior process reduced, distal end of ilium fan-shaped (1) (deBraga and 

Rieppel, 1997, from Laurin and Reisz, 1995 #108). 

102. Dorsal margin of ilium. Posterior process only (0), large posterior process 

and smaller anterior process (1), equally developed anterior and posterior processes (2) or 

large anterior projection (3) (Dilkes, 1998). 

103. Processus lateralis. Present (0) or absent (1) (Dilkes, 1998). 

144. Pubic apron on ilium. Absent (0) or present (I) (Dilkes, 1998). 

24. Well-developed, robust, short anterior iliac blade: absent (0) or present (I) 

(Heckert and Lucas, 1999, from Long and Murry, 1995). 

99. Prominent anterior process of ihum - (0) absent; (1) present (Peters, 2000). 

supraacetabular crest 

12) Supra-acetabular butttess (for 'Omithosuchia', Gauthier, 1986). 

44) Semiperforate acetabulum and prominent supra-acetabular buttress (for 

Dinosauria, Gauthier, 1986). 

6. supraacetabular crest on ilium (Benton and Clark, 1988). 

supraacetabular crest on ilium (for Omitiiodira) (Benton, 1990). 

39. Supraacetabular crest on ilium: absent (0); present (I) (Juul, 1994). 

110. Prominent supraacetabular crest on ilium. States: 0 = absent; 1 = present 

(Bennett, 1996). 

47. Brevis shelf on ilium: absent (0); present (1) (Juul, 1994). 
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109. Acetabular buttress: small, overhangs acetabulum only moderately (0); large, 

overhangs acetabulum sttongly (I) (Laurin and Reisz, 1995). 

26, Brevis shelf absent (0); present (1) (Novas, 1993, 1996) 

32. Rounded swelling of the ilium just dorsal to the midpoint of the acetabulum 

absent (0) or present (1) (Parrish, 1993). 

ischium 

ischium half lengtii of pubis (for Crocodylia; Gautiiier, 1984). 

Obturator process on ischium (for Omithopoda, Gauthier, 1984). 

87) Elongate ischium (Gaudiier, 1984). 

E4, short ischium (for Prolacertiformes) (Benton, 1985). 

JI3. Ischium has a large postero-venttal process (for Archosauria 2) (Benton, 

1985). 

80) Ischium two-thirds or less of pubic length (for Maniraptora, Gauthier, 1986). 

47) Obturator process on ischium (for Tetanurae, Gauthier, 1986). 

81) Obturator process distally placed on ischium (for Maniraptora, Gauthier, 

1986). 

(d) no puboischiadic plate, and much reduced contact between pubis and ischium 

(Benton and Clark, 1988). 

K14. prominent posterior process on ischium (Evans, 1988). 

10. ischium with slender shaft and with ventral 'keel' (obturator process) 

restricted to the proximal third of the bone (Novas, 1992). 

no puboischiadic plate, and much reduced contact between pubis and ischium (for 

Omithosuchia) (Benton, 1990). 

ischium has a large caudo-venttal process (the ischium is longer than the iliac 

blade) (for urmamed group 5) (Benton, 1990). 
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10. ischium with slender shaft and with ventral 'keel' (obturator process) 

restticted to the proximal tiiird of the bone (Novas, 1992). 

G. Ischium with posterior border of the postacetabular pedicle forming a right 

angle widi die dorsal border of die ischial shaft (Novas, 1993). 

32, Ischiatic shaft: laminar, transversely compressed (0), rod-like, triangular in 

cross-section (I) (Novas, 1993), 

50. Ischiatic distal "foot": absent (0). present (1) (Novas, 1993). 

74. Pubis and ischium. States: 0 = puboischiadic plate and broad contact between 

pubis and ischium present; 1 = puboischiadic plate absent, but bones relatively short and 

broad; 2 = puboischiadic plate absent, and bones elongate (Bennett, 1996). 

75. Length of ischium relative to width of acetabulum. States: 0 = short; 1 = 

posteroventtally elongate (Bennett, 1996). 

27. Ischial obturator process: proximodistally extended (0), proximodistally short, 

restricted to the proximal third of the bone (1) (Novas, 1993, 1996) 

10. Large posteroventral process on the ischium (the ischium is longer than the 

ihac blade): absent (0), present (1) (Juul 1994). 

pubis 

obturator foramen absent (for Crocodylia; Gauthier, 1984). 

Rod-like pubis excluded from acetabulum (for living Crocodylia) (Benton, 1985). 

Jl 1. Pubis has a sttongly downtumed anterior tuber (for Archosauria 2) (Benton, 

1985). 

(e) pubis is long and narrow and subvertically oriented (Benton and Clark, 1988). 

B5. enlarged lateral and distal pubic tubercles (Evans, 1988). 
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136. Pubic tubercle: if present small and directed anteroventrally (0); large and 

sttongly tumed \enttally (1) (deBraga and Rieppel. 1997, from deBraga and Reisz, 1995 

#36). 

K16. narrow, elongated, waisted pubis (Evans, 1988). 

pubis has a sttongly downtumed cranial tuber in lateral view (for unnamed group 

5) (Benton, 1990). 

pubis long, narrow, and subvertically oriented (for Omithosuchia) (Benton, 1990). 

E. Pubis proximally curved and ventrally oriented (Novas, 1993). 

F. Pubis with sinuous lateral margin in anterior view (Novas, 1993). 

36. Pubic ttibercles small (0) or large (1) (deBraga and Reisz, 1995). 

37. Pubis shape: broad (0); narrow and waisted (1) (Benton and Allen, 1997). 

25. Openings in pubis: none or one (0) or two (1) (Heckert and Lucas, 1999, from 

Long and Murry 1995). 

length 

16) Length of pubis exceeds three times width of acetabulum (for Pseudosuchia3, 

Gauthier, 1986). (also in omithosuchians aside from Euparkeria) 

13) Prominently triradiate pelvis, with pubis length at least three times width of 

acetabulum (for 'Omithosuchia', Gauthier, 1986). (also in crocodylomorph-rauisuchian 

group, and to a lesser extent aetosaurs) 

(f) pubis is longer than the ischium (Benton and Clark, 1988). 

7. pubis length is more than three tunes the width of the acetabulum (Benton and 

Clark, 1988). 

6. elongated pubis, nearly as long as the femur (Novas, 1992). 

pubis longer than the ischium (for Omithosuchia) (Benton, 1990). 
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pubis more than three times the width of the acetabulum (for Omithodira) 

(Benton. 1990). 

13. Pubis lengdi: shorter (0) or longer (1) than ischium (Sereno, 1991). 

pubic blade at least six times as long as broad (for Herrerasauridae + other 

dieropods) (Sereno et al., 1993). 

32, Pubis: shorter than ischium (0); longer than the ischium (1) (Juul, 1994). 

35, Lengtii of pubis: less tiian tiiree times widtii of acetabulum (0); exceeds tiiree 

tunes width of acetabulum (1) (Juul, 1994). 

6. Pubis lengtii: less tiian 50% of femoral lengtii (0), 70% or more of femoral 

lengtii (1) (Novas, 1993). 

13. Pubis length: less tiian 50% (0), or more than 70%) of femoral length (I) 

(Novas, 1996). 

44, Pubis: distal end anteroposteriorly flattened (0), distal end enlarged, forming a 

knob or an anteroposterior expansion (1) (Novas, 1993). 

76. Pubis length. States: 0 = shorter than ischium; 1 = longer than ischium 

(Bennett, 1996). 

pubic apron 

Broad pubic apron tapers only slightly distally (for Sauropodomorpha, Gauthier, 

1984). 

Pubic apron reduced (for Sauropodomorpha, Gauthier, 1984). 

104. Anterior apron of pubis. Absent (0) or present (1) (Dilkes, 1998). 

27. Pubes broadened ttansversely and fused, forming a "pubic apron" in anterior 

view: absent (0) or present (1) (Heckert and Lucas, 1999). 
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pubis and acetabulum 

pubis reduced in size and nearly excluded from acetabulum (for Crocodylia; 

Gaudiier, 1984). 

(4) pubis at least partially excluded from acetabulum by a distinct anterior process 

of ischium (Benton and Clark, 1988). 

(1) pubis completely excluded from acetabulum (Benton and Clark, 1988). 

13. Pubic acetabular margin recess: absent (0), present (1) (Sereno and Arcucci, 

1990). 

14. Pubic acetabular margin, posterior portion: continuous with anterior portion 

(0); recessed (1) (Sereno, 1991). 

77. Pubic acetabular margin recess. States: 0 = absent; 1 = present (Bennett, 

1996). 

105. Relative contributions of pubic elements to acetabulum. Primarily the dium 

(0) or approximately equal contributions from each element (1) (Dilkes, 1998). 

pubic foot 

expanded pubic foot (for Herrerasauridae, Gauthier, 1984). 

68. Pubic foot: absent (0); present (1) (Juul 1994 from Gauthier, 1986) 

48) Expanded pubic foot (for Tetanurae, Gauthier, 1986). 

79) Pubic foot reduced anteriorly (for Maniraptora, Gauthier, 1986). 

presence of pubic foot (for Theropoda) (Sereno and Novas, 1992). 

pubic foot (for Herrerasauridae + other theropods) (Sereno et al, 1993). 

9. Pubic ttiber: anteroventrally directed (0), or sttongly downttimed in lateral 

aspect (1) (Juul, 1994). 
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prepubis 

Pubis completely reorganized, with short prepubic process anteriorly, and long 

rod-like postpubic process paralleling ischium (for Omithischia, Gauthier, 1984). 

Prepubic process of pubis extends anterior to ilium (for Omithopoda, Gauthier, 

1984). 

Postpubic process of pubis reduced in length (for Omithopoda, Gauthier, 1984). 

acetabulum 

97) Reduction of acetabular junctions of ilium and ischium, and to a lesser extent, 

the pubis, and development of a more prominent supra-acetabular buttress (for 

Omithosuchia, Gauthier, 1984). 

125) Semiperforate acetabulum and prominent supra-acetabular butttess (for 

Dinosauria, Gauthier, 1984). 

A fully open acetabulum (for Melisauria, Gauthier, 1984). 

Completely open acetabulum (for Sauropodomorpha, Gauthier, 1984). 

Fully open acetabulum, in which fenestration exceeds size of femoral head (for 

Sauropodomorpha, Gauthier, 1984). 

175. Acetabulum. Ilium, ischium and pubis confribute nearly equally to 

acetabulum (0), or ilium comprises 80%)-85%) of acetabulum (1) (Gauthier et al, 1988b). 

176. Cotyloid notch. Open (0), or closed, so that a bony ridge completely 

encloses acetabulum (1) (Gauthier et al, 1988b). 

177. Acetabulum. Oval (0), or circular (1), in outime (Gauthier et al, 1988b). 

5. acetabulum is perforated (Benton and Clark, 1988). 

acetabulum is fully open (not just a slit) (Benton and Clark, 1988). 

9. perforated acetabulum (Novas, 1992). 

277 



16. Acetabular pertbration: medial acetabular wall closed (0), open (1) (Novas, 

1993). 

49, Acetabular aperture: acetabular height 27-33% of anteroposterior length (0), 

acetabular height 50''o of anteroposterior diameter (1) (Novas, 1993). 

36. Acetabulum: laterally oriented (0), venfrally deflected (I), open ventrally (2) 

(Juul. 1994), 

acetabulum perforated to some extent (for Omithodira) (Benton, 1990). 

60. Acetabulum: imperforated (0), semiperforated (1), or largely perforated (2) 

(Juul, 1994). 

111. Acetabulum. States: 0 = imperforate; 1 = perforate (Bennett, 1996) 

25. Acetabular wall: imperforate (0); perforate (1) (Novas, 1996) 

101. Acetabulum. Elongate (0) or circular (I) (Dilkes, 1998) 

35. Acetabulum elongate or oval in configuration (0) or chcular (1) (deBraga and 

Reisz, 1995). 

137. Acetabulum oval (0); circular (I) (deBraga and Rieppel, 1997, from Rieppel, 

1994 #82). 

103. Acetabulum oval (0) or circular (1) (Rieppel, 1998). 

48. Ilium with reduced contribution in the acetabulum - (0) no (I) yes (Jalil, 1997; 

Peters, 2000). 

postcloacal bones 

G2. Presence of postcloacal bones (cartilaginous elements which are uiterpreted as 

(?) penis elements (for Tanystropheidae) (Benton, 1985). 

E29. presence of postcloacal bones (Evans, 1988). 

48. Postcloacal bones: absent (0); present (1) (Benton and Allen, 1997). 
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60. Post-cloacal bones - (0) absent (1) present [absence is suspect -does not 

appear in females] (Jalil, 1997; Peters, 2000). 

129. Postcloacal bones - (0) absent (1) present (Peters, 2000, modified from 

Bennett, 1996). 

Limbs 

elongate, gracile limbs (for Pseudosuchia; Gautiuer, 1984). 

"tiiyreophoran" limb proportions (for Thyreophora, Gauthier, 1984). 

increased size - a complex tiiat includes: taller neural arches; shorter, stouter, 

diicker-walled long bones; femur longer tiian tibia; metatarsal III half or less of femur 

length (for Omithopoda, Gauthier, 1984). 

Articular surfaces of long bones, and proximal and distal tarsals and carpals, retam 

thick pads of cartilage (for Sauropodomorpha, Gauthier, 1984). 

51) Secondary ossification centers form on ends of all long bones and in several 

muscle attachments, such as those inserting upon retroarticular process, neural arches, 

basioccipital tubera, posterior end of the ilium and several other points on the pelvis, as 

well as in the knee and elbow joints (for Lepidosauromorpha; Gauthier, 1984). 

35) Thin-walled long bones (=hollow skeleton) (for Theropoda, Gauthier, 1986). 

159. Limbs. Short and stout (0) or long and slender (1) (Gauthier et al,, 1988b). 

J19. ossified epiphyses with discrete centers (Evans, 1988). 

K18. limbs reduced with respect to presacral vertebral column (Evans, 1988). 

7. Limb bones very stout, with hypertrophied trochanters for muscle attachment 

on the humems (deltopectoral crest), femur (fourth trochanter), tibia (intracondylar ridge), 

and fibula (iliofibularis ttochanter): absent (0) or present (I) (Parrish 1994, Heckert and 

Lucas, 1999 #21 (7)). 

extteme hollowmg of centta and long bones (for Theropoda) (Sereno et al., 1993). 
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33. Propodial/epipodial ratios less than one (0) or equal to one (I) (deBraga and 

Reisz, 1995). 

43, Metapodials do not o\erlap proximally (0) or do overlap (1) (deBraga and 

Reisz, 1995). 

162, Limbs: short and stout (0); long and slender (1) (deBraga and Rieppel, 1997, 

from Heaton and Reisz, 1986 #K). 

Front limbs 

106) Forelimbs less tiian 50%) lengtii of hindlimbs (for Omitiiodira; Gautiiier, 

1984). 

Forelimb at least 2/3 of hind limb length (for Sauropodomorpha, Gautiiier, 1984). 

Robustiy constmcted and elongate forelimb (forelimb more tiian half of hindlimb 

length) (for Sauropodomorpha, Gauthier, 1984). 

26) Forelunbs less than 55%) of hindlimb length (Pterosauria?), and hindlimb very 

long relative to length of trunk (for Omithodira, Gauthier, 1986). 

60) Elongate forelunb exceeds half the length of hindlimb and/or presacral vertebral 

column (for Coelurosauria, Gauthier, 1986). 

73) Elongate forelimb nearly 15% of presacral vertebral column length, and 

elongate hand nearly equals or exceeds length of food (for Maniraptora, Gauthier, 1986). 

BB. Forelunb/hmd-limb ratio: more than 0.5 (0); 0.5 or less (1) (for 

Dmosauromorpha, Sereno, 1991). 

45. Forelhnb/hindlmib lengtii ratio: more tiian 0.55 (0); less than 0.55 (1) (Juul 

1994). 

37. Forelrnib/hmd-lunb ratio: more than 50% (0); 50% or less (1) (Novas, 1996). 

107. Forelunb length. States: 0 = greater than or equal to half that of hindlunb; 1 = 

less than half tiiat of hindlimb (Bennett, 1996). 
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Himierus 

51) "Archosaur" humerus (Gauthier, 1984). 

17) Humerus robust, but shaft reduced in thickness (for Lepidosauromorpha; 

Gaudiier. 1984). 

110. humerus > femur (Evans, 1988). 

35, Humeral proportion: more than 50 % of femoral length (0), 50% or less (1) 

(Novas, 1993). 

64. Archosaur humerus. States: 0 = absent; 1 = present (Bennett, 1996). 

123. Humeral torsion: proximal and distal ends reduced to no more than 20° (I) 

(deBraga and Rieppel, 1997, modified from Lee, 1996 #F3). 

106. Femoral humeral ratio of lengtiis. 1:1 (0) or femur > humems (1) (Dilkes, 

1998). 

proximal humerus 

11. Proximal humems medial margin: gentiy curved (0), arched (I) (Sereno and 

Arcucci, 1990). 

4. Medial margin of proximal humems: weakly (0) or strongly (1) arched (Sereno, 

1991). 

2. Humeral medial tuberosity: low, rounded (0); prominent, separated by groove 

from head (I) (Sereno, 1993). 

femoral medial tuberosity mdimentary (for Dinosauria) (Sereno et al, 1993). 

B. Humeral intemal ttjberosity proximally projecting and separated from tiie 

humeral head by a deep groove (Novas, 1993). 

4. Proximal humems sttongly arched under inner tuberosity (Sereno, 1991). 

104. Humems: with robust heads and a short shaft (0); short and robust, without 

a distinct shaft (1); slender with long shaft (2) (Laurin and Reisz, 1995). 
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65. Medial margin of proximal humerus. States: 0 = weakly arched; 1 = strongly 

arched (Bennett, 1996). 

deltopectoral crest 

105) Apex of deltopectoral crest more distally placed on humems (for 

Omitiiodira; Gautiiier, 1984). 

27) Entire deltopectoral crest distally placed (for Crocodylomorpha, Gauthier, 

1986). 

27) Apex of deltopectoral crest placed distally on humems (Pterosauria?) (for 

Omitiiodira, Gauthier, 1986). 

J8. Deltopectoral crest on humerus extends far down the shaft (for Archosauria 2) 

(Benton, 1985). 

deltopectoral crest is low and runs one-third or one-half of the way down the 

shaft (Benton and Clark, 1988). 

1. subrectangular, distally projected deltopectoral crest on the humems (Novas, 

1992). 

deltopectoral crest extends at least one-fourth of the way down the shaft of the 

humerus (for unnamed group 5) (Benton, 1990). 

12. Deltopectoral crest: semicircular (0), rectangular (1) (Sereno and Arcucci, 

1990). 

25. Deltopectoral crest: crescentic (0); subrectangular (1) (Sereno, 1991). 

elongate deltopectoral crest on humems (Sereno and Novas, 1992). 

9. Deltopectoral crest length (humeral head to crest apex): less tiian 30 percent (0), 

or 35 percent or more (I) of humeral length (Sereno, 1993). 

deltopectoral crest 35% or more of humeral length (for Dmosauria) (Sereno et al, 

1993). 
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51. Deltopectoral crest: rounded (0); subrectangular (I) (Juul, 1994). 

59. Elongate deltopectoral crest with apex situated at a point corresponding to less 

tiian 38% (0). or 38%) or more (1) down die lengdi of the humems (Juul, 1994). 

66. Deltopectoral crest. States: 0 = extends no more than one-quarter of way 

down shaft of humems; 1 = extends at least one-quarter of way down shaft of humems 

(Bennett. 1996). 

108. Deltopectoral crest shape. States: 0 = crescentic; 1 = subrectangular (Bennett, 

1996). 

109. Apex of deltopectoral crest. States: 0 = less distally placed on humems; 1 = 

more distally placed on humems (Bennett, 1996). 

108. Deltopectoral crest shape - (0) crescentic (I) subrectangular (2 little to no 

crest (3 low median rise (Peters, 2000, modified from Bennett, 1996). 

2. Deltopectoral crest: positioned within the proximal 25% of the humerus (0), 

proxunodistally elongate, more than 30%) of humeral length (1) (Novas, 1993). 

22. Deltopectoral crest: poskioned within the proximal 30%) of the humems (0), 

proximodistally elongate, more than 34% of humeral length (1) (Novas, 1996). 

distal end of humerus 

J9. Distal end of humems reduced in width (for Archosauria 2) (Benton, 1985). 

distal end of the humems is narrower than the proximal end (for unnamed group 5) 

(Benton, 1990). 

160. Humems. With prominent (0), or reduced (1), epicondyles (Gauthier et al, 

1988b). 

67. Distal end of humems. States: 0 = as wide as or wider tiian proximal end; 1 = 

narrower than proximal end (Bermett, 1996). 

67. Distal end of humems - (0) wider than proximal end (1) narrower tiian 

proximal end (2) subequal (Peters, 2000, modified from Bennett, 1996). 
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122. Humeral epicondyles: large, forming distinct processes (0); reduced so that 

distal end of humerus appears only marginally broader than shaft (1) (deBraga and 

Rieppel 1997, from Rieppel, 1994 #75). 

29, Humeral ends robust exceeding one third of total humeral length (0) or 

humems gracile (1) witii ends less than one third the total length (deBraga and Reisz, 

1995). 

124, Humeral shaft/distal end ratio: shaft length less than 1/3 the maximum width 

of the distal end of the humems (0); shaft long at least four times the width of the distal 

end (1) (deBraga and Rieppel, 1997). 

125. Humeral distal articulations: distinct ttochlea and capitellum (0); low double 

condyle (1) (deBraga and Rieppel, 1997). 

95. Humems with prominent (0) or reduced (1) epicondyles (Rieppel, 1998). 

ectepicondylar groove (foramen) 

39) Ectepicondylar groove on humems absent (Gauthier, 1984). 

2) Fully enclosed ectepicondylar foramen (for Lepidosauromorpha; Gautiiier, 

1984). 

40) Ectepicondylar groove becomes enclosed in bone in embryos - recent forms 

ordy (for Lepidosauromorpha; Gauthier, 1984). 

162. Ectepicondylar groove. Present (0) or absent (1) (Gauthier et al, 1988b). 

163. Ectepicondylar groove. Open (0) or enclosed (1) (viz. ectepicondylar 

foramen present) (Gauthier et al, 1988b). 

D7. no ectepicondylar groove or foramen (Evans, 1988). 

J8. ectepicondylar foramen complete (Evans, 1988). 

no ectepicondylar groove or foramen on humems (for Archosauria) (Benton, 

1990). 
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3. Circular pit on distal margin of humeral ectepicondyle: absent (0); present (I) 

(Sereno, 1993). 

68. Ectepicondylar foramen or groove of humems. States: 0 = foramen or groove 

present; 1 = foramen and groove absent (Bennett, 1996). 

108. Ectepicondylar foramen. Absent (0) or present (1) (Dilkes, 1998). 

127. Ectepicondylar groove/foramen: foramen absent, but deep groove present 

along anterior edge of humems (0); foramen and groove absent, but a small notch present 

anterodistally (1); completely enclosed foramen present, no deep groove (2) (deBraga and 

Rieppel, 1997, modified from Laurin and Reisz, 1995 #102). 

96. The ectepicondylar groove is open and notched anteriorly (0), open without 

anterior notch (1), or closed (2) (i.e. ectepicondylar foramen present) (Rieppel, 1998). 

21. Ectepicondylar foramen - (0) absent (1) present (Jalil, 1997; Peters, 2000). 

entepicondyle 

30. Entepicondyle of humems weakly developed (0) or large and strongly 

developed (I) (deBraga and Reisz, 1995). 

entepicondylar foramen 

16) Entepicondylar foramen in humems absent (for Archosauromorpha, Gaudiier, 

1984). 

164. Entepicondylar foramen. Present (0) or absent (1) (Gauthier et al, 1988b). 

011. no entepicondylar foramen (Evans, 1988). 

LIS. no entepicondylar foramen (Evans, 1988). 

G9. no entepicondylar foramen on humerus (Evans, 1988). 

15. humems with strong entepicondyle (Evans, 1988). 
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C9. No entepicondylar foramen in the humerus (for Archosauromorpha) (Benton, 

1985). 

no entepicondylar foramen in the humerus (for Archosauromorpha) (Benton, 

1990). 

4. Prominent humeral entepicondyle with anterior and posterior depressions: 

absent (0); present (1) (Sereno, 1993). 

C. Humeral entepicondyle ridge-like with anterior and posterior depressions 

(Novas. 1993). 

24, Entepicondylar foramen in humems. States: 0 = present; 1 = absent (Bennett, 

1996). 

27. Entepicondylar groove or foramen in humems: present (0); absent (I) (Benton 

and Allen, 1997). 

107. Entepicondylar foramen. Present (0) or absent (1) (Dilkes, 1998). 

128. Entepicondylar foramen: present (0); absent (I) (deBraga and Rieppel, 1997, 

from Reisz and Laurin, 1991 #10). 

97. Entepicondylar foramen present (0) or absent (I) (Rieppel, 1998). 

32. Entepicondylar foramen - (0) present (1) absent (Jalil, 1997; Peters, 2000). 

supinator process 

126. Supinator process: large angled away from humeral shaft (0); large confluent 

with shaft (I); small or absent (2) (deBraga and Rieppel, 1997, modified from Laurin and 

Reisz, 1995 #101). 

ttochlea 

51) Secondary ossification centers form on ends of all long bones and in several 

muscle attachments, such as those inserting upon retroarticular process, neural arches. 
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basioccipital tubera. posterior end of the ilium and several other points on the pelvis, as 

well as in the knee and elbow joints (for Lepidosauromorpha; Gauthier, 1984). 

5. Ulnar condyle of humerus: rounded (0); saddle-shaped (1) (Sereno, 1993). 

radius 

B6. radius equal or subequal in length to humems (Evans, 1988). 

16. twisted radius (Evans. 1988). 

17. radius longer than ulna (Evans, 1988). 

111. radius 50-65%humems (Evans, 1988). 

31. Radial shaft sttaight (0) or twisted (1) along its long axis (deBraga and Reisz, 

1995). 

28.Radius length relative to humems: radius 80-90 per cent length of humerus (0); 

radius 40-65 per cent length of humems (I) (Benton and Allen, 1997). 

129. Radius/ulna ratio: radius shorter than ulna (0); radius longer than ulna (I); 

radius and ulna sub-equal (2) (deBraga and Rieppel, 1997, from Rieppel, 1994 #78). 

98. Radius shorter than ulna (0), or longer than ulna (1) or approximately of the 

same lengtii (2) (Rieppel, 1998). 

ulna 

52) Ulna much stouter than radius (Gauthier, 1984). 

74) Ulna bowed posteriorly (for Maniraptora, Gauthier, 1986). 

C9. uhia lacks olecranon and sigmoid notch (Evans, 1988). 

K. Radial and ulnar shaft dimensions: robust and in mutual contact distally (0); 

slender and separated distally (1) (for Riojasuchus, Sereno, 1991). 

6. Ulna-ulnare articular surface: subplanar (0); concavoconvex with size disparity 

(I) (Sereno, 1993). 
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69. Ulna and radius. States: 0 = subequal in size; 1 = ulna much stouter than radius 

(Bennett, 1996). 

32. Olecranon process on ulna present (0) or absent (1) (deBraga and Reisz, 

1995). 

105. Olecranon process: large, proximal articular facet of ulna faces medially (0); 

small, proximal articular facet of ulna faces proximally (I) (Laurin and Reisz, 1995). 

130. Olecranon: large and set off from proximal end of ulna (0); small or entirely 

absent (I) (deBraga and Rieppel. 1997, modified from Laurin and Reisz, 1995 #105). 

carpus 

88. Large (0), or small (1), proximal carpals and tarsals (Gauthier, Kluge and 

Rowe, 1988a) 

201. Proximal tarsals and carpals. Large (0) or small (1) (Gauthier et al, 1988b). 

J10. Hand is short. The carpus and manus is less than half the length of the tarsus 

and pes (for Archosauria 2) (Benton, 1985). 

75) Semilunate carpal (for Maniraptora, Gauthier, 1986). 

(e) proxunal carpals elongated (Benton and Clark, 1988). 

radiale and ulnare 

30) Radiale and ulnare elongate and columnar (for Crocodylomorpha, Gauthier 

1984,1986) 

Specialized ulna-uhiare joint (for living Lepidosauria) (Benton, 1985). 

Reduced carpus with elongate waisted radiale and ulnare (for living Crocodylia) 

(Benton, 1985). 

38. Elongate radiale and ulnare absent (0) or present (I) (Parrish, 1993). 
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ulnare and intermedium 

CIO. Loss of foramen in carpus between ulnare and intermedium (for 

Archosauromorpha) (Benton, 1985). 

B8. proximodistal expansion of ulnare and intermedium (Evans, 1988). 

GIO. no foramen between ulnare and intermedium (Evans, 1988). 

E8. loss of intemiedium in carpus (Evans, 1988). 

no foramen in carpus between ulnare and intermedium (for Archosauromorpha) 

(Benton, 1990). 

Foramen between ulnare and intermedium in carpus. States: 0 = present; I = 

absent (Bennett, 1996). 

29. Intermedium in carpus: present (0); absent (1) (Benton and Allen, 1997). 

47. Carpal intermedium - (0) present (1) absent (Jalil, 1997; Peters, 2000). 

lateral centrale 

10. Lateral centtale of manus - (0) present (1) small or absent (Jalil, 1997; Peters, 

2000). 

51. Manual centralia - (0) present (1) absent (Jalil, 1997; Peters, 2000). 

medial centrale 

17) Medial centtale in carpus absent (for Archosauromorpha, Gauthier, 1984). 

Loss (fusion?) of manal centrale (for Omithopoda, Gauthier, 1984). 

3) Medial centtale enlarged to nearly twice size of lateral centtale in manus (for 

Lepidosauromorpha; Gautiiier, 1984). 

EI5. loss of manus centralia (Evans, 1988). 

LI9. lateral manus centrale meets second distal carpal (Evans, 1988). 

112. medial centtale meets fourth distal carpal m aduU (Evans, 1988). 
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113, medial centtale - 2x lateral centtale (Evans, 1988). 

7. Centtale distal to radiale: absent (0); present (1) (Sereno, 1993). 

26. Medial ccnfrale in carpus. States; 0 = present; I = absent (Bennett, 1996). 

109. Medial centtale of carpus. Present (0) or absent (1) (Dilkes, 1998). 

30. Centtalia in die manus: present (0); absent (I) (Benton and Allen, 1997). 

33. Medial centtale in carpus - (0) present (I) absent (Jalil, 1997; Peters, 2000). 

distal carpals 

21) Enlarged distal carpal I overiaps bases of metacarpals I and II (for Theropoda, 

Gautiuer, 1986). 

E7. first distal carpal lost or fiised (Evans, 1988). 

8. Distal carpal 4 size: less than (0), or more than (1) one-half of the ulnare 

(Sereno, 1993). 

distal carpal 5 absent (for Saurischia) (Sereno et al, 1993). 

31. First distal carpal: present (0); absent (1) (Benton and Allen, 1997). 

46. First distal carpal - (0) present (1) absent (JaUI, 1997; Peters, 2000). 

manus 

Relatively stout, short and broad manus and pes with hoof-like unguals (for 

Thyreophora, Gauthier, 1984). 

Relatively short and broad manus and pes (for Thyreophora, Gauthier, 1984). 

Relatively shorter, broader, and stouter manus and, to a lesser extent, pes (for 

Sauropodomorpha, Gauthier, 1984). 

II) Manus more asymmetrical then in pseudosuchians, with inner digits much 

larger than outer digits (Lagosuchus?; Pterosauria?) (for 'Omithosuchia', Gauthier, 1986). 
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61) Manus gracile and elongate, especially digits two and three and theh 

metacarpals, and metacarpal I only one-third the length of metacarpal II (for 

Coelurosauria. Gauthier. 1986). 

43) Manus forms more than two-thirds of combined lengths of radius plus 

humems (for Tetanurae. Gauthier. 1986). 

24) Manus with elongate penultimate phalanges (for Theropoda, Gauthier, 1986). 

7) Manus more than 45%) of length of humerus plus radius (for Saurischia, 

Gaudiier, 1986). 

8) Manus markedly asymmetrical (for Saurischia, Gauthier, 1986). 

8. increased asymmetry of the hand (phalangeal formula 2-3-4-5-2) (Novas, 1992). 

elongate manus that approaches, or exceeds, half of the length of the more 

proximal part of the forelimb (for Saurischia) (Sereno and Novas, 1992). 

manus more than 50%) length of humems + radius (for Theropoda) (Sereno et al, 

1993). 

D. Manus 60%o of the length of humems plus radius (Novas, 1993). 

45. Manual proportion: less than 45%) (0), more than 45% of combined length of 

humems plus radius (I) (Novas, 1993). 

47. Manual symmetry: digit III is the longest digit of hand (0), digh II is longer 

tiian III (0) (Novas, 1993). 
42. Manus and pes short and broad (0) or long and slender (I) (deBraga and Reisz, 

1995). 

70. Manus lengtii. States: 0 = greater than or equal to half tiiat of tarsus and pes; 1 

= less than half that of tarsus and pes (Bennett, 1996). 

131. Perforating foramen of manus: present (0); absent (1) (deBraga and Rieppel, 

1997). 
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23 Manus gracile and elongate (longer than wide) (0) or short, broad, and small 

(wider tiian long) (1) (Heckert and Lucas. 1999. from Long and Murry, 1995). 

metacarpals 

41) S> nmiettical metacarpals (for Lepidosauromorpha; Gauthier, 1984). 

Elongate metacarpals and hooved unguals on hands (for Omithopoda, Gauthier, 

1984). 

45) Base of metacarpal 111 set on palmar surface of hand below base of metacarpal 

II (for Tetanurae, Gaudiier, 1986). 

76) Metacarpal III bowed laterally and very thin compared to metacarpal II (for 

Maniraptora, Gauthier, 1986). 

J17. first and fifth metacarpals shorter than second and fourth metacarpals (Evans, 

1988). 

J18. third metacarpal longer than fourth metacarpal (Evans, 1988). 

metacarpals 1 -3 with extensor depressions for phalangeal hyperextension (for 

Theropoda) (Sereno et al., 1993). 

36. Extensor pits on metacarpals I-III: absent or weakly depressed (0), deep and 

bounded -with prominent margins (1) (Novas, 1993). 

32.Relative lengths of metacarpals 3 and 4: metacarpal 3 shorter than 4 (0) 

metacarpal 3 equal in length to, or longer than, 4(1) (Benton and Allen, 1997). 

33. Relative lengths of metacarpals 1 and 5: shorter than metacarpals 2 and 4 (0); 

similar m length to metacarpals 2 and 4(1) (Benton and Allen, 1997). 

132. Metacarpal IV/III ratio: fourth longer than third (0); fourth equal to or shorter 

than tWrd (I) (deBraga and Rieppel, 1997). 

29. Proximal ends of metacarpals overlap (0) or abut one another without 

overlapping (I) (Olsen et al, 2001). 
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nic I 

40) Metacarpal I with slightly offset distal condyles that direct first digU medially 

(Gautiiier. 1984). 

Metacarpal I stouter and wider than metacarpal II (for Sauropodomorpha, 

Gaudiier. 1984). 

95) Distal condyles of first metacarpal conspicuously offset, pollex directed 

medially relati\ e to other digits, and terminal ungual enlarged, presumably to support 

enlarged claw (for Omithosuchia, Gauthier, 1984). 

10) First metacarpal with offset distal condyles, and pollex directed medially and 

bearing enlarged ungual (Lagosuchus?; Pterosauria?) (for 'Omithosuchia', Gauthier, 

1986). 

10) Saurischian pollex (for Saurischia, Gauthier, 1986). 

44) Basal half of metacarpal I closely appressed to metacarpal II (for Tetanurae, 

Gautiiier, 1986). 

72. Distal condyles of metacarpal I. States: 0 = perpendicular to its long axis; I = 

slightly offset such that the pollex is directed medially; 2 = conspicuously offset such 

that the pollex is dhectiy medially, and ungual enlarged (Bennett, 1996). 

mc IV and V 

10) Proximal head of fifth metacarpal angled so tiiat fifth manal digit diverges 

laterally (for Sauria, Gauthier, 1984). 

18) Metacarpal IV in manus subequal or slightly shorter than metacarpal III (for 

Lepidosauromorpha; Gauthier, 1984). 

9) Bases of metacarpals IV and V lie on palmar surfaces of manal digits tiiree and 

four respectively (for Saurischia, Gauthier, 1986). 

E22. Fourth metacarpal shorter than third metacarpal (Evans, 1988). 
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30. Metacarpals IV and V: medial metacarpals overlap proximal bases of lateral 

metacarpals (0), bases of metacarpals IV and V lying on palmar surfaces of manal digits 

III and IV respectively (1) (Novas, 1993). 

37. Metaeupal IV: more than half length of metacarpal II, and with two or more 

phalanges (0), less than half length of metacarpal II, and with less than two phalanges (1) 

(Novas. 1993). 

38. Metacarpal V: long and robust, "hook-shaped" proximally, and bearing two 

phalanges (0), small, proximally sttaight, rod-like, lacking of phalanges (I) (Novas, 1993). 

67. Bases of metacarpals IV and V: lie more or less in the same plane as the inner 

metacarpals (0), or lie on palmar surfaces of manual digits three and four respectively (1) 

(Juul, 1994). 

55. Fourth metacarpal shorter than third metacarpal - (0) no (1) yes (Jalil, 1997; 

Peters, 2000). 

manual digits 

53) Manal digits 4 and 5 reduced and divergent; manal digits I and 2 much stouter 

than 4 and 5; manal digit 3 longest (Gauthier, 1984). 

96) Markedly asymmettical manus, with digits IV and V very reduced (for 

Omithosuchia, Gauthier, 1984). 

120) Less than five phalanges in manal digit IV and less than three phalanges in 

manal digit V (for Omithotarsi, Gauthier, 1984). 

124) Reduced number of phalanges in outer two digits of manus (for Dmosauria, 

Gauthier, 1984). 

22) Manal digit V reduced to a vestige or absent (for Theropoda, Gauthier, 1986). 

23) Manal digh IV reduced or absent in adult (for Theropoda, Gautiiier, 1986). 
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46) Fourth manal digit absent beyond embryonic stages (for Tetanurae, Gauthier, 

1986). 

25) Manal digit 111 with short first and second phalanges (for Theropoda, 

Gautiiier. 1986). 

26) Manal unguals enlarged, compressed, sharply pointed, strongly recurved, and 

with enlarged flexor tubercles (for Theropoda, Gauthier, 1986). 

62) Combined lengths of first and second phalanges of manal digh three less than 

or equal to length of third phalanx (for Coelurosauria, Gauthier, 1986). 

69. Manual digits l-III: comparatively short with relatively blunt unguals on at 

least digit II and III (0); or long, penultimate with trenchant unguals on digit I-III (I) (Juul 

1994 from Gautiiier, 1986) 

43) Increased asymmetry of hand, with small outer two digits having fewer 

phalanges (ancesttal phalangeal formula for: Archosauria = 2-3-4-5-3;Omithodira = 2-3-4-

4-?; and Dinosauria = 2-3-4-3-2) (for Dinosauria, Gauthier, 1986). 

31. Three or more (0) or fewer than tiu-ee (I) phalanges on digh V (Gaudiier, 1986; 

taken from Parrish 1993; hand or pes digits?). 

28) Less than five phalanges in manal digit four and less than tiiree phalanges in 

manal digit five (Lagosuchus?) (for Omitiiodha, Gauthier, 1986). 

167. Longest digh m hand and foot. IV (0) or III (I) (Gaudiier et al, 1988b). 

168. Inner two digits of hands and feet. Less (0), or more I), robust dian outer 

two (Gauthier et al, 1988b). 

loss of die ungula on tiie fourtii digh of die hand (Sereno and Novas, 1992). 

10. Manual digit IV lengtii and number of phalanges: much longer tiian metacarpal 

III, with 4 phalanges (0); slightly longer or shorter than metacarpal III, with 3 or fewer 

phalanges (I) (Sereno, 1993). 
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manual digh IV narrower than digits II and lacking an ungula (for Dinosauria) 

(Sereno et al.. 1993). 

manual digits IV and V vestigial (for Theropoda) (Sereno et al, 1993). 

manual digits l-lll with long penultimate phalanges and trenchant unguals (for 

Herrerasauridae + otiier tiieropods) (Sereno et al, 1993). 

42. Penultimate manual phalanges: shorter than proximal phalanges (0), longer 

dian proximal phalanges (1) (Novas, 1993). 

43, Unguals of manual digits II and III: proportionally small and slightly curved 

(0), enlarged, compressed, sharply pointed, strongly recurved, and with enlarged flexor 

ttibercles (1) (Novas, 1993). 

15. Manual digit IV: with more than 3 phalanges (0), with 3 or fewer phalanges (1) 

(Novas, 1993). 

23. Number of phalanges on manual digit IV: with more than 3 phalanges (0); with 

three or fewer phalanges (1) (Novas, 1996). 

71. Manual asymmetry. States: 0 = digh IV the stoutest and longest, with the 

more medial digits progressively diminishing in length and robustness; 1= digits I and II 

much stouter than digits IV and V, which are reduced and divergent, and digit III is 

longest; 2 = marked, with digits IV and V very reduced (Bennett, 1996). 

manual digit I 

Robust pollex, including a huge, claw-like ungual (the hallux is likewise enlarged, 

and this is probably correlated with enlargement of the pollex) (for Sauropodomorpha, 

Gautiuer, 1984). 

Manal digit I, the pollex (and to a lesser extent pedal digh I, the hallux) greatly 

enlarged, stoutly constmcted, and bearing an enormous claw (for Sauropodomorpha, 

Gautiuer, 1984). 
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(c) manus digit 1 is short and equipped witii a diverging claw (Benton and Clark, 

1988). 

manual digit 1 short and equipped with a diverging claw (for Omithosuchia) 

(Benton. 1990). 

phalanx 1 of manual digit I equal to or longer than metacarpal (for Saurischia) 

(Sereno et al.. 1993). 

31. Proximal phalanx of digit I: shorter than its metacarpal (0), equal or longer than 

its metacarpal (1) (Novas, 1993). 

46, Pollex ungual: subequal in size to unguals of digits II and II (0), larger than 

other manual unguals (1) (Novas, 1993). 

Hind limbs 

elongate, gracile limbs (for Pseudosuchia; Gauthier, 1984). 

characteristic metatarsal/tibia/femur ratio (for Pterosauria; Gauthier, 1984). 

Hindlimb to tmnk ratio of 0.85 or less (for Thyreophora, Gauthier, 1984). 

Hindlimb subequal to or shorter than tmnk (for Sauropodomorpha, Gauthier, 

1984). 

"thyreophoran" limb proportions (for Thyreophora, Gauthier, 1984). 

Articular surfaces of long bones, and proximal and distal tarsals and carpals, retain 

thick pads of cartilage (for Sauropodomorpha, Gauthier, 1984). 

51) Secondary ossification centers form on ends of all long bones and in several 

muscle attachments, such as those inserting upon retroarticular process, neural arches, 

basioccipital tubera, posterior end of the ilium and several other points on the pelvis, as 

well as in the knee and elbow joints (for Lepidosauromorpha; Gauthier, 1984). 
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increased size - a complex that includes: taller neural arches; shorter, stouter, 

tiiicker-wallcd long bones; femur longer than tibia; metatarsal III half or less of femur 

length (for Omidiopoda, Gauthier, 1984). 

160. Metapodials: not overiapping proximally (0); overiapping (I) 1 (deBraga and 

Rieppel 1997. from Laurin and Reisz, 1995 #12). 

hindlimb posture 

K7. Hind limbs brought in under the body and they move parallel to the sagittal 

plane (for Archosauria 3) (Benton, 1985). 

3) Modifications in the hmdlimb and girdle correlated with semierect gait (also in 

pseudosuchians aside from Parasuchia) (for Omithosuchia, Gauthier, 1986). 

hindlimbs under the body (semierect or erect gait) (for unnamed group 6) (Benton, 

1990). 

78. Hindlimb posture. States: 0 = sprawling; 1 = semierect or erect (Bermett, 

1996). 

78. Hind limb posture - (0) sprawling (1) semierect (2) erect < not considered> 

(Peters, 2000, modified from Bennett, 1996). 

Femur 

54) "Archosaur" femur (Gautiiier, 1984). 

121) Omithotarsan antitrochanter and femur (reorientation from dorsally to 

ventrally facing) (for Omithotarsi, Gauthier, 1984). 

Femur robust, thick walled, wider laterally than anteroposteriorly and with 

straight shaft (for Sauropodomorpha, Gauthier, 1984). 

64) Moundlike greater ttochanter (=posterior trochanter of Ostrom 1976b) (for 

Coelurosauria, Gauthier, 1986). 
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83. Prominent oblique ridge of femur (0), reduced to ventral ridge system (1), or 

feebly developed (2) (Gauthier. Kluge and Rowe, 1988a) 

45) Birdlike femur and luititrochanter: medial rotation about long axis of element of 

that portion of femur proximal to fourth trochanter (= intumed head of femur); 

proportional elongation of femoral shaft distal to anterior trochanter; dorsal arc of entire 

femoral shaft; fore-and-aft compression of femoral head in proximal view; and femoral 

head more distinctly set off from shaft of femur. Also, modifications of the distal end of 

the femur noted above are more prominent in dinosaurs. These modifications are also 

accompanied by reorientation of the antitrochanter, which faces mostly dorsally in 

archosaurs ancesttally, but faces mainly venttally in dinosaur (T. Rowe, pers. comm.). 

The proximal end of the femur in pterosaurs like Dimorphodon (Padian 1983) is in some 

ways more birdlike than is that of Lagosuchus (Gauthier, 1984). (for Dinosauria, 

Gautiuer, 1986). 

antittochanter within the acetabulum that is divided by a notch (I) (Sereno and 

Novas, 1992). 

acetabular antitrochanter partially divided by notch (for Dinosauria) (Sereno et al, 

1993). 

H. femur with anteroproximal keel (Novas, 1993). 

37. Adductor crest on femoral shaft present (0) or absent (I) (deBraga and Reisz, 

1995). 

length 

increased size - a complex that includes: taller neural arches; shorter, stouter, 

thicker-walled long bones; femur longer than tibia; metatarsal III half or less of femur 

length (for Omidiopoda, Gauthier, 1984). 
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Q9. Femur approximately as long as humerus (for Hyperodapedontinae) (Benton, 

1985). 

femur is shorter than the tibia (Benton and Clark, 1988). 

48, Tibia/femur ratio: less than 1,0 (0); more than 1,0 (1) (Juul, 1994). 

111. Relative proportions of femur. Distal width/total length <0.3 (0) or distal 

widtiVtotal lengtii >0.3 (1) (Dilkes, 1998). 

31. Tibia/femur length ratio: less tiian 1 (0) or more than 1 (I) (Olsen et al, 2001). 

shaft morphology 

29) Femur bowed in a convex arc and sigmoidal curvature less prominent (for 

Theropoda, Gauthier. 1986). 

191. Femoral shaft. Weak (0) or prominent (1) sigmoidal curve (Gauthier et al, 

1988b). 

(i) shaft of femur is bowed dorsally (Benton and Clark, 1988). 

C6. femur slender and sigmoidal (Evans, 1988). 

shaft of femur bowed dorsally (for Omithosuchia) (Benton, 1990). 

14. Femoral shaft sigmoid curvature: broad (0), tightened proxhnally (1) (Sereno 

and Arcucci, 1990). 

15. Femoral shaft axis: sttaight (0), sigmoid (I) (Sereno and Arcucci, 1990). 

26. Femoral shaft curvature: 50 percent of shaft (0) or at least 80 percent of shaft 

(1) bowed anteriorly (Sereno, 1991). 

I. Femoral shaft with an anterolateral subcircular muscle scar distally (Novas, 

1993). 

38. Femoral shaft equal to humeral shaft in diameter (0), exceeding humeral shaft 

diameter by 50 per cent. (1), or humeral shaft diameter exceeds that of femur by 50 per 

cent. (2) (deBraga and Reisz, 1995). 
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39. Femur equal to humerus in length (0) or femur at least 10 per cent longer than 

humerus (1) (deBraga and Reisz, 1995). 

79. Femoral shaft curvature. States: 0 = not markedly sigmoid; 1 = sigmoid; 2 = 

bowed anteriorly (Bennett. 1996). 

38. Femur shape: sigmoidal (0); straight (1) (Benton and Allen, 1997). 

139. Femoral shaft: short and stout (0); sigmoidally curved and slender (1) 

(deBraga and Rieppel, 1997. from Rieppel, 1994 #83). 

104, Femoral shaft stout and straight (0) or slender and sigmoidally curved (1) 

(Rieppel, 1998). 

femoral head 

186. Femoral head. Terminal (0) or inflected medially (1) (Gauthier et al, 1988b). 

proximal head of femur is fully offset, with a distinct neck and ball (Benton and 

Clark, 1988). 

11. femoral head more distinctly set off from shaft of femur (Novas, 1992). 

subrectangular femoral head (1) (Sereno and Novas, 1992). 

femoral head subrectangular with angular greater ttochanter (for Dinosauria) 

(Sereno et al., 1993). 

19. Femoral head shape in anterior view: hemispherical, poorly distinguished from 

the femoral neck (0), subrectangular and perpendicularly projected from the shaft (Novas, 

1993). 

42. "Crocodylomorph femoral head," consisting of a medial deviation of the 

proxunal part of the femur with parallel "medial" and "lateral" sides absent (0) or present 

(1) (Parrish, 1993). 

61. Femoral head: rounded and not distinctiy offset (0), or subrectangular and 

distinctly offset (I) (Juul, 1994). 
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7. Fossa trochanterica on femoral head: absent (0); present (1) (Novas, 1993, 

1996) 

28. Tuberosity that laterally bounds the ligament of the femoral head: prominent 

(0), reduced (I) (Novas, 1993. 1996) 

30. Proximal head of femur confluent with shaft (0) or with distinct, medially 

directed head set off from shaft (I) (Olsen et al, 2001). 

lesser (anterior) ttochanter 

wing-like lesser ttochanter (for Omithischia, Gauthier, 1984). 

99) Lesser ttochanter on femur appears early in postnatal development (for 

Omithosuchia, Gauthier, 1984). 

127) Prominent lesser trochanter (for Dinosauria, Gauthier, 1984). 

Enlarged lesser ttochanter extends to level of proximal end of femur (for 

Omidiopoda, Gauthier, 1984). 

Lesser ttochanter reduced to mgosity on surface of femur (for Sauropodomorpha, 

Gautiuer, 1984). 

14) Anterior trochanter on femur appears eariy in posthatching ontogeny (for 

'Omitiiosuchia', Gauthier, 1986). 
46) Anterior trochanter enlarged (for Dinosauria, Gautiiier, 1986). 

82) Anterior trochanter nearly confluent with proximal head of femur (for 

Maniraptora, Gauthier, 1986). 

(g) possession of a lesser trochanter (for Omithosuchia, Benton and Clark, 1988). 

16. Presence of a prominent anterior (lesser) ttochanter on the femur (Novas, 

1992). 

possession of a lesser trochanter (for Omithosuchia, Benton, 1990). 
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42, Lesser ttochanter on femur: absent (0), weakly developed (I), or a spike or 

crest (2) (Juul 1994). 

8. Anterior ttochanter on femur: absent (0); present (1) (Novas, 1996). 

29. .Anterior trochanter on the femur: small (0), prominent (1) (Novas, 1996). 

2. presence of a ttochanteric shelf on die lateroproximal surface of the femur 

(Novas, 1992). 

3. anterior ttochanter on femur (Novas, 1992). 

17. Trochanteric shelf reduced to a slight prominence (Novas, 1992). 

9. Trochanteric shelf on proximal femur: absent (0); present (I) (Novas, 1993, 

1996) 

80. Lesser ttochanter of femur. States: 0 = absent or appearing only in the last 

stage of post-hatching ontogeny; I = present early in post-hatching ontogeny (Bennett, 

1996). 

49) Femur with winglike anterior (=lesser) trochanter (for Tetanurae, Gauthier, 

1986). 

fourth ttochanter 

100) Aliform fourth trochanter (for Omithosuchia, Gauthier, 1984). 

pendant fourth trochanter (for Omithischia, Gauthier, 1984). 

Femur with reduced fourth and lesser trochanters (for Thyreophora, Gauthier, 

1984). 

4"̂  trochanter moved to distal half of femur (for Omithopoda, Gauthier, 1984). 

Fourth trochanter reduced to a mgosity and displaced distally to near middle of 

femur (for Sauropodomorpha, Gauthier, 1984). 

14. Possession of a fourth trochanter on the femur (for Archosauria I) (Benton, 

1985). 
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15) Alifomi fourdi trochanter (Pterosauria?; characters 13-16 correlated with erect 

posture; see Parrish 1984) (for 'Ornithosuchia', Gauthier, 1986). 

83) Absence of fourth trochanter on femur (for Maniraptora, Gauthier, 1986). 

63) Fourth trochanter feebly developed or absent (for Coelurosauria, Gauthier, 

1986). 

193. Raised fourth ttochanter. Absent (0) or present (1) (Gautiiier et al, 1988b). 

possession of a fourth trochanter on femur (for Archosauria) (Benton, 1990). 

fourth frochanter a sharp flange (for Omithosuchia) (Benton, 1990). 

fourdi frochanter a winglike process (for Omithodira) (Benton, 1990). 

fourth frochanter runs down one-third to one-half the length of the femur shaft 

(for Omitiiodira) (Benton, 1990). 

35. Fourth trochanter: present (0); absent (1) (Sereno, 1991). 

35. Fourth trochanter: present (0); absent (1) (Novas, 1996). 

4. Fourth trochanter absent (0), present (1) or present in the form of a sharp 

flange (2) (Juul, 1994). 

4. Fourth trochanter absent (0), present (1) (Parrish, 1992). 

81. Fourth trochanter of femur. States: 0 = absent; 1 = mound-like; 2 = sharp (= 

aliform) flange (Bennett, 1996). 

(h) fourth ttochanter is a sharp flange (Benton and Clark, 1988). 

8. fourth trochanter is a wing-like process (Benton and Clark, 1988). 

fourth trochanter runs down one-third to one-half of the length of the femur shaft 

(Benton and Clark, 1988). 
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venttal ridge system 

190. Femur \entral ridge system. Prominent (0) or feeble (I) (Gauthier et al, 

1988b). 

distal end of femur 

122) Dinosaurian distal end of femur (more developed anterior intercondylar 

groove, narrowed posterior intercondylar groove by development of prominent tibial 

condyle) (for Omithotarsi, Gauthier, 1984). 

45) Lepidosaur knee joint - flattened and pointed proximal epiphysis of fibula sits 

m a xertically oriented, recessed area on the fibular condyle of femur; distal condyles of 

femur are equally developed [plesiomorphic state] or markedly asymmetrical with the 

lateral condyle the larger of the two [apomorphic state] (for Lepidosauromorpha; 

Gaudiier, 1984). 

187. Femoral condyles. Prominent (0) or not projecting markedly beyond shaft (1) 

(Gaudiier et al., 1988b). 

distal end of femur forms two subterminal condyles (Benton and Clark, 1988). 

C7. distal articular surfaces of femur level (Evans, 1988). 

knee articulates at 90° (Benton and Clark, 1988). 

knee articulates at 90° (for Omithodira) (Benton, 1990). 

distal end of femur forms two subterminal condyles (for Omithodira) (Benton, 

1990). 

110. Femoral distal surfaces. Unequal (0) or equal (1) (Dilkes, 1998). 

143. Distal femoral condyles: large, projecting from distal end of shaft (0); 

reduced, not projecting beyond distal end of femur (I) (deBraga and Rieppel, 1997, from 

Rieppel 1994 #85). 
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107. Distal femoral condyles prominent (0) or not projecting markedly beyond 

shaft (1) (Rieppel 1998). 

anterior (medial) condyle 

12) distal femoral condyles symmetrical, owing to reduction of anterior condyle 

(for Sauria Gautiiier. 1984). 

189. Anterior (or medial) femoral condyle relative to posterior (or lateral) condyle. 

Larger and extends further distally (0) or smaller and of subequal extent distally (1) 

(Gautiiier et al.. 1988b). 

144. Anterior femoral condyle: larger, extends distal to posterior condyle (0); 

anterior condyle reduced and sub-equal or smaller than posterior condyle (I) (deBraga and 

Rieppel 1997, from Rieppel, 1994 #86). 

108. Anterior femoral condyle relative to posterior condyle larger and extending 

further distally (0) or smaller/equisized and of subequal extent distally (1) (Rieppel, 

1998). 

posterior (lateral) condyle 

82. Large and distally projecting posterior condyle of femur (0), or posterior and 

anterior femoral condyles subequal in size and distal extent (1) (Gauthier, Kluge and 

Rowe, 1988a) 

venfral mtertrochanter fossa 

81. Intertrochanteric fossa of femur prominent (0), or feeble (I) (Gaudiier, Kluge 

and Rowe, 1988a) 

184. Intertrochanteric fossa. Prominent (0), reduced (I) or absent (2) (Gauthier et 

al, 1988b). 
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12, Intertrochanteiic fossa: present (0), absent (I) (Juul, 1994). 

15 Intertrochanteric fossa on proximoventral surface of femur (present = 0, 

absent = I) (Gower and Sennikov.. 1997). 

142, Intemochanteric fossa: well defined (0); reduced (1); absent (2) (deBraga and 

Rieppel 1997. from Rieppel. 1994 #84), 

106. Intertrochanteric fossa deep (0), distinct but reduced (1), or mdimentary or 

absent (2) (Rieppel. 1998). 

intercondylar fossa for friceps tendon 

Prominent anterior intercondylar groove on distal end of femur (for Omithopoda, 

Gautiiier, 1984). 

31) Birdlike distal end of femur - prominent anterior and posterior intercondylar 

groo\es, with the latter constricted by prominent extemal tibial condyle, and appearance 

of a discrete fibular groove and condyle - modifications in the knee joint played key roles 

m enabling a narrow-ttacked, bipedal gait and erect stance (Stolpe 1932) (for Omithodira, 

Gaudiier, 1986). 

112. Bird-like distal end of femur - prominent anterior and posterior intercondylar 

grooves with latter constricted by prominent extemal tibial condyle. States: 0 = absent; 1 

= present (Bennett, 1996). 

Tibia 

128) Dinosaur tibia (prominent cnemial crest with apex raising above femoral 

condyle; crest projects anterolaterally and is shallowly concave laterally; distal end is 

broadened mediolaterally; prominent fossa on anterolateral margin of distal tibia for 

ascendmg process) (for Dinosauria, Gauthier, 1984). 

Tibia compressed side to side (for Sauropodomorpha, Gauthier, 1984). 
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51) Secondary ossification centers tbmi on ends of all long bones and in several 

muscle attachments, such as those inserting upon retroarticular process, neural arches, 

basioccipital tubera. posterior end of the ilium and several other points on the pelvis, as 

well as in the knee and elbow joints (for Lepidosauromorpha; Gauthier, 1984). 

47) Dinosaur tibia: cnemial crest prominent and with weakly crescentic profile in 

dorsal \iew (size and shape of cnemial crest varies with size of animal and style of 

locomotion). Distal end of tibia broadened mediolaterally, thus element appears twisted 

nearh 90%) with respect to proximal end. And with prominent fossa on anterolateral face 

of distal end of tibia for reception of ascending process (for Dinosauria, Gauthier, 1986). 

length 

Tibia to femur ratio less than .63 (for Sauropodomorpha, Gauthier, 1984). 

Tibia is less than 80%) of the femur length (for Thyreophora, Gauthier, 1984). 

Tibia less tiian 70-75% of femur length (for Thyreophora, Gauthier, 1984). 

32) Tibia as long or longer than femur (reversed in all dinosaurs over a few meters 

in lengtii, or larger in the case of theropods) (for Omithodira, Gauthier, 1986). 

B7. tibia equal or subequal in length to femur (Evans, 1988). 

16. Tibial length: less than (0), or subequal to or greater tiian (1), femur lengtii 

(Sereno and Arcucci, 1990). 

27. Tibia lengtii: shorter (0) or subequal or longer (1) than femoral length (Sereno, 

1991). 

J. Tibia equal to 87-91% of the femur lengtii (Novas, 1993). 

113. Tibial length. States: 0 = shorter than femur; 1 = greater tiian or equal to 

femur (Bennett, 1996). 

39. Length of tibia relative to length of femur: tibia shorter tiian, or subequal to, 

femur in length (0); tibia longer than femur (1) (Benton and Allen, 1997). 
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cnemial crest 

(j) prominent cnemial ciest on tibia (Benton and Clark, 1988). 

prominent cnemial crest on tibia (for Ornithosuchia) (Benton, 1990). 

4, tibia with prominent cnemial crest (Novas, 1992). 

cnemial crest on die tibia (1) (Sereno and Novas, 1992). 

cnemial crest on tibia (for Dinosauria) (Sereno et al, 1993). 

82. Prominent cnemial crest on tibia. States: 0 = absent; I = present (Bennett, 

1996). 

10. Cnemial crest on proximal tibia: absent (0); present (1) (Novas, 1993, 1996) 

43. Prominent cnemial crest on tibia: absent (0); present (1) (Juul, 1994). 

distal end 

raised crest on distal end of tibia fits into a furrow between two raised crests on 

proximal surface of asttagalus and forms a "locked" tibio-asttagalar joint (as in 

Sphenodon) (for Diapsida, Reisz 1981, Gauthier, 1984). 

"screw-joint" tibio-asttagalar articulation (for Pseudosuchia, Gauthier, 1984). 

10) "Screw-joint" tibio-astragalar articulation (for Pseudosuchia2, Gauthier, 1986). 

(also in Omithosuchidae) 

Initial development of descending flange on poster-distal end of tibia (for 

Sauropodomorpha, Gauthier, 1984). 

More prominent descending flange on posterior end of tibia (for 

Sauropodomorpha, Gauthier, 1984). 

195. Tibio-astragalar joint. Flat, simple joint (0) or ridge (tibia) and groove 

(asttagalus) (Gauthier et al, 1988b). 

196. Tibio-astragalar joint. Flat, simple joint (0) or convex (tibia) and concave 

(astragalus) (I) (Gauthier et al, 1988b). 
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3, Distal end quadrangular in shape, with definition of a surface for the ascending 

process of the astragalus, delimitation of a lateroventral notch, and a transversely 

developed posterior process; with posteromedial and posterior surfaces separated by a 

strong longitudinal angulation (1) (Novas, 1989), 

8. Tibia with a major definition of the articular stmctures and with the posterior 

process venttally projected (1) (Novas, 1989). 

5. distal tibia with lateral longitudinal groove (Novas, 1992). 

12. tibia overlaps anteroproximally and posterioriy the ascending process of the 

asttagalus, with consequent venfral projection of the posterior process of the tibia 

(Novas, 1992). 

21. Distal tibia: posteriorly rounded in cross-section (0), with medial and 

posterior surfaces forming an obtuse angle in distal view (1) (Novas, 1993). 

11. Distal tibia: subcircular-shaped or anteroposterioriy elongate (0); 

quadrangular-shaped, with medial and posterior surfaces forming an obtuse angle in distal 

view (1) (Novas, 1996). 

12. Lateral surface of distal tibia: smooth (0), with a longittidinal groove (1) 

(Novas, 1993, 1996) 

30. Tibial-asfragalar articulation: tibia articulates witii proximal astragalar surface 

medial to the ascending process (0), tibia overiaps anteroproximally and posteriorly die 

ascending process of the astragalus (=ascending process inserts beneath the tibia), and 

consequent ventral projection of the posterior process of the tibia (Novas, 1993, 1996) 

62. Markedly distally projected posterior process of tibia with receiving 

depression on dorsal aspect of asttagalus: absent (0); present (1) (Juul, 1994). 

40. Tibia without distinct ridge (0) for articulation with asttagalus or tibia with 

distinct ridge tiiat fits into astragalar groove (1) (deBraga and Reisz, 1995). 
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147. Tibia/astragalus articulation: loose fitting (0); tightly fitting with well 

developed articulation (I) (deBraga luid Rieppel, 1997, modified from Laurin and Reisz, 

1995 #116). 

Fibula 

proximal end of fibula 75%) or more of proximal width of tibia (for Herrerasauridae 

+ other theropods) (Sereno et al. 1993). 

30) Fibula closely appressed to tibia, and fibula attached to crest on lateral side of 

proximal end of tibia (for Theropoda, Gauthier, 1986). 

145. Fibula: bowed away from tibia (0); sttaight not bowed away (1) (deBraga and 

Rieppel, 1997). 

length 

107) Fibula and calcaneum reduced (for Omithodira; Gauthier, 1984). 

fibula is greatly reduced (Benton and Clark, 1988). 

103. Attenuated fibula - (0) absent (I) present (Peters, 2000). 

distal end 

33) Fibula thin and strongly tapered distally and calcaneum reduced (for 

Omithodira, Gauthier, 1986). 

18. Fibular distal end widtii: less (0), or more tiian (I), proxunal end (Sereno and 

Arcucci, 1990). 

I?. Fibular distal end width: subequal or less (0) or greater (1) than proximal end 

(Sereno, 1991). 
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49. Fibula non-tapering and calcaneum unreduced (0), or thin, tapered fibula and 

reduced calcaneum (1) (Juul, 1994). 

34, Two prominent ridges on the anterior face of the distal end of the fibula absent 

(0) or present (1) (Parrish. 1993). 

84. Fibular distal end width. States: 0 = subequal or less than proximal end; 1 = 

greater tiian proximal end (Bennett, 1996). 

114, Fibula tiiin and strongly tapered distally. States: 0 = absent; 1 = present 

(Bennett, 1996). 

114. "Fibula thin and sttongly tapered distally - (0) absent (1) present" 

resttuctured as: > 114, Fibula - (0) subequal to tibia in width (I) 90-30%) as thin as tibia 

(2) less tiian 30%) (Peters, 2000, modified from Bennett, 1996). 

anterior ttochanter 

17. Fibular anterior trochanter: mdimentary (0), swollen (1) (Sereno and Arcucci, 

1990). 

5. Fibular anterior trochanter: crest-shaped, low (0); knob-shaped, robust (1) 

(Sereno, 1991). 

5. Robust, knoll-shaped anterior trochanter of fibula (Sereno, 1991). 

6. Greatest fibular distal width greater than greatest proximal width (Sereno, 1991). 

83. Fibular anterior trochanter. States: 0 = crest-shaped and low; 1 = knob-shaped 

and robust (Bennett, 1996). 

Tarsus 

"crocodile-normal" cmrotarsal joint, in which the "peg" is on the astragalus, and 

the "socket" is on the calcaneum, and an enlarged calcanear tubercle (for Pseudosuchia; 

Chatterjee 1982, from Gauthier, 1984). 
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fully developed crocodile-normal tarsus (for Pseudosuchia; Gauthier, 1984). 

123) Bird-like tarsus (hinge-like joint) (for Omithotarsi, Gauthier, 1984). 

11) Fully de\ eloped crocodile-normal cmrotarsal joint (for Pseudosuchia2, 

Gautiiier, 1986). 

full) de\eloped "crocodile-reversed" crurotarsal ankle joint (for Omithosuchia; 

Gautiiier. 1984). 

co-ossification between the proximal tarsals and the tibia and (?) fibula (for 

Pterosauria; Gauthier, 1984). 

89) "Crocodile-re\ersed" peg and socket astragalo-calcaneum articulation 

(Gautiuer, 1984). 

10) Lepidosauriform ankle joint - presence of a process on the ventromedial comer 

of the fourtii distal tarsal that fits under the astragalus somewhat medial to the calcaneal-

fourth distal tarsal articulation (for Lepidosauromorpha; Gauthier, 1984). 

47) Astragalus and calcaneum fuse prior to maximum adult size (for 

Lepidosauromorpha; Gauthier, 1984). 

J14. Tarsus contains only four elements (for Archosauria 2) (Benton, 1985). 

M4. Presence of three proximal tarsals (for Rhynchosauria) (Benton, 1985). 

48) Bhdlike ankle: proximal tarsals fit caplike onto tibia and fibula; cmrotarsal 

joint and calcanear tubercle absent; ascending process of astragalus present (i.e., 

intermedium moves dorsally) (for Dinosauria, Gauthier, 1986). 

1) Crocodile-normal crurotarsal ankle joint, in which the peg is on the astragalus 

and the socket is on the calcaneum (for Pseudosuchia, Gauthier, 1986). 

5) Crocodile-reversed ankle joint, with peg on calcaneum and socket on asttagalus 

(including loss of perforating foramen) (for Omithosuchia, Gauthier, 1986). 

mesotarsal ankle joint with astragalus and calcaneum fused to the tibia (Benton 

and Clark, 1988). 
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88. Large (0). or small (1). proximal carpals and tarsals (Gauthier, Kluge and 

Rowe. 1988a) 

201. Proximal tarsals luid carpals. Large (0) or small (I) (Gauthier et al, 1988b). 

El 6. maximum of five ossified tarsals (Evans, 1988). 

E31. only foiu ossified tarsals (Evans, 1988). 

F5. three proximal tarsals, with centrale integrated into proximal row (Evans, 

1988). 

G21. complex concave-convex ankle joint (Evans, 1988). 

J21. asfragalus and calcaneum fuse in juvenile (Evans, 1988). 

I. crocodile-normal (0) and crocodile-reversed (I) condition (Novas, 1989). 

5. Peg and socket articulation between astragalus and calcaneum ("reversed 

tarsus") reduced or absent (I) (Novas, 1989). 

tarsus contains only four elements (for unnamed group 5) (Benton, 1990). 

possession of "crocodiloid" tarsus (foramen lost, and rotation between astragalus 

and calcaneum possible) (for unnamed group 6) (Benton, 1990). 

mesotarsal ankle joint with astragalus and calcaneum fused to the tibia (for 

Omitiiodh-a) (Benton, 1990). 

12. A rotary, cmrotarsal proximal ankle joint is absent (0) or present (I) (Parrish, 

1993). 

13. Crocodile-normal tarsus, with a ball on the astragalus and a socket on the 

calcaneum absent (0) or present (I) (Parrish, 1993). 

13. Ankle type: 'PM' (0); 'MPM' (1); rotary, cmrotarsal (2); 'AM' (3) (Juul 

1994). 

87. Crocodyloid tarsus ({foramen lost, rotation between asfragalus and calcaneum 

possible). States: 0 = absent; 1 = present (Bennett, 1996). 
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115. Advanced mesotai-sal ankle, with astragalus and calcaneum tightly appressed 

to tibia. States: 0 = absent; 1 = present (Bennett, 1996). 

112. Number of proximal tarsals in a transverse row. Two consisting of astragalus 

and calcaneum (0) or tiuee consisting of astragalus, calcaneum and centrale (I) (Dilkes, 

1998). 

114, Lepidosaurian ankle joint. Absent (0) or present (1) (Dilkes, 1998). 

complex concave-convex articulation between the asttagalus and calcaneum (for 

Archosauromorpha) (Benton, 1990). 

115. Total number of tarsal ossifications four or more (0), three (I) or two (2) 

(Rieppel, 1998). 

23, Asttagalus and calcaneum - (0) unfused (1) fiised (Jalil, 1997; Peters, 2000). 

24. "Lepidosauromorph" ankle joint where fourth distal tarsal has dorsal process 

fitting into recess on asttagalocalcaneum (0) no (1) yes (Jalil, 1997; Peters, 2000). 

34. Concavo-convex asttagalo-calcaneal articulation - (0) no (1) yes (Jahl, 1997; 

Peters, 2000). 

52. Maximum of five ossified tarsals - (0) no (1) yes (Jahl, 1997; Peters, 2000). 

foramen 

El 1. loss of perforating foramen in ankle (Evans, 1988). 

J26. loss of perforating foramen in ankle (Evans, 1988). 

18. Ossified astragalo-calcaneal canal (present = 0, absent =1) (Gower and 

Sennikov,, 1997). 

40. Foramen in ankle between astragalus and calcaneum: present (0); absent (1) 

(Benton and Allen, 1997). 

115. Perforating foramen. Between astragalus and calcaneum (0) or between distal 

ends of tibia and fibula (I) (Dilkes, 1998). 
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146, Perforating artery of pes: located between astragalus and calcaneum (90); 

located between distal ends of tibia and fibula (1) (deBraga and Rieppel, 1997, from 

Rieppel 1994 #87). 

109. The perforating artery passes between astragalus and calcaneum (0), or 

between die distal heads of tibia and fibula proximal to the astragalus (1) (Rieppel, 1998). 

59. Perforating foramen in ankle (0) present (1) absent (Jalil, 1997; Peters, 2000). 

astragalus 

108) Asttagalus widened ttansversely (for Omithodira; Gauthier, 1984). 

34) Asfragalus transversely widened (for Omithodha, Gauthier, 1986). 

110) Asfragalus and calcaneum with smooth, roller-like articular surfaces abutting 

against depressed distal tarsals (for Omithodira; Gautiiier, 1984). 

35) Asttagalus and calcaneum with smooth, rollerlike articular surfaces abutting 

against depressed distal tarsals (for Omithodira, Gauthier, 1986). 

Fused astragalus and calcaneum (for living Lepidosauria) (Benton, 1985). 

CI2. Complex concave-convex articulation between the astragalus and calcaneum 

(for Archosauromorpha) (Benton, 1985). 

K8. Significant rotation between astragalus and calcaneum apparently possible -

whether 'crocodile normal' or 'crocodile reversed'. Loss of foramen between asfragalus and 

calcaneum (for Archosauria 3) (Benton, 1985). 

135. Shape of astragalus. L-shaped with broad base (0) or elongate (1) (Dilkes, 

1998). 

2. Astragalus with posteromedial excavation: absent (0) or present (1) (Parrish, 

1994). 
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ascending process 

109) Ascending process of astragalus (for Omithodira; Gauthier, 1984). 

129) Ascending process of astragalus (for Dinosauria, Gauthier, 1984). 

Loss of ascending process of astragalus (for Omithopoda, Gauthier, 1984). 

50) .Ascending process of astragalus tall, broad, and superficially placed (for 

Tetanurae. Gauthier, 1986). 

65) Ascending process of astragalus enlarged both in height and width to cover 

most of anterodistal quarter of tibia (for Coelurosauria, Gauthier, 1986). 

ascending process of asttagalus fits between the tibia and fibula (Benton and 

Clark, 1988). 

ascending process of astragalus is well developed (Benton and Clark, 1988). 

9. Ascending process of astragalus with a posterior articular facet for the tibia, and 

presence of an elliptical depression behind this process (1) (Novas, 1989). 

7. presence of a pyramidal-shaped ascending process of the astragalus, with a 

posterior subvertical facet and presence of an elliptical depression behind this process 

(Novas, 1992). 

ascending process on astragalus (1) (Sereno and Novas, 1992). 

promhient cnemial crest on tibia (for Omithosuchia) (Benton, 1990). 

ascending process on astragalus (for Dinosauria) (Sereno et al, 1993). 

7. Ascending process of the astragalus: anteroposteriorly oriented ridge (0), 

pyramidal-shaped, with a posterior subvertical facet, and presence of an elliptical 

depression behind this process (Novas, 1993). 

asttagalar ascending process wedge-shaped (for Saurischia) (Sereno et al, 1993). 

ascending process of astragalus fits between the tibia and fibula (for Omithodha) 

(Benton, 1990). 
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117. Ascending process of astragalus fitting between tibia and fibula States: 0 = 

absent; 1 = present (Bennett, 1 ^96). 

14, .Ascending process of the astragalus: ttansversely narrow and 

anteroposteriorh extended ridge (0); pyramid-shaped, with a posterior subvertical facet 

and presence of an elliptical depression behind it (1) (Novas, 1996). 

tibial and fibular facets 

19. Asttagalar tibial and fibular facets: separated (0), adjacent (1) (Sereno and 

Arcucci, 1990). 

20, Asttagalar tibial facet: concave (0), saddle-shaped (I) (Sereno and Arcucci, 

1990). 

26. Tibial facet of asttagalus simply concave (0) with a prominent posteromedial 

exca\ation (1) or a posterolateral excavation (2) (Parrish, 1993). 

7. Asttagalar tibial facet concave (0) or flexed (I) (Sereno and Arcucci, 1990; 

Sereno, 1991). 

85. Asttagalar tibial facet. States: 0 = concave; 1 = saddle-shaped (Bennett, 1996). 

86. Astragalar tibial and fibular facets. States: 0 = separated; 1 = adjacent 

(Bennett, 1996). 

28. Astragalar fibular facet: concave (0), flexed (1) (Juul, 1994). 

calcaneal facet 

22. Asttagalar venttal articular facet for calcaneum: planar (0), cupped (1), convex 

(2) (Sereno and Arcucci, 1990) 

23. Asttagalocalcaneal facets (dorsal and ventral): subequal (0), venfral much larger 

(1) (Sereno and Arcucci, 1990). 
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asfragalus w ith laterally facing calcaneal facet (for Dinosauria) (Sereno et al, 

1993). 

88. Astragalar \ entral articular facet for calcaneum. States: 0 = planar; 1 = cupped 

(i.e. crocodile-re\ crsed); 2 = convex (i.e. crocodile-normal) (Bennett, 1996). 

149. .Asttagalus/calcaneum relationship in adult: never fused (0); fused (1); hinge 

present (2) (deBraga and Rieppel, 1997. modified form Laurin, 1991 #F8). 

113, Asttagalus-calcaneum articulation. Concave-convex absent (0) or concave-

convex present (1) (Dilkes, 1998). 

astragalar groove (canal) 

81) perforating foramen between astragalus and calcaneum absent (Gauthier, 

1984). 

21. Asttagalar posterior groove: present (0), absent (1) (Sereno and Arcucci, 

1990). 

24. Asttagalocalcaneal canal: present (0), absent (1) (Sereno and Arcucci, 1990). 

28. Astragalar posterior groove: present (0); absent (1) (Sereno, 1991). 

90. Asttagalocalcaneal canal. States: 0 = present; 1 = absent (Bennett, 1996). 

119. Astragalar posterior groove. States: 0 = present; I = absent (Bennett, 1996). 

anteromedial comer 

CC. Astragalar anteromedial comer shape: obttise (0); acute (1) (for 

Dinosauromorpha, Sereno, 1991). 

55. Anteromedial comer of astragalus: obtuse (0); acute (1) (Juul, 1994). 
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6. Astragalus w ith elliptical medial surface, low and anteroposterioriy expanded, 

witii the dorsal margin slighth concave, and with a prominence on its anteroventral 

comer (1) (Novas, 1989). 

1. Astragalar anteromedial corner: obtuse (0); acute (1) (Novas, 1996). 

venttal surface 

88) Loss of venttal flange of asttagalus (Gauthier, 1984). 

4) Venttal flange of astragalus absent (for Omithosuchia, Gauthier, 1986). 

\enttal flange of astragalus is absent (for Omithosuchia) (Benton, 1990). 

19. Astragalocalcaneal venttal articular surface: flat (0); concavoconvex with 

concavity on calcaneum (1); concavoconvex with concavity on astragalus (2) (Sereno, 

1991). 

89. Dorsal and venttal asttagalocalcaneal facets. States: 0 = subequal in size; I = 

venfral facet much larger than the dorsal (Bennett, 1996). 

118. Ventral flange of astragalus. States: 0 = present; I = absent (Bennett, 1996). 

(k) ventral flange of asttagalus is absent (Benton and Clark, 1988). 

distal surface 

2. Astragalus with inner side of distal articular surface anteriorly projected (I) 

(Novas, 1989). 

4. Asfragalus with distal articular surface transversely broadened, with intemal 

condyle forwardly projected (1) (Novas, 1989). 

19. Crural facets on astragalus: separated by a non-articular surface (0), or 

continuous (1) (Juul, 1994). 

116. Astragalus. States: 0 = not transversely widened; 1 = transversely widened 

(Bennett, 1996). 
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150. Astragalus/distal tai-sal IV articulation: articulation pooriy defined (0); 

articulation well defined (1); articulation absent (2) (deBraga and Rieppel, 1997). 

calcaneum 

107) Fibula and calcaneum reduced (for Omithodira; Gauthier, 1984). 

reduction of the medial process of the calcaneum (1) (Sereno and Novas, 1992). 

calcaneal medial process rudimentary (for Dinosauria) (Sereno et al, 1993). 

calcaneal tuber 

18) Small, thin, laterally dhected calcanear tubercle and complex, concavo-convex 

articulation between asttagalus and calcaneum: i.e., "duplex joint" of Thulbom (1980) (for 

Archosauromorpha, Gauthier, 1984). 

82) calcaneal tubercle directed more posteriorly than in archosauromorphs 

plesiomorphically (Gauthier, 1984). 

CI 1. Presence of a lateral tuber on calcaneum (for Archosauromorpha) (Benton, 

1985). 

2) Calcanear tubercle enlarged (for Pseudosuchia, Gauthier, 1986). (also m 

Omithosuchidae) 

198.Calcaneal tuber. Absent (0), or present and laterally (1), or posteriorly (2), 

dhected (Gaudiieretal, 1988b). 

calcaneum with no tuber at all (Benton and Clark, 1988). 

GIL presence of lateral calcaneal tuber (Evans, 1988). 

7. Calcaneum with reduced, posterolaterally oriented calcaneal tuber (1) (Novas, 

1989). 

lateral tuber on calcaneum (for Archosauromorpha) (Benton, 1990). 

calcaneum with no tuber at all (for Omithodha) (Benton, 1990). 
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27. Calcaneal tuber: present (0), very small or absent (1) (Sereno and Arcucci, 

1990). 

28. Calcaneal tuber end: blmit (0), flared (1) (Sereno and Arcucci, 1990). 

30. Calcaneal tuber distal end: antero-posteriorly compressed (0), rounded (1), 

flared (2) (Juul 1994), 

29. Calcaneal tuber orientation: more lateral (0), more posterior (1) (Sereno and 

Arcucci. 1990), 

24, Calcaneal tuber orientation: lateral (0), or deflected more than 45 degrees 

posterolaterally (I) (Juul. 1994). 

30. Calcaneal tuber shaft maximum width: dorsoventral (0), ttansverse (1) (Sereno 

and Arcucci. 1990), 

29. Calcaneal tuber shaft proportions: taller than broad (0); broader than tall (1) 

(Juul, 1994). 

2. Calcaneal tuber orientation: less (0) or more (I) than 45 degrees posterior 

deflection (Sereno, 1991). 

9. Calcaneal tuber shaft proportions: taller dian broad (0); broader than tall (1) 

(Sereno, 1991). 

10. Calcaneal tuber distal end: rounded (0); flared (1) (Sereno, I99I). 

29. Calcaneal ttiber: present (0); mdimentary or absent (I) (Sereno, 1991). 

I. Calcaneal tuber projects laterally (0) or with some posterior deviation (1) 

(Parrish 1993; modified from Sereno, 1991). 

4. Calcaneal ttiber broader tiian tall (0) or taller than broad (I) (Parrish 1993; 

modified from Sereno, 1991). 

9. Calcaneal tuber projects posteriorly at an acute angle to (0) or extends 

perpendicular to (1) the long axis of articulation between tibia/fibula and 

asttagalus/calcaneum (Parrish, 1993). 
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10. Calc;meal tuber con\ex on both sides (0). flares such that the lateral side is 

conca\e and the medial side convex (1) or flares such that both sides are concave (2) 

(Parrish, 1993). 

52, Calcaneal tuber: prominent (0); rudimentary or absent (I) (Juul, 1994). 

93. Calcaneal tubercle orientation. States: 0 = oriented less than 45° posteriorly, 

shaft taller than broad, and distal end rounded. 1 = oriented more than 45° posteriorly, 

shaft broader than tall, and distal end flared (Bennett, 1996). 

120, Calcaneal tubercle. States: 0 = present; 1 = absent (Bennett, 1996) 

33. Prominent rim encircling the distal end of the calcaneal tuber absent (0) or 

present (1) (Parrish, 1993). 

36. Pronounced median groove spanning the dorsoventral length of the distal face 

of the calcaneal tuber absent (0) or present (1) (Parrish, 1993). 

72, Dorsoventrally aligned median depression on distal end of tuber calcis absent 

(0); present (1) (Juul 1994 from Parrish, 1993). 

21. Tuber calcis without (0) or with (1) a dorsoventrally aligned median 

depression on its distal end (Parrish). 

41. Lateral calcaneal tuber: absent (0); present (I) (Benton and Allen, 1997). 

116. Lateral tuber of calcaneum. Absent (0) or present (1) (Dilkes, 1998). 

151. Calcaneal tuber: absent (0); present (1) (deBraga and Rieppel, 1997, modified 

from Laurin, 1991 #F9). 

111. Calcaneal tuber absent (0) or present (I) (Rieppel, 1998). 

35. Lateral ttiber on die calcaneum - (0) no (1) yes (Jahl, 1997; Peters, 2000). 

fibular and distal tarsal 4 facets 

10. Calcaneum witii a concave dorsal articular surface, fixed to the distal end of the 

fibula (1) (Novas, 1989). 
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13, calcaneum w ith a concave proximal articular surface, fixed to the distal end of 

die fibula (Novas, 1992), 

31, Fibular articular surface of calcaneum: convex (0), flat or concave (I) (Novas, 

1996), 

26, Calcaneal facets for fibula and distal tarsal 4: separated (0), adjacent (1), along 

anterior edge (Sereno and Arcucci, 1990). 

3. Calcaneal facets for fibula and distal tarsal 4: separated by a non-articular 

surface (0); continuous (1) (Juul, 1994). 

25, Calcaneal facets for fibula and distal tarsal 4: separated (0); contiguous (I) 

(Sereno, 1991?) 

2, Calcaneal facets for fibula and distal tarsal IV separate (0) or contiguous (I) 

(Parrish 1993; modified from Sereno, 1991). 

8. Hemicylindrical calcaneal condyle for articulation with fibula (Sereno, 1991). 

92. Calcaneal facets for fibula and distal tarsals. States: 0 = separated; 1 = 

contiguous (Bennett, 1996). 

18. Calcaneum without (0) or with (1) distinct socket ventral on the anterior part 

of the bone medial and ventral to the fibular facet (Parrish, 1993). 

astragalar facet 

3. Hemicylindrical facet on calcaneum for articulation with the asfragalus absent 

(0) or present (1) (Parrish 1993; modified from Sereno, 1991). 

25. Hemicylindrical calcaneal condyle: absent (0), present (1) (Sereno and Arcucci, 

1990). 

8. Hemicylindrical calcaneal condyle: absent (0); present (1) (Sereno, 1991). 

27. Hemicylindrical calcaneal condyle: States: 0 = absent; 1 = present (Juul, 1994). 
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91, Hemicylindrical calcaneal condyle. States; 0 = absent; 1 = present (Bennett, 

1996), 

11, Ventral asttagalocalcaneal articular facet size: small (0); large (I) (Sereno, 

1991). 

distal surface 

DD. Size of distal articular surface of calcaneum: trcinsverse width more (0) or less 

(1) than 35 percent of that of the astragalus (for Dinosauromorpha, Sereno, 1991). 

56. Size of distal articular surface of calcaneum: ttansverse width more (0), or less 

(1) tiian 35 % of diat of tiie asttagalus (Juul, 1994). 

63. Proximal articular surface of calcaneum: convex or flat (0), or concave (I) (Juul, 

1994). 

2, Calcanear distal articular surface, transverse width: more than (0), or less than 

(1), 35% of asttagalar widtii (Novas, 1996). 

centtalia 

19) Centrale in pes displaced laterally (for Archosauromorpha, Gauthier, 1984). 

48) Lateral centrale fused to astragalus (Gauthier, 1984). 

46) Lateral pedal centrale fuses to astragalus in embryos (for Lepidosauromorpha; 

Gautiiier, 1984). 

199. Lateral centtale. Separate from (0), or fused to (1), astragalus in adult 

(Gautiuer etal , 1988b). 

03. Centrale large and firmly united with the asttagalus (for Rhynchosauridae) 

(Benton, 1985). 

pedal centrale displaced laterally (for Archosauromorpha) (Benton, 1990). 

E20. loss of pes centrale (Evans, 1988). 
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G13. pes centrale displaced laterally (Evans, 1988). 

J22. lateral pes centrale fused to astragalus (Evans, 1988). 

27. Pedal centrale. States. 0 = not displaced; 1 = displaced laterally (Bennett, 

1996). 

94, Lateral centrale of pes. States: 0 = separate; 1 = fused to astragalus (Bennett, 

1996). 

16. Centrale in proximal row of tarsals (present = 0, absent = 1) (Gower and 

Sennikov,, 1997). 

42. Pes centtale: present (0); absent (1) (Benton and Aden, 1997). 

158. Number of pedal centtalia: botii lateral and medial centralia present (0); 

medial pedal centtalia lost (1); both centralia lost (2) (deBraga and Rieppel, 1997). 

117. Centtale. Present and does not contact tibia (0) or present and contacts tibia 

(1) (Dilkes, 1998). 

118. Centtale. Present and contacts distal tarsal 4 (0) or present and does not 

contact distal tarsal 4(1) (Dilkes, 1998). 

53. Pedal centrale - (0) present (1) absent (Jahl, 1997; Peters, 2000). 

distal tarsals I and II 

49) Distal tarsal I lost and distal tarsal II slow to ossify during postnatal ontogeny 

(Gauthier, 1984). 

48) Loss of first distal tarsal, bringing astragalo-calcaneum into contact with first 

metatarsal (for Lepidosauromorpha; Gauthier, 1984). 

203. Distal tarsal I. Present (0) or absent (1) (Gauthier et al, 1988b). 

J23. loss of first distal tarsal; first metatarsal meets astragalocalcaneum (Evans, 

1988). 

114. first distal tarsal enlarged (Evans, 1988). 
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El 2. loss of first distal tarsal (Evans, 1988). 

120. loss of second distal tarsal (Evans, 1988). 

31. Distal tarsals 1 and 2: present (0). absent (I) (Sereno and Arcucci, 1990). 

43. First distal tarsal: present (0); absent (I) (Benton and Allen, 1997). 

44, Second distal tarsal: present (0); absent (1) (Benton and Allen, 1997), 

119. First distal tarsal. Present (0) or absent (I) (Dilkes, 1998). 

120. Second distal tarsal Present (0) or absent (1) (Dilkes, 1998). 

152, Distal tarsal I: present (0); absent (1) (deBraga and Rieppel, 1997). 

113. Distal tarsal 1 present (0) or absent (I) (Rieppel, 1998). 

58. First distal tarsal - (0) present (1) absent (Jalil, 1997; Peters, 2000). 

distal tarsal III 

L. Distal tarsal 3 dimensions: dorsoventrally compressed (0); transversely 

compressed (I) (for Riojasuchus, Sereno, 1991). 

distal tarsal IV 

"pterosaur" 4* distal tarsal and coossified 2"'' and 3"* distal tarsals (for 

Pterosauria; Gauthier, 1984). 

Jl. fourth distal tarsal has dorsal process meeting recess in asfragalo-calcaneum 

(Evans, 1988). 

EE. Articular facet size for metatarsal 5 on distal tarsal 4: more than (0) or less 

than (1) half of lateral surface of distal tarsal 4 (for Dinosauromorpha, Sereno, 1991). 

reduction of the heel on distal tarsal 4(1) (Sereno and Novas, 1992). 

distal tarsal 4 heel shallow (for Dinosauria) (Sereno et al, 1993). 

30. Distal tarsal 4 transverse width: broader than (0) or subequal to distal tarsal 3 

(1) (Juul, 1994). 
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53, Distal tarsal 4 transverse width: broader than (0) or subequal to (1) distal 

tarsal 3 

121. Distal tarsal IV transverse width. States: 0 = broader than distal tarsal 3; 1 = 
0 

subequal to distal tarsal 3 (Bennett, 1996). 

32, Distal tarsal 4: proximodistally deep and trapezoidal-shaped in proximal view 

(0), depressed and friangle-shaped in proximal view (1) (Novas, 1993, 1996) 

4, Orientation of distal tarsal 4 facet on metatarsal V: 30° from (0), or parallel to 

(I), shaft axis (Novas, 1996), 

distal tarsal V 

20) Absence of fifth distal tarsal (for Archosauromorpha, Gauthier, 1984). 

49) 5* distal tarsal absent (for Lepidosauromorpha; Gauthier, 1984). 

206. Fifth distal tarsal. Present (0) or absent (1) (Gauthier et al, 1988b). 

CI3. Fifth distal tarsal lost (for Archosauromorpha) (Benton, 1985). 

fifth distal tarsal lost (for Archosauromorpha) (Benton, 1990). 

G12. loss of fifth distal tarsal (Evans, 1988). 

115. fifth distal tarsal lost or fused (Evans, 1988). 

J24. loss or fusion of fifth distal tarsal (Evans, 1988). 

28. Distal tarsal V. States: 0 = present; 1 = absent (Bennett, 1996). 

121. Fifth distal tarsal. Present (0) or absent (1) (Dilkes, 1998). 

153. Distal tarsal V: present (0); absent (1) (deBraga and Rieppel, 1997). 

114. Distal tarsal 5 present (0) or absent (1) (Rieppel, 1998). 

II. Fifth distal tarsal- (0) present (1) absent (Jalil, 1997; Peters, 2000). 
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pes 

112) Digitigrade pes (for Omithodira; Gauthier, 1984). 

113) Tridactyl pes (for Omithodira; Gauthier, 1984). 

13) Proximal elements of pes relatively small, and motion within ankle restricted 

to flexion between proximal and distal tarsals (presence of "mesotarsal" joint sensu 

Brinkman. 1981) (for Sauria, Gauthier, 1984). 

32) Pes witii pedal digit IV reduced and subequal to II in length, thus making pes 

s>mmettical about digit III (for Theropoda, Gauthier, 1986). 

202. Foot. Short and broad (0) or long and slender (1) (Gauthier et al, 1988b). 

E23. reduction in lengtii of foot (Evans, 1988). 

stance is digitigrade (Benton and Clark, 1988). 

stance digitigrade (for Omitiiodira, Benton, 1990). 

32, Pes: spreading metatarsus, plantigrady (0), compact metatarsus, digitigrady (1) 

(Sereno and Arcucci, 1990). 

42. Manus and pes short and broad (0) or long and slender (1) (deBraga and Reisz, 

1995). 

122. Pedal stance. States: 0 = plantigrade; I = digitigrade (Bennett, 1996). 

122. Pedal stance - (0) plantigrade (1) digitigrade (2) digitigrade witii digh V 

oriented posteriorly < not considered> (Peters, 2000, modified from Bennett, 1996). 

123. Pes. States: 0 = functionally pentadactyl or tetradactyl; I = fimctionally 

ttidactyl (Bennett, 1996). 

112. Foot short and broad (0) or long and slender (I) (Rieppel, 1998). 

metatarsals 

111) Metatarsals elongate and closely appressed (for Omithodira; Gauthier, 

1984). 
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four elongate metatarsals, especially metatarsal one (for Pterosauria; Gauthier, 

1984). 

Metatarsus is less than 35%o of the femur length (for Thyreophora, Gauthier, 

1984). 

Metatarsals arranged in a shallow arch, with a broad, very short and stout foot 

witii a hoof-like ungual on digit III (for Sauropodomorpha, Gauthier, 1984). 

Metatarsus only 25%o of tibia length (for Thyreophora, Gauthier, 1984). 

36) Metatarsals elongate and closely appressed (for Omithodira, Gauthier, 1986). 

31) Metatarsus narrow and elongate (for Theropoda, Gauthier, 1986). 

K22, reduction in length of metatarsals (Evans, 1988). 

124. Metatarsus configuration. States: 0 = spreading; 1 = compact (Bermett, 

1996). 

metatarsal I 

52) Metatarsal I short (for Tetanurae, Gauthier, 1986). 

66) Metatarsal I lies on the posterior than the medial side of metatarsal II (for 

Coelurosauria, Gauthier, 1986). 

34) Theropod first metatarsal (for Theropoda, Gauthier, 1986). 

6. Metatarsal 1 length: 50-75 percent (0) or 85 percent or more (1) of metatarsal 3 

lengtii (Sereno, 1991). 

36. Metatarsal I length: 50-15% (0) or 85%) or more (I) of metatarsal III lengtii 

(Novas, 1996). 

31. Metatarsal 1-4 shaft configuration: spreading (0); compact (1) (Sereno, 1991). 

GG. Metatarsal I and 5 mid-shaft diameters: subequal or greater than (0) or less 

than (1) those of metatarsals 2-4 (for Dinosauromorpha, Sereno, 1991). 

41. Metatarsal I at least 50 per cent the length of metatarsal IV (0) or less than 50 
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per cent of the lengtii (I) of metatarsal IV (deBraga and Reisz, 1995). 

157. Metatarsal I/IV ratio: metatarsal I greater than 50%) the length of metatarsal 

IV (0); Metatarsal I less tiian 50% the lengtii of metatarsal IV (1) (deBraga and Rieppel, 

1997, from deBraga and Reisz. 1995 #41). 

123, Ratio of lengtiis of metatarsals I and IV. >0.4 (0), <0.4 and >0.3 (I) or <0.3 

(2) (Dilkes, 1998) 

metatarsals II-IV 

\er> long metatarsals 2-4 (for Omithodira; Gauthier, 1984). 

51) Metatarsals II and IV with broader participation in ankle and metatarsal III 

compressed between them to a variable degree (for Tetanurae, Gauthier, 1986). 

67) Proximal surface of metatarsal IV subequal to II in size and metatarsal III more 

or less pinched between them (for Coelurosauria, Gauthier, 1986). 

metatarsals II-IV are closely bunched as a unit (Benton and Clark, 1988). 

metatarsals II-IV closely bunched as a unit (for Omithodira) (Benton, 1990). 

metatarsals II-IV elongate and the foot functionally tridactyl (for Omithodha) 

(Benton, 1990). 

metatarsals II, III, and IV subequal in length, with III the longest (for unnamed 

group 5) (Benton, 1990). 

50. Metatarsus configuration: metatarsals diverging from ankle (0), or compact 

metatarsus (metatarsals II-IV are closely bunched) (1) (Juul, 1994). 

17. metatarsals II-IV are elongated and die foot is functionally ttidactyl (Benton 

and Clark, 1988). 
metatarsals 2-4 with overlapping proximal ends (for Saurischia) (Sereno et al., 

1993). 
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32, Metatarsal 2-4 length: less (0) or more (1) than 50 percent tibial length 

(Sereno, 1991). 

54. Metatarsal 2-4: less (0) or more (1) than 50 percent of tibial length (Juul, 

1994). 

58. Relative metatarsal mid-shaft diameters: I and V subequal or greater than II-IV 

(0); I and V less dian II-IV (1); V and IV greater than I-III (2), or V greater than I-IV (3) 

(Juul, 1994), 

95, Metatarsals II; III and IV, States: 0 = unequal in length with metatarsal IV 

longest; 1 = subequal in length with metatarsal III longest (Bennett, 1996). 

5. Metatarsals II-IV shaft widtiis: subequal or less than (0), or greater than (1), 

shaft widths of metatarsals I and V (Novas, 1996) 

metatarsal III 

metatarsal III less than 37%) of tibia length (for Sauropodomorpha, Gaudiier, 

1984). 

increased size - a complex that includes: taller neural arches; shorter, stouter, 

thicker-walled long bones; femur longer than tibia; metatarsal III half or less of femur 

length (for Omithopoda, Gauthier, 1984). 

33. Metatarsal 3 length: lest (0), or more than (1), 1/2 tibial length (Sereno and 

Arcucci, 1990) 

17. Longest metatarsal (fourth = 0, third = 1) (Gower and Sennikov,, 1997). 

metatarsal IV 

GI4. fourth metatarsal elongated, forms at least 40% of digh 4 (Evans, 1988). 

El 3. fourth metatarsal at least 3 x lengdi of fifth metatarsal (Evans, 1988). 

elongate metatarsal IV (for Archosauromorpha) (Benton, 1990). 
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15, Fourtii metatarsal: straight (0), or sigmoidally curved (1) in anterior aspect 

(Novas. 1996) 

metatarsal 4 shaft sigmoid (for Dinosauria) (Sereno et al, 1993). 

45, Relati\e lengths of metatarsals 4 and 5: metatarsal 4 less than three times 

lengtii of metatarsal 5 (0); metatarsal 4 more than three times length of metatarsal 5 (1) 

(Benton and Allen, 1997). 

46. Metatarsal 5 shape: L-shaped (0); symmetrical and very short (1) (Benton and 

Allen, 1997). 

metatarsal V 

21) "Hooked" fifth metatarsal (for Archosauromorpha, Gauthier, 1984). 

14) Broad proximal head of fifth metatarsal, and short and divergent fifth pedal 

digh (for Sauria, Gautiiier, 1984). 

101) Gracile fifth metatarsal (for Omithosuchia, Gauthier, 1984). 

50) "Hooked" 5**̂  metatarsal (for Lepidosauromorpha; Gauthier, 1984). 

33) Fifth metatarsal reduced to no more than a spur of bone in adult (for 

Theropoda, Gauthier, 1986). 

87. Fifth metatarsal long and slender (0), or short and stout (1) (Gauthier, Kluge 

and Rowe, 1988a) 

CI4. Fifth metatarsal hooked without lepidosaur specializations (for 

Archosauromorpha) (Benton, 1985). 

G3. Fifth metatarsal short and proximal phalanx of digit V elongate and 

metapodial-like (for Tanystropheidae) (Benton, 1985). 

16) Fifth metatarsal gracile (for 'Omithosuchia', Gauthier, 1986). 

204. Fifth metatarsal. Long and slender (0) or short and broad-based (1) (Gauthier 

etal , 1988b). 
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205. Fifth metatarsal. Straight (0), or hooked (1), proximally (Gauthier et al, 

1988b). 

E24. fifth metatarsal \ery short and geomettical (Evans, 1988). 

G20, fifth metatarsal hooked in one plane (Evans, 1988). 

116. fifth metatarsal at least 2x length of second sacral centmm (Evans, 1988). 

J25. fifth metatarsal hooked in two planes (Evans, 1988). 

metatarsal V hooked in one plane only (for Archosauromorpha) (Benton, 1990). 

loss of cranioproximal "hook", on metatarsal V (for unnamed group 5) (Benton, 

1990). 

FF. Orientation of articular surface for distal tarsal 4 on metatarsal 5: angling 20 to 

40 degrees (0) or subparallel (1) to shaft axis (for Dinosauromorpha, Sereno, 1991). 

35. Fifth metatarsal unreduced (0) or reduced to a splint (I) (Parrish, 1993). 

57. 'Hooked' proximal end of metatarsal V: present (0); absent (1) (Juul, 1994). 

29. Metatarsal V. States: 0 = short and expanded proximally, but not hooked 

medially; 1 = hooked medially to contact distal tarsal IV, but not gracile; 2 = hooked 

medially to contact distal tarsal IV, and gracile (Bennett, 1996). 

30. Anteroposterior hook of metatarsal V. States: 0 = present; 1 = absent 

(Bennett, 1996). 

125. Metatarsal 3 length. States: 0 = less than one-half tibial length; 1 = more than 

one-half tibial length (Bennett, 1996). 

3. Size of metatarsal V articular surface on distal tarsal 4: all (0), or half (I), of 

lateral surface of distal tarsal 4 (Novas, 1996). 

154. Metatarsal V: long and slender with length exceeding the width of the base by 

at least three times (0); short and broad with base width equivalent to at least twice the 

length of the element measured along its midline (1) (deBraga and Rieppel, 1997, modified 

from Rieppel 1995 #69). 
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155. Metatarsal V shape: straight (0); hooked (1) (deBraga and Rieppel, 1997). 

156. Metatarsal V plantar tubercle: absent (0); present (1) (deBraga and Rieppel, 

1997). 

122. Fifth metatarsal Straight (0), hooked without deflection (1) or hooked with 

deflection of proximal head (2) (Dilkes, 1998). 

116. Metatarsal 5 long and slender (0) or distinctiy shorter than the other 

metatarsals and with a broad base (1) (Rieppel, 1998). 

117. Metatarsal 5 straight (0) or 'hooked' (1) (Rieppel, 1998). 

12. Fifth metatarsal hooked - (0) no (1) yes (Jahl, 1997; Peters, 2000). 

Pedal digits and phalanges 

55) Pedal dighs subequal to metatarsals in length (Gauthier, 1984). 

56) Pedal digits 1 and 2 stout, and pedal digit 4 shorter than 3 (Gauthier, 1984). 

Relatively stout, short and broad manus and pes with hoof-like unguals (for 

Thyreophora, Gauthier, 1984). 

Relatively short and broad manus and pes (for Thyreophora, Gauthier, 1984). 

Relatively shorter, broader, and stouter manus and, to a lesser extent, pes (for 

Sauropodomorpha, Gauthier, 1984). 

37) Pes digitigrade (for Omithodira, Gauthier, 1986). 

38) Pes ftinctionally tridactyl (Pterosauria?) (for Omithodira, Gauthier, 1986). 

167. Longest digh in hand and foot. IV (0) or III (1) (Gauthier et al, 1988b). 

168. Inner two digits of hands and feet. Less (0), or more 1), robust than outer 

two (Gauthier et al, 1988b). 

F4. phalanges short in relation to metapodials (Evans, 1988). 

20. Pedal ungual depth: shallow (0); deep (1) (Sereno, 1991) 
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digh 1 

first pedal digit reduced to metatarsal splint or absent (for Omithopoda, Gauthier, 

1984). 

digh III 

34. Pedal digit length: digit III shorter (0), or longer (1), than digit IV (Sereno and 

Arcucci, 1990). 

96. Pedal digit III States: 0 = shorter than digit IV; 1 = longer than digh IV 

(Bennett, 1996) 

digh IV 

84) Pedal digit IV longer tiian II and closer to III in length (for Maniraptora, 

Gautiuer, 1986). 

pedal digh IV with four phalanges (Benton and Clark, 1988). 

41. Five (0) or four or fewer (I) phalanges on pedal digit IV (Parrish, 1993). 

124. Ratio of lengths of digits 3 and 4. <0.8 (0) and <0.9 (I) or >0.9 (2) (Dilkes, 

1998) 

digit V 

reduction of the number of phalanges in pedal digit five (for Pseudosuchia; 

Gaudiier, 1984). 

114) Pedal digit V reduced, does not exceed length of metatarsal IV, and composed 

of no more than two phalanges (for Omithodira; Gauthier, 1984). 

130) Pedal digit V shorter than metatarsal I (for Dinosauria, Gauthier, 1984). 

fifth pedal digit reduced, less than three phalanges remain (for Crocodylomorpha; 

Gautiiier, 1984). 
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fifth pedal digh reduced to metatarsal spur (for Crocodylia; Gauthier, 1984). 

fifth pedal digit reduced to metatarsal spur (for Omithischia, Gauthier, 1984). 

Enlarged fifth pedal digit (for Sauropodomorpha, Gauthier, 1984). 

90) Loss of one phalanx from fifth pedal digit (Gauthier, 1984). 

17) Fewer than four phalanges in pedal digit five (for Pseudosuchia3, Gauthier, 

1986). 

31) Pedal digit five with fewer than four phalanges (for Crocodylomorpha, 

Gauthier. 1986). (also in omithosuchians) 

6) Pedal digit fne with fewer than four phalanges (for Omithosuchia, Gauthier, 

1986). (also in rauisuchian-crocodylomorph group) 

39) Pedal digit five reduced, does not exceed length of metatarsal IV (Pterosauria?), 

and composed of no more than two phalanges (for Omithodira, Gauthier, 1986). 

49) Pedal digit fne shorter than metatarsal I; the foot is tridactyl in the typical 

dinosaurian condition (for Dinosauria, Gauthier, 1986). 

E25. long ground phalanx on digit 5 (Evans, 1988). 

(1) digit V of the foot is reduced (shorter than I) (Benton and Clark, 1988). 

digit V of the foot is reduced (shorter than I) (for Omithosuchia) (Benton, 1990). 

fewer than four phalanges in pedal digit V (for unnamed group 5) (Benton, 1990). 

33. Pedal digh V length relative to I: longer (0); shorter (1) (Juul, 1994). 

(3) fifth pedal digit lacks phalanges (Benton and Clark, 1988). 

40. Phalanges/phalanx on pedal digh V: present (0); absent (1) (Juul, 1994). 

41. Pedal digh V witii four or more (0), or fewer than four phalanges (1) (Juul, 

1994). 

31. Three or more (0) or fewer than three (I) phalanges on pedal digh V (Gaudiier, 

1986; taken from Parrish, 1993). 
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71. Three or more (0) or fewer than three (I) phalanges on pedal digit V (Juul, 

1994). 

97. Phalanges of pedal digit V. States: 0 = four; 1 = fewer than four (Bennett, 

1996). 

98. Pedal digit V lengtii. States: 0 = unreduced; 1 = reduced (shorter than I 

(Bennett. 1996) 

126. Pedal digit V States: 0 = unreduced; 1 = reduced, does not exceed length of 

metatarsal IV and composed of no more than two phalanges (Bennett, 1996). 

98. Pedal digit V lengtii - (0) unreduced (1) reduced shorter than digh I (2) 

extended (Peters, 2000, modified from Bennett, 1996). 

47. Relati\e length of second phalanx on digh 5 of foot: short (0); long (I) (Benton 

and Aden, 1997). 

159. Fifth pedal digh: longer than first digh (0); shorter and more lightly buih than 

first (1) (deBraga and Rieppel, 1997, from Lee, 1993 #AI5). 

138. First phalanx of digh 5. Shorter than or equal to length of first metatarsal (0) 

or significantiy longer than the first metatarsal (1) (Dilkes, 1998). 

71. First phalanx of the fifth toe elongated (as long as the metacarpals [sic -

metatarsals] of digits I-IV) - (0) no (1) yes (Jalil, 1997; Peters, 2000). 

126. Pedal digit V (0) unreduced (1) reduced, does not exceed length of metatarsal 

IV and composed of no more than two phalanges (2) extended (Peters, 2000, modified 

from Bennett, 1996). 

128. Proximal phalanx of pedal digh V - (0) unmodified (1) reduced (2) elongated 

(Peters, 2000, modified from Bennett, 1996). 
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Miscellaneous osteological characters 

52) Man> structures that normally ossify or remain cartilaginous in diapsids 

plesiomorphicalh tend to calcify well before maximum adult size in squamates and 

rh\nchocephalians - determinable in recent forms only (for Lepidosauromorpha; 

Gautiiier. 1984), 

53) Most of skeleton composed of dense, lamellar, avascular bone of periosteal 

origin (for Lepidosauromorpha; Gaudiier, 1984). 

Soft tissue characters 

98. Uropatagia - (0) absent (1) present (Peters, 2000). 

130. Uropatagia - (0) absent (I) present (Peters, 2000, modified from Bennett, 

1996). 

Musculature 

51) Secondary ossification centers form on ends of all long bones and in several 

muscle attachments, such as those inserting upon retroarticular process, neural arches, 

basioccipital tubera, posterior end of the ilium and several other points on the pelvis, as 

well as in the knee and elbow joints (for Lepidosauromorpha; Gauthier, 1984). 

58) The m. iliofemoralis originates largely behind the level of the acetabulum 

(Gauthier, 1984). 

69) A complete muscular diaphragm (Gauthier, 1984). 

70) The m. diaphragmaticus ventilates the lungs (Gauthier, 1984). 

10. temporal musculature originates ventrally (0), or dorsally (1) (Gauthier, Kluge 

and Rowe, 1988a) 

extension of adductor musculature onto frontal (I) (Sereno and Novas, 1992). 
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8. Temporal musculature: not extended onto frontal (0), or extended onto frontal 

(1) (Novas, 1993). 

20. Temporal musculature: not extended (0), or extended anterioriy (1) onto skull 

roof (Novas, 1996). 

94. Insertional crest for latissimus dorsi muscle prominent (0) or reduced (1) 

(Rieppel, 1998). 

Dermal Armor 

osteoderms on \enttal surface of tail (for Pseudosuchia; Krebs 1976, from 

Gautiiier, 1984). 

12) Osteoderms on ventral surface of tail (for Pseudosuchia2, Gautiiier, 1986). 

115) Parasagittal osteoderm rows absent (for Omithodira; Gauthier, 1984). 

57) Dorsal body osteoderms present (Gauthier, 1984). 

83) Large, rugose-sculptured, body osteoderms that are slightiy imbricate 

anteroposteriorly, oval to subrectangular in dorsal view, and roughly L-shaped in 

ttansverse section, arranged in parasagittal rows on the tmnk (Gauthier, 1984). 

anterolateral process on parasagittal osteoderms (for Pseudosuchia; Gauthier, 

1984). 

large, pahed, supraorbital osteoderms (for Crocodylia; Gauthier, 1984). 

lateral "thyreophoran" osteoderm rows (for Thyreophora, Gauthier, 1984). 

large osteoderm (=palpebral?) covers orbit dorsally (for Thyreophora, Gauthier, 

1984). 

Two additional osteoderms cover dorsal surface of orbit (for Thyreophora, 

Gautiuer, 1984). 

94. Ossified ventral scales imbricate anteroposteriorly (0), or ossified ventral 

scales (or gastralia) only closely appressed, with midline elements overlapping and often 
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fused into a small V-shaped structure (1), or gastralia rows separated anteroposterioriy, 

and with a large V-shaped, medial component (2) (Gauthier, Kluge and Rowe, 1988a) 

144, Parasagittal osteodemi rows. Absent (0) or present (1) (Gauthier et al, 

1988b). 

K9. Demial amiour dc\'eloped (for Archosauria 3) (Benton, 1985). 

40) Parasagittal rows of osteoderms absent (for Omithodira, Gauthier, 1986). 

possession of dermal armor with two osteoderms per vertebra (for unnamed group 

6) (Benton, 1990). 

7. Dorsal body osteoderms: absent (0), present (1) (Sereno and Arcucci, 1990). 

5. Dermal armor absent (0) or present (1) (Gauthier, 1984). 

22. Dorsal body osteoderms: present (0); absent (1) (Sereno, 1991). 

16. Sculpttired osteoderms absent (0) or present (1) (Parrish, 1993). 

60. Dorsal body osteoderms. States: 0 = absent; I = present in a single median 

dorsal row; 2 = present in paired parasagittal rows (Bennett, 1996). 

(b) dorsal osteoderms rectangular in shape (Benton and Clark, 1988). 

(5) tail surrounded by osteoderms (Benton and Clark, 1988). 

(a) osteoderms in more than two longitudinal rows (Benton and Clark, 1988). 

(b) osteoderms do not overlap; another possible synapomorphy - biconvex first 

caudal vertebra (Benton and Clark, 1988). 

8. Single osteoderm pair per cervicodorsal vertebra: absent (0), present (1) (Sereno 

and Arcucci, 1990). 

12. One-to-one alignment between dorsal body osteoderms and vertebrae: absent 

(0); present (I) (Sereno, 1991). 

61. One-to-one alignment between dorsal body osteoderms and vertebrae. States: 

0 = absent; 1 = present (Bennett, 1996). 

14. Dorsal body osteoderms: absent (0); present (I) (Juul, 1994). 
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15. Dorsal body osteoderms: absent (0); present as a single median row (I), a 

paramedian pair per cervicodorsal \ertebra (2), or in excess of a paramedian pair per 

cer\ icodorsal vertebra (3) (Juul. 1994). 

5. Complete carapace, with dorsal and ventral armor (parallel in 

Crocodylomorpha): absent (0) or present (I) (Parrish, 1994). 

6. Paramedian osteoderms much wider than long, sculptured, and without 

anteriorh or posteriorly projecting lappets (parallel in Crocodyliformes): absent (0) or 

present (1) (Parrish. 1994. Heckert and Lucas, 1999 #28). 

13. Lateral osteoderms without (0) or with (1) spikes or bumps (Parrish, 1994). 

10. Paramedian osteoderms without (0) or with (1) median excrescences (Parrish, 

1994). 

15. Paramedian osteoderms less than or equal to (0) or more than (1) four times as 

wide as they are long (Parrish, 1994). 

30. Width to length ratio of dorsal paramedian scutes: maximum of less than 4 (0) 

or more than 4 (1) (Heckert and Lucas, 1999; modified from Parrish, 1994 #15). 

32. Anterior edge of paramedian dorsal osteoderms sttaight (0) or with anterior 

process (1) (Olsen et al, 2001). 

33. Paramedian dorsal osteoderms flat (0) or with distinct longitudinal bend near 

lateral edge (I) (Olsen et al, 2001). 

29. Anterior bars on dorsal paramedian scutes: present or not applicable (0), or 

absent (I) (Heckert and Lucas, 1999). 

31. Shape of cervical dorsal paramedian scutes: wider than long (0); equant or 

longer than wide (1) (Heckert and Lucas, 1999). 

32. Patterning of cervical paramedian scutes: radiate (0) or random (I) (Heckert 

and Lucas, 1999). 
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33. Patteming of dorsal paramedian scutes; radiate (0) or random (1) (Heckert and 

Lucas, 1999). 

34. Ornamentation of dorsal paramedian scutes: mixture of pits, elongate pits, 

grooves, and ridges (0) or small, subcircular pits only (1) (Heckert and Lucas, 1999). 

35. Position of bosses: not in contact with posterior margin of scute (0) or 

touching to o\eriapping posterior margin of scute (1) (Heckert and Lucas, 1999). 

36. Raised bosses on cervical paramedian scutes: present (0) or absent (I) 

(Heckert and Lucas, 1999, modified from Parrish 1994). 

37. Raised bosses on dorsal paramedian scutes: present (0) or absent (1) (Heckert 

and Lucas, 1999, modified from Parrish 1994). 

38. Raised bosses on caudal paramedian scutes: present (0) or absent (1) (Heckert 

and Lucas, 1999, modified from Parrish 1994). 

39. Shape of dorsal bosses: anterior-posterior elongate keel (0) or knob (1) 

(Heckert and Lucas, 1999). 

40. Dorsal boss incised: (0) no or yes, forms two convergent flanges (1) (Heckert 

and Lucas, 1999). 

41. Dorsal paramedian caudal scutes ttansversely arched: yes (0) or no (1) 

(Heckert and Lucas, 1999). 

42. Lateral portion of dorsal paramedian scutes strongly downtumed: no (0) or 

yes (1) (Heckert and Lucas, 1999). 

43. Ventral keel or stmt on dorsal paramedian scutes: absent (0) or present (1) 

(Heckert and Lucas, 1999). 

44. Ventral keel or stmt continuous across width of scute: yes (0) or no (1) 

(Heckert and Lucas, 1999). 
45. Cervical paramedian scutes dorso-ventrally thickened: yes (0) or no (I) 

(Heckert and Lucas, 1999). 
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46. Tongue and gioove articulations for lateral scutes in dorsal presacral 

paramedian scutes: absent (0) or present (1) (Heckert and Lucas, 1999). 

47. Patteriung of lateral scutes: radiate (0) or random (I) (Heckert and Lucas, 

1999). 

48. Posterior emargination of lateral scute, revealing hollow on the posterior side 

of the lateral spike: absent/not applicable (0) or present (1) (Heckert and Lucas, 1999). 

49. Lateral spikes on cervical lateral scutes: absent (0) or present (1) (Heckert and 

Lucas. 1^99, modified from Parrish 1994). 

50. Lateral spikes on dorsal ("trunk") lateral scutes: absent (0) or present (1) 

(Heckert and Lucas, 1999, modified from Parrish 1994). 

51. Lateral spikes on caudal lateral scutes: absent (0) or present (1). 52. Lateral 

scute angles: flat to slightly angulated (0) or sharply angulated to approximately 900 or 

more (1) (Heckert and Lucas, 1999, modified from Parrish 1994). 

53. Lateral spike angles: up to approximately 90° or not applicable (0) or acutely 

angled (1) (Heckert and Lucas, 1999). 

54. Dorsal paramedian scutes constricted anterior to sacrum, resulting in a "waist": 

yes (0) or no (I) (Heckert and Lucas, 1999). 

55. Anterior bars on lateral scutes: present (0) or absent, replaced by laminae (1) 

(Heckert and Lucas, 1999). 

56. Incision of omamentation: shallow or faint (0) or deeply incised (I) (Heckert 

and Lucas, 1999). 

57. Dermal lateral scutes articulating with larger paramedian plates: absent (0) or 

present (1) (Heckert and Lucas, 1999). 

58. Patteming of ventral scutes: radiate (0) or random (1) (Heckert and Lucas, 

1999). 
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5*̂). Demial ventral scutes articulating with each other to form a ventral carapace: 

absent (0) or present (1) (Heckert and Lucas, 1999). 

60. Demial scutes co\ ering the appendages, at least in part: absent (0) or present 

(1) (Heckert and Lucas. 1999). 
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ĉ  en 
C 
03 
u , 

-n c 
3 ,o VtX 

Q . 

II 
X 

• «N 

da
ta

 

on 
c 
en 
en 

E 
II 

c^-

en 

-ca 
4—t 
en 

u 
- C 

m
or

p 

o 
a. 03 

II 
r j 

^^ 

o 

O S 

oo 

so 

I T ) 

r j 

m 

m 

O 
m 

ra 

0 0 

ra 

ra 

ra 

ra 

ra 

ra 

r^i 

ra 

T
ax

on
/C

ha
ra

ct
er

 
N

o.
 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c^-

o 

o 

o 

o 

o 

o 

o 

03 

& 
o 
E 
o 

en 
O 

-o 
' a 
ID 

o 

o 

o 

X 

o 

o 

-

o 
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ĉ . 
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ĉ -

o-

-

-

o 

! > • 

C^-

c~-
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ĉ -

0 

0 

0 

0 

0 

0 

-

0 

-

0 

.2 
en 
0 . E 
03 

4 3 
CJ 
0 

B 
0 

0 

0 

0 

0 

--

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

-

0 

-

0 

.a 

ra 

-

1 - ^ 

-

0 

0 

0 

0 

-

-

-

0 

0 

0 

0 

-

0 

-

0 

2 
0 
3 
en 
03 
l - l 
03 

P H 

ra 

-

--

-

0 

0 

0 

0 

--

-

-

0 

0 

0 

0 

-

0 

-

-

03 

0 
3 

0 0 

-

-

--

X 

--

0 

0 

0 

-

-

-

0 

-

0 

0 

n 

-

ra 

0 

ID 
03 

•T3 

0 
3 
en 
0 

4 3 
4-4 

'B 
0 

X 

0 

-

X 

F—( 

-

-

-

0 

0 

0 

-

-

-

-

ra 

-

r ) 

-

en 
3 

-«: 
CJ 
3 
en 

X 

0 

-

X 

-

-

-

-

0 

0 

0 

-

-

-

-

ra 

^ - H 

ra 

-

03 

-c 
3 
03 
en 
0 

3 

S 

X 

ĉ . 
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ĉ -

(>• 

-

0 

0 

0 

^ H 

C-* 

1—H 

0 

0 

i > -

ra 
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ĉ -
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APPENDIX C 

PHOTOGRAPHS OF PTEROMIMUS LONGICOLLIS AND 

PROCOELOSA URUS BREVICOLLIS 

This dissertation originally contained a CD-ROM with photographs of the 

described material of Pteromimus longicollis, Procoelosaurus brevicollis, and 

Procoelosaurus sp. The photographic rights for these images belong to the Museum of 

Texas Tech University, P.O. Box 43191, 4"' and Indiana Avenue, Lubbock, Texas 79409-

3191. All requests regarding use of the photographic material included in this 

dissertation should be directed to the Museum of Texas Tech University. 
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