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Flc. 23.-Pctrolacosouro$ kotlSemi& Lane. Tibia and fibula, X 1.5. (A-B) Dorsal and ventral views of 
the left tibia in KUVP 9951. (e) Distal articular surface o( (B). ( D-E ) Dorsal and vcntra] views of the left 
fibula in KUVP 9951. 

medial and lateral ridges. The medial ridge 
for the interosseous ligament is blade-like. 
The medial margin of the fi bula, formed by 
the above ridge, is slightly concave. The 
proximal portion of the fibula is somewhat 
twisted in relation to the distal one. The 
proxi mal articulntory surface for the femur 
is key-hole shaped, due to crushing. The 
distal surface, on the other hand, is elongate 
and divided into distinct astragalar and cal­
caneular areas. 

Maul/s.-The manus is well represented 
by eight specimens. Nearly all features of 
the manus arc seen in both dorsal and vcn­
tral views. The general number and arrange­
ment of bones resembles closely that of cap­
torhinomorphs. The preserved carpal bones 
are either in perfect articulation, or only 
slightly disarticulated. All the elements arc 
well ossified with fu lly developed articulating 
surfaces . They appear to have fitted com-

pactly together to form a well knit structure 
with little cartilage between articular sur­
faces (Fig. 21). 

In general proportions, the carpus in Pe­
trolacosaurIIs is similar to that in Araeoscelis 
( Vaughn,1955). It is slightly more elongate 
than the carpus in primitive captorhinomorphs 
(Carroll and Baird, 1972) . This elongation is 
probably related to the elongation of the 
radius and ulna. The ulnare is the largest 
element of the carpus, is attached proximally 
to the ulna and the small pisiform, and is 
supported distally by the fourth and fifth 
d istal carpals. It varies in outline from a 
d iscoid in KUVP 8355 to a highly elongate 
structure in KUVP 33606, equal in length to 
an anterior dorsal vertebra. It is possible to 
account for this variation by the apparent im­
maturi ty of the former specimen. The ulnare 
of the mature individual, seen in KUVP 33607 
is a massive clement, braced by a pair of 



1980 PENNSYLVANIAN DIAPSID REPTILE 49 

ridges near the medial edge. The more prom­
inent of the two ridges extends on the dorsal 
surface between the proximal and distal artic­
ular surfaces. A similar, but smaller, ridge 
exposed in KUVP 9957b, extends proximodis­
tally on the ventral surface. Both the proxi­
mal and distal articulatory surfaces arc con­
tiguous with a pair of unusually massive 
medially and ventromedially directed facets 
that articulate with the intermedium and 
medial centrale respect ively. Between these 
facets, the medial margin of the bone is 
deeply notched to fonn the lateral surface of 
the perforating foramen. 

The intermedium in Petroiacos(wrlIS is 
also an elongate element, although it is short­
er than the ulnare. Tn KUVP 33607 the inter­
medium is two-thirds the length of the ulnare. 
The surface of the proximal articulation with 
the ulna is continuous wi th a massive medial 
articular surface with the ulnare. This sur­
face, exposed in both KUVP 9957b and 33607, 
faces somewhat ventrally. The small, oval 
distal articulation of the intcrmedium is re­
stricted to the lateral centrale, as in Araeo­
scclis (Vaughn, 1955) and pelycosaurs ( Ho­
mer and Price, 1940 ), rather than being 
supported by both the lateral centrale and 
ulnare, as in Paleothyris ( Carroll, 1969 ). A 
well developed ridge extends proximodistally 
along the lateral edge of the intermedium. 
Between the art icular surfaces with the lunare 
and the lateral centrale, the intermedium 
forms the rounded medial surface of the per­
forating foramen. The med ial edge of the 
intermedium is thin and is free of contact 
with the radiale. 

The radiale, best p reserved in KUVP 8355 
is a short , massive element supported by both 
the medial and lateral centrale. As in Araeo­
seeUs and numerous other early reptiles the 
radiale in Pelroillcosau rus bears a longitudi­
nal ridge on its dorsal surface. On the ventral 
surface, this element has a pronounced p roxi­
mal depress ion, which is interrupted by a 
proximally directed ridge. The radial surface 
is nearly transverse to the long axis, as in 
Araeoseelis (Vaughn, 1955) rather than being 

strongly tilted dorsally as in many pelycosaurs 
(Romer and Price, 1940). The bulbous distal 
articular surface fits into the angle formed by 
the centralia. 

The lateral centrale in Petrolaeosaurus is a 
relatively short element which has coutacts 
with most of the other ca rpal bones. In addi­
tion to supporting the three p roximal carpal 
clements, it also articulates with the medial 
centrale and the thi rd and fourth distal car­
pals. Betwccn the ventrolaterally directed 
process for articulation to the ulnarc and the 
proximal articulation to the intennedium, the 
medial centrale contributes to the margin of 
the perforating fo ramen. The dorsal surface 
of the lateral centrale also bears a prominent 
longitudinal ridge. Whereas in primitive cap­
torhinomorphs (Carroll, 1969) and pelyco­
saurs ( Homer and Price, 1940 ) the lateral 
centrale is elongate and the medial centrale 
is short and broad, in Pet roillcosau rus the h vo 
cen tralia are similar in shape. 

The medial centrale is similar in shape to 
that in Arllcoscclis ( Vaughn, 1955). It sup­
ports proximally much of the weight of the 
radiale and articulates distally not only with 
thc firs t and second distal carpals but also 
with a portion of the th ird. Its ventral sur­
face, exposed in KUVP 9957b bears a promi­
nent fi nger-like process that extends towards 
the first distal carpal. 

The fourth distal carpal , as in other early 
reptiles, is the largest of the series, and bears 
most of the support of the ulnare. Medially 
it does contribute to the support of the lateral 
centrale. The ven tral surface of the fourth 
distal carpal is considerably larger than the 
dorsal and overlaps much of the head of the 
fourth metacarpal and a portion of the small 
triangular fifth distal carpal. The th ird distal 
carpal supports most of thc weight of the 
lateral cen trale and part of the medial cen­
trale. It is only slightly smaller than the 
third, at least in dorsal view. In KUVP 9957b 
the third distal carpal is exposed in both dor­
sal and ventral views. The ventral surface of 
this element is considerably smaller than its 
dorsal surface because the large surface of 
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articulation with the fourth distal carpal faces 
,-entl'olatcrally. In addition to this unusual 
feature, the third distal carpal also has a 
prominent finger-like process that extends dis­
tally beneath the head of the third meta­
carpal , well beyond the ca rpal-metacarpal 
articulation. The finger-like processes on the 
vent ral surface of the third distal carpal and 
the medial centrale and the ridge on the 
radiale may have p rovided attachment areas 
for the fl exor muscu lature of the forelimb. 

The first and second distal carpals support 
the medial centrale and arc comparable in 
size to the fifth . 

A com plete sct of metacarpals occurs in 
perfect articula tion with the rest of the imma­
lure forelimb in KUVP 1423 ( Peabody, 1952, 
Fig. Be ). Thcse mct<\carpals show a range in 
length from 4 mm ( first) to 14.5 mm 
( fo urth ). The proximal heads overlap one 
another, as in Araeoscelis ( Vaughn, 1955) 
and many diapsids ( Carroll, 1975) , restricting 
considerabl y independent metacarpal move­
ment. Such metacarpal ovcrlap is not found 
in captorhinids ( Holmes, 1977). As indicated 
by Peabody ( 1952, pp. 2S and 29) both meta­
ca rpals and phalanges arc relati vely long and 
slender, as in other small early reptiles. The 
phalangeal count is 2, 3, 4, 5, 3. The terminal 
phalanges arc developed into long, sharp 
claws, similar to those found in p ri mitive cap­
torhinomorphs and early pelycosaurs. 

One of the most striking features of the 
man us in Pelrol(lCOS(lu rus relates to the orien­
tation of the articular surfaces between the 
ulnare and intcrmedium, between the ulnare 
and lateral centrale, and between the third 
and fo urth distals. The ventral edges of these 
surfaces are widely separated if the carpus 
is reconstructed as a completely Ilattened 
structure ( Fig. 21 ) . This indicates that in 
life Pelrolocosau rus had a strongly curved 
carpus, with a medio-Iaterally convex dorsal 
surface. ~ I ost of this curvature was fonned 
along the long axis of the carpus. The extent 
of this curvature cannot be established with 
certainty, however, because of crushing. The 
type of carpal curvature seen in Petrolaco-

sa/ails has not been found in any other Paleo­
zoic reptilc. This may, however, be due to 
thc general lack of inFormation about the 
\'cntral aspect of the carpus in early reptiles. 

A definite joint plane is lacking withi n the 
carpus, and even hetwcen the carpus and the 
paired distal limb elements. Movement be­
tween the carpus and the metacarpals appar­
ently was also slight because the proximal 
heads of the metatarsals ovcrlap one another, 
the line between the carpals and metacarpals 
is cl1l"ved, not straight, and the d istal ends 
of the third and fourth distal carpals restricted 
Ihe downward movement of the correspond­
ing metacarpals conSiderably. It is probable, 
therefore, that bend ing during locomotion 
was aehic\'cd by discreet accommodation 
throughout the manus. 

Pes.-The pes is almost completely articu­
lated in the type specimen KUVP 1424 ( Pea­
bod)', 1952, Fig. 9 ), but most of the bone is 
gone, leaVing an impression on the matrix. 
The interprclat ion of the tarsus given here 
( Fig. 24 ) is hased un well preserved left and 
right tarsi. exposed in both dorsal and ventral 
views ( KUVP 995la and b ) and a partial 
right tarsus ( KUVP 336(6) frolll mature indi­
viduals. Peabody suggested that the first tar­
sal hone was lost in Petro/(lcos(lurus. This 
clement is, howcver, present in both the left 
and right tarsi on KUVP 995la and b. The 
gencml arrangement of the tarsal clements 
resembles that of ArtICosce/is (Vaughn, 1955) 
and to a lesscr extent that of the primitive 
captorhinolllorph Paleotll/pis (Carroll, 1969) . 
The shape and level of ossification of the 
emnponent clements indicates that the pes 
was a compact structure, as was the mature 
manus. 

The astragalus is the most distinctive ele­
ment in the tarsus. It is a long, relatively 
slender bone. As in other p rimitive reptiles 
it is essent iall y "L "·shaped, with a distinct 
neck region, the proximal cnd of which forms 
part of the tarso·fibu lar articulation. The 
dorsal surface of the astragalus, exposed in 
KUVP 9951b, is gently concave. The lateral 
border of the astragalus forms a massive 
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articulation with the calcaneum along the 
length of the bone, interrupted only ncur the 
distal end by a small notch that forms the 
medial border of the perforati ng foramen. 
This longi tudinal articular surface faces dor­
sally, in part, in KUVP 9951b suggesting that 
the pes, like the manus, is curved t ransvcr.~e ly 
but with a concave dorsal surface. The latero­
distal corner of the astragalus bears a condy­
loid process, similar to that in Aroeoscelis 
( Vaughn, 1955), which articulates with the 
calcaneum laterally and to the fourth tarsal 
distall y. The distal border of the astragalus 
is notched between the condylOid corner and 
the articulation with the centrale. In con­
trast to the cond it ion in captorhinolllorphs and 
pelycosaurus, where the tibial surface on the 
astragalus is convex, that of Petrolucosuurus 
(as it is exposed in medial view in KUVP 
336(6) is strongly concave, wi th two massive 
ridges, scparnted by a trough. One of these 
r idges forms the thickened distal two-thirds 
of the medial border. The second prominent 
ridge located on the ventral surface runs 
roughly parallel to the lateral bordcr. This 
arrangement of a pair of ridges separated by 
a decp t rough is also seen in Arueoscelis and 
in the eosuehian KellljusuurIIs ( Hanis and 
Carroll, 1977 ). The distal articular surface of 
the tibia is di vided into a lateral trough and 
a medial ridge, wh ich fits snugly onto the 
astragalus to fonn a fiml , locked joint. On 
the ventral surface of the astrngalus a strong 
ridge COllneets the distal lip of a deep fossa , 
which extcnds to the perforating foramen, 
with the proximal end of the tibial surface. 
A notch in the distal border, exposed in dor­
sal view, extends onto the ventral surface as 
a small fossa which receives the latero-prox i­
mal end of the ccntrale. 

The calcaneum in Petro/acos(lUrIIS is a 
relatively simple oval structure with a thid; 
medial portion that supports the proximal 
fibu lar facet and the distal tarsal articulation. 
A somewhat thinner plate extends laterally. 
Both dorsal and ventral surfaces are gently 
concave. The straight medial margi n, which 
articulates with the astragalus, is intcrrupted 

by the small notch that fonns the lateral 
margin of the perforating foramen. The 
broad, rounded distal border of the calca­
neum apposes the fourth and fifth distal tar­
sals. An u nfinished area, marking the area of 
articulation with the distal tarsals, ex tends 
far onto the ventral surface of the calcaneum. 
Except for this extended area of articulation 
there is nothi ng to distinguish this calcaneum 
from those of pelycosau rs. 

In con trast to the condition in primitive 
pelycosaurs, where there are both lateml and 
medial centralia in the pes (Homer and Price, 
19,10 ), there is only a single large centrale in 
Petrol(lcos(llIrllS and most captorh inomorphs. 
It supported the astmgalus. This element, 
completely preserved in KUVP 99510'1 and b, 
is much compressed proxitnodistally. It artic­
ulates with the rou nded distomedial surface 
of the astragalus. The prox imal articular sur­
face of the cen trale is deeply concave, where­
as the distal surface for articulation with the 
first three distal tarsals and the lateral surface 
fo r articulation with the fourth distal tarsal 
are strongly convex. Both dorsal and ventral 
surfaces of the centrale show a central de­
pression bound proxi mally by the r idged mar­
gin of the bonc. 

All the distal tarsals are well preserved in 
KUVP 995 1a and b and only slight ly disartic­
u!ai1xi from one another. As in other early 
reptiles, the fourth distal tarsal is the largest 
of the series and bears much of the weight 
of both the astragalus and calcaneum. The 
dorsa l and ventral surfaccs are gentl y concave. 
The dorsal surface of this bone is contiguous 
distally with the broadly convex articular sur­
face for the fourth metatarsal. All other artic­
ular surfaces of the fourth tarsal are sharply 
offSd from both the dorsal and ventral sur­
faces. ~'I ('d ia ll y the fourth distal tarsal artic­
ulates wi th the centrale and tbe third distal 
ta rsal by a complicated system of concave 
and com'ex surfaces ( Fig. 24 ). The proximal 
art icular surface is strongly concave. Later­
ally the fourth distal tarsal articulates with 
the fifth distal by an extensive dorsolatemlly 
inclined surface. The first distal tarsa l is also 
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deeply concave proximally in Petrofacosaurus 
and matches the length of the fourth . The 
lateral surface of the fi fth distal tarsal is 
smoothly continuous with the nal'l'o";v distal 
surface, and is unfinished. This indicates that 
both these surfaces articulated with the large 
head of the fift h metatarsal. The fifth meta­
tarsal was, therefore, widely divergent. 

The third distal tarsal not only has rela­
tively small, simple, dorsal and ventral sur­
faces, but also has extensive and complicated 
articular surfaces with the centrale and the 
second and fourth distal tarsals. The first and 

, 
\ . 

second dista l tarsals, like the third, have 
larger lateral and med ial Stll'faccs than ei ther 
the dorsall y or ventrally exposed areas. 

The mt ieula r surfaces between the proxi­
mal and distal elements of thc tarsus cxtcnd 
in a stra ight line roughly perpendicular to the 
long axis of the pes ; in addition, the proximal 
surface, fonned by the astragalus and calca­
neum has a rounded, strongly convex outline 
and fits into the strongly concave distal artic­
iliaI' surface formed by the centrale and the 
fourth and flfth distal tarsals. The configura­
tion of the mesotarsal articulation indicates, 

1\ 

c 

FIG. 2·1.-PefrolocostlurU,f kOtlsensis Lane. Pes, all X 1.5. (/\ ) I\c~.'onstlUction of the left pt'S. in dorsal view, 
h3~('od mainly on KUV P 1424 and 995lh. ( B) Vcnlml vicw of the rcrt taTSus, r{!l;tu rcd with Ihe mesolarsal 
surfaces exposed, KUVP 995 la. (e) Medial view of the right astnlgalus, KUVP 33606. (D) Metatarsals in 
dorsal vicw, KUVP 995lb. Abbreviations used in this Figure : as, Il'ltra",'alus; cal, calcaneum; cp, centralia 
pedis; !lb, articulation with !lbula; lib, articulation willI tibia; 1-5. distal tarsals; I-V, metatarsals. 
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therefore, that hinge movement between the 
p roximal and distal clements is probable, 
while the distal clements arc solidly attached 
(0 OTIC another with littl e possible movement 
belween them. Similarly, in pri mitive capto­
rhinomorphs and pelycosaurs, a functional 
mesotarsal join t may have been present, but 
the <.:orrcsponcling articular surfaces arc not 
as well adapted to movement as in Petroloco­
$llUrU$. 

The metatarsals in general resemble the 
metacarpals, except that the fourth and fifth 
metatarsals have large proximal ends. The 

heads of both of these metatarsals have 
strongly ridged medial portions and slender 
lateral portions which also extend proximally. 
T he proximal articular surfaces arc not per­
pendicular to the long axis of the metatarsal. 
The proximal ends engage each other in 
characterist ic overlap. This overlap is, how­
ever, more accentuated in the pes than in the 
manus. 

The phalangeal count, based upon the 
type .~pedmen is 2, 3, 4, 5, 4. The terminal 
phalanges are modified into claws similar to 
those in P(lIeothyris. 
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PHYLOGENETIC RELATIONSHIPS 
OF PETROLACOSAURUS 

In the firs t detailed study of Petrola(;o­
SOl/rU$ Peabody (1952) tried to establish the 
probable relationships of this animal by com­
paring it with reptiliomOlllh "amphibians" 
(diadedids and seymouriamorphs) , capta­
rh inomorph reptiles, pelycosaurian reptiles 
and diapsid reptiles. He separated those 
morphological fcatures of Petrolacos(wrU$ 
that are also found in many amph ihians 
(shared p rimitive characters, or symplcsio­
morphics of I-Iennig) from those he believed 
were "progressive features" present in capta­
rhinomorphs or pelycosaurs or cosuchians 
(shared derived characters, or synapomor­
phics of Hennig ). His conclusion that Pet'ro­
lacosa ufIIs is an eosuchian diapsid reptile 
rather than a pelycosaur and that it is close 
to the primary dichotomy of the reptilian 
radiation was generally rejected (Stovall, 
Price and Romer, 1966 ). The reasons for this 
rejection are two fold. The fossil material 
available to Peabody for study was meager 
and crucial portions of the skull and post­
cranial skeleton werc unknown. In his analy­
sis of relationships Peabody includcd among 
his "progressive features" many morphologi­
cal characters that later p roved to be charac­
teristics of early reptiliomorph amphibians or 
all early reptiles, rather than feature:; restrict­
ed to particular reptilian taxa. For example 
the suture pattem of the palate in Pet,ro/aco­
sallrllS is close to that of )'Olillgillll, as indi­
cated by Peabody (1952) but is also similar 
to the pattern seen in primitive captorhino­
morphs ( Carroll and Baird, 1972), pelyco­
saurs, millerosaurs (Cow, 1972) and even 
such reptiliomorph amphibians as Gcphyro­
stegus (Carroll, 1970 ) and Limnoscelis 
( Heaton, in press). The discovery and study 
of nearly complete, well preserved specimens 
of PetrO/(lCQsaurtis and reecnt stud ies of other 
Paleozoic reptiles ( Carroll, 1964, 1969; Car­
roll and 13aird, 1972; Clark and Carroll, 1973; 
Cow, 1972, 1975; Heaton, 1979; Holmes, 1977; 

Reisz, 1972; Vaughn, 1955 ) prOVide a strong 
basis for the critical evaluation of the phylo­
genetic relationships of this unique early rep­
tile. 

For the purposes of this discussion strict 
monophyly for the Arn miota is assumed. It 
is furthe r assumed that the follOWing groups 
of late P;l leozoic and early Mesozoic fossils 
can be included within the Ammiota: pareia­
saurs, proeolophonians, millerosaurs, meso­
saurs, pelycosaurs, eaptorhinomorphs and 
·'eosuchians." In order to test rigorously hy­
potheses of relationships of the Petrolaco­
samidae some well-tested equivalent level 
phylogenetic system is needed within the 
Ammiota, but this is not available. No re­
stricted olltgrou ps can be developed either; 
only an unresolved multiehotomy containing 
at least four of the above seven groups. It 
was therefore felt that the following pro­
cedure should be pursued: Those characters 
shared by most of the above early reptiles will 
be considered shared primitive characters 
(sYlllplesiomorphs) for Ammiota and re­
moved from discussion when testing hypothe­
ses of relationships of Petro/acosallrus. These 
ch<lraeters are listed below and separated 
from later d iscussions because reten tion in 
Petrollll:osallrtls of many of these p rimitive 
characters docs not in itself ind icate e10se 
phylogenetic relationsh ips wi thin the Am­
miota (I-lennig, 1966 ). Hypotheses of rela­
tionships of PetrolflCOSl/Url/s will be then 
presented, the basic taxa discussed and the 
hypotheses tested using shared derived char­
acters. 

(1) \ Vhile pelycosaurs show exponential 
increase in size during the Pennsylvanian, PI"O­
torothyridids, "eosuehians," millerosaurs, mes­
osaurs and procholophonids retain almost the 
same body size throughout their history 
( Heisz, 1972). Among the protorothyridids 



1980 PENNSYLVANIAN DIAPSID REPTILE 55 

the skull also increases in length only slightly 
(Table 1) . The skull of the largest known 
specimen of Pctro/acos(wrus is only slightly 
longer than the skull of the largest known 
protorothyridid, Proloroth yris {lrclleri. 

The outline of the skull in dorsal vicw 
resembles an isosceles triangle with a rounded 
apex and with si des that bulge Qut slightly, 
close to the base. In captorhinids, the skull 
becomes bulkier and wider than in protoro­
thyridids. Among pelycosaurs a great variety 
of skull outlines exists from the slender, elon­
gate skulls seen in ophiacodonts to the bulky, 
wide configuration of cdaphosaurs and case­
ids. 

The skull profile remains relatively low, 
The maximum skull width is greater than the 
maximum height in any transverse section of 
the skull roof. The ventral edge of the cheek 
is nearly straight from the snout to the sus­
pensorium. The posterior L>dge of the skull 
is tilted only slightly forward. Tn advanced 
pelycosaurs, on the other hand, the skull 
profile deepens in the temporal region and 
the ven tral edge of the cheek is often strangly 
curved ventrally. 

The outline of the skull in protorothyri­
dids, millerosaurs, "cosuehians" and Pctrola­
COSUUrIlS, in occipi tal view, resembles a trape­
zoid with rounded upper angles. The nature 
of preservation of most primiti ve reptiles 
precludes precise determ ination of the angle 
between the cheek and the skull table. It is 
only slightl y greater than 100 degrees in the 
captorhinomorph i'rolorothyris, and similar 
estimates have been computed for Paleothyris 
on the basis of the width of the palate and 
skull table (Carroll and Baird, 1972). The 
wealth of material available for the recon­
struction of Pctroiacosaurus shows an angle 
of 100 ± 5 degrees. A more precise detenni­
nation of this angle was not possible because 
of the curvature of both the cheek and skull 
table. In pelycosaurs other than easeids and 
eothyridids the occiput is much higher than 
in ei ther protoroth}'ridids, eosuchians, mil­
lerosaurs, or Petrolacosaurus. 

(2) The in terrelationship of the bones of 

the cheeks, skull table, palate, OCCiput and 
mandible remains relatively constant in mil­
lerosaurs, protorothyridids and primitive pely­
cosaurs ( Cow, 19i2; Homer and Price, 1940; 
Hcisz, in press ). Most feat ures of this pattern 
arc retaincd in the skull of Pctroiacostl llrllS in 
spite of the morphological advanccs associ­
ated with cranial fencstration . 

The dorsal expansion of the maxilla re­
mains moderate in most early reptiles. The 
long lacrimal ex tend~ from the external naris 
to the orbit, and fo rms a large portion of the 
anterior orbi tal margin. Although Petrolaco­
sat/rus, most captorh inomorphs, millel'Osaurs 
and pri mitive pelycosaurs retain this condi­
tion, in more advanced pelycosaurs, "eosu­
chians" and mesosaurs the lacrimal fails to 
reach the external naris because of the dorsal 
expansion of the maxilla. In most early rep­
tiles the jugal forms part of the ventral mar­
gin of the check. The squamosal and the 
quadratojugal form the slightly convex pos­
terior margin of the check. The postorbital 
extends to the supratemporal. The supratem­
poral bone is largc in parieasaurs, procolo­
phonians, millerosnurs and primitive pelyco­
saurs. In ventral vicw, the occipital condyle 
extends posteriorly to the level of the jaw 
suspension. In protorothyridids, millerosaurs, 
pelycosaurs, "eosuehians" and Pctrolacosaurus, 
the long pterygoids arc wedged anteriorly be­
tween the vOlners. Three rows of well-devel­
oped palatal teeth radiate from the basiptery­
goid nrea in most ea rly reptiles; the largest 
pal nta l tet:lh arc present on the transverse 
fl ange of the pterygoid. The long, relatively 
narrow palatine nbu tts anteriorly against the 
plate-li ke vomer that fo rllls most of the medial 
margin of the internal naris. The eetoptery­
goid is small . The parasphenoid is denticu­
late. 

The paired postparictal and tabular bones 
are restricted to the occiput. The occipital 
eDndyle is located far ventrally on the occiput, 
close to the level of the jaw art iculation. A 
large subvertical st rip of the squamosal ex­
tends onto the occiput. The posterior edge 
of the dorsal process of the quadrate is cov-
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Flc. 25.-Pctro/acosaurU$ kall1Cnsis Lane. Pattern of intern:.1 cranial ridgcs or thickenings in (A) dorsal, 
(B) ventral and (C) lateral \~CW5, X 2. Composite. See text for further explanation. 
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ered by it, except in the region of the quad­
rate foramen. The dorsal process of the quad­
rate is incli ned slightly antel'Odorsally. In 
mcsosaurs, early "eosuchians," captorhino­
morphs, pelycosaurs, procolophonids there is 
no otic notch. The stapes is massive and has 
both a dorsal process and n footp late. 

The mandible is long and slender. The 
coronoid region is little expanded. There is 
no rctroarticuiar process. 

(3) In most early reptiles the marginal 
teeth nre arranged in a Si ngle row. They are 
simple conical structures, slightly I'ccurved. 
with slIbthecodont implantation. An anterior 
food trap is partially associated with some 
cani niform tooth development. 

( 4 ) Vertebrae are amphicoelous and noto­
chordal. Relatively large intercentra arc con­
tinued in the tail as chevron bones. The 
atlantal intercentrum is very large, has a well­
developed ventral median ridge. and a pair 
of articula r facets fo r thc capitulum of the 
atlantal rib. In most pelycosaurs, in millero­
saurs, "eosllchians" and captorhinomorphs 
the atlantal centrum is excluded from the 
ven tral border of the column by the axis 
interccntru m. In Hylonomus, the earliest rep­
resentati vc of the captorhinomorphs, the 
at lantal centrum is crescentic in outline and 
open ventrally. The axial interccntrum is 
longer than those in the rest of the column. 
In Petrolacosaurus the large axial intercen-

P"{Mbyi! 

trom is vcntral to the crescentic atlanta! cen­
trum and is loosely attached to it. Although 
these clements are disarticulated in Hylono­
//IUS [BM (N H )R. 4168], their relati ve posi­
tion was apparently similar. Tn all later 
captol'h inomorphs, however, the axial inter­
centrum and atlantal centrum are indistin­
guishably fused. The axial neural arch of 
Petrolacosullrus is strongly built, and has a 
large sp ine that extends anteriorly over the 
atlas. as in the captorhinomorphs, "cosllch­
ians," millerosaurs and pelycosaurs. 

The cervi cal ribs have flattened, slightly 
expanded ends. The sacral and anterior cau­
dal ribs are firmly attached to the vertebrae. 
There are two sacral ribs. 

The primit ive reptilian con figuration of 
the girdles in early captorhinomorphs. miller-
05.'lurs and some pelycosaurs is also seen in 
Pet roiacosull rllS. 

The lim bs are well ossified. Both proximal 
and d istal limb clemen ts have thick shafts 
and broad ends. Thc humerus has a well 
developed cntepicondylar foramen and a su­
pinator process. The manus and pes are rela­
tively large and broad, with a long-necked 
astragalus and a plate-like calcaneum. 

HYPOTHESES OF RELATIONSHIPS 

Two of the hypotheses presented and 
tested here are illustrated in Fig. 26. The fi rst 
hypothesis is that Petroiacosaurus shares a 

F lc. 26.-Cladogram illustrating hypotheses of relationships of Petroi(lCOS(I!IrlI.f. See text for furth er expla­
nat ion. 
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morc recent ancestor with the captorhino­
morph Paleothyris than with the synnpsid 
Eothyris. All synnpsids could have been used 
but Eothyris was selected as the representa­
tive of this group because it is the most 
primitive pelycosaur and is most similar to 
Paleothyris and protorothyridids. This hy­
pothesis is tested by characters 1-6 (see dis­
cussion below ). The only morphological char­
acter that may falsify this hypothesis is the 
presence of the lower temporal fenestrae in 
both Eot11yris and Petrol(lCOS(lll rllS. Other 
significant differences in the architecture of 
the skulls of these reptiles and the p resence 
of six shared derived characters in the un­
fenestrated Paleothljris and Petrolacosaurtls 
suggest that the lower temporal fenestrae in 
the above taxa arc not phylogenetically ho­
mologous. 

The second hypothesis is that the primi­
tive diapsid )'ollngillll shares a marc recent 
ancestor with Petrol(lCOSllurus than with the 
protorothyridid Plileotl!ljris. All protorothyri­
dids could have bccn uscd as the outgroup 
for the tested characters but Paleot l!ljris was 
selected because it is the most primitive, well 
preserved protol'Othyridid, is most similar to 
Pel'roilicosaurllS and is thcrefore best suited 
for the search of characters unique to diap­
sids. )'otmgina was chosen fo r comparison 
with Petro/acosaurl/S because it is the best 
known early "cosuch ian" diapsid reptilc 
(Cow, 1972; Carroll, 1977) and is closest 
morphologically to the latter spccics. In addi­
tion, there is little evidence to indicate that 
the "Eosuch ia" arc strictly monophyletic. 
Although only 1'0Iwghw. is shown in the c1ad­
ogram ( Fig. 26 ), characters 7-14 (sec discus­
sion below) also tcst the hypothesis of a 
monophyletic Diapsida incl uding Petro/acQ­
sal/fils. No characters are known that falsify 
this hypothesis. 

BASIC TAXA 

Eothljris is a small, remarkably primitive, 
pelycosaur known from a single skull from 
the Lower Permian of Texas. The family 

Eothyrididae, erected as a prodsional group 
by Romer and Price ( 1940) , also included 
the fragmentary remains of three pelycosaurs 
of large size because thcy arc "Ophiacodont 
pelycosaurs, primitivc in most known regards 
but parallel ing the higher sphenacodonts in 
the development of much enlarged canines 
and .~howing a tendency toward elongation of 
the vertebral column" ( Rom er and Price, 
1940, pp. 246-247). Both the presence of 
canini fonll teeth and long vertebrae represent 
primitive conditions for amniotes, and the 
dental and vertebral patterns seen in the 
ad va nced ophiacodont OJ1hillcodofl arc de­
rived conditions. Both Stereoplwllodon and 
Slereorlwchis are ophiacodont pelycosaurs 
that have retained the primitive den tal and 
vertebral pattci'I1 and have !Jeen therefore 
included into the family Ophiacodontidae 
( Reisz, in press). Baldwinonus trux appears 
to present a more difficult taxonomic problem 
because the type speeimcn includes fragments 
of large ophiacodont vertebrae and the maxilla 
of a large sphenacodvnt pelycosaur (pers. 
obs. ) . The study of this material is now in 
progress, but it is certain that none of the 
matcrials associated with this species is an 
eothyridid pclyeosaur. 

Langston, in his 1965 description of 
anothcr sma!l cothyridid Oedaleops campi, 
indicateclthat this species is remarkably simi­
lar to Eothljris. Oetialeops has smaller canini­
fo rm teeth than Eotllljris, simila r in size to 
those found in early captorhinomorphs, but 
Oetia/eops is peculia r in that the supratem­
poral projcets slightly beyond thc posterior 
edge of the cheek. The exact configuration of 
the posterior end of the supratemporal in 
Eolhljris is not known because of overprepa­
ration. This posterior projection of the supra­
temporal may rcpresent a shared derived 
character for the family, but furthe r materials 
arc needed before this can bc verified. 

EOlhyriciids, represented only by the spe­
cies EOlhljris 1)(frkelji and Oetin/cops campi, 
are closely relatcd to the cascid pel ycosaurs 
as indicated by " series of shared deri \'ed 
characters (Heisz, in press ) . Sign ificant 
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shared primit ive characters fo und in both 
caseids and crothyridids that appear in a 
derived form in all other pelycosaurs are 
WOrth noting: The width of the skull is great­
er than the height , even in the region of the 
snout: the frontal either docs not extend to 
the orbit (Eothyris ) or the orbital margi n of 
the fro ntal is vcry short (Oeda/cops and all 
caseids ); the supratemporal bone is large and 
broad. In captorhinomorphs, mi llcrosaurs and 
procolophonicls the skull retains the primitive 
cotylosaur pattern of a low-profile skull. This 
primi ti ve condition persists only in caseid and 
cothYl' idid pclycosaur.~. In olher pelycosaurs, 
the snout in the cdaphosaurs, and the whole 
skull in ophiacodonts, v:mmopsids and sphen­
acodonts becomes narrow and deep. Only in 
cotylosaurs (Limnoscelis. Diaclectes. SCI)­
mouria ) and the easeid and eothyridid pely­
cosaurs is the primitive pattern of the frontal 
retained. In other pelycosaurs, in millerosaurs, 
and in early captorhinomorphs one-th ird of 
the dorsal orbital margin is fo rmed by the 
fron tal. The broad .~upratempora l , a p rimi­
ti ve reptilian and cotylosaurian character is 
modified in captorhinomorps. diapsids and 
advanced pelycosaurs, hut persists as a broad 
sheet in caseids and eothyridids. 

Paleothyris. the best knowll protorothyri­
did captorhinomorph. was described by Car­
roll ( 1969). This small reptile is represented 
by two nearly complcte skeletons and lIumer­
ous disarticulated specimens, all recovered 
from a single ~·liddlc Pennsylvanian Sigillaria 
stump from Florence, Nova Scotia. Pa/eotll y­
ris ex hibits a combination of morphologic'll 
characters that make it the least specialized 
well preserved member of the family Protoro­
thyrididae. The group of small reptiles placed 
within this family is characterized by the 
possession of fea tures usually considered 
primitive (plesiomorphie) for the Amniota. 
It is in fact difficult to find any derived char­
acters that are unique to this group. The 
reasons for this are that ( 1 ) no attempt has 
been made to search for morphological char­
acters that arc unique to this group, (2) the 
placement of the species within the family 

was based on solely primitive ("ancestral" ) 
characters, lind (3) the osteology of most spe­
cics is based on single partially preserved 
specimens, or several poorly preserved scat­
tered skelctons. Of thc bettcr known p l'Otoro­
th)'ridids. Ceplwlerpctoll vClltri(lrmatlim 
(Carroll and Baird, 1972 ) is specialized in 
having only 16 large maxillary tccth while 
AllthracodromclIs iOl/g ipes is specialized in 
having long limbs. Thc most sign ificant spe­
cialization of Coeiosteglls Jl'otllllies is seen in 
the skull roof, where the posterior margin is 
deeply em bayed. The Lower Perm ian Pro­
l orotli!lris /lrcheri (Clark and Carroll, 1973) 
has an unusuall y large skull and tall neural 
spines. These species p robably represen t sep­
arate monophyletic taxa rather than a single 
monoph)'ietic group, but better preserved 
materials arc needed beforc such an hypoth­
esis can be tested. 

A series of diapsids from the latcr Permian 
and early Triassic are placed 011 thc basis of 
primi tive characters, within the order ~Eo­

suehia." They arc small. and most are poorly 
known. The assigned genera appear to COIl­

stitute a number of d istinct lineages. The 
ma in stock is represented by YouI/gina from 
the Upper Permian Daptoceplwlus zone of 
Sou th Africa. This species is known from sev­
eral sku lls described by Broom ( 1914) , Olson 
( 1936 ), Gow ( 1975) and Carroll ( 1977) and 
from postcrani.,1 skeletons described b}' 
Broom ( 1924 ), Watson (1957 ) and Cow 
(1975 ). The skull of YOIlIIgill(l is in many 
.~igniflcan l features similar to that of Petro­
l(lCOS(Jll rrlS, including large upper temporal, 
lower temporal, post-temporal and suborbital 
fell(,strae. There is no otic notch, but the 
posterior margin of the q uadrate is not cov­
ered. by the squamosal. The vertcbrae arc 
quite primi ti ve and close to the pattern seen 
in captorhi noTllorphs, but they also have 
slightly swollen neural arches and powerful 
zygapophyses, wi th nearly horizontal articu­
lating surfaces, as seen in Pet ro/(lco$(/ lIrt1s. 

J-Ie/eOS(l llrtIS ( Broom, 1907; Carroll, 19i6a) 
from the Cisieceplw/lls zone, is known from 
a single partially preserved specimen appar· 
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ently combini ng primitive "eosuchian» fea­
tures with a number of highly specialized, and 
possibly archosaurian, adaptations. In this 
specimen only the palate. marginal bones of 
the cheek region, lower jaws, an articulated 
series of presacral vertebrae and ribs, denna! 
armour-plates along the vertebral column, in­
com plete girdles and femora are preserved. 
The known parts of the skull of f1eieosouMls 
are similar to the corresponding parts in 
Petrolacosourus and )'oungina despite the the­
codont marginal dentition. Heleosourus also 
resembles Petrolacocaurus in a number of 
postcranial features including elongated cer· 
vical vertebrae with long prezygapophyses, 
tilted centrosphencs, mammillary processes on 
the neural spines and well-developed ventral 
keels. According to Carroll (1976a) the fe­
mur in Heleosallrl1s is far advanced from the 
primiti ve reptilian configuration, in correla­
t ion with an upright posture. Careful exami­
nation of the specimen reveals, however, that 
the exposed posterior surface of the femur 
was mistakenly identified by Carroll as the 
ventral surface. The exposed surfaces of both 
the proximal and distal hends and the curva­
ture of the femur correspond closely to those 
of primitive captorhinomorphs and is not spe­
cialized in the manner suggested by Carroll . 

Another genus from the Cistcceplwills 
zone, Galesphyrus, was originally described 
by Broom (1915) as a therapsid, but its 
"cosuchi an" nature has since been recognized 
by Romer (1966) and Carroll (1976b ). Al­
though this small reptile is known only from 
two incomplete postcranial skeletons it has 
been associated with the "Eosllehia" on the 
basis of general similarities in size and pro­
portions to YOlIlIgirw, and the particular simi­
larities of the vertebral, carpal and tarsal 
structures. Many of these morphological 
characters arc also seen in Petroillcosaurus. 

The postcranial skeleton of a new "'eosuch­
ian" reptile, Kenyasounls, from the Triassic 
beds ncar Mombasa, Kenya has been de­
scribed by Harris and Carroll (1977 ). The 
type specimen of Kellyasaurus has a series of 
articulated vertebrae that extend from the 

posterior end of the pectoral girdle to the tip 
of a long tail. Crushing makes interpretation 
of the trunk vertebrae difficult, but it appears 
that, :1." in Petrolacosallrus, the neural arches 
arc maSSively built, the zygapophyses extend 
far laterally and the articular surfaces for the 
ribs in the anterior dorsal region are elongate 
with expanded dorsal and ventral ends. AJ­
though the preserved appendicular skeleton 
of Kcnyasaunls is in some features similar to 
that of Petrolacosourus, the forelimb is spe­
ciali7.oo in havi ng a wide paddle-like humerus 
and the fifth tarsal appears to have fused to 
the fourth tarsal. 

A number of primitive, but apparently dis­
tinct aquatic t'Osuchians from the Lower 
Triassic of Tanzania and ~<fadagascar nrc cur­
rently being described by Mr. Philip J. Currie 
at the Provincial Museum of Alberta, Edmon­
ton. The early descriptions by Haughton 
(1924) and Pivetcau (1926) reveal little de­
tail, but show general postcranial proportions 
similar to those noted in Petrolacosaunls. 

Prolacerta (Camp, 1945; Gow, 1975) from 
the Lower Triassic Lystrosaurus zone of South 
Africa represents yet another "cosuchian" 
lineage. Although the skull of Prolacerta has 
an unusual combination of lizard-like and 
thecodont-like features, it also shares a large 
number of primitive characters with Youngina 
and Petrolacosallrus. There is a well devel­
oped upper temporal fenestra, but the lower 
temporal bar is absent. Although there is an 
otic notch formed by the quadrate, the squa­
mosa l extends far ventrally, preventing strep­
tostyly. Well developed post-temporal and 
suborbital fenestrae arc also present. The 
dentition is apparently thecodont (Cow, 
1975), although the anterior and posterior 
edges of the teeth are not serrated. The 1'05t­
cranial skeleton of Prolacerla is surprisingly 
similar to that of Petrolacosau rtls. The atlas­
axis complex and the other cervical vertebrae 
are nearly identical, the configuration of cervi­
cal, dorsal and sacral ribs and their pattern 
of articulation arc similar. In contrast to the 
condition in Petrolacasallrus, the caudal re­
gions of Prolaccrta and YoulIgirUl arc short 
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and the laterally directed ribs appear to be 
firmly fused to the centra. The pelvic girdle 
is simi lar to that of Pet'rolacosutlrus. The limbs 
arc lightly built, with the distal paired limb 
clemen ts equal in length or longer than the 
proximal clements. The tarsus of ProlacertO­
is derived compared to PetrolacosflunJs in 
lacking a discrete fi fth tarsal bone and in 
having a hooked fifth metatarsal. 

Thi s group appears to have the equiva­
len t position nmong diapsid repti les as the 
eothyridids have had among pelycosaurs 
( Romer and Price, 1940)-a provisional "gar­
bage bag" assemblage of pri mitive forms. As 
it now stands the "Eosuchia" has no taxonomic 
validity because it cannot be defined in terms 
of shared derived characters not found in any 
other grou p. Until this group is thoroughly 
reviewed, and proper diagnosis provided, no 
new forms should be placed within it. 

S HARED DElUVED C HAHACfEllS T ESTING 

TI1:E H YPOTHESIS OF R ELATIONSHIP 

BEnVEEN Petroillcosaurus AND 

Paleothyris. 

The following characters correspond to 
characters 1·6 in Fig. 26. 

L-Loss of contact bet ween the postorbi· 
tal anel supratemporal. In Eot1Jyris, other 
pelycosaurs, millcrosaurs and other earl y am· 
niotes the postorbital has a long posterior 
process that extends to the supratemporal. 
None of the captorhinomorphs, Petro/a co­
saurus or diapsids show this primitive cond i­
tion, and the loss of contact between these 
bones is considered derived for captorhino­
morphs and diapsids. 

2.-Recluction ill the size of the supra­
teml)oral bOlle. In Eotllyris and most pelyco­
saurs, in millerosaurs and even in cotylo­
saurian "amphibians" the supratemporal is a 
large sheet of bone wedged between clements 
of the skull table. In PaleotiJyris, captorhino­
morphs, and in PetrolacoSllllrlls and other 
primitive d iapsids this bone is modified into 
a small, slender clement generally located in 
a shallow trough of the parietal bone. This 

condition is considered derived for capto­
rhinomorphs and diapsids. In carnivorous 
pel}'cosaurs the same advanced pattern is 
Sl.'Cn, but is probably arrived to independently 
wi thin the synapsids. 

3.-Retluction in si=e or foss of the tabular 
bone. In Eotliyris, and all other pelycosaurs 
the tabular bone is a large sheet located on 
the occiput. In Paleothyris, and other protoro­
thyridid captorhinomorphs, in Petrolacosaur· 
I/S, YOImgillll and some other diapsids the 
tabular bone is greatly reduced in size, a con· 
dition cons idered deri ved fo r these forms. In 
eaptorh inid eaptorhinolllorphs and in many 
d iapsids the tabular bone is lost. 

4.-Proximal (HId distal lim/) clements are 
elongate (lnd lightly built. In p rimitive pely­
cosaurs ( Reisz, in press ) the limb elements 
arc relatively thick and massively built. Bc­
cause the posteran ial skelcton of Eotliyris is 
unknown, no direct com parison is possible. 
In both PaleoOlyris and Petrolacosaurus the 
proximal and distal limb clements the shaft 
is exceedingly slender, usually less than 10 per 
cent of the length; the extremities of the bones 
are also rcduced in size, with the areas of in­
sertion and origin of museles important in the 
power stroke and recovery concentrated near 
the ends. Although this condition is consid­
ered advanced for these fonus, the heavy 
eaptorhinid captorh inomorphs and the aquatic 
diapsids appear to have secondarily acquired 
massive limbs. 

5.-The crus (lml pes are lI(1rrow and long 
with over/al)pillg metatarsals (Hut metacllr-
1)a/s. In most pelyeosalU's (Romer and Price, 
1940) the pes and crus are broad and the 
metatarsals and metacarpals do not overlap. 
In bot h Paleothyris and Petro/tlcosaurus as 
well as most protorothyridid captorhino­
morphs and primitive non-aquatic "eosuehian" 
diapsids, the cms and pes are narrow and 
thus the prox imal heads of the metacarpals 
and metatarsals overlap extensively. Although 
this condit ion is considered derived for the 
above fo rms, eaptorhinid eaptorhinomorphs 
appear to have either retained or secondarily 
developed the pri mitive condition. 
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B.-Presence of a single centrale in Ole 
pes. In most pelycosaurs (Romer and Price, 
1940 ) two centralia pedis arc present. In 
Paleothyris, as reconstructed by Carroll 
(1969), there is a tiny lateral centrale, but 
the medial centrale has the outline of a pen· 
nut. This suggests that the tiny lateral cle· 
ment may have been an artifact and the much 
larger unusually shaped centrale represents 
the fusion of the two centrale seen in pelyco­
saurs. [ II all other captorhinomorphs, in Petro­
lacosaurus and in diapsids a single large 
centrale is present, considered to represent 
the derived condition. In a few advanced 
carnivorous pelycosaurs the same derived 
condition has been observed, but this prob­
ably represents convergence. 

SHARED DERIVED C HARACTERS TESTh"l"G 

THE H YPOTHESIS OF R ELA TIONSInF 

B ETWEEN Petrolacosaurus Al'\TJ) Youngina 

The following characters correspond to 
characters 7-14 in Fig. 26. 

7.-Presence of superior temporal fenestra. 
The most significant departures in Petrolaco­
saurus, )'oungino and other "eosuchian" diap­
sids from the captorhinomorph skull pattern 
involve the development of fenestrae in the 
skull roof. The upper and lower temporal 
fenestrae, typical of diapsid reptiles, have the 
same position and orientation in Petrolaco­
sal/rllS as in )'oullgiIlO. The lower temporal 
fenestra is, however, similar to that in Eothy­
ris. The derived characters listed in the pre­
vious section shared by the unfenestrated 
Paleotllyris and the diapsid Pelrolacosollrus 
with Eothyris as the outgroup suggests that 
the lower temporal fenestrae in the latter two 
species developed independently. 

B.-Tile shape aml interrelationship of the 
circumfenestral bones are modified as a result 
of diapsidy. In Petrolocosallrus the postorbital 
is triradiate in outline as in Youngina, Prola­
certa (Camp, 1945; Cow, 1975), ElIl1arkeritl 
(Ewer, 1965) and numerous other diapsids. 
The dorsal ramus of the postorbital is in con­
tact with a small lateral projection of the 

parietal. The ventral ramus extends down 
onto the anterodorsal margin of the jugal and 
the posterior ramus of the postorbital comes 
in contact with the sq uamosal fanning: the 
anterior half of the intertemporal bar. In 
Pro/acerta, and even in the "eosllchian" de­
ri vatives, Kuhlleosaurus ( Robinson, 1962) and 
Euparkeria, where the skulls are known in 
great detail, specific relationships of the post­
orbital to surrounding bones are the same 
as in Petrolacosa ufIIs, despite differences in 
other cra nial feahues. In all four genera, the 
dorsal Tamus of the postorbital sends a small 
wedge between the parietal and the post­
fron tal. The antel'Oven tral ramus replaces 
much of the postfrontal and jugal in forming 
the posterior margin of the orbit, and extends 
far down onto the inside surface of the latter 
element, close to the jugal-ectopterygoid su­
ture. 

The lateral portion of each parietal is also 
modified as a result of fenestration. In capto­
rhinomorphs the contact between the parietal 
and the postorbital and squamosal is exten­
sivc. In Petrolacosa urus, as in YOllngino and 
all other cliapsids, these contacts are greatly 
n:duced and the lateral margin of the parietal 
is deeply emarginated to form much of the 
edge of the superior temporal fenestra. In 
addition, the parietal in Petrolacosaurus has 
a narrow lateral process that fOnTI s the antero­
ventral corner of the upper temporal fenestra, 
a condition also seen in Prolacerta, Kulmeo­
saurus and Eupa rkeria. 

In Prolaccrta, EUl1arkeria and Kuhneo­
saurus a well devcloped flange of the parietal 
is d irected ventrolaterally, roughly parallel to 
the direction of the adductor muscle action. 
The condition in l'otmgina, where the parietal 
has a very small ventrolateral process, prob­
ably represents an intennediate stage between 
Petrolacosaurtts and the Triassic diapsid rep­
tiles. A well developed ventr olateral process 
of the parietal is also seen in modern lizards 
and Sphcllodon. It is to the dorsal surface of 
this fl ange that much of the adductor muscu­
lature is attached. This adaptation represents 
a secondary stage in the evolution of the 
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upper temporal fenestra and probably devel­
oped in response to the need for more secure 
muscle attachment. The presence of the 
tem poral opening provided the opportunity 
of attaching muscle fibers to the outside sur­
face of the parietal. A similar development is 
seen in advanced mammal-like reptiles, where 
the adductor musculature also invades the 
dorsal surface by passing through the lateral 
temporal opening. 111is occurs long after 
initial fenestration and extensive adaptive 
radiation of early mammal-like reptiles-the 
pelycosaurs. 

The squamosal of Pel rofacosaurus, al­
though retaining its plate-like configuration, 
is modified anteriorly and dorsally to form 
the margins of the temporal openings and the 
intertcmpoml bar. As in Youngina and all 
other diapsids, the contact between the squa­
mosal and the postorbital is much reduced 
over the condition in captorhinomorphs. The 
posterior part of the jugal is modified from a 
plate. like sheet to two relatively narrow bands 
that extend dorsally and posteriorly. The 
large suture between the jugal and squamosal 
of captorhinomorphs is replaced in Petrolaco­
saurllS by the lower temporal openi ng. 

9.-Presence of (J well developed suborbi­
tal fenestra. Elongate, well developed sub­
orbital fenestrae arc seen in Petrolacosaurus, 
YOllngina and all other diapsids. No suborbi­
tal fenestrae are present in PaleoOlyris, capto­
rhi nomorphs or pelycosaurs. 

10.-Themaxilla, palatine, ectopterygoid 
and iugal bones and their interrelationships 
are modified as a result of the fJrcsence of the 
suborbital fenestra. As in Youngina, Heleo­
sallrllS and other diapsids the suture between 
the cheek ( maxilla ) and the palate (palatine 
and ectopterygoid) in Petrolacosallrlls is in­
terrupted by the suborbi tal fenestra. The 
suture between the palatine and maxilla is 
reduced in length and part of the alveolar 
shelf of the maxilla is smooth. The ectoptery­
goid in Petrolacosaurus is smaller than in 
Paleothyris and other protorothyridids (Car­
roll and Baird, 1972 ) and has a robust lateral 
pl'Ojectioll. The contact between the ecto-

pterygoid and the cheek is greatly reduced, 
as the jugal develops a small oval medial 
process for attachment to the lateral process 
of the ectopterygoid. There is no contact 
between the ectopterygoid and the maxilla. 
The same arrangement is found in Youngina, 
Heleosaurus, E(1)arkeria and even Kuhneo­
saUnis. Tn Paleothyris and other protorothy­
rid ids the palato-maxillary suture extends to 
the posterior end of the palatine. In addition, 
it is probable that the ectopterygoid also 
attached suturally to the maxilla, since in 
these forms the cctopterygoid was a posterior 
e:dcnsion of the plate-like palatine (Carroll, 
1969). In captorhinids the ectopterygoid is 
lost, and the maxillary contact with the ccto­
pterygoid is replaced by a strong contact 
between the jugal and the pterygoid ( Heaton, 
1979). In advanced pelycosaurs such as Di­
metrodon, the jugal also comes to brace the 
pterygoid, while the ectopterygoid-maxilla 
suture is reduced. 

ll .-A pair of well developed post-teln-
1>oral fenestrae are bounded in Petrolaeo­
saUni S, by a narrow occipital flange of the 
sq ualilosal, the small taiJular, the supraoccipi­
tal and the well developed parOCCipital proc­
ess of the opist1lOtic. Tn Youngina these fenes­
trae are somewhat larger than in Petrolaco­
sau rus, but are of fundamentally similar COIl­

figuration. In Paleolhyris and primitive cap­
torhinomorphs the occiput is poorly known, 
but the post-temporal fenestra appears to be 
mueh smaller than in Petrolacosaurus (Car­
roll, 1969 ). In pelycosaurs the post-temporal 
fenestra is greatly reduced as a result of the 
p late-like configuration of the tabular and of 
the supraoccipital-opisthotic complex ( Romer 
and Price, 1940, Fig. 8). 

12.-The relative size of the skull, as indi­
cated iJy the ratio l)etween the length of tile 
skull and trunk, is considerably sm(J/le r in 
Petrolacosau rus tli(J.Il in Paleotllyris and cap­
torhinomorphs, and i$ similar to OlOt in 
Youngirw and Heleosaurlls. The postorbital 
region of the skull is much reduced in Petro­
laCOSllurus and Youngirlll . The orbits in 
Petrolacosaurus, Youngina and other early 
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diapsirls are, on the other hand, relatively 
larger than in captorh inomorphs. 

13.-The limbs are IOllg. The humeru s 
and femur in Pe t rolaCOSUUftl8 are equal in 
length to about seven mid-dorsal vertebrae. 
In Youngino and Kenyosaufus the femora re­
tai n the same relative length, but the humeri 
nre relatively shorter, eq ua l in length to about 
fl vc trunk vertebrae. In Paleot/l yris and most 
primitive captorhinomorphs the femora and 
humeri are equal in length to from 4.5 to 5 
dorsal vertebrae. In "eosuchians" the radius 
and ulna, tibia and fibu la arc nearly equal to 
( Youngina CalespJu;rus, Kcnyasaurus) or 
even longer than the humerus and femur re­
spectively ( Profacerta ). The distal end of 
the t ibia of the above genera is rdatively 
much larger than that of the captorhinomOTph 
Paleoth yris, suggesting a fi nner jOint with the 
astragalus. 

14.-Locked tibio-astragalar ioint . The 
pes of Petrolacosaurus is generally similar to 
that of Caiesphljrus, Prolacerta, Kenyasaurtls, 
and Tangasau rus ( the pes of Youngino is 
poorly known ) except fo r the relatively large 
size of the proximal clemen ts (Carroil, 1977). 
The tibial facet of articulation on the astra· 
galus of Petrolacosallrlls, fo rmed by two Jon· 
gitudinal ridges separated by a deep trough 
fits snugly onto the distal articular surface of 
the tibia to fonn a firm, locked joint. This 
configuration can be detected only if the 
tarsus is exposed in ventral or med ial views. 
Thus, only Petrolacostl urtlS and Kellljasaurus 
are now known to have this character, but it 
is probable that other "cosllchians" have the 
sa me pattern. No pelycosaur, millerosaur or 
captorhinomorph has this advanced condition . 

Petrolacosaurus C O lo. IPARED WITH 

Araeoscelis 

The reptile Araeoscelis from the Lower 
Permian of Texas has been often allied by 
Homer (1956, 1966) and Will iston (1925) 
with a group of poorly known late Permian 
and early Triassic genera, referred to as pro­
torosaurs. Both Vaughn ( 1955) and Carroll 

( 1969) felt, however, that Araeoscelis and a 
closely related form, Kac/afiosallrtls from the 
Lower Permian of Europe, should be placed 
within the captorhinomorphs on the basis of 
their similarit ies to the primitive captorhino­
morphs. 

Vaughn ( 1955 ) has also recognized the 
possibility that Araeoscelis and Petrolaeo­
saufl/S are closely related and suggested that 
they may belong within the same family. In 
fact, these genera resemble each other so 
closely that there is no doubt about their 
close relationship in spite of some apparently 
signiflcant differences in their skulls. These 
two reptiles differ only in a few osteological 
fea tures. 

The dentition in Aracoscelis is robust and 
shows same cusp development in contrast to 
the delicate, piercing type of dentition seen 
in Petrofacosaurus. In association with this 
adaptation to a different type of d iet, the 
massive prefrontal extends down to the max­
illa and excludes the thin lacrimal from the 
orbit. The postorbi tal has n long posterior 
projection that reaches the supratemporal. A 
recen tly uncovo;! red specimen of Araeoseelis 
confirms Vaughn's interpretation of only up­
per temporal fenestrae in the postorbital por­
tion of the skull roof. The postorbital region 
of the skull is very deep with the articulation 
between the jaws far below the level of the 
max illa. The occipital plate as restored by 
Vaughn ( 1955), is somewhat morc extensive 
than in PetrolaeosllIlfIls and the post-temporal 
fenestra arc therefore small . This interpreta­
tion is based on a single, poorly preserved 
occiput in an immature specimen. The lower 
jaw is also relatively massive. All these djf­
ferenccs in cranial morphology may be adap­
tations of Araeoseelis to a different diet from 
the insectivorous Petrolacosaurus. 

The atlantal centrum in Araeoscelis is in­
d istinguishably fused to the axial intercen­
trum, a condition which is somewhat ad­
vanced over that in Pet rolaeosGuf!ls. There 
are ni ne elongate cervical vertebrae in Araeo­
seelis, accordi ng to Vaughn's reconstruction 
lJersus six in Pet rolocosourliS. The neural 
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arches of the two genera differ in that those 
of Araeoscelis have lower neural spines and 
the diapophyses and parapophyses are widely 
separated in the dorsal region of the column, 
with no bony web to connect them. The 
girdles are very similar; the only distinguish­
ing features are the wider scapular blade in 
the pectoral girdle and the ischiad ic notch of 
the pelvis in PetrolaCOSllufllS. The limbs in 
AraeosceJis are slightly morc specialized than 
in Petrolacosaurus in the presence of a fully 
enclosed cctcpicondylar foramen on the hu­
merus versus a supinator process, in having 
a more slender femur, a cnemial process on 
the tibia and in occasional fusion of the fourth 
and fifth tarsals. These few osteological dif­
fe rences in the postcranial skelcton can be 
readily accounted for by the fact that Petro­
wcosaurns is the larger ( therefore requires 
relatively more bony support ) and geologi­
cally older animal (therefore more primitive 
in structure). 

Clearly Petrolacosaurus and Araeoscelis 
are closely related, with the younger gcnus 
specialized to a diet that necessitates :1 

stronger, more massive skull. There are three 

possible ways of interpreting the morphologi­
cal characteristics of these two genera: (1) 
they evolved separately from an unfenestratcd 
ancestor which already ach ieved some of the 
postcaptorhinomorph skeletal features shared 
by both genera; ( 2) they evolved from a rep­
tile with an upper temporal fenestra, by 
strcngthening the skull in the line leading to 
Araeoscelis, and by lightening the skull and 
also developi ng a lower temporal fenestra in 
the line leading to Petrolacosourlls; (3) Arae­
oscelis evolved from a diapsid condition like 
that of PetroiacoSliurus by closure of the lower 
tcm poral fenestra during adaptation to a dif­
fe ren t diet. 

Similarities in the configuration of the 
upper temporal fenestra and of the suborbital 
fenestra suggests that one of the latter two 
possibilities may be valid. A more precise 
interpretation of the taxonomic position of 
Araeoscelis and the evolutionary relations of 
the two genera must await the results of a 
study (now in progress ) of hvo recently dis­
covered and well preserved skeletons of 
Araeoscelis. 
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HEARING IN PETROLACOSAURUS AND 
OTHER EARLY REPTILES 

Advanced cranial osteological features of 
late Pennian and ea rly Triassic "eosuchians" 
include modifications of the posterior margin 
of the cheek, the stapes and the posterior end 
of the mandible. The posterior border of the 
squamosal in YOtlngino does not completely 
cover the dorsal process of the quadrate, so 
that this bone is visible in lateral view. The 
posterior border is slightly concave. The 
shaft of the stapes is slimmer than in capto­
rhinomorphs and Petroiacosatlrus. This ar­
rangement of a light stapes and a slightly con­
cave quadrate is somewhat similar to that 
seen in modern laccrtilians, where the strong­
ly notched q uadrate supports a tympanic 
membrane. 1 t has therefore been assruned 
that Young ina had a tympanum. The condi­
t ion in Euporkcrio and Prolaccrta is even 
closer to that seen in living lizards. The COIl­

cavity of the posterior edge of the q uadrate 
is much stronger than in Youngina. there is 
a well developed rctroarticular process and 
the stapes is reduced to a slender rod. 

In Petrolacosaurus. on the other hand, the 
squamosal fonns the slightly convex posterior 
border of the skull and the dorsal process of 
the q uadrate is completely covered . The stapes 
is massivc ( Figs. 5 and 13). 

Consideration of the functional implica­
tions of stmctures observed in early reptiles 
is impossible without comparisons with living 
forms. Although gcneralizat ions about the 
middle cars in li ving rcptiles are tenuous 
because of the morphological differences seen, 
even within families, certain overall charac­
teristics can be noted in forms which are 
sensitive to airborne sound. Reptiles sensitive 
to airborne sound have a well-developed tym­
panum held taut by cxtcnsive bony support. 
The areal ratio between the tympanum and 
stapedial footplate is large (at least 30 to 1) 
and the mass of the stapes is low. The stapes 
is typically a slender osseous rod with a 
slightly expanded foo tpiatc that is suspcnded 

within the oval window ( \Verner and Wever, 
1972). 

In lizards the quadrate, freed from its 
squamosal cover, forms the strongly notched 
posterior border of the check. In addition, 
the lower jaw extends backward, beyond the 
articu lation between the quadrate and articu­
lar. In most extant lizards the strongly 
notched quadratc and the rctroarticular proc­
ess of the lower jaw support a large tympanic 
membrane. The posterior border of the tym­
panum is in part supported by the M. de­
pressor mandibuluris which originates from 
the top of the OCCipital plate of the skull and 
inserts on the posterior end of thc retroarticu­
lar process. Because similar osteological fea­
tures are seen in such Tri assic diapsids as 
Prolacerta, Elllw rkeria, Ku/meosuums, Paleo­
gama and Pafiguana, it is possible that in 
these forms the quadrate and the retroarticu­
lar process supported a relatively large tym­
panum. lone of these structural features are, 
however, seen in Petrolacosoums. captorhino­
morphs or even pelycosaurs. There is neither 
a notch at the posterior edge of the cheek, 
nor a posteriorly directed retroarticular proc­
ess. Under these conditions, the 1 ... 1. depressor 
mand ibu laris had to hug the posterior border 
of the skull as it extended down to the lower 
jaw. There was therefore, no place for the 
tympanum. There is no evidence for any 
bony support for a tympilntlm. This support 
would be necdcd to maintain high membrane 
elasticity in the hydraulic and curved-mem­
brane level action of the middle enr mechan­
ism (Wever and Werner, 1970; Manley, 
1972). 

Ali thcse featu res indicate that there could 
be no tympanum in Pctrolocosourus. capto­
rhinomorphs or pelycosaurs. Vaughn ( 1955), 
Hatton (1959) and Parrington (1955) have 
suggested that the tympanum in primitive 
reptiles were located more mediaJJy and were 
connected to the outside by an external audi-
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tory meatus. These reconstructions did not 
take into account that the tympanum had to 
be located at the distal end of the stapes 
and that the suggest(.>ci locations of the tym­
panum were occupied by extensive cranial 
and neck musculature. 

In captorhinomorphs, pelycosaurs and 
PetrolaCOSllUrU$ the stapes is vcry massive and 
is firmly attached both to the quadrate and 
the braincase. Its higher inertia makes initia­
tion of movement much morc difficult than 
in modern fo rms. The footplate of the stapes 
is also very large. T his makes high areal ra­
tios between a tympa nic membrane and 
stapedial footplatc impossi ble. To achieve 
comparable areal ratios to those seen in mod­
ern reptiles, the tympanum would have to be 
too large to fit anywhere behind the skull. 
It is even more significant that the large 
foo tplate was fitted with in a bony socket of 
the braincase, the fenestra ovaHs externa 
( Heaton, 1979 ), and that the distal end of 
the stapes was probably continued in a short 
cartilaginous process that fitted in the stape­
dial recess of the quadrate. All of this indi­
cates that the stapes could not fonn an ef­
fcctivc link within a mechanical transducer 
system sensitive to airborne sounds. Although 
Hotton attempted 10 show that the massive 
stapes of Dimetrodon can be activated by a 
relatively small membrane, his poorly cali­
bratcd experiments (1959, Fig. IB ) provide 
no useful evidence ill this regard. No attempt 
\\'as made during the experiments to establish 
the intensity of airborne sound. In addition, 
the model was not intended to approach the 
structural pattern of the middle ear of any 
reptile. 

The middle ear in captorhinomorphs, pely­
cosaurs and Pelrolacosall fll s could not hmc­
tion as in most modern repti les. In modern 
reptiles a highly effective mechanical trans­
ducer amplifies small sound pressures im­
pinging upon a large tympanic membrane 
into strong pressures exerted at the fenestra 
o\·alis. Without an effeeti\'e transducer mech­
anism the great difference in impedances of 
ai r and inner car could not be compensated, 

and most of the aerial sound impinging upon 
the inner car through various pathways would 
not be transmitted, but absorbed and re­
flected (Wever and Lawrence, 1954 ). We 
would, therefore, expect the car of these 
primitive reptiles to be insensitive to airborne 
sound. 

In spite of the supposed relative m­
.~ensitivity of the primi tive reptilian type of 
car to airborne sOllnd, there is li ttle doubt 
that with reduction of stapes mass and the 
dcvelopment of bony support for a tympa­
mun, the ability of the car to perceive low 
frequency airborne sounds would greatly in­
crease. The p resence in Euparkeria and Pro­
lacerta of a light stapes and a large area for 
a bone supported tympanum, suggests that 
these gcnera have already achieved higher 
sensitivity to airborne sounds than captorhino­
morphs, or Petrolacosallrus. 

It is relatively easy to derive the structural 
condition of the ear region of Proiaccrla and 
Euparkcria from that in eaptorhinomorphs or 
PelrollICOS(l llrllS. The lightening of the stapes, 
the loss of the squamosal cover of the pos­
terior end of the quadrate and the associated 
notching in the quadrate are related with 
the middle car's increasing efficiency as a 
mechanical transducer. The development of 
a retroarticular process may, however, have 
the d ual advantage of (a) increasing the 
mechanical advantage of the M . depressor 
mandibularis, and (b) incrcasing the efB­
cienc), of the middle ear by both increasi ng 
the available surface area between the quad­
rate and the M. depressor lllandibularis, and 
by providing better support for the ventral 
part of the tympan um. \\' hat conditions 
would lead to sel{:etiol1 of a middle ear sensi­
tive to airborne sound? Vocal communica­
tion has been cited as a possible factor ( Man­
ley, 1973). The rossi l evidence indicates that 
middle cars with efficient transducer mechan­
isms developed from the captorhillomorph 
condition at least three times (therapsids, 
"eosuchians" and chelonians). 

Studies now in progress ( Heaton, pers. 
comm.) indicate that the stapes in p rimitive 
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reptiles braced the braincase against the quad­
rate in a mctakinetic d:ull. In the lineage 
giving rise to lizards anterior rotation of the 
braincase relative to the skull roof (metakine­
sis ) was limited by the development of ac­
cessory structures on the supraoccipital and 
parietal and, to It lesser extent, by the full 
ossification of the paroccipital p rocess, there­
by freeing the stapes from its supportive 
function. Once freed, the stapes become a 
hearing ossicle. The condition seen in Petro­
lacosaurus may represent the first stage in the 
sequence, where the stapes is still massive, 
but in contrast to the condition seen in primi­
tive captorhinomorphs, the paroccipital proc­
ess is fully OSsified and extends far laterally. 
Youngina would represent an intermediate 
stage, where several modifications of the ear 

region are taking place. The type specimen 
of YOlmgina Cal)ensis shows that the squa­
mosal no longer covers the posterior margin 
of the quadrate, and the posterior margin of 
the quadrate is slightly concave, but not 
notched. The type of Youngopsis rubidgei 
has a stapes with a relatively slender shaft 
and the parOCCi pital process extends dorsa­
laterally to a notch between the squamosal 
and the quadrate. Both Youngina and lJeleo­
saurus have very short retroarticular proc­
esses. It is unlikely. however, that a tympa­
num was present in these "eosuchians." The 
condition seen in Prolacertli, Palaeagama and 
Euparkeria represent the final stages in this 
sequence, where the osteological modifica­
tions necessary for having a middle ear sensi­
tive to airborne sound have been completed. 

• 
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CONCLUSIONS 

The detailed study of the osteology of the 
Pen nsylvanian reptile PetrolacosaurIIs kan.­
sellsis adds to OUT understanding of the anat· 
omy of early reptiles. A good knowledge of 
the osteology of this form also permits de­
tailed comparisons with other Paleozoic rep­
t iles. 

Several authors have suggested that Petro­
lacosaurus should be allied with pelycosaurs. 
This association is invalid for the following 
rensons: As already indicated, the morpho­
logical features in which this reptile is de­
rived ( the synapomorphies of Hennig) over 
the captorhinomorph pattern arc not at all 
similar to the derived features seen in pely­
cosaurs. The similarities between Petrolaco­
sat/rus and early pelycosaurs arc mostly 
primiti\re characters, also shared with the 
captorhinomoq>hs. In addition it has been 
argued ( Reisz, 1972 ) that the lower temporal 
opcning seen in the pelycosaurs developed 
in response to selection for more effiCient use 
of the jaw musculature in forms of increasing 
body sizc. The skulls of the Middle and Up­
per Pennsylvanian pelycosaurs arc larger and 
considerably more massive than the skulls 
of either Pelroi(lcosaurus or early captorhino­
morphs. Early pelycosaurs were, therefore, 
able to include into thcir food supply animals 
of greater size, and were probably able to 
feed upon captorhinomorphs and other small 
contemporary tetrapods. In the posteranial 
skeleton, pelycosaurs show advances over the 
primitive captorhinomorph pattern that can 
be readily attributed to accommodation for 
the greater body size. Petrolacosatlrlls, on the 
other hand, evolved in a completely different 
direction. Its diapsid skull configuration prob­
ably dcveloped in response to the selective 
advantage of maintaining a relatively small, 
light-weight skull at the cnd of a long neck. 
The postcranial features indicate that Petro­
faCOS(l lirus was more agile than the eapto­
rhinomorphs or pelycosaurs. The combination 
of a relatively small, lightly-built skull and 

greater agility suggest that this reptile adapt­
ed to a somewhat different food supply than 
captorhinomorphs and pelycosaurs. It is dif­
ficult to specify what food was selected, but 
it is probable that Petroiacosaurtls fed mainly 
on terrestrial arthropod invertebrates. 

Close phylogenetic relationships of Petro­
lacosaurtls to early "eosuchians" are indicated 
by derived characters in common with 
l'oulIgill(l, Gafesphynls, I-leleosaurus, Kellya­
sauras, and Proillcerta. l\·lost derived petrola­
co.~aurid features, not seen in cither capto­
rhinomorphs or pelycosaurs, are found in 
YoungilUl . The similar pattern of fenestration 
in the skulls of Petroiacosaurus and Youngina 
is the most significant of these advanced fea­
tures. )'ormgino and other diapsids are more 
advanced than PetrofaCO$llUrtlS in some cra­
nial features, but the latter genus is geologi­
cally much older, and understandably more 
primitive. The most significant of these spe­
cialized features , not found in Petrolaco­
sat/rus, involve osteological modifications to­
wards developmcnt of a middle ear system 
sensitive to airborne sound. There is evidence 
to indicate that such modifications in the re­
gion of the car may have been initiated by 
the adaptations already seen in Petrolaco­
saurtls. Similarities in function, shape and 
orientation of the temporal openings and the 
interrelationship of the circumfenestral bones 
are strong indications that the upper and 
lower temporal fenestrae in Petrolacosaurus, 
Yotlllgilla and othcr diapsids are phylogeneti­
cally related. 

The erection of the family Petrolacosauri­
dae by Peabody (1952) is valid because there 
are several derived characters that can be 
used to define this taxon. These derived char­
acters are: an unusually slender, lightly built 
premaxilla, unusually thin walled marginal 
dentition, six clongate cervical vertebrae, 
mammillary processes on the neural arch of 
the first sacral vertebra, a well developed 
ischiadic notch and forelimbs equal in length 
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to hindl imbs. Placement of the family Petro­
lacosauridne at the base of the order "Eo­
suchia" ( Peabody, 1952; Reisz, 1977) is how­
ever inappropriate because the latter taxon 
is undefined. The inclusion of early d iapsid 
repti les into the order "Eosuchiu" solely on 
the basis of characters that are primitive for 
diapsids is invalid. Both the best t.-nown 
"eosuchian" family, the Younginidae and the 
order "Eosuchiu" therefore need to be re­
viewed and testable hypotheses of relation­
ships constructed before their phylogenies can 
be reevaluated. 

Acceptance of PetroiacosQu rLlS as the old­
est known diapsid reptile indicates a long 
hiatus in the fossil rccord of the diapsid 
radiation between its first evidence in the late 
Pennsylvanian and the subsequent differentia­
tion in the late Permian. The extent of the 
early Triassic diapsid radiation confirms that 
the origin of the group should be sought 
much earlier, probably well within the Paleo­
zoic, as Petrolacosaurus appears to substan­
tiate, but the intervening gap is puzzling. 

The conditions of preservation and the 

nature of the fossils at Carnett, Kansas sug­
gest that Pel rolacosourus and other terrestrial 
tetrapods, invertebrates and plants were 
washed into a quiet lagoon from dry ground 
( Peabody, 1952 ). The gap in the fossil rec­
ord may indicate that the early diapsids lived 
in environmental conditions which were not, 
under normal conditions, conductive to pres­
ervation- areas away from standing water, 
or that areas where they may have been 
buried have cither been eroded away or not 
exposed by erosion. 

Hccent studies of Upper Permian and 
Lower Triassic diapsid reptiles from South 
Africa (Carroll, 1975, 1976, 1977; Cow, 1975; 
Harris and Carroll , 1977) and a preliminary 
examination of Permo-Triassic diapsids from 
Madagascar and Tanzania, show that this 
stage of the diapsid evolution is far more 
complicated and extensive than fonnerly be­
Iicved. A more complete picture of the early 
diapsid adaptive radiation is required in order 
to understand fully how Petrolacosaurus re­
lates to later diapsids. 
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SUMMARY 

Fossil evidence indicates that Petrolaco­
sallrus kaMClIsis, a primitive diapsid reptile 
from the Upper Pennsylvanian of Carnett, 
Kansas presents a combination of morpho­
logical features that place it near the base 
of subsequent diapsid lineages, while also 
evidenci ng close relationships to capto­
rhinomorph reptiles. Shared derived char­
acters (synapomorphics) of diapsids and 
Petroiacosaurus include the presence of well 
developed superior and inferi or temporal, 
occipital and suborb ital fenestrae. Close 
phylogenetic relations between Petrolaco­
sal/rus and protorothyridid captorhinomorph 
reptiles is indicated by the fo llowing shared 
derived characters: the supratemporal is 
reduced to a small narrow sliver of bone 
that lies in a shallow groove formed by the 
parietal and squamosal, the postorbital does 
not reach the supratemporal, the tabular is 

small, and the limbs are lightly built. Com­
parison of this spccies with captorhinomorphs 
and other early reptiles indicates that the 
diapsid skull configuration may have devel­
oped in response to the selective advantage 
of maintaining a relatively small , light weight 
skull at the end of a long neck. The con­
figuration of the ear region in both primitive 
captorhinomorphs and Pelrolacosaurus indi­
cates that these ani mals were insensitive to 
airborne sounds. Thcre is, however, evidence 
to suggest that the selective forces for modi­
fications towards development of a middle 
car system sensit ive to airborne sounds may 
have been in itiated in PetrolacoSflurus. 

PetroillCOSflUfUS is the only described 
member of a distinct family of diapsid rep­
tiles whose c.'Cact pOSition is difficult to ascer­
tain until the younger diapsids, commonly 
called the "eosuchians," become better known. 
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