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ABSTRACT—Restudy of Acleistorhinus pteroticus indicates that this Early Permian amniote from North America is
the oldest known member of Parareptilia. Despite its stratigraphic position, Acleistorhinus is not a basal parareptile,
and a phylogenetic analysis of parareptile interrelationships demonstrates that Acleistorhinus is a sister taxon to the
Russian clade Lanthanosuchidae. This hypothesis of relationships is supported by eleven synapomorphies. The presence
of an Early Permian parareptile in North American sediments provides strong support for the recent hypotheses of
amniote phylogeny that propose an extensive evolutionary radiation for this group of reptiles.

INTRODUCTION

For more than a century (Cope, 1881, 1896), many of the
taxa now referred to Parareptilia were considered to be “‘stem”
reptiles (Cotylosauria) from which all other amniotes evolved.
Case (1911) tried to resolve some of the outstanding issues
surrounding the systematic position of many of these problem-
atic taxa, but his systematic overview suffered from the pre-
cladistic era’s indiscriminate mixing of plesiomorphic and apo-
morphic features for diagnosing taxa and determining relation-
ships. Case’s Cotylosauria included a plethora of taxa including
pareiasaurs and procolophonids, presently assigned to Pararep-
tilia (Laurin and Reisz, 1995), along with numerous other taxa
including Captorhinus, Bolosaurus, and the currently recog-
nized anamniotes Diadectes, Seymouria, and Pantylus, to name
a few.

Later, in perhaps the most thorough attempt at understanding
the phylogenetic position of many of these ‘‘stem” reptiles,
Olson (1947) implied that reptiles had a diphyletic origin, and
erected a new group, Parareptilia, within which he included
seymouriamorphs, diadectomorphs, procolophonids, pareia-
saurs, and chelonians. This diphyletic proposal did not meet
with much support and was later overwhelmed by Romer’s
(1956) classification. Romer’s taxonomy placed most of Olson’s
Parareptilia back into that enigmatic basal group collectively
referred to as “‘stem” reptiles or Cotylosauria. Heaton (1980),
after reviewing much of the earlier literature on Cotylosauria,
concluded that all amniotes (his Reptilia) should be excluded
from that group. He did, however, include the Russian nycter-
oleterids within his Seymouriamorpha, and hence within Co-
tylosauria and not Reptilia. Perhaps as a result of Romer’s in-
terpretation, or because of the formerly politically isolated lo-
cations (Russia, South Africa) where many of the key members
of this assemblage are reposited, many of the parareptiles were
ignored by North American paleontologists for much of the last
four decades.

In a cladistic analysis of amniote interrelationships, Gauthier
et al. (1988) identified parareptiles as a monophyletic group.
More recently, Reisz and Laurin (1991) proposed that procol-
ophonids were a sister-taxon to Testudines. Spurred on by these
hypotheses, others have taken up the task of evaluating inter-
relationships among parareptiles, and their relationship to turtles
(Lee, 1993). As a precursor to the present study, Laurin and
Reisz (1995), re-examined the interrelationships of basal am-
niotes. Significantly, their analysis focused on evaluating par-
areptiles, a group which Gauthier et al. (1988) had found trou-
bling, and concluded that parareptiles formed a monophyletic

group. Contra Lee (1993), Laurin and Reisz have also restated
the hypothesis of a sister-group relationship between procolo-
phonids and turtles. However, Laurin and Reisz did not attempt
to evaluate the phylogenetic position of many problematic taxa
that have been frequently allied to Parareptilia (Ivakhnenko,
1987) because detailed anatomical data were not available.

One of these problematic taxa is Acleistorhinus pteroticus,
from the Lower Permian Hennesey Formation of southwestern
Oklahoma (Daly, 1969). Daly (1969) assigned her new taxon
to Procolophonoidea (sensu Romer, 1956). This assignment was
based on the overall shape of the skull and the orientation of
the paroccipital processes, which according to Daly (1969) rose
up to contact the enlarged supratemporals from below. Despite
its obvious significance as the oldest known ‘‘procolophonoid”
Acleistorhinus has been ignored since Daly’s original descrip-
tion. Carroll (1988) appears to have doubted Daly’s (1969) as-
signment of Acleistorhinus, and placed this taxon into the Cap-
torhinomorpha incertae sedis. Additional preparation and res-
tudy of the holotype and only known specimen of this enig-
matic fossil has yielded a great deal of new information on its
anatomy and phylogenetic relationships. Our work indicates not
only that Acleistorhinus is the earliest known member of the
Parareptilia, but also that it is the sister-taxon to the enigmatic
Russian amniotes, the lanthanosuchids.

SYSTEMATIC PALEONTOLOGY
PARAREPTILIA Olson, 1947

Definition—The most recent common ancestor of mil-
lerettids, Acleistorhinus, lanthanosuchids, Macroleter, Pro-
colophonia, and all its descendants.

Emended Diagnosis—A reptilian clade diagnosed by the
following autapomorphies: anterolateral maxillary foramen
present and significantly larger than all other foramina in
maxilla; foramen orbitonasale entirely surrounded by bone;
temporal emargination formed by quadratojugal and squamosal;
ectopterygoid teeth absent; paroccipital process-supratemporal
contact present; sacral ribs only slightly in contact with one
another or not at all; and iliac blade dorsally expanded into fan-
like structure.

ANKYRAMORPHA, new taxon

Etymology—Ankyras, from the Greek for anchor, in refer-
ence to the anchor-shaped interclavicle.
Definition—The most recent common ancestor of Procolo-
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phonia, Macroleter, Lanthanosuchidae, Acleistorhinus, and all
its descendants.

Diagnosis—Members of Parareptilia exhibiting the following
autapomorphies: dorsal process of premaxilla narrow; antero-
dorsal process of maxilla high and extending to the dorsal limit
of the external naris; posterior process of postorbital nearly as
wide as long; jaw articulation anterior to occiput; dermal sculp-
turing on skull in the form of large tuberosities and pits; base
of quadrate ramus of pterygoid deeply excavated posteriorly;
ectopterygoid, if present, contributing to outer-most border of
transverse flange; cultriform shorter than the body of the para-
sphenoid; paroccipital process antero-posteriorly expanded;
quadrate condyle short and nearly flat antero-posteriorly; sur-
angular short and not extending anteriorly beyond the coronoid
eminence; prearticular short, terminating before coronoid emi-
nence; trunk neural arches swollen but with narrow, high zyg-
apophyseal buttresses; interclavicle with distinctive anchor
shape (T-shaped); and anterior edge of transverse bar of inter-
clavicle with deep groove for attachment of clavicles.

LANTHANOSUCHOIDEA Efremov, 1946

Definition—The most recent common ancestor of Lanthan-
osuchidae and Acleistorhinus.

Diagnosis—Ankyramorph reptiles diagnosed by the follow-
ing autapomorphies: anterior margin of frontal sloping medially
at an angle of no more than 70° frontal with lateral lappets
which separate prefrontal and postfrontal and occupy at least
one-third of dorsal orbital margin; postparietal present but re-
duced to small occipital element; quadratojugal contributes to
posterior margin of lateral temporal fenestra; lower temporal
fenestra present; ectopterygoid large, at least one-half as wide
as pterygoid; basicranial articulation long, extending along en-
tire lateral margin of parasphenoid that is in contact with pter-
ygoid; ventral exposure of basioccipital restricted to the con-
dylar region; distinct basipterygoidal tubera absent; parasphe-
noid dentigerous; paroccipital process directed obliquely at 45°
from occiput toward dorsolateral margin of skull; posttemporal
fenestra small.

ACLEISTORHINUS Daly, 1969
ACLEISTORHINUS PTEROTICUS Daly, 1969

Holotype—Field Museum of Natural History, UR 1038.

Horizon and Locality—Lower Permian (Leonardian),
Hennessey Formation, South Grandfield, Tillman County,
Oklahoma.

Generic and Specific Diagnosis—Small lanthanosuchoid
possessing the following autapomorphies: pineal foramen close
to frontoparietal suture; lacrimal excluded from contact with
nasal; postfrontal and supratemporal in contact; postorbital
excluded from border of lateral temporal fenestra; dermal
ornamentation of skull composed of shallow, circular pits; and
cranio-quadrate space large.

GENERAL DESCRIPTION

The skull of Acleistorhinus pteroticus (Fig. 1) has a triangular
outline in dorsal view. The surface is generally smooth except
for small, shallow, circular pits. Anteriorly, the snout is gently
rounded. Along its anterolateral margins are paired, oval exter-
nal nares that have their long axes laying parallel to the long
axis of the skull. Posterior to the nares the snout margins di-
verge until just anterior to the antorbital region. Beyond this
point the skull is constricted then expands again as it proceeds
beyond the mid-point of the orbit. Posterior to the orbit the skull
margins run a parallel course until they form a tight 90° turn
medially and converge along the occipital surface. Behind the
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orbit, and restricted to the lower half of the temporal region,
the skull possesses a single lateral temporal fenestra bordered
by the jugal anteroventrally, the quadratojugal posteroventrally,
and the squamosal posterodorsally. The orbits are circular and
are equidistant from either end of the skull.

Although there are some important differences in the present
skull reconstruction when compared to Daly’s (1969) original
interpretation, much of the overall configuration of the skull
table has remained essentially unchanged. However, due to
more complete preparation, the interpretation of the occiput has
been significantly altered. The most notable difference is in the
composition of the quadrate which is here interpreted as a much
smaller element; and the quadrate flange of the pterygoid which
contributes an occipital flange to the region of the otic notch.
Furthermore, it has not been possible to corroborate the unusual
stapedial configuration presented by Daly (1969) and in the
absence of any additional evidence the stapes has been recon-
structed in a more conventional manner.

The jaws are in place and impossible to remove, but careful
preparation has exposed the internal nares on the right side. As
reconstructed, the lower jaws are not very different from the
reconstruction proposed by Daly except that a suture between
the angular and surangular is identified.

The sutural arrangement of the palatal elements was not well
established by Daly (1969), but additional preparation has al-
lowed most of the sutures to be identified. The palate possesses
multiple rows of teeth arranged in a radiating pattern from the
midline. An interpterygoid vacuity is present but is quite nar-
row. A short cultriform process extends into the vacuity. The
parasphenoid is broad and there are small denticles present on
the main body.

The marginal dentition is composed of conical teeth that are
only slightly recurved. No canine region is evident although the
second maxillary tooth is slightly larger than the rest. The tooth
bearing portion of the maxilla extends posterior to the orbital
margin.

DESCRIPTION
Skull

The elliptical external nares are each bordered by the maxilla
posteroventrally, the nasal dorsally, and the premaxilla anter-
oventrally (Fig. 2A, D). Except for the distal ends, the nasal
processes of the premaxilla are missing but, in contrast to Da-
ly’s interpretation, which concluded that they were never ossi-
fied, it is more likely that they were eroded away. The tooth-
bearing portion of the premaxilla appears to be directed some-
what downward at its tip but it is not hooked as in captorhinids.
Each premaxilla possesses spaces for four teeth. All the pre-
maxillary teeth appear to be approximately the same size, and
noticeably smaller than those on the maxilla.

The maxilla has a dorsal expansion immediately behind the
nares forming the entire posterior border of the opening (Fig.
2D). This configuration resembles the condition exhibited by
both procolophonids, turtles, and neodiapsids and results in the
exclusion of the lacrimal from the posterior border of the nares.
Immediately below the posteroventral narial margin, the maxilla
possesses a large foramen, similar to that in procolophonids,
pareiasaurs, nyctiphruretids, and millerettids. The maxillae has
11 and 13 teeth on the right and left sides respectively, but
there is room for at least 17 teeth in each element.

The nasal contacts the anterodorsal margin of the maxilla
and borders the nares dorsally (Fig. 2A). It has a rectangular
outline and is bordered posteriorly by the frontal and poster-
olaterally by the prefrontal. The nasal has numerous randomly
placed small pits on its surface as do all the dermal bones of
the skull.

Slightly more than one third of the total length of the skull



386

JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 16, NO. 3, 1996

FIGURE 1.

Skull reconstruction of Acleistorhinus pteroticus Daly. (A) dorsal view, (B) palatal view with left jaw omitted to show structures
not otherwise visible, (C) occipital view with jaws removed, and (D) lateral view. Scale equals 1 cm.

is contributed to by the frontal (Fig. 2A). It is constricted an-
teriorly by the prefrontals, but is expanded above the orbits
forming a lateral lappet that reaches the orbital margin. The
right frontal, in particular, has had much of its surface obliter-
ated, and a large, calcite-filled crack runs obliquely from the
midline out to its lateral margin and continues through the pre-
frontal to the orbital margin. The left frontal is in somewhat
better condition but it too has been subject to erosion posteri-
orly. The demarcation point from solid bone to eroded surface
was initially interpreted by Daly (1969) as the region of the
frontoparietal suture. That suture is now interpreted 3 mm fur-
ther posteriorly. This new position is based on the assertion that
a deep groove running horizontally across this region of the
skull is the true frontoparietal suture.

The prefrontal does not differ from Daly’s (1969) original
description in any significant feature (Fig. 2A, D). The down-

ward expansion of the prefrontal and subsequent contact with
the maxilla precludes contact between the nasal and lacrimal.

The lacrimal is triangular in lateral view (Fig. 2D). Further
preparation has shown that the bone is deep medially and forms
a tight suture with the prefrontal antorbitally. A small foramen,
possibly the lacrimal foramen, is present just medial to the an-
teroventral margin of the bone. A narrow splinter of the lacri-
mal overlies the maxilla posteriorly and forms an oblique suture
with the jugal at mid-orbital length.

The triradiate jugal possesses a pair of short anterior and
posterior processes, and a broad, tall dorsal process (Fig. 2D).
The anterior process of the jugal overlies the maxilla, excluding
it from the orbital margin, as in most tetrapods. The jugal tapers
to a narrow sliver of bone anteriorly, in contrast to the broad
process seen in procolophonoids.

Restricted to the posteroventral corner of the skull, the qua-
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