
background continuum temperature 
of Mars. This value is expected to be 
200 + 20 K (8). Our absolute measure- 
ments of the Mars continuum temper- 
ature are not sufficiently accurate to im- 
prove upon this value. To first order, the 
CO absorption signal observed in the 
Mars spectrum is proportional to the dif- 
ference between the average atmospher- 
ic temperature in the region where the 
absorption originates and the back- 
ground continuum temperature. This dif- 
ference is of the order of -30 K. The 
uncertainty of - ? 20 K in the back- 
ground continuum temperature then 
corresponds to an uncertainty of 
-+70 percent in the Mars CO abun- 
dance. The martian atmospheric temper- 
ature profile might be expected to vary 
by approximately ? 10 K from the mod- 
el we used. This amount of variation in- 
troduces an additional uncertainty of 

?+30 percent in the CO abundance in- 
ferred from our data. Therefore, with the 
information we have available on the 
background emission and atmospheric 
temperature of Mars, the uncertainty in 
our inferred CO abundance is approxi- 
mately a factor of 2. Since the martian 
atmosphere is expected to be well mixed 
(9), we have performed calculations us- 
ing a constant CO mixing ratio profile to 
determine which CO mixing ratio value 
gives the calculated spectral line that 
best fits our measurements as a function 
of background continuum temperature. 
The results are given in Table 1, and the 
calculation for a continuum temperature 
of 200 K is shown in Fig. 1. There is a 
suggestion that the measurement gives 
slightly less absorption at line center 
than that calculated from a constant CO 
mixing ratio profile. If this is the case, 
then the measurement implies a CO mix- 
ing ratio profile that decreases slightly at 
altitudes above - 40 km. More precise 
microwave measurements of the Mars 
spectrum and continuum emission at 115 
Ghz will resolve these uncertainties. 

Note added in proof: We have con- 
firmed, by observations in February and 
April 1977, the variation of the CO sig- 
nal from Venus with its phase mentioned 
here. These data indicate more high-alti- 
tude CO during nighttime. A similar 
diurnal variation was also measured for 
the CO line in the terrestrial mesosphere. 
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and most primitive representative of the 
reptiles, collectively called diapsids. 

The first fossil remains of one of the 
oldest reptiles, Petrolacosaurus kan- 
sensis, were found 45 years ago by a field 
party from the University of Kansas 
Natural History Museum. This small 
reptile from the Upper Pennsylvanian 
deposits of Garnett, Kansas, has since 
attracted a great deal of attention. Be- 
cause of the incompleteness of the speci- 
mens and the combination of unusual os- 
teological characters and great age, the 
taxonomic position and phylogenetic sig- 
nificance of Petrolacosaurus have been 
subjects of considerable dispute (1). 

The study of recently uncovered spec- 
imens, reported here, indicates that Pet- 
rolacosaurus is the oldest known diapsid 
reptile. Furthermore, it reveals that this 
reptile possesses an almost ideal com- 
bination of primitive and advanced fea- 
tures to bridge the considerable morpho- 
logical and evolutionary gap between the 
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largest assemblage of fossil and living 

stem reptiles and the diapsids (2). Petro- 
lacosaurus thus appears to be at the base 
of the largest reptilian radiation, which 
not only includes three of the four orders 
of modern reptiles and such extinct 
groups as eosuchians, thecodonts, rhyn- 
chosaurs, pterosaurs, and dinosaurs but 
also eventually gave rise to birds (Fig. 1). 
Although diapsids have a long evolution- 
ary history extending into the Late Per- 
mian, the early history of this assem- 
blage is not well documented in the fossil 
record. Consequently, the origins and 
phyletic relationships of the member 
groups have been open to question (3). 

Among stem reptiles the family Ro- 
meriidae occupies a central position. Of 
all the known Paleozoic reptiles, only ro- 
meriids are sufficiently generalized to be 
the ultimate ancestors of any of the sub- 
sequent lineages (4). The retention in 
Petrolacosaurus of a large number of ro- 
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Fig. 1. Phylogeny of diapsid reptiles. The romeriid captorhinomorphs are included at the base of 
the phylogeny to show the ancestry of Petrolacosaurus. 
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Abstract. Petrolacosaurus, an Upper Pennsylvanian reptile, presents a com- 
bination of features that place it within a distinct family of the Eosuchia while also 
evidencing strong relationships to the ancestral reptiles. It is therefore the earliest 
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meriid characteristics supports the con- 
tention that this reptile is derived from 
the early romeriid captorhinomorphs. 
Evolutionary tendencies within the ro- 
meriid radiation indicate that the lineage 
leading to Petrolacosaurus separated 
from the main line of romeriid evolution 
by the lower part of the Middle Pennsyl- 
vanian. Middle Pennsylvanian romeriids 
such as Cephalerpeton and Paleothyris 
are already too specialized in the struc- 

ture of their atlas-axis complex to have 
given rise to Petrolacosaurus. On the 
other hand, no known feature of the old- 
est romeriid, Hylonomus, would pre- 
clude its being ancestral to Petrolaco- 
saurus (5). 

There are a number of particularly im- 
portant features that differentiate Petro- 
lacosaurus from all members of the fam- 
ily Romeriidae. The most significant de- 
partures from the romeriid pattern 
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Fig. 2. Petrolacosaurus kansensis. Recon- 
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involve the development of fenestrae, or 
openings in the skull roof, palate, and oc- 
ciput (Fig. 2). The upper and lower tem- 
poral fenestrae, typical of diapsids, have 
the same position and orientation in Pet- 
rolacosaurus as in the earliest diapsids, 
members of the order Eosuchia. The 
shape and interrelationship of the cir- 
cumfenestral bones are modified as a re- 
sult of diapsidy. In the Upper Permian 
eosuchian Youngina (3) and even in the 
Triassic diapsids Prolacerta (6), Kuh- 
neosaurus (7), and Euparkeria (8), where 
the skulls are known in great detail, very 
specific relationships of the postorbital 
with the surrounding bones are the same 
as in Petrolacosaurus. The lateral por- 
tion of each parietal is also modified as a 
result of fenestration. In romeriids the 
contact between the parietal and the 
postorbital and squamosal is extensive. 
In Petrolacosaurus, as in all diapsids, 
these contacts are greatly reduced and 
the lateral margin of the parietal is deep- 
ly emarginated to form much of the edge 
of the upper temporal opening. In addi- 
tion, the parietal in Petrolacosaurus has 
a narrow lateral process in front of this 
opening, as seen in the above diapsids. 
The squamosal is modified in Petrolaco- 
saurus to form the margins of the upper 
and lower temporal openings and the in- 
tertemporal bar. As in all other diapsids, 
the contact between the squamosal and 
postorbital is much reduced compared to 
that in romeriids. The posterior part of 
the jugal is modified from a platelike 
sheet to two relatively narrow bands that 
extend dorsally and posteriorly. The 
large suture between the jugal and squa- 
mosal of romeriids is replaced in Petro- 
lacosaurus by the lower temporal open- 
ing. 

Suborbital fenestrae, not observed in 
any romeriid or pelycosaur, are typically 
found in diapsids. The presence of a pair 
of suborbital openings on the palate of 
Petrolacosaurus can be associated with 
certain structural features of the maxil- 
lary, palatine, ectopterygoid, and jugal. 
Similar structural features are found in 
the diapsids mentioned above. A pair of 
well-developed posttemporal fenestrae 
are bounded in Petrolacosaurus by the 
squamosal, the small tabular, the sup- 
praoccipital, and the well-developed par- 
occipital process of the opisthotic. In the 
eosuchian Youngina these fenestrae are 
somewhat smaller, but of fundamentally 
similar configuration. 

The relative size of the skull, as in- 
dicated by the ratio between the skull 
and the trunk, is considerably smaller in 
Petrolacosaurus and eosuchians than in 
romeriids. In addition, the postorbital re- 
gion of the skull is much reduced in Pet- 
rolacosaurus and eosuchians. The orbits 
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are, on the other hand, larger than in ro- 
meriids. 

In addition to these modifications of 
the skull, Petrolacosaurus is advanced 
over the romeriid stage in a series of 
postcranial features. Many of these ad- 
vanced features are seen in the Late Per- 
mian eosuchians Youngina, Heleosaurus 
(9), Galesphyrus, and Kenyasaurus (10) 
and even in Triassic thecodonts and 
squamates. Seven elongated vertebrae 
form a long neck; these vertebrae have 
anteriorly inclined centrosphenes and 
prominent median ventral keels. Posteri- 
or cervical and anterior dorsal vertebrae 
have well-developed mammilary proc- 
esses on the sides of the neural spines. 
The vertebrae from the midcaudal region 
are also elongate. Some cervical ribs 
have anterodorsally directed processes 
near the tubercula. The scapulacoracoid 
is lightly built. The pelvic girdle, on the 
other hand, is very massive. The humer- 
us is long and slender, in contrast to the 
robust femur. Distal limb elements are 
elongate, slender, and equal in length to 
the proximal limb elements. The carpus 
has elongate proximal elements, and the 
tarsus has an incipient mesotarsal joint, a 
locked tibioastragalar joint, a single cen- 
trale, and a widely divergent fifth meta- 
tarsal. The ribs, long bones, and metapo- 
dials are hollow. 

The large number of highly significant 
similarities through the skeletons of Pet- 
rolacosaurus and various eosuchians 
justify inclusion of this genus within the 
order Eosuchia. These similarities are 
not restricted to the advanced features 
discussed above. Primitive morphologi- 
cal characters seen in the diapsids named 
above are clearly inherited from a com- 
mon ancestor, the romeriids. These 
primitive features, although of little val- 
ue in establishing phylogenetic relation- 
ships, indicate that Petrolacosaurus is 
primitive enough to have given rise to 
later eosuchians. Certain advanced fea- 
tures of eosuchians, such as cranial mod- 
ifications toward development of a 
middle ear system sensitive to airborne 
sound (11), are lacking in Petrolaco- 
saurus, necessitating placement of this 
genus within a separate family, Petrola- 
cosauridae, at the base of the Eosuchia. 

Acceptance of Petrolacosaurus as an 
ancestral eosuchian indicates a long 
hiatus in the fossil record of the eosu- 
chian radiation between the first evi- 
dence in the Upper Pennsylvanian and 
the subsequent differentiation in the Late 
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dence in the Upper Pennsylvanian and 
the subsequent differentiation in the Late 
Permian. The extent of the Early Tri- 
assic diapsid radiation confirms that the 
origin of the eosuchians should be sought 
much earlier, probably well within the 
Paleozoic close to the origin of all rep- 
tiles, as Petrolacosaurus appears to sub- 
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stantiate, but the intervening gap is puz- 
zling. The conditions of preservation and 
the nature of the fossils at Garnett sug- 
gest that Petrolacosaurus and other ter- 
restrial tetrapods, invertebrates, and 
plants were washed into a quiet lagoon 
from dry ground. The gap in the fossil 
record can, therefore, be partially ex- 
plained by the assumption that the early 
diapsids lived in environmental condi- 
tions which were not under normal cir- 
cumstances conducive to preservation- 
areas away from standing water. 

Recent studies of all the known diap- 
sid species from the Upper Permian and 
Lower Triassic of south and central Af- 
rica (12) show that this stage of the diap- 
sid evolution is far more complicated and 
extensive than was formerly believed. A 
more complete picture of the early diap- 
sid adaptive radiation is required in order 
to understand fully how Petrolacosaurus 
is related to later diapsids. It can, how- 
ever, be stated that the general anatomy 
of Petrolacosaurus and other early eosu- 
chians indicates that they are certainly 
much closer to the more advanced diap- 
sids and provide a better link with the an- 
cestral romeriids than any other group of 
Palcozoic reptiles. 

ROBERT R. REISZ 

Department of Biology, Erindale 
College, University of Toronto, 
Mississauga, Ontario, Canada 
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Intermetallic Compounds of the Type MNi5 
as Methanation Catalysts 

Abstract. Catalytic reactions of carbon monoxide with hydrogen have been studied 
in which intermetallic compounds of the formula MNi5(where M is thorium, uranium, 
or zirconium) have been used as the catalysts. The materials perform effectively as 
methanation catalysts; ThNi5 has a specific activity exceeding that of a typical com- 
mercial oxide-supported methanation catalyst by a factor of about 5. This material 
also shows superior resistance to hydrogen sulfide poisoning. Nickel, formed as a 
decomposition product of the MNi5 intermetallic compound, is probably the active 
species, but its properties are influenced by the nature of M in the precursor MNi5 
system. 
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