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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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FIG. l.-Pclrolacosoll rus kOMClIsis. Reconstruction of skeleton, X 0.75. Composi te. 




