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Abstract 

Sphenacodon Marsh, known from the Lower Permian of New Mexico, Utah, and Arizona, is one 
of the best represented pelycosaurs in fossil collections, yet its skull has never been completely 
described. Virtually complete, disarticulated cranial remains of Sphenarodon ferocior from the 
Lower Permian Cutler and Abo Formations of north-central New Mexico are described in detail for 
the first time. These descriptions provide the basis for the most detailed comparisons to date within 
the genus Sphenacodon and the subfamily Sphenacodontinae. 

No morphological differences exist between the skulls of Sphenacodon and Ctenospondylus, and only 
minor morphological differences exist between Sphenacodon and Ctenospondylus on the one hand and 
Dimetrodon on the other. On the basis of cranial morphology alone, Sphenacodon and Ctenospondylus 

appear to be more closely related than the current taxonomy reflects. 

Macromerion is undiagnostic below the family level and materials referred to Neosaurus, Bathy-
gnathus, and "Oxyodon" are undiagnostic below the subfamily level. The retention of all of these 
names except "Oxyodon" is recommended as a paleogeographic convenience. "Oxyodon" has been 
shown by Paton (1974) to be preoccupied, and pelycosaur material assigned to that taxon should 
be therefore reclassified as Sphenacodontinae incertae sedis.  

Introduction 

The Late Pennsylvanian to Late Permian subfamily 
Sphenacodontinae, as recognized by Romer and Price 
(1940) and Romer (1945), consists of seven genera 
(Dimetrodon, Ctenospondylus, Sphenacodon, Bathygnatuss, 
Neosaurus, Oxyodon, and Macromerion). Only three of 
these, Dimetrodon, Ctenospondylus, and Sphenacodon, 
include complete cranial remains. Known from the 
prolific Lower Permian red beds of Texas, Oklahoma, 
and New Mexico, Dimetrodon is represented by abun-
dant skeletal material including numerous complete 
and partial skulls which have been thoroughly studied 
(Romer and Price, 1940). Ctenospondylus is represented 
by material from a number of different localities, 
which includes one articulated skull and postcranial 
material from southeast Utah, fragmentary cranial and 
postcranial remains from the Dunkard Group of West 
Virginia, and isolated spines and vertebrae pertaining 
to one individual from Texas. The cranial material 
from Utah was thoroughly studied and described by 
Vaughn (1964, 1969). The remaining cranial material 
from West Virginia was described and discussed by 
Berman (1978). 

Sphenacodon, known from the Lower Permian Cutler 
and Abo Formations of New Mexico and the Cutler 
Group of Arizona and Utah, is one of the better rep-
resented pelycosaurs in North American fossil collec-
tions (second only to Dimetrodon); yet, it has received 
only a modicum of attention in the literature. Large 
collections of Sphenacodon material (cranial and post-
cranial) that were assembled by field parties from the 
Yale Peabody Museum in 1878, the University of Chi-
cago and the University of Michigan in 1911, and the 
Harvard Museum of Comparative Zoology in 1937 
have been the basis of virtually all the descriptions and 
figures of Sphenacodon cranial morphology (Marsh, 
1878; Case, 1907; Williston, 1911, 1916, 1917, 1918; 
Case and Williston, 1913; Romer, 1937; Romer and 
Price, 1940). Unfortunately, much of this material is 
still in need of preparation, and that portion that has 
been prepared does not include a complete set of 
cranial elements. Thus, the cranial descriptions and  

figures are incomplete and somewhat patchy. Sphena-
codon material collected by the University of California 
Museum of Paleontology during 1934 and 1935 was 
thoroughly prepared during the Work Project Admin-
istration years, and includes virtually every cranial 
element; yet, ironically, this material has never been 
described or figured. The reason for this neglect ap-
pears to have been the publication of the monumental 
Review of the Pelycosauria (Romer and Price, 1940). It has 
long been recognized that the skulls of Sphenacodon and 
Dimetrodon are very similar (Case, 1907; Williston, 
1918; Romer and Price, 1940; Vaughn, 1964). 
Subsequent to the publication of the detailed descrip-
tions and drawings of the articulated and associated 
cranial elements of Dimetrodon limbatus in the Review of 
the Pelycosauria, further interest in the cranial mor-
phology of Sphenacodon and other sphenacodontines 
greatly diminished. Since 1940 most references to gen-
eral sphenacodontine or sphenacodontid cranial mor-
phology have been made by referral to the Romer and 
Price descriptions and reconstructions (e.g. Romer, 
1956, 1966; Barghusen, 1968, 1973; Currie, 1979; 
Reisz, 1980; Brinkman and Eberth, 1983). 

The University of California Museum of Paleontol-
ogy Sphenacodon collection includes disarticulated, as-
sociated, and partially articulated skulls of no fewer 
than 31 individuals from one locality, as well as frag-
mentary and less abundant material from a number of 
other localities. Such a rich collection offers a unique 
opportunity to (1) provide the first in-depth, boneby-
bone description of a sphenacodontid, (2) examine 
variation in a sphenacodontine death assemblage, and 
(3) attempt an evaluation of intrasphenacodontine 
cranial variation. In the framework of Paleozoic rep-
tilian systematics the description of this material is 
imperative. Much remains to be clarified concerning 
relationships of taxa within the Pelycosauria (Reisz, 
1980; Brinkman and Eberth, 1983) and of pelycosaurs 
with other reptilian groups (especially therapsids). A 
thorough understanding of all pelycosaur genera is an 
essential step in addressing the nature of these 

5 



6 

interrelationships. The University of California Mu-
seum of Paleontology Sphenacodon collection thus is 
thoroughly described in this paper. The goals are (1) 
to present a detailed, bone-by-bone description of the 
skull of Sphenacodon in the University of California 
collection, and (2) to provide cranial comparisons 
both within the genus Sphenacodon and among 
other sphenacodontines. 
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Abbreviations 

Institutional abbreviations used throughout this 
paper are as follows: UCMP, University of California 
Museum of Paleontology, Berkeley; MCZ, Museum 
of Comparative Zoology, Harvard University, Cam-
bridge, Massachusetts; U.C., University of Chicago, 
Chicago, Illinois (this material is housed at the Field 
Museum of Natural History); WM, Walker Museum/ 
Field Museum of Natural History, Chicago, Illinois; 
NTM VP, Navajo Tribal Museum, Vertebrate 
Paleontology, Window Rock, Arizona. 

Materials and methods 

The genus Sphenacodon includes two species, the 
type species S. ferox (Marsh, 1878) and S. ferocior 
(Romer, 1937). The type of S. ferox is from the Lower 
Permian Cutler Formation, Baldwin bone bed locality 
in the village of Arroyo de Agua in Rio Arriba County, 
north-central New Mexico (Fig. 1; Langston, 1953, fig. 
3). It consists of a single dentary and a pair of maxillae 
of questionable association. Other referred specimens 
of S. ferox have been collected from stratigraphically 
equivalent horizons throughout Arroyo de Agua and 
adjacent towns, from El Cobre Canyon 15 km north-
east of Arroyo de Agua, and from the Johnson locality 
in the San Diego Canyon (see Langston, 1953). 

S. ferocior is represented by articulated and dis-
articulated specimens that have been collected from 
localities of wider geographical extent than those 
containing S. ferox. The type of S. ferocior (MCZ 
1489)—an articulated skull and partial postcranial 
skeleton—was collected from the Lower Permian Abo 
Formation in the San Diego Canyon, 2.5 km south of 
the Spanish Queen mine (Fig. 1; Langston, 1953, fig. 
4). Referred specimens have been collected from lo-
calities in Arroyo de Agua that are stratigraphically 
30-70 m higher than the Baldwin bone bed locality 
(Anderson and Cardillo quarries), throughout the San 
Diego Canyon (south of Jemez Springs) at stratigraph-
ically higher positions than the S. ferox localities in 
that canyon, from the Abo Formation near Socorro in 
south-central New Mexico, and from the Organ Rock 

Shale of the Four Corners area (Vaughn, 1964). 
Abundant, though fragmentary, remains of 

Sphenacodon sp. have been noted in the Permo-
Pennsylvanian red beds of Socorro, San Miguel, and 
Santa Fe Counties in New Mexico (see Langston, 
1952). 

.Among all of these localities the Anderson quarry, in 
Arroyo de Agua, has produced the largest and most 
complete assemblage of disarticulated and articulated 
cranial remains of Sphenacodon. For this reason, and 
because most of the specimens were already prepared, 
S. ferocior from the Anderson quarry was chosen as 
the basis for the following descriptions and 
illustrations. At least 31 individuals are present and, in 
some cases, different ontogenetic stages of elements are 
represented. In most cases, elements are represented 
by more than one specimen, allowing for the study of 
variation in this death assemblage. 

Five cranial elements are not represented in the 
Anderson quarry collection (tabular, vomer, supra-
temporal, ectopterygoid, and postparietal). The first 
two are described as they occur in the type (MCZ 
1489). The supratemporal is known in an articulated, 
though crushed, skull of S. ferox (U.C. 35). It is de-
scribed and figured as it occurs in that specimen. The 
postparietal is discussed with reference to its area of 
contact on the supraoccipital. The ectopterygoid is 
not discussed in any detail. 

The specimen drawings are on coquille board. Out-
lines for each figure were obtained from enlargements 



7 

 

of photographic negatives projected directly upon the 
coquille board. Outlines of some of the smaller spec-
imens were obtained directly from the specimen. 
Shading is present only where the element is pre-
served. In those cases where the full extent of the 
element can be reconstructed on the basis of evidence 
from adjacent elements, the reconstructed outline is 
dashed. 

Reconstructions were only attempted where an ar-
ticulated or obviously associated skull portion was 
available. The lateral-view reconstructions in Fig. 3A 
and B are based upon the articulated snout, UCMP 
34196. Note that the cheek and temporal regions of the 
two reconstructions differ dramatically. The cheek 
region in Fig. 3A is based upon the jugal morphology 
present in UCMP 83208 (Fig. 14). The remainder of 
the temporal region in this reconstruction is an hy-
pothetical reconstruction based upon disarticulated 
elements. The cheek region in Fig. 3B is based upon 
the jugal morphology in UCMP 34196. The remainder 
of the temporal and cheek region is an hypothetical 
reconstruction based upon an associated squamosal 
(UCMP 34196, Fig. 16) and other disarticulated ele-
ments. The lower-jaw reconstructions (Fig. 3C, D) are 
based upon a complete, articulated lower jaw, UCMP 
83459. Insufficient articulated material was available 
to warrant an occipital, palatal, or dorsal reconstruc-
tion; thus, accurate measurements for these areas can-
not be provided. 

The sphenacodontines Neosaurus, Macromerion, and 
"Oxyodon" are in European collections, and, there-
fore, direct comparisons among these taxa, and be-
tween them and other taxa, could not be made. In 
these cases, comparisons are limited to those areas 
that have been described or figured by other authors. 
Dimetrodon specimens at the Harvard Museum of 
Comparative Zoology, a cast of the one known spec-
imen of Bathygnathus, and the one known articulated 
skull of Ctenospondylus (NTM VP 1001) have all been 
examined first hand. 

Locality and geology 

The Anderson quarry is located in the village of 
Arroyo de Agua, Rio Arriba County, north-central 
New Mexico (SW 1/4 NW 1/4 Sec. 11, T. 22 N., R. 3 E.). 
In this area, deep valleys carved by erosive streams 
expose up to 200 in of sandstones and mudstones of the 
Cutler Formation (Fig. 2). Eight separate bone beds 
and numerous localities occur throughout the lower 
100 m of this exposed section. Specimens that have 
been referred to S. ferox have been collected from the 
lowest six bone beds, all essentially at the same horizon 
(see Langston, 1952, 1953). The Anderson quarry bone 
bed occurs 60-70 m above these six lower bone beds. 
The quarry is exposed on the side of a small  

arroyo and includes an area of about 20 m2. Bone-
producing layers total approximately 1.5 m in thick-
ness and the quality and quantity of preserved ma-
terial is matched by few Permian localities. For the 
most part, the specimens are disarticulated, but when 
carefully extracted and prepared, elements are often 
fully preserved. 

Environmental and/or taphonomic interpretations 
of the numerous bone beds in the Arroyo de Agua 
area have largely been avoided by workers concerned 
with systematics problems. Langston (1952, 1953), 
however, interpreted four of the lower bone beds as 
the discontinuously exposed remains of a large Lower 
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Permian lake. He applied a similar interpretation to 
the higher-occurring Anderson quarry deposits, stat-
ing (1953, p. 360): 

. . . conditions of sedimentation were similar to those that 
produced the Welles quarry deposit, [one of the lower bone 
beds] but the chain of events was reversed and deposition 
took place nearer the shore. Repeated drying in the later 
history of the Anderson quarry lake is indicated by at least 
seven superincumbent marly layers in the upper 4 feet of the 
section. 

Recent examination of this deposit has shown that 
the 1.5 m thick fossiliferous deposits occur as a lat-
erally limited, U-shaped body containing three sep-
arate horizons. At the base a green-gray sandy silt 
rests unconformably upon a thick, multistoried sand-
stone body. This is overlain by a thin, nodular-rich 
marly horizon which, in turn, passes up into a thick, 
iron-rich marl horizon. The basal horizon is rich in 
carbonized plant material and produces the greatest 
variety of disarticulated, unassociated fossil remains. 
No obvious bedforms are preserved in any of these 
horizons. 

The presence of a basal sandy-silt deposit containing 
abundant disarticulated and unassociated vertebrate 
remains and plant material suggests a complex 
transport history for this organic hash, followed by a 
quick burial. The overlying nodular-marl and iron-
rich-marl horizons both contain the disarticulated and 
unabraded remains of larger tetrapods, often in as-
sociation. Such information suggests the continued 
presence of a topographic low acting as a locus for 
pooling and maceration of carcasses. Although the U-
shaped nature of these deposits speaks against their 
interpretation as remnant lake deposits, the lack of 
primary sedimentary structures makes any more def-
inite interpretation difficult. It should be noted, how-
ever, that elsewhere in the section where laterally 
limited bodies of reduced sediments occur, their inter-
pretation as the remains of proximal crevasse-channel 
fills is better documented (Eberth, in prep.). 

The majority of the UCMP specimens collected 
from this deposit are from the lower two horizons. 
The upper marly horizon is very difficult to work 
and elements collected from it are often broken in the 
process of collecting. Although the lower two hori-
zons undoubtedly represent two depositional events, 
rates of deposition and accumulation in 
environments where crevasse-channel deposits are 
forming today are very high (29-60 cm/100 yrs) 
(Smith, 1983). Thus, it is not unreasonable to 
consider the Anderson quarry Sphenacodon specimens 
as members of a single population. 



Osteology 

General  os teo logy  of  the  skul l  

The skull of S. ferocior (Fig. 3) is quite tall and nar-
row, with a long preorbital region and a short post-
orbital region. The bone of the snout is thin except at 
the alveolar ridges. The tooth row is convex in lateral 
view and the tooth bases are square in cross section, 
while the distal tips are compressed, with unserrated 
cutting edges along the anterior and posterior edges. 
Above the orbits the supraorbital ridge consists of 
thick bone and projects laterad, forming the widest 
portion of the skull table. A single temporal opening 
is present behind and slightly lower than the orbit. 
The occiput is a flat plate of bone inclined forward 
and set slightly anterior to the posterolateral corners 
of the skull. The stout paroccipital and supraoccipital 
processes brace the occiput against the posterior 
cheek region. Elongate internal choanae occur at the 
anterior end of the palate, adjacent to the thickened 
buttresses of the alveolar ridges. A wide, toothed, 
transverse flange of the pterygoid braces the 
posterior portion of the palate against the medial 
surface of the skull. Between these points the palate is 
covered with a shagreen of small, peg-like teeth 
arranged randomly in two fields along and on either 
side of the midline. Posterior to the transverse 
flanges, vertical processes of the pterygoids are 
sutured to the quadrates, thus forming stout braces 
between the occiput and the palate. 

The lower jaw is quite narrow through most of its 
length and becomes thickened mediolaterad at the 
anterior end where the large caniniforms insert. The 
tooth row is concave in lateral view and the tooth 
morphology is as described above. Posterior to the 
tooth row, the mandible becomes tall and provides a 
large area for muscle insertion in the meckelian fossa 
on the medial surface. A meckelian canal runs forward 
from the fossa. Ventral to the fossa, the angular is a 
deep, narrow element. The condylar recesses of the 
articular are set just below the level of the tooth row 
and face dorsomediad. When the jaw is closed, the 
teeth of the lower jaw, with the exception of the can-
iniforms, come to lie medial to the maxillary teeth. The 
large caniniforms of the dentary are accommodated on 
the outside of the maxilla by a "step" formed along the 
anteroventral margin of the latter element. 

Descriptions of cranial elements 

Premaxilla (14 specimens) 

The premaxilla, forming the blunt tip of the snout, 
is a tripartite, heavily ossified element that carries 
three teeth. Three processes contact the nasal dor-
sally, the maxilla and septomaxilla laterally, and the 
vomer and septomaxilla medially. The figured spec-
imen (UCMP 83047) lacks only the tips of the three 
processes. Discussion of these regions is based upon 
the articulated partial skull, UCMP 34196. 

The external surface of the bone is heavily pitted, 
as in most large reptiles, allowing an intricate set of 
blood vessels and nerves to communicate with the 
overlying skin. The first tooth is invariably the largest 
when compared to others in a fully erupted state. All 
the teeth are markedly ribbed in typical 
sphenacodont fashion. The roots of the first and 
second teeth are deeply implanted in the body of the 
premaxilla and, when fully erupted, extend up to the 
ventral border of the narial opening. 

Arching posterodorsad for a distance of 4-4.5 cm 
from the body of the premaxilla, the dorsal process lies 
medial to the nasal and contacts the medial surface of 
its counterpart at the midline. This process, triangular 
in cross section, tapers dorsad, disappearing from the 
dorsal surface of the skull above and about 1 cm 
behind the posterior border of the narial opening. The 
sutural surface for the nasal lies along the lateral and 
posterior faces of the dorsal process. The midline 
sutural contact of the dorsal process (Fig. 4D) is in the 
vertical plane and is continuous with the medial 
sutural surface of the premaxillary body. 

The slightly downturned maxillary process extends 
posteriorly 4-5 cm from the anterior border of the 
narial opening. It is sutured to the medial surface of 
the maxilla, terminating just above the "step" of the 
maxilla. The dorsal surface of this process is in contact 
with the footplate of the septomaxilla, although the full 
extent of this contact is not adequately indicated by the 
preserved material. 

Extending posteriorly from the midline of the pre-
maxillary body is the short, narrow, median process 
that marks the ventral contact of the nasal septum on 
the premaxilla. The medial and lateral surfaces of the 
process contact the anterior inner surfaces of the folded 
vomer. Only the medial sutural surface is visible, 
however. Between this short process and the maxillary 
process, which extends parallel to it, is a distinct furrow 
that may have carried a branch of the maxillary artery 
and perhaps the ethmoid nerve. Within this furrow, at 
a point directly behind the first-tooth root, is the 
prepalatal foramen. This opens into a vertical canal 
that in turn exits ventrally between the first and second 
teeth. The furrow continues forward entering the 
element at a point where the dorsal process begins to 
arch posteriorly from the body of the premaxilla 
(premaxillary foramen, Fig. 4B). Within the body of the 
premaxilla this foramen communicates with an 
extensive and complex series of canals. The manner in 
which these canals communicate with the surface of the 
premaxilla was determined by studying a series of 64 
photographs taken from a serially ground specimen 
(UCMP 83033) at increments of 0.25 mm. It was 
determined that the posterior premaxillary foramen 
communicates with the root of the first tooth and 
continues as a large canal to emerge directly in front of 
the first tooth on the ventral surface of the pre-
maxillary body. Throughout the course of this canal, 
smaller, anastomosing branches frequently run to the 
surface of the premaxilla. There is no evidence to sug-
gest the existence of a single large sinus within the 
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dorsal process as seen in captorhinids (Heaton, 1979). 
The dorsal process remains cancellous throughout its 
length and appears to be similar in this respect to the 
dorsal processes of iguanids. 

Septomaxilla (2 specimens) 

The two available septomaxillae of S. ferocior are 
known from articulated, partial skulls and, in each 
case, have undergone a certain amount of distortion. 
UCMP 341% (Fig. 5A, B) shows the least distorted 
condition, but is poorly preserved anteriorly and me-
dially. MCZ 1489 (Fig. 5C, D), on the other hand, is 
preserved anteriorly, but is compressed dorsoven-
trally, distorting the true nature of its contact with 
the nasal. 

The septomaxilla provides protection for the ante-
rior region of the nasal capsule and sits in the pos-
terior margin of the narial opening, extending the 
full height of that orifice. The element is quite wide, 
extending from the lateral edge of the narial opening 
almost to the midline. It rests upon the medial and  

maxillary processes of the premaxilla. In medial view 
(Fig. 5B), UCMP 34196 appears as a gently convex 
structure firmly sutured to the internal surface of the 
nasal. A shallow groove runs along the ventral border 
of the nasal and ends in an area of crushed bone, 
preventing any attempt to trace its course. The groove 
marks the course of the lacrimal duct as it approaches 
the septomaxillary foramen, which is itself poorly 
preserved in this specimen. The area of crushed bone 
appears much too high to have been the region for the 
septomaxillary foramen and, more probably, rep-
resents the crushed posterior process of the septo-
maxilla that is applied to the internal surface of the 
nasal. The duct probably passed farther ventrad into 
the region behind the footplate. Even here, however, 
the presence of the septomaxillary foramen cannot be 
confirmed because of distortion. Anterior to this re-
gion of crushing, a light vessel scar branches ven-
trally. 

In lateral view (Fig. 5A) only a small portion of the 
septomaxilla is visible; the anterior part of the element 
has been lost. The moderately sized septomaxillary 
foramen is clearly visible posteroventrally. A small 
portion of the medial shelf is preserved along the 
anterior edge. Below the shelf is a small, anteriorly 
opening foramen. 

MCZ 1489, in contrast, shows the medial shelf well 
developed in either view (5C, D), but does not display 
a dorsal contact of the septomaxilla with the nasal. 
Along the ventral margin of the element, the footplate 
has lost its contact with the premaxilla. Thus, the 
septomaxilla appears curled up. In medial view (Fig. 
5D) the septomaxillary foramen is visible and can be 
traced through to the external surface of the skull 
where it opens posterior to the footplate. The small 
anterior foramen seen in UCMP 34196 is not visible in 
any view, and the lacrimal duct scar leading to the 
septomaxillary foramen is not preserved. However, 
MCZ 1489 does show a completely preserved contact 
of the posterior process of the septomaxilla with the 
internal surface of the nasal (Fig. 5D). 

Nasal (9 specimens) 

The nasal is an elongate, gently arched element 
(Fig. 6A, B). At the anterior end the nasal sends a 
dorsal and a ventral process around the narial open-
ing. The dorsal process contacts the lateral and the 
posterior surface of the dorsal process of the pre-
maxilla along a narrow sutural surface. The ventral 
process extends some distance behind and beneath 
the narial opening and probably takes part in bor-
dering the septomaxillary foramen dorsally. This pro-
cess provides a broad ventral area of contact for the 
septomaxilla and maxilla on its medial surface. 

The nasal is bounded laterally by the lacrimal and 
maxilla. In external view (Fig. 6B) the posterior part 
of the lateral edge shows a small sutural surface for 
the lacrimal. This surface is quite thin and is poorly 
preserved in all specimens. 

The nasal tapers to a point between an anterior 
process of the frontal and the medial surface of the 
prefrontal (Fig. 6B). The medial edge of the element is 
thick through its entire extent. In medial view there 
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is a narrow longitudinal groove, located lateral to the 
midline, that runs the length of the element. This 
possibly marks the point of attachment of the nasal 
septum. Lateral to this is a much wider, gently rounded 
groove that is well demarcated posteriorly. A similar 
groove has been hypothesized to mark the dorsal con-
tact of the nasal septum in specimens of Dimetrodon 
(Romer and Price, 1940). It is more likely that this 
groove results from the presence of a turbinal ridge 
lateral to it. Lateral to the turbinal ridge, the body of 
the nasal becomes thinner as it arches ventrolaterad. 
Along the medial surface of the element, just posterior 
to the narial border, is the light trace of a groove that is 
tentatively interpreted as the lacrimal-duct scar. 

Frontal (13 specimens) 

The frontal is a triradiate, flattened element that 
consists of an anterior process, an orbital process, and 
a posterior process. The anterior process is long, nar-
row, and is convex dorsally when viewed laterally (Fig. 
7A). It is structurally similar to the posterior region of 
the nasal with which it is continuous. A turbinal ridge 
extends forward along most of the ventral surface of 
the anterior process. The lateral surface of the anterior 
process displays sutural surfaces for the nasal and 
prefrontal. The prefrontal also contacts the frontal 
along the anterior edge of the orbital process, sending 
a small projection into the ventromedial corner 
formed between the anterior and orbital processes. 
The contact between the prefrontal and frontal 
extends forward to a point midway along the lateral 
surface of the anterior process of the frontal. At this 
point the two elements are separated by a posterior 
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projection of the nasal. Williston (1925) indicated in 
his reconstruction of S. ferox that the nasal also pro-
jects posteriorly a short distance along the medial 
surface of the anterior process of the frontal. The ar-
ticulated snout MCZ 1489 shows this condition to be 
present in S. ferocior as well. 

The laterad projecting orbital process is dorsoven-
trally thick (7 mm) and forms the bulk of the supraor-
bital shelf. Along the posterior edge of the orbital 
process the sutural surface for the postfrontal is visible 
(Fig. 7D). The sigmoid curvature of the orbital process 
is visible in posterior view. The angle formed by the 
orbital process extending dorsolaterad from the mid-
line is no more than 35° from the horizontal. 

The posterior process displays an extensive area of 
contact with the postfrontal along its lateral surface. 
In ventral view (Fig. 7B), a shallow sutural scar 
marks the narrow contact of the parietal along the 
posteroventral surface of the posterior process of the 
frontal. In ventral view the frontal displays a small 
"step" that runs from the sutural scar for the parietal 
to the anteromedial corner of the orbital process. This 
marks the line of contact between the frontal and the 
dorsal extent of the planum supraseptale (solum 
supraseptale of Oelrich, 1956, and Heaton, 1979). 
Farther forward, a small ridge extends anteriorly, 
parallel to the turbinal ridge. This small ridge 
probably marks the line of contact between the nasal 
septum and the frontal. Between the anterior extent of 
the ridge marking the course of the planum 
supraseptale and the posterior portion of the turbinal 
ridge is a shallow depression that marks the posterior 
extent of the cartilaginous nasal capsule. The 
existence of a "pit" in this area, as noted by Romer 
and Price (1940) for Dimetrodon, is not present. 

In posterior view (Fig. 7D) what appears to be a 
large foramen opens into the longitudinal axis of the 
frontal. The identity of this foramen is unknown. 

Parietal (4 specimens) 

The parietal is a small, wing-shaped bone at the 
posterior end of the skull table. The anterior surface 
of the element contacts the postorbital, postfrontal, 
and frontal. The posterior edge is in contact with the 
postparietal, tabular, and possibly the squamosal. The 
ventral surface is smoothly contoured, marking the 
limits of muscle attachments, and forms the dorsal 
roof of the braincase in the area immediately posterior 
to the pineal foramen. Fig. 8A, B presents reconstruc-
tions of the parietal based upon all of the available 
specimens. 

Sutural surfaces for the postfrontal and frontal are 
visible in dorsal view (Fig. 8A). A large notch for the 
pineal organ occurs midway along the medial edge. In 
MCZ 1489 the pineal opening is just posterior to the 
midlength of the element, while in the three spec-
imens from the Anderson quarry the notch occurs at 
about the midlength. On the posterior surface a large, 
forward-sloping sutural surface marks the contact of 
the postparietal and the tabular. The lateral wing of 
the parietal extends posteroventrad from the body of 
the element. Its dorsal surface is lightly striated, 
marking the anterior extent of the supratemporal. 

In ventral view (Fig. 8B) the anterior and lateral 
edges of the wing are scarred by sutures marking the 
extent of postorbital contact. A narrow, scarred ridge 
runs along the posterior edge of the wing, marking the 
extent of the contact with the dorsal edge of the 
tabular. Sutural scars for the tabular along both the 
dorsal and ventral posterior edges suggest that the 
parietal was wedged into the dorsal edge of the tab-
ular. From the material at hand it is impossible to 
determine the nature of contact between the parietal 
and the squamosal. Between the tabular and postor-
bital sutural scars a shallow, broad, concave surface 
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that is heavily pitted around its periphery marks the 
site of attachment of part of the external adductor 
musculature. Medial to this area the parietal surface 
is softly contoured, possibly marking the site of at-
tachment of the internal pterygoideus branch of the 
adductor musculature. Striae that occur along the 
ventral surface of the parietal, lateral to the pineal 
opening, might represent the contact point between 
the epipterygoid and the parietal, and thus the 
lateral limit of the braincase. 

Postparietal (no specimens) 

No isolated specimens of the postparietal exist in the 
UCMP Anderson quarry collection. However, much 
of the morphology of the element is known from su-
tural scars on the supraoccipital and the parietal. 

Fig. 25A shows a posterior view of the supraoccip-
ital with a large sutural-scar region for the postpari-
etal. The element is apparently triangular, with its 
apex oriented ventrad. The limits and proportions of 
the postparietal can generally be deduced from these 
scars. The scars extend laterad to a point where the 
postparietal apparently overlies the medial edge of 
the tabular. Unfortunately, no sutural scars are pre-
served on the medial edge of the one fragmentary 
tabular used in this study (MCZ 1489) and, 
therefore, the exact lateral limit of the postparietal 
cannot be determined. 

The supraoccipital abruptly contacts the postero-
ventral edge of the parietal, and the postparietal ap-
parently covers this line of contact, extending dorsad 
onto the posterodorsal edge of the parietal. 

Prefrontal (13 specimens) 

The prefrontal bounds the anterodorsal area of the 
orbit, contacts the frontal and nasal along its narrow, 
dorsomedial edge, and broadly underlies the lacrimal 
ventrolaterally. No isolated prefrontals in the UCMP 
collection are preserved with the thin ventrolateral 
and anterior laminae that contact the lacrimal and 
nasal. The articulated snout UCMP 34196 was used 
to define the limits of these areas in Fig. 9. 

The thick, posterodorsal orbital process forms the 
anterior portion of the supraorbital shelf. Anterior to 
the orbit a shallow fossa on the lateral surface of the 
element (Fig. 9A) marks an area of thin bone between 
the thickened orbital border and the medial edge. 

In medial view (Fig. 9B) the thick orbital margin, 
triangular in cross section, appears continuous with 
the "step" on the ventral surface of the frontal that 
marks the contact between the frontal and the planum 
supraseptale. The ventromedial surface is lightly 
marked with striae. A complex sutural surface for the 
frontal and the nasal is visible along the dorsomedial 
edge of the prefrontal. Along the posterior half of the 
dorsomedial edge, the orientation of the sutural scars 
suggests an interdigitating contact with the frontal 
and the posterior half of the lateral edge of the nasal. 
Along the anterior half of the dorsomedial edge of the 
prefrontal, sutural scars indicate that the prefrontal 
overlies the ventrolateral edge of the nasal. The 
remainder of the medial surface of the prefrontal dis  

plays a number of thin, strut-like ridges running an-
teroventra d—posterodorsad. 

Fig. 9C shows, in posterior view, the prominent 
interfingering sutural scar marking the extent of the 
contact with the frontal. Also visible in this view is the 
thickened orbital process. Two shallow grooves, 
possibly vessel scars, appear along the posterior sur-
face of the bone. 

Postfrontal (5 specimens) 

The postfrontal is a thick, rectangular bone lying 
behind the frontal, with sutural surfaces on three 
sides and a rounded orbital margin on the fourth 
(Fig. 10). It strongly resembles the orbital process of 
the frontal and is frequently mistaken for that 
element in museum collections. 

Sutural scars on the anterior face of the element 
(Fig. 10A) mark the contact with the posterior 
surface of the orbital process of the frontal. This 
contact continues around to the midpoint of the 
medial surface where it is supplanted by the sutural 
surface for the parietal. The latter continues onto the 
medial half of the posterior face of the postfrontal 
(Fig. 10C). The lateral half of the posterior surface is 
covered by a large, forward-inclined, postorbital 
sutural scar (Fig. 10C, D). The orbital margin is 
thicker than the rest of the element and is convex-up 
in lateral view (Fig. 10B). 

Postorbital (11 specimens) 

The postorbital is a triradiate element that forms 
the posterodorsal border of the orbit. It is rarely 
found fully preserved; the posterior and ventral 
processes are often lost during collection. 

Most sutural surfaces are visible in medial view 
(Fig. 11D). The posterior process, which is triangular 
in cross section, curves posteroventrad to rest upon 
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juveniles (UCMP 45895, Fig. 36; UCMP 83100) the 
"step" is poorly developed. Large subadults and adults 
display strongly developed "steps" (Fig. 36). It is hy-
pothesized here that the reduction in precaniniform-
tooth number and the development of a "step" are two 
ways in which to accommodate the large caniniform 
mandibular teeth during jaw closure. 

Posterior to the "step" a smoothly contoured buttress 
receives the immense and deeply implanted roots of the 
two caniniform teeth. Although only one fully erupted 
caniniform tooth is present in many specimens, some 
do possess two caniniforms simultaneously. Posterior 
to the buttress the alveolar ridge contracts and becomes 
rectangular in cross section. Sutural surfaces for the 
palatine and jugal-ectopterygoid are visible along its 
medial face. The palatine contacts the maxilla above 
the second caniniform tooth and continues the contact 
posteriorly, expanding onto the dorsal surface of the 
alveolar ridge. The sutural scars for the jugal and 
ectopterygoid are indistinguishable and are limited to 
the medial surface of the 
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ridge. The lacrimal footplate gains contact in a shallow 
groove on the dorsal surface of the alveolar ridge, 
lateral to the palatine and above the last two maxillary 
teeth. 

The nasal and a part of the lacrimal contact the 
lateral surface of the dorsal wall of the maxilla, along 
the anterior edge of the latter. The dorsal wall of the 
maxilla is thickened at the nasal sutural surface. The 
sutural surface for the lacrimal extends posteriorly 
along the lateral surface of the dorsal edge of the wall 
just behind the nasal sutural surface. The lacrimal 
sutural surface switches onto the medial surface pos-
terior to the dorsal apex of the dorsal wall. It is not 
extensive and is superseded by a sutural surface for the 
jugal (Fig. 12A). 

A vessel scar appears at midlength on the dorsal 
surface of the alveolar ridge and continues forward, up 
the caniniform buttress where it becomes visible in 
medial view (Fig. 12A). A foramen on the buttress 
marks the point where soft tissue entered that structure. 
The vessel scar continues forward over the buttress 
and, as it descends the anterior surface, bifurcates, 
sending another scar down the medial face. The an-
terior scar continues forward into the depression 
formed by the dorsal wall and the thickened lateral 
edge of the premaxillary process. It bifurcates again 
before reaching the anterior end of the maxilla. 

The identity of the structures carried in these scars 
is not clear. It seems plausible that they were the rami 
of the maxillary artery and possibly the lateral palatine 
artery. 

Lacrimal (3 specimens) 

The lacrimal extends forward from the orbit as one 
of the thinnest and lightest dermal bones of the skull. 
Presumably because of its lightness and susceptibility 
to distortion and destruction, only two isolated spec-
imens are known from the Anderson quarry. 

In external view (Fig. 13A) the large jugal and 
smaller maxillary sutural surfaces are visible but not 
very distinct. The external surface of the bone is 
lightly scarred by blood-vessel tracks. A small portion 
of the element is exposed in the orbital margin and 
houses the opening for the lacrimal duct at its ventral 
edge. The lacrimal duct is small, with a diameter not 
exceeding 3 mm. The duct runs forward, opening on 
the inside of the element, 1-2 cm from the anterior 
edge of the element. The duct presumably continued 
forward closely appressed to the medial surface of the 
nasal, terminating at the septomaxillary foramen. 

The dorsal edge of the lacrimal overlaps the nasal 
and prefrontal (Fig. 13B). The ventral edge overlies 
the anterior portion of the dorsal wall of the maxilla 
and underlies the posterior portion of the wall. The 
internal surface of the lacrimal is covered completely 
with a series of anteroventrad oriented ridges, one of 
which—the lacrimal footplate—has an extensive con-
tact with the dorsal surface of the alveolar ridge of the 
maxilla. 

Jugal (14 specimens) 

The jugal is a flat bone that forms the ventral border 
of the orbit and temporal fenestra, and the ventro-  

lateral border of the skull just posterior to the orbit. 
In lateral view (Fig. 14A) the postorbital process 

ascends between the orbit and the temporal fenestra. 
The process is incised anteriorly to receive the jugal 
process of the postorbital. The posterior process of 
the jugal tapers posteroventrad. A few specimens 
possess strongly downturned posterior processes 
(e.g. Fig. 15B). Much of the lateral face of the 
posterior process is overlapped by the squamosal. 
Anteroventrally, the maxillary sutural surface 
appears as a narrow strip. 

In medial view (Fig. 14B) an anteroventrad recurv-
ing ridge, triangular in cross section, originates on the 
postorbital process of the jugal and terminates as a 
blunt ventral projection just below the ventral edge of 
the body of the element. The medial surface of this 
blunt projection abuts against the dorsolateral corner 
of the transverse process of the pterygoid. Anterior to 
this, scars mark the broad sutural surface for the 
lacrimal. The full extent of this contact has been in-
ferred from the morphology of the adjacent lacrimal. 

A series of tiny pits and parallel ridges along the 
medial surface of the posterior process indicates a 
heavy concentration of nutritional foramina. 

Squamosal (9 specimens) 

The squamosal is a markedly three-dimensional bone 
with flattened lateral and posterior surfaces oriented at 
90° to one another. In lateral view (Fig. 16A) the 
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element is essentially a triangular sheet of thin bone. 
It is lightly sculptured and does not display sutural 
surfaces to any great extent. A narrow ridge extends 
for 4-8 mm posteroventrad from the posterior surface 
of the element. This ridge marks the apparent origin 
of the depressor mandibulae. Above this ridge the 
squamosal becomes narrow and the sutural surface 
for the postorbital becomes just visible. 

In posterior view (Fig. 16B) sutural surfaces lateral 
and medial to the point of origin of the depressor 
mandibulae mark the extent of the supratemporal 
and tabular contacts, respectively. Below the ridge, 
however, the posterior surface is smooth. A slight, lat-
erally placed and vertically oriented ridge marks the 
lateral extent of the depressor mandibulae and other 
musculature tissue. At midheight, along the medial 
edge of the posterior surface, a slight thickening and 
a heavily scarred area mark the point of contact with 
the tip of the paroccipital process. Above this area the 
posterior surface expands mediad as a thin sheet of 
bone. This is somewhat depressed forward and con-
tains a small pit in the center, the function of which is 
unknown. 

The supraoccipital may have gained contact with 
the medial extent of this lamina, but no evidence for 
this is demonstrable. The tabular appears to have 
overlain this extensive region of the squamosal as it 
extended dorsolaterad to the medial edge of the 
groove marking the contact of the postorbital. No 
evidence for a contact between the squamosal and 
parietal is present in any of the specimens. 

In anterior view (Fig. 16C) sutural scars mark the 
contacts of the quadratojugal in the ventrolateral cor-
ner, and the quadrate medial to this. Barely visible in 
this view is the sutural surface for the jugal. The bor-
der of the temporal fenestra is somewhat thickened 
and light striae radiate from it anteroventrad. At the 
posteroventral corner of the temporal fenestra there is 
a slight horizontal ridge of unknown function. 

Tabular (1 specimen) 

The tabular (Fig. 17) forms the lateral—
dorsolateral edge of the occiput and is a fairly massive 
element. In occipital view the left tabular appears as 
an upsidedown L. The dorsal and lateral edges of the 
element form a continuous, upraised ridge that forms 
the boundary between the occiput, and the skull table 
and cheek. The posteroventral edge of the parietal is 
wedged into a groove that lies along the dorsal edge of 
the tabular. This wedge-like contact may prevent 
contact between the squamosal and the parietal. 
Along the dorsal edge of the tabular, where the 
tabular approaches the midline, a more gentle 
overlapping contact of the tabular on the parietal 
results in the loss of the ridge previously mentioned. 
The tabular is probably overlain by the postparietal 
close to the mid-line. 

The supraoccipital is also wedged into the ventral 
and medial edges of the tabular. Fig. 17 shows a cross-
sectional break through the tabular. Ventrolateral to 
this cross section the tabular turns ventrad and forms 
the lateral border of the post-temporal fenestra. Be-
yond the fenestra, the extent of the tabular can only 
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be inferred from the squamosal, and is discussed with 
that element. 

Supratemporal (no specimens) 

No isolated supratemporals exist in the collections of 
S. ferocior from the Anderson quarry. However, the  

size and extent of the element can be largely deduced 
from the presence of its sutural scars on adjacent ele-
ments as well as by examining its presence in one 
highly distorted skull of S. ferox (U.C. 35). Fig. 18 is 
an outline drawing of U.C. 35 in occipital view. On 
either side the narrow supratemporal contacts the 
squamosal medial to, and above the level of, the pro-
cess for the adductor mandibulae. The element con-
tinues dorsad to overlie the external surface of the 
parietal wing. However, the extent of its contact with 
the postorbital is unknown. 

Vomer (2 specimens) 

Paired vomers in 5. ferocior are known only in the 
type (MCZ 1489) and are poorly preserved. The right 
vomer (Fig. 19A, B) retains its anterior contact with the 
premaxilla, but has lost much of the dorsal lamina. 
Conversely, the left vomer (Fig. 19C) has been dis-
placed dorsad and contact with the premaxilla, pter-
ygoid, and palatine has been lost, but much of the 
dorsal lamina is still present. 

The posterior end of the element is U-shaped in 
cross section (Fig. 19A) and is overlain by the pter-
ygoid medially and the palatine laterally. The dorsal 
lamina of the vomer is continuous with the dorsal 
lamina of the pterygoid and serves as the medial limit 
of the nasal capsule. Still in lateral view (Fig. 19A), 
and beginning at a position just posterior to the mid- 

 



Fig. 19C shows the left vomer in medial view. A 
larger portion of the dorsal lamina is preserved in 
this specimen. 

Palatine (4 specimens) 

21 

 

length of the element, a narrow groove runs forward 
to the anterior border of the element where it 
deepens and receives the narrow vomerine process of 
the pre-maxilla. 

Fig. 19B shows the right vomer in medial view. The 
dorsomedial surface contacts the opposing vomer. 
Above this area of contact, an anteroposteriorly elon-
gate groove offsets the remainder of the dorsal lamina 
laterad, thus preventing further contact between the 
medial surfaces of the vomers. 

In dorsal or ventral view (Fig. 20B, C) the palatine 
is subtriangular and forms the anterolateral floor of 
the palate. UCMP 83285 (Fig. 20) only lacks the del-
icate posterior and medial edges. 

Fig. 20A shows the palatine in lateral view. The 
lateral edge is thick and forms a shelf that contacts 
the medial and dorsal surfaces of the alveolar ridge of 
the maxilla well posterior to the caniniform buttress. 
Contact between the palatine and the alveolar ridge 
just behind the caniniform buttress appears to have 
been of an abutting type, not involving an over-
lapping shelf. 

Above the maxillary contact the anterolateral sur-
face of the palatine is extensively marked with vessel 
scars, some of which can be matched with those on 
the maxilla. The maxillary and possibly the lateral 
palatine arteries run along the dorsolateral surface of 
the palatine (Fig. 20B). At about midlength, a branch 
runs onto the dorsal surface of the alveolar ridge of 
the maxilla as described for that element. The re-
maining branch on the palatine runs onto the lateral 
surface of the palatine and then continues forward, 
bifurcating as shown in Fig. 20A. The vomerine pro-
cess of the palatine extends anterodorsad and is sep-
arated from the maxillary process of the palatine by 
the narrow, posterior extension of the internal flares. 

In ventral view (Fig. 20C) a small, scarred region 
along the anteromedial surface of the palatine rep-
resents the area of contact with the pterygoid. In dor-
sal view (Fig. 20B) the pterygoid contact on the 
maxillary process is just visible. Posterior to this, 
along the dorsal inner edge of the medial wall, is a 
narrow sutural scar. It is tentatively interpreted as a 
scar marking the contact between the palatine and the 
pterygoid. The actual manner in which the vomer, 
pterygoid, and palatine come together is difficult to 
determine on the basis of disarticulated material. 
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The ventral surface of the palatine is a thin sheet 
that is toothed and strongly convex ventrad. The tooth 
field appears to be well developed in the figured spec-
imen and the teeth are largest at the deepest extent of 
the element. The nature of the contact with the 
ectopterygoid is unclear. The posterior edge of the 
ventral surface of the palatine is lightly scarred and 
might mark an area where the ectopterygoid comes 
into contact with the element. 

Ectopterygoid (no specimens) 

There are no clear examples of ectopterygoids in the 
UCMP Sphenacodon collection or in collections of 
Sphenacodon in other museums. The element occurs in 
Dimetrodon anterolateral to the transverse flange of the 
pterygoid, posterior to the palatine, and medial to the 
jugal (Romer and Price, 1940; Reisz, 1980). Among 
these elements in the UCMP Sphenacodon collection, 
only the palatine shows sutural scars that have been 
tentatively identified as those resulting from a contact 
with the ectopterygoid (Fig. 20C). The description of 
the ectopterygoid will have to await better preserved 
material. 

Pterygoid (35 specimens) 

Fig. 21A shows the pterygoid in medial view. The 
large vertical, dorsal lamina of the palatal process is 
separated from the ventrally convex, toothed palatal 
surface by an elongate ridge which also marks the line 
of contact between the paired pterygoids. The dorsal 
lamina is continuous with the dorsal lamina of the 
vomer and, as in the latter element, serves as the 
medial wall of the nasal capsule. The edges of the 
palatal process are missing and sutural scars thus are 
largely absent. It is thought, however, that the pter-
ygoid contacts the medial—ventromedial surface of 
the vomerine process of the palatine; together the pter-
ygoid and palatine are underlain by the posterior end 
of the vomer. 

Still in medial view, the transverse flange of the 
pterygoid dips laterad; six prominent teeth point me-
diad and slightly forward. The jugal process extends 
dorsolaterad from the transverse flange to make con-
tact with the jugal. Along the dorsal edge of the quad-
rate process of the pterygoid, just posterior to the 
transverse flange, a deep groove marks the area where 
the epipterygoid contacts the pterygoid. 

The full extent of the palatal-tooth field is visible in 
ventral view (Fig. 21B). Teeth are arranged randomly 
in this field. Anterolateral to the tooth field, a series of 
grooves and ridges marks the area of contact with the 
posteromedial surface of the palatine. 

A small portion of the palatal-tooth field, the sutural 
surface for the jugal, and the incised area for the epi-
pterygoid contact are all visible in lateral view (Fig. 
21C). At the posterior end of the quadrate process, a 
series of extensive scars marks the extent of the pter-
ygoid's contact with the quadrate. 

Epipterygoid (3 specimens) 

The three known epipterygoids are poorly preserved, 
lacking much of the extremities. Fig. 22A shows a 
right epipterygoid in medial view. The anterior border 
of the bone is thickened and circular in cross section. 
The dorsal apex of the anterior border ends in 
unfinished bone. Behind the thick, rounded border, the 
remainder of the element becomes a flattened sheet of 
bone. The articular area for the basipterygoid processes 
is roughly oval in medial view and possesses two 
facets whose surfaces are unfinished. The more dorsal 
of the two faces anteroventromediad at about 30° from 
the vertical. The smaller ventral facet faces 
anterodorsomediad. These orientations are difficult to 
justify in light of the corresponding orientations of 
basipterygoid processes. This probably reflects a cer-
tain degree of overpreparation and the undoubted 
presence of a cartilaginous region between the two. 
However, there is no doubt that two distinct facets 
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are present. Ventral to the facets the bone becomes 
thinner, still retaining a rounded anterior surface. The 
ventral edge of the element is incomplete and the 
edges that contact both the quadrate ramus of the 
pterygoid and the dorsal tip of the quadrate are not 
preserved. 

Quadrate—quadratojugal (27 specimens) 

In lateral view (Fig. 23C) the quadrate is a 
relatively large, flattened, diamond-shaped bone. It 
has two anteroposteriorly elongate condyles 
ventrally that contact the articular of the mandible, 
and a slight sutural scar along its posterolateral edge 
marking the contact with the squamosal. In medial 
view (Fig. 23D) the sutural surface for the pterygoid 
begins as a V-shaped indentation above the medial 
condyle. This sutural surface continues along the 
leading edge to within 1 cm of the apex of the 
quadrate where a difference in scarring and a slight 
ridge mark the pterygoid's dorsal limit. The extent of 
the contact with the epipterygoid is not readily 
apparent. The ventral half of the pterygoid contact 
area is rugose, deeply scarred, and is bordered 
anteriorly and posteriorly by slightly thickened 
ridges. The dorsal half of the pterygoid contact area 
is only lightly scarred. Just posterior to this dorsal 
limit of the pterygoid, a region of light scarring 
extends ventrad a short distance from the apex of the 
quadrate. This scar marks the extent of the quadrate's 
contact with the paroccipital process. 

Above the medial condyle and adjacent to the pter-
ygoid sutural surface a shallow excavation receives the 
cartilaginous extension of the ventral process of the 
stapes. 

In ventral view (Fig. 23B) the anteroposteriorly 
elongate axes of the condyles converge slightly in front 
of the condyles. The medial condyle is positioned 
slightly ahead of, and lower than, the lateral condyle. 

The posterior border of the quadrate (Fig. 23D) bears 
the sutural scars for the squamosal and the quadra-
tojugal. This single sutural surface extends from about 

 

2 cm above the ventral surface of the lateral condyle 
to just below the dorsal apex of the quadrate. Al-
though complete quadratojugals are unknown, this 
sutural surface suggests that the quadratojugal was a 
tall, narrow element. Fig. 23C, D shows the ventral 
portion of the quadratojugal sutured to the dorsal 
surface of the lateral condyle. A region of unscarred 
bone above this seat marks the probable position of 
the quadratojugal foramen. 

Basioccipital (8 specimens) 

The basioccipital is fairly well represented in the 
Anderson quarry collection and is most commonly 
found with articulated braincases. In all specimens 
the element is convex ventrally (posterior view, Fig. 
24A), forms the ventral portion of the occipital con- 
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dyle, and is indistinguishably fused with the exoccip-
itals. Laterally positioned, ventrad projecting processes 
of the basioccipital each brace the adjacent opisthotic 
in the region posterior to the fenestra ovalis. The pro-
cesses also run forward along the ventral surface of the 
braincase (Fig. 24B) and are separated from one 
another by the concave, scarred, ventral surface of the 
basioccipital. The medial surface of the process shows 
scarring where it becomes applied against the medial, 
inner surface of the basiparasphenoid tubera. A bar of 
bone, perhaps composed of exoccipital as well as 
basioccipital, separates the anterior infundibular region 
from this posterior basiparasphenoidal sutural surface. 

Exoccipital (5 specimens) 

Exoccipitals are known from five articulated brain-
cases. The exoccipitals (Fig. 24A) form the lateral walls  

of the foramen magnum and are excluded from con-
tact with one another dorsally by a small portion of 
the supraoccipital. They are indistinct from the ad-
jacent opisthotics, but can be identified by the facets 
for the proatlas contact. Ventral to these facets each 
extends laterad as a small wedge beneath the ventral 
border of the paroccipital process. 

The exoccipitals are also indistinguishably fused 
with the basioccipital, but the notochordal pit probably 
marks the ventral extent of the exoccipitals. Viewed 
through the foramen magnum, the exoccipitals meet in 
the midline to form the floor of the braincase in this 
region. A slight ridge along the midline marks their 
mutual contact. 

Supraoccipital (10 specimens) 

The supraoccipital forms most of the large occipital 
plate. Its limits are difficult to delineate, however, 
because of the fusion that occurs between braincase 
elements in larger specimens. Fig. 25A shows the su-
praoccipital in posterior view. A massive and broad 
dorsal process rises above the body of the element and 
terminates in a thick, unfinished surface. Apparently a 
cartilaginous forward extension from this surface 
forms the roof of the braincase in the region beneath 
the parietal. The posterior surface of the dorsal 
process is deeply scarred, marking the extent of the 
postparietal's contact in the midline and the tab- 
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ular's contact at the dorsolateral corner. Paired lateral 
processes extend horizontally almost as far as the tip 
of the paroccipital process. They become thin along 
their ventral edge. The tip of each process is 
thickened and heavily scarred, marking the extent of 
the tabular's contact. A gap between each lateral 
process and paroccipital process marks the position of 
the small post-temporal fenestrae and probably 
represents the ventral extent of the supraoccipital 
medial to it. A thickened vertical ridge occurs in the 
midline of the supraoccipital. A series of light striae, 
marking the insertional area for neck musculature, 
radiates from it. Below the ridge, the supraoccipital is 
narrowly exposed in the foramen magnum. 

In anterior view (Fig. 25B) the surface of the dorsal 
process is smooth and is notable only for the presence 
of paired blunt processes projecting forward from the 
dorsolateral corners (only one is visible in Fig. 25B). 
A light sutural scar for the tabular is visible along the 
dorsal edge of the lateral process. A vascular groove 
runs a short distance mediad from the medial edge of 
the post-temporal fenestra. 

Opisthotic (10 specimens) 

The opisthotic forms the ventrolateral portion of the 
braincase, including the elongate paroccipital process 
and the lateral walls of the otic capsule posterior to the 
fenestra ovalis. In posterior view (Fig. 24A) the 
paroccipital processes run from the position of the 
foramen magnum posteroventrolaterad to contact the 
squamosal. The distal ends of the processes become 
compressed anteroposteriorly, ending in unfinished 
bone that is somewhat visible in posterior view. Ad-
jacent to the basioccipital, each opisthotic forms a 
thin, fan-shaped flange that fills the space between the 
ventral edge of the paroccipital process and the 
ventrad projecting basioccipital process. The jugular 
foramen occurs at the juncture between the exoccipital 
and the opisthotic flange, just above the level of the 
occipital condyle. 

Figs. 24A and 25A show occipital views of two 
braincases from the Anderson quarry. A certain amount 
of variation in the orientation of the paroccipital pro-
cesses is noticeable. Fig. 25A shows the processes 
projecting posteroventrolaterad at about 40° below the 
horizontal. Fig. 24A shows the paroccipital processes 
directed posteroventrolaterad at about 20° below the 
horizontal. This situation is reminiscent of the variation 
displayed in the jugals (Fig. 15), and was taken into 
account in the two reconstructions (Fig. 3A, B). 

In ventral view (Fig. 24B), lateral to the ventral 
flanges of the opisthotics, the paroccipital processes 
are excavated to receive the broad dorsal head of the 
stapes. Much of this area is distorted by breakage, 
however, and details are unclear. 

In lateral view (Fig. 24D) the fenestra ovalis 
appears as an oval opening in the ventrolateral plane. 
In this region as well, distortion makes interpretation 
of the details unreliable. 

Prootic (10 specimens) 

The remainder of the otic region of the braincase 
consists of large paired prootics that fuse to form the  

prootic bridge or dorsum sellae anterior and medial to 
the notch for the trigeminal nerve. In lateral view 
(Fig. 24D) the prootic fuses with the opisthotic along 
a line that runs from the level of the post-temporal 
fenestra to the anteroventral edge of the paroccipital 
process and then ventromediad, above and then in 
front of the fenestra ovalis. It is 'assumed that the 
lateral surface of the otic capsule, anterior to the fe-
nestra ovalis, consists solely of prootic and that the 
edges of the opening for the infundibulum are the 
surfaces where the prootic contacts the basisphenoid 
(Romer and Price, 1940, pp. 41-72). 

Dorsal to the infundibular pit (Fig. 24C) the prootics 
fuse in the midline to form the dorsum sellae. A slight 
ridge visible in the midline marks the line of fusion. 
The dorsolateral edge of the dorsum sellae is notched, 
marking the point of exit of the trigeminal nerve. The 
prootic is distinguished from the supraoccipital by a 
slight groove that extends ventrad from just posterior 
to the notch for the trigeminal nerve. 

The foramen for the VIIth cranial nerve can be seen 
dorsal and slightly anterior to the fenestra ovalis in 
ventral, anterior, and medial views. A shallow depres-
sion of unknown function appears slightly lateral and 
ventral to the foramen. 

Basiparasphenoid (3 specimens) 

Although the basisphenoid and parasphenoid are 
separate elements, their fusion early in ontogeny jus-
tifies discussing their morphology in the same sec-
tion. The ventral surface of the basiparasphenoid 
consists primarily of the parasphenoid. The dorsal 
and internal surfaces are formed by the basisphenoid. 
The tubera form the widest portion of the complex 
and appear as two separate projections, convex ven-
trad (Fig. 26B) and concave dorsad (Fig. 26C). In lat-
eral view (Fig. 26C) the tubera are open posteriorly 
and the internal surface consists of unfinished bone. 
The dorsal surfaces of the lateral edges of the tubera 
contact the ridges formed by the basioccipital and 
prootic contact, medial to the foramen for the VIIth 
cranial nerve. The tubera extend just posterior to the 
position of the fenestra ovalis and may contact the 
footplate of the stapes. The posterior edges of the 
tubera (Fig. 26B, C) appear thickened and heavily 
marked by striae. Romer and Price (1940) hypothe-
sized that these striae in Dimetrodon result from the 
insertion of the prevertebral musculature. 

In ventral view (Fig. 26B) the tubera converge an-
teriorly and a narrow shelf forms between them. An-
terior to this shelf are the two anterolaterad projecting 
basipterygoid processes. The processes display two 
distinct facets: a lower facet that faces anteroventro-
laterad and an upper facet that faces anterodorsola-
terad. A foramen for the carotid artery is present 
posterior to the neck of each basipterygoid process 
(Fig. 26B). 

In lateral view (Fig. 26A, C) the basiparasphenoid 
has a pair of posteriorly concave pillars positioned 
slightly behind a vertical line drawn through the basi-
pterygoid processes. The inner surfaces of the pillars 
contact the inner and outer edges of the infundibular 
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pit. In the midline, anterior to the pillars, the 
pituitary fossa marks the position of the pituitary. 

Anterior to the pituitary fossa the cultriform pro-
cess arches dorsad and continues forward to contact 
the sphenethmoid. The process is V-shaped in cross 
section and is made up of very thin bone that is ap-
parently highly susceptible to distortion. 

Sphenethmoid (1 specimen) 

The sphenethmoid is a thin plate of bone that rests 
within the cultriform process and extends dorsad to 
the skull roof. The bone is dorsally hollow and is 
covered by a diamond-shaped plate of unfinished 
bone (Fig. 27C). The surface of the plate is lightly 
marked with anteroposteriorly oriented striae and 
paired grooves run from the anterolateral corners to 
the posterior apex. 

In lateral and anterior views (Fig. 27A, B, respec  

tively) two foramina are visible on either side, open-
ing anteriorly just below the dorsal surface of the 
element on the midlateral surface. The foramina ap-
pear to have been involved in transmitting the paired 
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olfactory nerves forward to the snout. The entry point 
of the olfactory tract was probably a single foramen in 
the posterior surface of the element. The posterior 
surface is poorly preserved, however, and details in 
this region are unclear. 

A small crescentic ridge, concave ventrad, is visible 
on the lateral surfaces (Fig. 27A). This ridge marks 
the contact of the medial surface of the cultriform 
process with the sphenethmoid. The sphenethmoid is 
poorly preserved ventrally, but enough remains to 
demonstrate a slight amount of thickening in the re-
gion where the sphenethmoid rests in the cultriform 
process. 

Stapes (4 specimens) 

The stapes consists of an anteroposteriorly flat-
tened plate and an ovate, dorsomediad projecting, 
concave footplate that articulates with the fenestra 
ovalis. 

Most of the important morphological features are 
visible in posterior view (Fig. 28A). The body of the 
element is thickened along the medial edge beneath 
the footplate, tapers slightly as it extends ventrola-
terad, and ends as an unfinished blunt process. A 
slight ridge of unknown function lies parallel to the 
medial edge. The dorsal process lies lateral to the 
footplate and is separated from it by a shallow notch. 
The dorsal process thickens and widens slightly as it 
extends dorsad above the level of the footplate. Its 
dorsal edge is unfinished and makes contact with the 
groove in the ventral surface of the paroccipital pro-
cess. 

The neck separating the body of the stapes from the 
footplate is narrow and perforated by a large stapedial 
foramen which measures 4-4.5 mm in diameter. A 
slim bar of bone that formed the dorsal border of the 
foramen has been lost in all of the available 
specimens. 

The footplate is oval in medial view (Fig. 28B) and 
its medial surface is unfinished. The exact contours of 
the surface are thus unclear. 

In anterior view (Fig. 28C) the medial edge of the 
body of the element is shallowly excavated. Romer 
and Price (1940, p. 88) suggest that a similar exca-
vation in Dimetrodon results from a ligamentous at-
tachment between the stapes and the stapedial pit of 
the quadrate. 

Lower jaw 

Dentary (32 specimens) 

The dentary is the tooth-bearing element of the 
mandible and is the most massive element in the lower 
jaw, extending three-quarters of its total length. Of the 
32 dentaries and dentary fragments present in the 
UCMP collection, 14 show complete dental counts. 
These range from 20 to 26 (Table 2). No juvenile lower 
jaws are present in the collection and subadult den-
taries are difficult to distinguish from adult dentaries. 
Thus, ontogenetically controlled tooth-count variation 
is not understood in this sample. In all the dentaries 
examined there is only one moderately sized 

 

precaniniform tooth followed by space for two large 
caniniform teeth. Typically only one caniniform 
tooth is present, but, as in the maxilla, some 
specimens do possess two. The postcaniniform teeth 
are mediolaterally flattened and recurved, and are 
generally smaller than their maxillary counterparts. 

Where the large caniniform teeth insert, the den-
tary becomes swollen and bulges laterad. The lateral 
surface in this area is rugose (Fig. 29A). In the same 
view and immediately below the tooth row, a system 
of fine channels and grooves marks the paths of 
blood vessels. The remainder of the lateral surface is 
relatively smooth. 

In medial view (Fig. 29B) the mandibular symphysis 
covers most of the surface below and anterior to the 
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first caniniform tooth. It is bisected by the anterior 
extension of the meckelian canal. The alveolar ridge 
forms a prominent shelf posterior to the symphysis 
that extends back to the position of the last dentary 
tooth. The medial surface of the shelf is marked by 
vessel scars, and scars delineating the extent of con-
tact with the anterior and posterior coronoids and the 
splenial. Tooth implantation along the dorsal surface 
of the shelf is subthecodont. The alveolar shelf forms 
the dorsal roof of the meckelian canal; its ventral sur-
face is smooth and marked by occasional nutritional 
foramina. The remainder of the medial surface of the 
dentary is heavily scarred, marking the limits of con-
tact with the angular, splenial, and surangular. 

Splenial (10 specimens) 

Fig. 30A shows the splenial in medial view. The 
symphyseal region of the element is clearly offset 
from the body of the element and is easily 
distinguished by its roughened surface. Unlike the 
symphyseal portion of the dentary, the splenial 
symphysis projects mediad 2-3 mm from the body of 
the element (Fig. 30C). 

In lateral view (Fig. 30B) the element displays su-
tural surfaces for the dentary and the angular. A 
channel bisects the sutural surface for the dentary, 
thus marking the path of the meckelian canal as it 
passes forward to the symphysis. 

Coronoids (1 specimen of each) 

The coronoids are the most rarely preserved lower-
jaw elements and are only known from an articulated  

specimen (UCMP 83459). The anterior coronoid (Fig. 
31A) is the less robust of the two and extends along 
the medial surface of the alveolar shelf from the first 
postcaniniform tooth to the 16th or 17th postcanini-
form tooth, where it pinches out beneath the posterior 
coronoid. The posterior coronoid (Fig. MB) continues 
back along the medial surface of the alveolar shelf to 
the anterior border of the meckelian fossa. Above the 
meckelian fossa it contacts the anterior edge of the 
surangular and extends dorsad to form a small co-
ronoid process. Pits and striae along this process may 
indicate that some of the adductor musculature in-
serted here. 

Surangular (22 specimens) 

The surangular forms the posterodorsal portion of 
the mandible. In lateral view (Fig. 32A) the surangular 
is largely covered by the sutural surface for the den-
tary. Along the ventrolateral border, the sutural sur-
face for the angular continues forward from the 
posterior end of the element three-quarters of the 
length of the element. The intersection of the sutural 
surfaces for the dentary and angular demonstrates that 
the dentary overlies the angular. Above the sutural 
surface for the angular, the surface of the surangular is 
slightly rugose and marked with grooves that continue 
onto the angular ventrally (see below). 

In medial view (Fig. 32B) a large knob-like process 
that ends in unfinished bone rises above the body of 
the element. A small foramen pierces the knob ven-
trally. Behind the process, sutural scars mark the area 
of contact with the articular. In articulated specimens 
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the articular contacts the surangular only in this ba-
sined area; a cartilaginous contact probably also oc-
curred between the knob-like process and the articular. 

Anterior to this region, the meckelian fossa covers 
much of the medial surface of the surangular. Some 
scarring of the element in the fossa may indicate an 
area of attachment for the adductor musculature. 

Angular (21 specimens) 

The angular is an elongate, flattened bone that con-
tributes to the posteroventral portion of the mandible. 
The anterior portion of the element is covered with 
sutural scars both medially and laterally so that, in 
articulation, only the posterior half of the element is 
exposed. In lateral view (Fig. 33A) an extensive sutural 
scar covering the anterior portion of the element marks 
the area of firm contact with the dentary. Posterior to 
the dentary contact the surface of the bone becomes 
rugose, channeled and slightly pitted in areas, 
indicating contact with skin and blood vessels. Lo- 
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calized areas of pitting are present on the lateral sur-
face of the reflected lamina, but the channeling is 
reduced. The ventral edge of the lamina is thickened 
and pitted. The medial surface of the lamina is smooth 
except for a small, anteroventrad-sloping ridge that is 
marked with extensive pitting. Above the reflected 
lamina the angular folds back down upon itself and 
forms a notch at the posterior end. Apparently, this 
notch accommodated the pterygoideus musculature 
that runs between the pterygoid and the articular. 

Below the anterior portion of the meckelian canal a 
large, wedge-shaped sutural surface marks the area 
where the splenial contacts the angular. Posterior to 
the meckelian canal and lying immediately above the 
smooth medial face of the reflected lamina is the su-
tural surface for the prearticular. It is a narrow, shal-
low basin that extends back to a position above the 
notch. Posterior to this area a thin lamina of the an-
gular forms the sutural surface for the lateral face of 
the articular. Above this area sutural scars mark the 
extent of the contact with the surangular. 

Prearticular (3 specimens) 

The prearticular (Fig. 34) is a narrow, twisted ele-
ment that runs from the anterior edge of the articular 
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to beneath the posterior coronoid. The contact between 
the prearticular and the articular is complex; the 
anterior edge of the articular is wedged into the 
posterior end of the prearticular so that the antero-
medial and anterolateral faces of the articular are cov-
ered by the prearticular. Running forward from the 
articular, the prearticular is markedly twisted and forms 
the floor of the meckelian fossa. Farther forward, a 
small lamina or crest projects dorsomediad and forms a 
portion of the medial wall of the meckelian canal. The 
ventral edge of the prearticular contacts the angular and 
continues forward to gain a contact with the dorsal 
edge of the splenial. 

Articular (20 specimens) 

The articular is a small, massive bone at the pos-
terior corner of the mandible. In medial view (Fig. 
35A) the two condylar recesses face anterodorsome-
diad. Their long axes are subparallel and converge 
just in front of the element. The anteromedial edge 
of the articular contacts the prearticular. The lateral 
surface is divided into two regions: a dorsal sutural 
surface for the surangular, and a ventral sutural sur-  

face for the prearticular and the angular. The area of 
contact with the surangular is the more extensive of 
the two. Lightly scarred areas anteroventrally and 
centrally mark the limits of the prearticular and an-
gular contacts, respectively. Along the posterior sur-
face is a small retroarticular process. In few specimens 
is the process fully preserved. A broad, ventrad pro-
jecting pterygoideus process is visible in either view. 
The process is heavily scarred on its medial surface, 
indicating the limit of pterygoideus-muscle insertion. 

Comparisons 

The genus Sphenacodon contains two species: the 
smaller type species S. ferox erected by Marsh (1878) 
and the larger S. ferocior erected by Romer (1937). The 
type of S. ferocior was described by Romer (1937) as 
"A form similar to S. ferox in all major morphological 
features but 50 per cent larger than the type species." 
Romer and Price (1940) cited differences between the 
two species as follows: 1) Adults of S. ferox are 2040% 
smaller than those of S. ferocior and possess a more 
slender build, less exaggerated neural spines, 
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less rugose skull, lighter supraorbital roof, and rela-
tively larger orbits and temporal openings; 2) maxil-
lary "step" is less developed in S. ferox; 3) maxillary 
tooth row is less convex in S. ferox; 4) the quadrate 
region is more pendant in S. ferox. Langston (1952) 
cited a relatively unreduced tooth count in S. ferox as a 
further difference. 

Langston (1952) tentatively referred the Anderson 
quarry Sphenacodon to S. ferocior on the basis of its large 
size. While study of the Anderson quarry material has 
demonstrated the presence of elements whose sizes 
correspond closely to those of the type of S. ferocior 
(MCZ 1489), a minor difference in the tooth counts 
exists. The total maxillary-tooth count in the type of S. 
ferocior is 14 and consists of 0 precaniniform, 2 
caniniform, and 12 postcaniniform teeth. Maxillary-
tooth counts in the Anderson quarry Sphenacodon range 
from 15 to 20 and consist of 0-4 precaniniform, 2 
caniniform, and 12-15 postcaniniform teeth. The com-
bination of 12 postcaniniform and 0 precaniniform 
teeth seen in the type is closely approached in two 
Anderson quarry Sphenacodon specimens that have 12 
postcaniniform and 1 precaniniform teeth each. All 
other Anderson quarry specimens with 12 postcani-
niform teeth possess either 2 or 3 precaniniform teeth. 
Conversely, the two Anderson quarry specimens that 
have 0 precaniniform teeth possess a minimum of 14 
postcaniniform teeth. 

It was noted above that postcaniniform-tooth counts 
increase and precaniniform-tooth counts decrease 
during ontogeny. The maxillary-tooth count in the  

type of S. ferocior (an obvious adult) suggests that the 
postcaniniform-tooth count in this form might be less 
at comparable ontogenetic stages than in the Anderson 
quarry individuals. However, the maxillary-tooth-
count data from the Anderson quarry (Table 1) also 
underscore the fact that variation in tooth counts at 
different ontogenetic stages can be large. Because of 
the absence of a sample population of S. ferocior from 
the type locality and the close correspondence in size 
between the type and the largest specimens in the 
Anderson quarry collection, referral of the Anderson 
quarry Sphenacodon material to S. ferocior appears jus-
tifiable for the time being. 

Apart from size, however, the distinctions cited 
above between S. ferox and S. ferocior (using the An-
derson quarry material for comparison) are not pro-
nounced. The convexity of the maxillary tooth row 
and the degree of development of the maxillary "step" 
are both ontogenetically variable in the Anderson 
quarry material. Fig. 36 shows representative outline 
drawings of maxillae of both S. ferox (based upon a 
sample of 7) and S. ferocior (based upon a sample of 
13). Visual inspection indicates that the degree of con-
vexity of the alveolar ridge increases with size in both 
species. Furthermore, maxillary "step" development, 
as discussed above in the description of the maxilla, 
also increases with size. It is clear from Fig. 36 that 
the "step" in front of the first caniniform tooth cor-
responds fairly well in most of these specimens. Only 
in the smallest specimen of S. ferocior is this "step" 
poorly developed. 
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Regarding the differences in the quadrate region, 
Romer and Price (1940) tempered their observations 
stating that ". . . this last character may be due to 
imperfections present in this region." This statement 
was in reference to the type of S. ferocior where the 
quadrate was thought to be less pendant than in S. 
ferox. Examination of the type shows that this area is 
disarticulated and, therefore, of little value in deter-
mining the degree of pendancy. Study of the disar-
ticulated specimens from the Anderson quarry offers 
no clearer idea on this subject. 

Langston's reference to an unreduced dentition in 
S. ferox relative to S. ferocior notes: 1) The occurrence 
of two premaxillary teeth in two of 18 premaxillae of 
S. ferocior (one from the Anderson quarry and one 
from an unknown locality near Arroyo de Agua) as 
opposed to three premaxillary teeth in all known 
specimens of S. ferox; 2) a relatively smaller third pre-
maxillary tooth in at least one-half of the premaxillae 
from Anderson quarry; 3) relatively smaller precani-
niform teeth in S. ferocior (where precaniniform teeth 
are present). 

While Langston's criteria may certainly underscore  

important trends in the diversification of Sphenacodon 
morphology during the Early Permian, their use as 
diagnostic characters are compromised by significant 
variation in tooth-count numbers and relative tooth 
development. Thus, they cannot be applied in the 
absence of large samples. 

On the basis of size differences alone, however, 
separation of the known Sphenacodon material into 
two species is currently justified. It is anticipated that 
future discoveries will produce forms of intermediate 
size, however. 

S. ferocior and "Oxyodon" brittanicus 

A single sphenacodontine maxilla and counterpart 
from the English midlands known previously as Ox-
yodon brittanicus was referred to Sphenacodon by 
Paton (1974) after she noted that the former generic 
name was preoccupied by a genus of acropomatid 
fish. Citing similar size, proportions, and relative 
caniniformtooth development as in S. ferox, Paton 
referred the specimen to that genus and retained the 
specific name brittanicus as a geographic convenience. 
On the basis of these criteria, however, referral to 
Dimetrodon booneorum appears to be equally justified. 
Until better material of the form is retrieved from this 
region, "Oxyodon" brittanicus should be considered 
Sphenacodontinae incertae sedis. 

Sphenacodon and Dimetrodon 

Romer and Price (1940, p. 322) revised the 
diagnosis of Sphenacodon as follows: 

". . . similar . . . in . . . general structure to the short-bodied 
species of Dimetrodon in the Wichita beds of Texas; differing, 
however, in a slightly less pronounced specialization of the 
dental battery and more especially in the fact that the sail 
was absent, the neural spines being somewhat elongate but 
retaining their normal pelycosaurian shape." 

The differences pertaining to the dental battery are 
questionable, however, as Romer and Price state (p. 
323): 

"In the marginal teeth 3 or 2 premaxillary incisors, about 
14 to 16 maxillaries including 12 postcanines and 2 to 0 pre-
canines, and 22 to 24 dentary teeth appear to be typical 
numbers. This count is essentially the same as the average 
Dimetrodon. . . . on the whole the genus is as advanced in 
dental development as the average Wichita Dimetrodon." 

No other references to specializations or lack thereof 
in the dental battery are made. The preceding de-
scription of S. ferocior from the Anderson quarry has 
demonstrated a more variable tooth count than is de-
scribed by Romer and Price (1940). Comparisons of 
this modified tooth count with those of different spe-
cies of Dimetrodon suggest no means for generic sep-
aration. 

Romer and Price also cited differences in skull pro-
portions and in the position of the jaw articulation 
between these two genera. They claimed that, relative 
to estimated body weight, the postorbital skull length 
is greater in Sphenacodon than in Dimetrodon. They 
employed the orthometric linear unit (see Romer and 
Price, 1940, p. 7, for its application in pelycosaurs) as 
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a means of determining the proportional difference. 
However, the postorbital skull length and associated 
dorsal-centrum measurements necessary to calculate 
these proportions are derived from a crushed and 
reconstructed (plaster) skull (W.M. 35) associated with 
laterally flattened vertebrae, and a disarticulated 
postorbital region from the type of S. ferocior (MCZ 
1489) that is not associated with any dorsal vertebrae. 
The proportions they list for these two specimens are 
not that different from those of D. limbatus (compare 
13.2 and 17.8 for D. Iimbatus, and 18.6 for S. ferocior and 
19.4 for S. ferox). Slight underestimates of centrum 
width (1-2 mm) or overestimates of postorbital skull 
length (10-15 mm) could easily account for these 
differences. When the preservation is considered, this 
character becomes suspect. 

Romer and Price tentatively suggested that the jaw 
articulation might be lower relative to the tooth row in 
Sphenacodon. The Sphenacodon material from the An-
derson quarry shows two orientations in the shape of 
the cheek region. In one form the posterior process of 
the jugal is strongly downturned, resulting in a lower 
position of the articular region of the skull (Fig.  

3B). In the other form the posterior process is less 
downturned and a Dimetrodon-like position of the ar-
ticular region is inferred (Fig. 3A). Thus, the utility of 
this character as a diagnostic tool is compromised by 
its variable occurrence. 

Below is a discussion of those cranial elements of S. 
ferocior whose morphology as described in this paper 
appears to differ appreciably from Dimetrodon limbatus 
as figured by Romer and Price (1940). 

The septomaxillary process of the nasal in Sphena-
codon ferocior (Fig. 6) appears much wider than in D. 
limbatus. Also, there is no indication in either view that 
the septomaxillary process formed the dorsal border of 
the septomaxillary foramen, as appears to be the case 
in D. limbatus. Finally, the nasal—maxilla contact 
appears to be more extensive in D. limbatus, with a 
concomitant reduction of the nasal—lacrimal contact 
and the anterior extent of the lacrimal. Articulated 
remains of S. ferocior demonstrate the wide septo-
maxillary process, but do not preserve the septomax-
illary foramen well enough to clarify whether or not 
the nasal borders it dorsally. Reconstructions of skulls 
pertaining to different species of Dimetrodon (Romer 
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and Price, 1940, fig. 5) show a wide septomaxillary 
process of the nasal developed in D. milleri. A dis-
cussion of this character is lacking; however, since it 
is present in at least one species of Dimetrodon, it 
cannot be used as a generic character for Sphenacodon. 

The maxilla–nasal contact is consistently well de-
veloped in all species of Dimetrodon and always ex-
ceeds the nasal–lacrimal contact. While the opposite 
condition is always present in S. ferocior, the nature of 
these contacts is unknown in S. ferox. Williston (1918) 
reconstructed S. ferox (W.M. 35) with a S. ferocior-like 
arrangement, but examination of this material shows 
that most of the important areas have been covered 
with plaster during the restoration of the specimen. 
The arrangement is not determinable in other 
specimens of S. ferox, but it seems reasonable that this 
form, which did not possess highly developed 
caniniform teeth, should retain an essentially 
primitive arrangement of the type seen in S. ferocior. 

The vomer of S. ferocior (Fig. 19) shows an addi-
tional groove on the medial surface of the element 
that has not been described or figured in any speci-
men of Dimetrodon. It might represent a line of contact 
between the paired vomers, a vessel track, or it may 
simply be the result of distortion or overpreparation. 
Its apparent absence in Dimetrodon is not surprising, 
however, given the lack of isolated vomers in that 
genus. At any rate, given the occurrence of only one 
pair of poorly preserved vomers in S. ferocior, this 
character should be regarded as insufficient to warrant 
generic separation. 

The palatine in S. ferocior appears to switch its con-
tact from the ventrolateral to the dorsolateral surface 
of the pterygoid at the midlength of the palatine (Fig. 
20). All indications in D. limbatus are that the palatine 
retains a contact on the dorsolateral surface of the 
pterygoid along its entire length. However, in none of 
the four palatines of S. ferocior from the Anderson 
quarry are these surfaces fully preserved. Thus, this 
interpretation of a switching contact remains tenta-
tive. 

The descriptions and figures of the sphenethmoids 
of S. ferocior and D. limbatus are different enough to 
warrant discussion. Romer and Price (1940, p. 78) 
described the sphenethmoid of D. limbatus as follows: 

"Between the median septum and the diverging lateral walls 
of the trough there is on either side a pair of grooves leading 
forward and somewhat downward and outward. The more 
medial groove of each pair is the more ventral; in Dimetrodon 
this groove is separated by a bar of bone from its dorso-lateral 
neighbor, so that its opening has become a foramen. The 
dorso-lateral opening is also a foramen, since the groove 
through which it opens is roofed by the frontal." 

Fig. 37 shows the Romer and Price reconstruction 
of this element with the significant areas labeled in the 
terminology of this paper. In S. ferocior the dorsolateral 
grooves are covered by bone as shown in Fig. 27B. 
Examination of the figured D. limbatus sphenethmoid 
MCZ 1347 suggests that this was also the case in that 
specimen. Fig. 38 shows MCZ 1347 unreconstructed 
and in right-lateral view. Immediately obvious are the 
two grooves separated by a horizontal bar of bone. 
The dorsolateral groove has been crushed  

medially, but the remains of a bony roof above the 
"groove" are still visible. The left side of the specimen 
is covered by a fragment of unidentifiable bone, pre-
venting further examination. Examination of less well 
preserved sphenethmoids of Dimetrodon in the MCZ 
collection corroborates this newer interpretation. Thus, 
the morphology of the sphenethmoid in Dimetrodon 
limbatus is identical to that in S. ferocior. 

Sphenacodon and Ctenospondylus 

Vaughn (1964) reported the first discovery of an 
articulated skull referable to the sphenacodontine 
Ctenospondylus (aff. C. casei)—previously known only 
from postcrania—from the Organ Rock Shale of the 
Cutler Group of southeast Utah. After comparing this 
skull (NTM VP 1001) with Sphenacodon and Dimetro-
don, Vaughn concluded that, superficially, the skulls 
of these three genera were indistinguishable. Citing 
differences in the sphenethmoid and parasphenoidal 
rostrum, however, he expounded a means of sepa-
rating Ctenospondylus from Sphenacodon and Dimetrodon. 
He listed differences in five regions of the 
sphenethmoid between Ctenospondylus and Dimetrodon, 
but could only apply two of these to Sphenacodon due 
to imperfections in the Sphenacodon material. 

His description and figures of the morphology of 
the olfactory foramina in Ctenospondylus are identical 
to that which has been presented above for S. ferocior 
(Fig. 27) and D. limbatus (Fig. 38). He was unaware 
of the misinterpretation in Romer and Price (1940), 
and the superficial resemblance of the poorly pre-
pared Sphenacodon sphenethmoid, UCMP 34218, to 
that of D. limbatus figured by Romer and Price com-
pounded the error. Thus, the arrangement of olfac-
tory foramina in all three taxa is identical. 

Secondly, he stated that the angle of the posterior tip 
of the dorsal plate (dorsal view) is perhaps more 
obtuse in Ctenospondylus than in the other two taxa. 
Examination of sphenethmoids of the three taxa 
strongly suggests that the posterior end of the dorsal 
plate in Ctenospondylus has not been preserved. In 
Dimetrodon and Sphenacodon the narrow posterior end 
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of the dorsal plate extends back as far as the midpoint 
of the lateral processes. In Ctenospondylus the dorsal 
plate terminates well ahead of the lateral processes as 
a blunt, broad surface. If the narrow posterior 
portion of the plate was not preserved in Dimetrodon 
or Sphenacodon, the shape of the end of the plate and 
its position relative to the lateral processes would be 
identical to that seen in Ctenospondylus. 

The three remaining differences between the 
sphenethmoid of Ctenospondylus and Dimetrodon in-
volve regions that are lacking in S. ferocior specimens 
and, therefore, cannot be evaluated in the latter 
taxon. Inspection of the sphenethmoids of both 
Ctenospondylus and Dimetrodon indicates that these are 
admittedly "minor" differences that involve regions 
in the Ctenospondylus specimen where poor 
preservation may have significantly altered the region 
in question. The three characters are listed below as 
they occur in Ctenospondylus relative to D. limbatus: (1) 
incomplete ossification between the two olfactory 
foramina on either side of the sphenethmoid; (2) acute 
shape in the notch in the posterior edge of the 
sphenethmoid; (3) lack of a plate of bone covering the 
median trough posteriorly. 

Vaughn (1964) also observed a difference between 
Ctenospondylus, and Sphenacodon and Dimetrodon in the 
lateral outline of the dorsal edge of the cultriform 
process immediately posterior to the contact with the 
sphenethmoid. He stated that in Ctenospondylus the 
dorsal outline is convex a short distance anterior to the 
sella turcica, whereas in S. ferocior and D. limbatus it is 
concave. Fig. 39 shows both the sphenethmoid and 
parasphenoid of Ctenospondylus. It is obvious from this 
associated parasphenoid—sphenethmoid pair that the 
actual point of contact between the two elements must 
occur farther forward to prevent the sphenethmoid 
from resting in the sella turcica. However, incomplete 
preservation of the rostrum makes a re-  

evaluation of its true dorsal outline impossible. Thus, 
this character appears of little value in distinguishing 
among these taxa. 

Examination of the Ctenospondylus cranial material 
(NTM VP 1001) has not brought to light any other 
characters that cannot be matched in S. ferocior. How-
ever, it is important to note that NTM VP 1001 pos-
sesses both a strongy downturned posterior process of 
the jugal and a nasal—lacrimal contact that is greater 
in extent than the nasal—maxilla contact, two 
features that are known in Sphenacodon but absent in 
Dimetrodon. 

Sphenacodon and Bathygnathus, Neosaurus, and 
Macromerion 

Bathygnathus Leidy (1854) is known from one spec-
imen from the red beds of Prince Edward Island, a 
partial articulated snout. The size, tooth count, de-
velopment of the maxillary "step" and alveolar con-
vexity all indicate that Bathygnathus is indistinguishable 
from either D. limbatus or S. ferocior. 

Neosaurus Nopsca (1923) is represented by a small 
partial maxilla from the Autunian deposits near Paris, 
France. It displays four precaniniform teeth, a slight 
maxillary "step," and only 10 postcaniniform teeth. It 
has been noted above (Fig. 36H) that the Anderson 
quarry contains at least one juvenile maxilla of S. 
ferocior that shows a precaniniform-tooth count of four, 
an undeveloped maxillary "step," and a relatively 
straight alveolar ridge. In addition, it has been sug-
gested that during ontogeny precaniniform-tooth counts 
decrease, while postcaniniform-tooth counts increase. 
Thus, Neosaurus may represent a juvenile 
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sphenacodontine very closely related to Sphenacodon, 
Dimetrodon, or Ctenospondylus. 

Macromerion Fritsch (1879) consists of cranial and 
few postcranial fragments that display typical sphena-
codontid features such as an enlarged caniniform-tooth 
buttress on the inside of the maxilla and enlarged, 
subquadrate, caniniform-tooth bases. Romer (1945) 
compared this material with Dimetrodon, but in the 
absence of neural spines declined to refer the speci-
mens to any of the better known taxa. 

Discussion 

Although no major morphological differences in 
cranial morphology have been cited as a means of 
distinguishing between the two recognized species of 
Sphenacodon, differences in the relative size of ele-
ments still provide a reliable means of placing the 
known specimens within one or the other species. 
Within the entire skeleton, differences in the relative 
development of the neural spines are the most pro-
nounced and still offer a means of quantifying these 
size differences (see Romer and Price, 1940). How-
ever, it is to be expected that future discoveries will 
produce specimens that are intermediate in size. 

The skulls of Sphenacodon ferocior and Ctenospondylus a 
ff. casei can tentatively be distinguished from those of 
Dimetrodon by a nasal-lacrimal contact that is prim-
itively equal to, or greater than, the nasal-maxilla con-
tact. Dimetrodon displays a derived, extensive nasal-
maxilla contact that is always greater than the nasal-
lacrimal contact. This difference should be cautiously 
applied, however, until the nature of these contacts can 
be established in S. ferox and Ctenospondylus ninevehensis 
(Berman, 1978). Caution is also advised in  

anticipation of future discoveries of more advanced 
Sphenacodon and Ctenospondylus specimens that may 
possess a Dimetrodon-like arrangement, or more prim-
itive Dimetrodon specimens possessing a Sphenacodonlike 
arrangement. 

Sphenacodon and Ctenospondylus share the derived 
characters of a strongly downturned posterior process 
of the jugal (not consistently developed in Sphenaco-
don) and elongate, laterally flattened neural spines. At 
present, no cranial differences can be cited to dis-
tinguish between the two taxa. In fact, work in pro-
gress suggests that the postcranial differences in the 
relative development of the neural spines are prob-
ably not significant enough to warrant generic sepa-
ration, if ranges of spine-height development seen in 
Dimetrodon are adopted as a comparative standard. 
Further study of the postcranial skeletons is now nec-
essary to test this hypothesis. 

"Oxyodon," Bathygnathus, Neosaurus, and Macromerion 
are clearly sphenacodontids by virtue of the presence 
in each of an enlarged, smoothly contoured 
caniniform-tooth buttress, and an enlarged canini-
form-tooth pair possessing subquadrate bases and 
unserrated, laterally compressed distal tips. Materials 
referred to Macromerion do not include the anterior 
portion of the maxilla, and it is impossible to deter-
mine whether this form was in fact a sphenacodontine. 
Neosaurus, Bathygnathus, and "Oxyodon" possess a 
maxillary "step" and are clearly sphenacodontines. 
While it may be argued that generic assignment of 
these forms is impossible on the basis of the present 
material, and that the names are invalid, retaining the 
generic names as paleogeographical convenience 
terms is desirable. However, the name Oxyodon has 
been shown to be preoccupied (Paton, 1974), and that 
material should be referred to as Sphenacodontinae in-
cer tae sedis. 
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