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ABSTRACT—The anatomy of individuals is described from a ‘pelycosaur’ aggregation preserving two age classes, from
the Middle Permian of the South African Karoo Basin, that have been referred to Heleosaurus scholtzi. These skeletons
allow the recognition of new features for H. scholtzi, including a strong anterior inclination of the occiput, exclusion of the
quadratojugal from the temporal fenestra, a maxilla-prefrontal contact, and a maxilla-quadratojugal contact. In addition
to some of these features, the absence of an anterodorsal contact between the squamosal and the jugal allows us to assign
H. scholtzi to the varanopid clade Mycterosaurinae. Phylogenetic analysis of Varanopidae using an augmented data
matrix from the literature positions Heleosaurus as the sister taxon of Elliotsmithia within the varanopid subfamily
Mycterosaurinae. Both this sister-group relationship and the monophyly of Mycterosaurinae are weak and collapse with
one extra step. Many of the clades discovered in the analysis exhibit the same support level, however, indicating that
further studies on varanopids are needed.

INTRODUCTION
The South African Karoo Basin is world-renowned for its rich
fossil record of stem synapsids (popularly referred to as ‘mammal-like reptiles’), a group that is particularly significant in the
study of mammalian evolution, because Synapsida includes
mammals as its extant subclade. The South African stem synapsid fossil record spans approximately 70 million years, from the
Middle Permian (260 million years ago, Ma) to the Early Jurassic (190 Ma). Virtually all of these stem synapsids consist of the
more derived therapsids, because the most basal synapsids, a
paraphyletic assemblage known as ‘pelycosaurs,’ are almost
completely unknown outside the Northern Hemisphere, apart
from four specimens assigned to the varanopid ‘pelycosaurs’
Elliotsmithia longiceps and Heleosaurus scholtzi (Broom, 1907,
1937; Dilkes and Reisz, 1996; Modesto et al., 2001; Reisz and
Modesto, 2007; Botha-Brink and Modesto, 2007).
Varanopids are carnivorous basal synapsids with a particularly
long stratigraphic range. The oldest known varanopid, Archaeovenator hamiltonensis, is known from the Upper Carboniferous
of North America (Reisz and Dilkes, 2003), whereas the youngest are Elliotsmithia longiceps and Heleosaurus scholtzi from
the Middle Permian of South Africa and Mesenosaurus romeri
from the Middle Permian of Russia. Piñeiro et al. (2003)
reported varanopid material from the Buena Vista Formation
of Uruguay, which prompted their Late Permian age assignment
for that formation. However, assignment of the specimens to
Varanopidae, and thus, the Late Permian age of the Buena Vista
Formation, was questioned by Lucas (2006) and Dias-da-Silva
et al. (2007). Accordingly, we regard the number of undoubted
varanopid specimens, and thus, the number of ‘pelycosaurian’

specimens, known from the Southern Hemisphere to be four
(including the specimen described in this paper).
We describe here five articulated varanopid individuals preserved in a small aggregation, from the Middle Permian of the
South African Karoo Basin, and assigned to Heleosaurus scholtzi
Broom, 1907. This specimen was described briefly by BothaBrink and Modesto (2007) in a paper that focused on the behavioral implications of the aggregation. The significance of this
specimen is twofold. The aggregation preserves previously unknown features of South African varanopids, enabling us to
provide important information on their general morphology.
Secondly, Reisz and Modesto (2007) alluded to mycterosaurine
affinities for H. scholtzi, and the new anatomical information
allows us to include H. scholtzi in a phylogenetic analysis of
Varanopidae, and thus to examine the hypothesis that this species is a mycterosaurine.
Institutional Abbreviations—BP, Bernard Price Institute for
Palaeontological Research, University of the Witwatersrand,
Johannesburg; SAM, Iziko South African Museum of Cape
Town, Cape Town; TM, Transvaal Museum, Pretoria.
Anatomical Abbreviations—a, angular; as, astragalus; c, cleithrum; ca, calcaneum; cl, clavicle; cv, caudal vertebra; d, dentary;
f, frontal; fe, femur; fi, fibula; h, humerus; i, intermedium; il, ilium;
j, jugal; lc, lateral centrale; m, maxilla; ma, manus; mc, medial
centrale; n, nasal; o, osteoderm; op, opisthotic; p, parietal; par,
paroccipital process, pf, postfrontal; pm, premaxilla; po, postorbital; pp, postparietal; prf, prefrontal; pu, pubis; qj, quadratojugal;
r, radius; rd, radiale; s, stapes; sa, surangular; scc, scapulocoracoid;
sco, scleral ossicles; so, supraoccipital; sq, squamosal; st, supratemporal; t, tabular; ti, tibia; u, ulna; ul, ulnare.
MATERIAL
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The specimen, SAM-PK-K8305, consists of five well-preserved, articulated individuals in varying degrees of complete389
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ness. For the sake of brevity, we have designated each individual
as ‘SAM 1,’ ‘SAM 2,’ etc., as seen in Figure 1 and refer to them
in the text using these designations. The individuals are preserved in a fine-grained, greenish-grey mudstone. The large individual, SAM 1, consists of the skull and articulated mandible
with the anterior portion of the snout missing, and articulated
postcranial skeleton including the forelimbs with most of the

digits, ribs, gastralia, and osteoderms. The pelvic girdle, hind
limbs, and (most of the) tail are missing from this individual.
Three smaller individuals (SAM 2, SAM 3, and SAM 4) consist
of complete skulls with mandibles in articulation, articulated
postcranial skeleton, including vertebrae, ribs, pectoral girdles,
forelimbs, pelvic girdles, and hind limbs to varying degrees of
preservation. The fifth individual (SAM 5) consists of an articu-

FIGURE 1. Heleosaurus scholtzi, SAM-PK-K8305, referred specimen. Numerals indicate individuals: leader lines point to the skulls of SAM 1–4,
whereas that for SAM 5 points to its hip region because the anterior half of its skeleton, including the skull, is missing. Modified from Botha-Brink
and Modesto (2007). Scale bar equals 2 cm.
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lated portion of the vertebrae, a portion of the pectoral girdle,
forelimbs, pelvic girdle, and hind limbs; the skull is not preserved
in this individual. A short series of articulated caudal vertebrae,
which is not associated with any particular individual (but see
below), is also preserved. We also examined other South African
varanopid material during the course of study: TM 1483, the
holotype of Elliotsmithia longiceps; BP/1/5678, a specimen referred to Elliotsmithia longiceps by Modesto et al. (2001), but
not regarded as referable to that genus and species by Robert
Reisz and colleagues (Reisz and Dilkes, 2003; Anderson and
Reisz, 2004; Maddin et al., 2006).
SYSTEMATIC PALEONTOLOGY
SYNAPSIDA Osborn, 1903
EUPELYCOSAURIA Kemp, 1982
VARANOPIDAE Romer and Price, 1940
MYCTEROSAURINAE Reisz and Berman, 2001
Genus HELEOSAURUS Broom, 1907
Type Species—Heleosaurus scholtzi Broom, 1907.
Revised Diagnosis—A mycterosaurine distinguished from
other varanopids by straight rather than V-shaped suture between premaxillary dorsal process and nasal, strong anterior
inclination of occiput, ornamentation on angular and surangular,
dorsal vertebral centra with transversely broad ventral ridge that
is subdivided by a longitudinal groove, and the presence of an
ectepicondylar foramen. Features shared with Elliotsmithia are
squamosal lateral tubercle and trunk osteoderms. The strong
anterior inclination of occiput is shared with Elliotsmithia, Aerosaurus, Varanops, and Varanodon. Distinguished from Aerosaurus, Varanops, and Varanodon by quadratojugal excluded
from lateral temporal fenestra, contact between squamosal and
jugal along anterodorsal border of lateral temporal fenestra absent, and contact between maxilla and quadratojugal absent.
HELEOSAURUS SCHOLTZI Broom, 1907
Holotype—SAM-PK-1070, part and counterpart of skull,
mandible, osteoderms, ribs, vertebrae, scapulocoracoids, pelvic
girdle, complete left femur, and part of the right femur.
Referred Material—SAM-PK-K8305, five individuals comprising four skulls with articulated anterior portions of the vertebral column, articulated ribs, gastralia, osteoderms, one skeleton
with forelimbs and skull missing, and articulated portion of caudal vertebrae. BP/1/5678 may be referable to this species because its mycterosaurine identity is unequivocal (Modesto et al.,
2001; Reisz and Dilkes, 2003), but none of the autapomorphies
listed above are determinable in this specimen.
Locality and Horizon—A locality on the farm Beukesplaas
(Gannakraal 422), Fraserburg District, Northern Cape Province,
South Africa. Tapinocephalus Assemblage Zone, Abrahamskraal Formation, Beaufort Group, Karoo Basin. Middle
Permian; approximately 270 Ma.
Diagnosis—As for genus.
Remarks—We (Botha-Brink and Modesto, 2007) assigned
SAM-PK-K8305 to H. scholtzi because trunk osteoderms are
present (in SAM 1), which is one of the three autapomorphies
identified by Reisz and Modesto (2007) for H. scholtzi, the other
two (distinctive ornamentation on surangular and angular, longitudinal median groove on ventral surface of dorsal centra present) being indeterminate in SAM-PK-K8305. Elliotsmithia
longiceps is also diagnosed, in part, by the presence of osteoderms (Modesto et al., 2001), but this species is regarded by
Reisz and colleagues (Dilkes and Reisz, 1996; Reisz et al., 1998;
Anderson and Reisz, 2004; Maddin et al., 2006) to be a varanodontine, whereas SAM-PK-K8305, like H. scholtzi (Reisz and
Modesto, 2007), is unequivocally mycterosaurine. The lack of
fusion between the opisthotic and the rest of the braincase in

391

SAM-PK-K8305 is shared with the holotype of H. scholtzi (Carroll, 1976:63) but not with E. longiceps (Dilkes and Reisz, 1996),
lending support to our original taxonomic assignment (BothaBrink and Modesto, 2007).
DESCRIPTION
Skull
The four skulls are preserved in dorsal up positions. The largest skull (SAM 1) is missing the anterior region of the snout, but
the premaxilla is preserved in SAM 2, 3, and 4 (Fig. 1). The
specimens exhibit the typical varanopid narrow, triangular skull
shape when seen in lateral view (Anderson and Reisz, 2004). In
dorsal view, the premaxilla constitutes the tip of the snout, in a
configuration similar to that seen in Mesenosaurus (Reisz and
Berman, 2001). A long, narrow rectangular process extends approximately midway along the antorbital region to contact the
nasal and form the dorsal border of an extended external naris.
The contact between the premaxilla and the nasal is relatively
straight and does not form the V-shaped contact (Fig. 2) seen in
other varanopids such as Archaeovenator (Reisz and Dilkes,
2003), Pyozia (Anderson and Reisz, 2004), Mesenosaurus (Reisz
and Berman, 2001), and Mycterosaurus (Berman and Reisz,
1982) and may, thus, be an autapomorphy of Heleosaurus. In
lateral aspect, the premaxilla forms a triangular bone that contacts the maxilla in a manner similar to that seen in Mesenosaurus (Reisz and Berman, 2001), and forms the anterior border
of an anteroposteriorly-expanded external naris. Mesenosaurus
exhibits a similarly shaped external naris, but the lateral surface
of the premaxilla is deeply excavated to form an expanded narial
shelf that extends nearly to the tip of the snout (Reisz and Berman, 2001), and this is absent in SAM-PK-K8305. The septomaxilla is not preserved in any of the skulls. The nasal is a
slender, trapezoidal bone that broadens posteriorly. It contacts
the premaxilla anteriorly, the frontal posteriorly, and the prefrontal and the maxilla laterally. The frontal extends laterally to
form a large portion of the anterodorsal border of the orbit. It
extends posteriorly between the postfrontal and the parietal to
form a narrow wedge that extends to the level of the posterior
border of the orbit, as in other varanopids (Reisz et al., 1998).
The postfrontal is a crescentic bone that forms the posterodorsal edge of the orbit and contacts the frontal medially and the
postorbital and the parietal posteriorly. The postorbital is a relatively large bone that forms the posterior border of the orbit and
contacts the jugal ventrally, approximately two-thirds down the
length of the postorbital bar. A long ramus of the postorbital
extends posteriorly, beyond the border of the lateral temporal
fenestra, to contact the squamosal and form the dorsal margin of
the lateral temporal fenestra. The left side of the postorbital of
SAM 1 projects slightly laterally beyond the edge of the skull to
form the horizontal protuberance common to varanopids (Reisz
and Berman, 2001; Reisz and Laurin, 2004); the absence of this
feature from the right postorbital appears to be due to
weathering (Fig. 2). The postorbital protuberance is also present
in SAM 2 and 4, but is less developed than in the larger skull.
The parietals are broad and occupy most of the region posterior
to the orbit. Together, they form a roughly triangular shape, with
anterior processes that widely separate the posterior processes of
the frontals, similar to Mesenosaurus (Reisz and Berman, 2001).
They surround a large, slightly sunken, oval pineal foramen. This
opening is situated posteriorly, almost at the occipital margin of
the parietals. The parietals form slightly raised ridges extending
diagonally from the midline, just anterior to the pineal foramen,
to the supratemporals, which emphasize the sunken appearance
of the pineal foramen. The occipital margin forms a concave,
posteroventrally inclined occipital shelf, as is seen in the holotype of Elliotsmithia (Reisz et al., 1998). The posterolateral corner of each parietal forms a wing-like process also similar to that
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FIGURE 2. Heleosaurus scholtzi, SAM-PK-K8305, referred specimen.
Skull of SAM 1 in A, left lateral, B, right lateral and C, occipital views.
Scale bar equals 1 cm.

of the holotype of Elliotsmithia (Reisz et al., 1998), but wider
than that seen in Mesenosaurus (Reisz and Berman, 2001). This
wing-like process contacts the narrow wedge-like supratemporal,
which then extends beyond the posterior margin of the skull
table.
The large wing-shaped, paired postparietals are slightly concave and form a median (sagittal) occipital ridge, similar to that
seen in Mesenosaurus (Reisz and Berman, 2001). Each postparietal has a median ventral process that extends below the limit of
the sagittal ridge. The tabular is a slender bone, somewhat similar in structure to that of Elliotsmithia (TM 1483) as described by
Reisz et al. (1998), but it is remarkable in exhibiting a semicylindrical, posteromedial process that makes contact with a
dorsolateral tuberosity on the supraoccipital. The posteromedial
process of the tabular thus encloses ventrally a relatively small,
dorsally-positioned posttemporal fenestra (or could be considered to subdivide a dorsoventrally elongated fenestra). The
tabular of Heleosaurus thereby closely resembles the tabular of
Mesenosaurus, as illustrated by Reisz and Berman (2001:fig. 5A)
and described by them as exhibiting a ‘posteromedially directed,
hooklike process’ (Reisz and Berman, 2001:124). The supraoccipital of Mycterosaurus longiceps exhibits a strongly angled

dorsolateral corner, with which is associated a bone fragment
that may represent the remains of the left tabular (Berman and
Reisz, 1982:fig. 5B), an association that is suggestive of the tabular-supraoccipital contact seen in SAM 1. In addition, Reisz and
colleagues are describing new mycterosaurine material from the
Lower Permian of Oklahoma, which exhibits (R. Reisz, pers.
comm.; SPM, pers. obs., 2008) the tabular morphology illustrated for Mesenosaurus (Reisz and Berman, 2001:fig. 5A) and
described here for H. scholtzi. Accordingly, the distribution of
this feature among these varanopids indicates that a ventral
contact between the tabular and the supraoccipital is synapomorphic for at least Mycterosaurinae among varanopids. The
broad supraoccipital is a flat plate of bone that leans anteriorly
to contact the postparietals and forms the ventral border of the
posttemporal fenestra. Unlike that seen in Mesenosaurus, a median ridge is absent. The dorsolateral corner of the supraoccipital receives the tip of the posteromedial process of the tabular
(Fig. 2C). The opisthotic is not fused to the supraoccipital (nor,
presumably, the exoccipital as well), a condition shared with the
holotype of Heleosaurus (Carroll, 1976) but not with that of
Elliotsmithia (Reisz et al., 1998). The opisthotic is characterized
by a relatively large, robust, and roughly quadrangular paroccipital process, which extends ventrolaterally from the opisthotic
towards (but does not make contact with) the jaw articulation.
Thus, the paroccipital process of SAM 1 is similar in shape and
orientation to that of the holotype of Elliotsmithia. The stapes is
not exposed in any of the skulls. In lateral view, the maxilla is an
elongated, triangular bone with an expanded dorsal lamina that
contacts the nasal and the prefrontal and prevents contact between the lacrimal and the nasal, a typical mycterosaurine feature (Modesto et al., 2001; Reisz and Dilkes, 2003). It forms the
posterior and ventral borders of the external naris and extends
posteriorly to contact the jugal along an oblique suture that
begins midway beneath the orbit and extends to a point below
the postorbital bar. This posterior process appears to be relatively short, similar to that seen in Mesenosaurus where the process
fails to extend as far as the postorbital bar (Reisz and Berman,
2001). There is a slight lateral swelling dorsal to the caniniform
tooth, also similar to that of Mesenosaurus (Reisz and Berman,
2001). A series of foramina run along the ventral border of the
maxilla. The anteriormost foramen is the largest, but it does not
open into a pronounced groove as it does in Archaeovenator
(Reisz and Dilkes, 2003).
The premaxilla of SAM 2 preserves three marginal teeth, but
they are widely spaced and the premaxilla has room for five or
six teeth. This differs from the condition seen in Mycterosaurus
where the premaxilla preserves only three closely spaced teeth
(Berman and Reisz, 1982). The premaxillary teeth measure an
average length of 1.3 mm. SAM 1 preserves seven right and six
left maxillary teeth (average length 3 mm), but there is space for
another four teeth in the maxilla and, when provision is made for
the missing portion of the snout, the estimated total adult maxillary tooth count is 16. SAM 2, 3, and 4 preserve up to 12 maxillary teeth, but we estimate that there is space for approximately
16 maxillary teeth in SAM 2, similar to the estimated count for
SAM 1. The teeth are fairly subequal apart from a single, enlarged upper caniniform tooth (approximately 30% longer than
the postcaniniform teeth, measured from SAM 3) located approximately one-third from the anterior end of the maxilla. This
feature is present in all individuals. As in other mycterosaurines
(Reisz and Berman, 2001), the caniniform tooth is positioned at
a level just posterior to the external naris. All the teeth exhibit
strong recurvature and are labiolingually compressed. The tooth
row ends just anterior to the postorbital bar. Serrations are not
detectable under light microscopy. It is possible that they were
not preserved or removed during the course of preparation:
SPM’s experience with preparing small tetrapod material from
Beukesplaas reveals that the mudstone matrix is extremely resis-
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FIGURE 3. Heleosaurus scholtzi, SAM-PK-K8305, referred specimen.
Skull of SAM 2 in right lateral view. Scale bar equals 1 cm.

tant, and mechanical preparation frequently results in the inadvertent removal of minor amounts of surface bone. This may
account for the apparent absence of serrations in SAM-PKK8305, in which all individuals exhibit relatively delicate teeth.
The lacrimal is a highly reduced bone and is only preserved in
SAM 1 as a small bridge of bone between the prefrontal and the
maxilla (Reisz and Berman, 2001). Consequently, there is only a
narrow separation between the prefrontal and the maxilla along
the orbital margin, as seen in TM 1483 (the holotype of Elliotsmithia) and BP/1/5678. It does not form a large portion of the
anterior margin of the orbit as it does in Mycterosaurus (Berman
and Reisz, 1982), but appears to be more similar to the condition
seen in Mesenosaurus, where the lacrimal makes only a narrow
contribution to the anteroventral corner of the orbit (Reisz and
Berman, 2001). The length of the lacrimal is reduced to less than
half the distance between the orbit and the external naris and it
does not contact the nasal (Fig. 3), both of which are mycterosaurine characteristics (Reisz and Berman, 2001). The lacrimal
presumably contacts the jugal posteroventrally along the orbit,
but none of the skulls preserves the relevant portion of the
lacrimal.
The prefrontal is a relatively long bone that extends far anteriorly, contacts the nasal and the maxilla, and forms the anterodorsal edge of the orbit. Fragments of scleral ossicles are
observed in several individuals, but are most complete in SAM
2 (Fig. 3), in which they are preserved collectively in a crescentic
arch. The jugal is a triradiate bone that extends anteriorly,
shares an extensive, overlapping contact with the posterior end
of the maxilla, and projects as far forwards as the approximate
midpoint of the orbit. A lateral ridge runs from the contact
between the maxilla and the jugal and extends along the length
of the jugal to just anterior to the posterior margin of the orbit.
This ridge closely resembles that illustrated by Carroll (1976:fig.
2A) for the holotype of Heleosaurus. The jugal has a short dorsal
process, which forms the ventral half of the postorbital bar. This
process does not exhibit any rugosities, which differs from the
observation noted by Carroll (1976) for the Heleosaurus holotype. The subtemporal ramus extends back to contact the anteroventral process of the squamosal and forms the ventral margin
of the lateral temporal fenestra. It also reaches the ventral margin of the temporal region in a manner similar to the skull of
Heleosaurus as reconstructed by Carroll (1976:fig. 2A).
The squamosal is a roughly triangular bone that broadens
ventrally. It underlies the posterior ramus of the postorbital,
where it forms the posterior third or less of the dorsal margin of
the lateral temporal fenestra, and curves ventrally to form the
posterior margin of the fenestra, in a manner unlike that noted
in the holotype of Elliotsmithia by Reisz et al. (1998) where the
postorbital was described as excluded from the upper margin of
the lateral temporal fenestra (possibly due to distortion; see
Modesto et al. [2001] for an alternative interpretation of the
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FIGURE 4. Heleosaurus scholtzi, SAM-PK-K8305, referred specimen.
Skull of SAM 3 in right lateral view. Scale bar equals 1 cm.

condition seen in the holotype of Elliotsmithia) by an anterodorsal process of the squamosal. The postorbital bar is subparallel
to the squamosal, resulting in a rhomboidal outline for the lateral temporal fenestra. The long axis of the squamosal tilts approximately 20 posteriorly from the vertical. A tuberosity is present
approximately two-thirds up the lateral surfaces of the squamosals in SAM 1, in the same position as that seen on the wellpreserved right squamosal of the holotype of Elliotsmithia
(Modesto et al., 2001:figs. 4, 5C). This feature is present only
slightly in SAM 2; the squamosal of SAM 3 (Fig. 4) and 4
(Fig. 5) is too damaged to make an assessment.
The quadrate has become detached in SAM 1 and cannot be
seen clearly in any of the smaller skulls. The quadratojugal is
poorly preserved in all individuals, but the anterior portion of
this element is present in SAM 3 and it does not contact the
maxilla. In this observation, the quadratojugal is similar to the
condition seen in the holotype of H. scholtzi (Reisz and Modesto, 2007), Mesenosaurus (Reisz and Berman, 2001), and
Archaeovenator (Reisz and Dilkes, 2003). As in Mycterosaurus,
Mesenosaurus, and Elliotsmithia (TM 1483; Reisz et al., 1998),
the quadratojugal is excluded from the ventral margin of the
lateral temporal fenestra by the squamosal.
Mandible
The mandible is exposed in lateral view in all individuals. The
mandible is notably slender, similar to that noted for other varanopids, including the holotype of Elliotsmithia (TM 1483) and
BP/1/5678. Although the lateral surface of the left mandibular
ramus of SAM 1 is weathered, the contact between the dentary,
the surangular, and the angular is clear. The dentary is the larg-

FIGURE 5. Heleosaurus scholtzi, SAM-PK-K8305, referred specimen.
Skull of SAM 4 in left lateral view. Scale bar equals 1 cm.

394

JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 29, NO. 2, 2009

est bone in the mandible. It extends from the anterior tip of the
jaw and contacts the surangular dorsally approximately midway
beneath the lateral temporal fenestra, similar to the pattern seen
in the holotype of Elliotsmithia (Reisz et al., 1998). It contacts
the angular beneath the anterior margin of the orbit. No teeth
are visible. Ornamentation on the angular and the surangular, an
autapomorphy for Heleosaurus (Reisz and Modesto, 2007), is
not observed, but the left mandibular ramus of SAM 1 is heavily
weathered, and the right ramus is obscured by the skull of SAM
2. It is difficult to make accurate observations in this case for
SAM 2–4 because their mandibles are poorly exposed. The lower jaw increases in depth posteriorly, but the coronoid eminence
is not prominent in SAM 1, and is not visible at all in any of the
other individuals. A small, poorly developed retroarticular process is observed on the right mandibular ramus of SAM 2. In
overall morphology, the mandible of Heleosaurus appears to be
most similar to that of Mycterosaurus (Berman and Reisz, 1982).
Postcranial Axial Skeleton
Vertebrae of SAM 1, 2 and 5 are preserved in articulation to
varying degrees of completion. A presacral series from the axis
to the posterior dorsals is present in SAM 1, the entire presacral
series appears to be present in SAM 2, and a slightly more
posterior series, from the anterior dorsals to the anterior caudals
is present in SAM 5. An articulated series of six adult-sized
caudal vertebrae is also preserved to the right of SAM 5, but it
is not in direct contact with any of the skeletons.
There are seven cervical vertebrae preserved in SAM 1 (including parts of the atlas and the axis), but those in SAM 2 are
too poorly preserved to be distinguished. There are 15 presacral
vertebrae preserved in SAM 1, approximately 22 vertebrae visible in SAM 2 (cervical and anterior dorsal vertebrae cannot be
distinguished due to crushing) and 21 presacral, two sacral, and
three caudal vertebrae preserved in SAM 5. Description of the
neural spines of the adult is complicated by the observation that
most of the neural spines are covered by osteoderms, distorted,
or missing. However, those that are clearly visible are rectangular in lateral view. The zygapophyses are tilted downward slightly in SAM 1 and 2 (distorted in SAM 5) and extend slightly
beyond the lateral surface of the centra, similar to the condition
in Mycterosaurus (Berman and Reisz, 1982). Neurocentral
sutures (observed in the cervical vertebrae) in SAM 1 are absent. The transverse processes that are discernible are short. The
series of caudal vertebrae are not associated with any particular
individual, but their large size (8.2 mm average length), the
absence of neurocentral sutures, as well as the curvature of these
vertebrae and the presacrals of SAM 1 suggests that they belong
to that skeleton. Haemal arches are observed in the three anteriormost caudal vertebrae.
Ribs are preserved in close association with cervical (in SAM
1) and presacral vertebrae (SAM 1 and 2). The presacral ribs
have slipped slightly away from the vertebrae and are exposed in
lateral view. The ribs are slender (average width 0.88 mm and
length 29 mm in SAM 1) with holocephalous heads (i.e. a single
articulation with the vertebrae). The proximal ends of the cervical ribs are slender. The holocephalous heads of the presacral
ribs are expanded and triangular. This condition is similar to that
of Mycterosaurus (Berman and Reisz, 1982) and Archaeovenator
(Reisz and Dilkes, 2003). Gastralia, present as very slender rods
beneath the ribs, are observed in SAM 1 and 2. The widths are
approximately a third of the overlying ribs, and the most complete gastralium measures 20 mm in length.
Osteoderms are present in SAM 1, and are situated along and
dorsal to the vertebral column. They are best preserved just
anterior to the pectoral girdle where they appear as square or
slightly rounded elements in transverse rows. These elements are
similar to those seen in Heleosaurus (Reisz and Modesto, 2007)

and Elliotsmithia (Dilkes and Reisz, 1996). They are arranged in
transverse rows of up to five osteoderms and there are approximately two to three rows per vertebra. The median osteoderms are the largest in each row, with the lateral ones generally
slightly smaller than the median osteoderms and subequal to
one another, but in some rows the paramedian osteoderms are
slightly smaller than the neighboring lateral ones. In the complete rows, the most lateral dermal osteoderms are the smallest
elements.
Appendicular Skeleton
The pectoral girdles are preserved in articulation in SAM 1
and the right pectoral girdle is preserved, but crushed in SAM 2.
Visible are scapulocoracoids, clavicles, and cleithra. The interclavicle, which is a relatively large element in stem synapsids, is
presumably present, but not accessible in any of the skeletons.
The clavicles are long, slender rods that are directed posterodorsally, and their posterior edges taper to meet the scapulocoracoids (Fig. 6). Only the scapular blade and a small portion of the
posterior coracoid of the scapulocoracoid are visible, and we
cannot determine if a coracoid foramen is present. As in Mycterosaurus, a supraglenoid foramen is absent. The scapular blade
forms a flat, broad inverted triangle, which thickens ventrally to
form a stout ridge. However, the anterior edge of the scapular
blade does not have a slightly concave appearance as it does in
Archaeovenator and Mycterosaurus (Reisz and Dilkes, 2003).
Both cleithra have become disarticulated in SAM 1, and each
forms an elongated isosceles triangle that begins anteriorly as a
narrow point and gradually thickens posteriorly.
The humerus measures a maximum length of 35.5 mm (based
on both humeri of SAM 1, see the Table). It is a slender element
with narrow proximal and distal ends (widths being 36% and
33% the total length of the humerus, respectively, based on the
left element of SAM 1). The humeri of the smaller individuals
are poorly preserved and crushed, but those of SAM 1 are well
preserved in dorsal view, and show that the supinator process
joins the ectepicondyle to form an ectepicondylar foramen
(Fig. 6). This condition contrasts with that described for other
varanopids in which the humerus has been described, including
Varanops (Romer and Price, 1940; Maddin et al., 2006), Mycterosaurus (Berman and Reisz, 1982), and Watongia (Reisz and
Laurin, 2004), all of which have been described as having a
distinct supinator process, i.e., an ectepicondylar foramen is absent. The distal and proximal ends of the humerus are set at
approximately 40 to one another.
The radius and the ulna are subequal in length, measuring a
maximum length of 29.4 mm (based on the left radius of SAM 1)
and 29.9 mm (based on the left ulna of SAM 1) respectively.
These elements are relatively long, measuring approximately
83% of the total length of the humerus. The radius, exposed in
dorsal view in all individuals, is a cylindrical bone with slightly
expanded proximal and distal ends. It is a fairly straight element
and is only very slightly bowed in SAM 1, but more so in the
smaller SAM 5. It does not exhibit the strongly bowed appearance seen in Watongia and Varanops (Maddin et al., 2006). The
postaxial surfaces of all radii are not exposed well enough to
determine if a narrow ridge extends down the length of this side
of the bone as described for Watongia, Varanodon, Varanops,
and Mesenosaurus (Maddin et al., 2006). Similarly, it is not
known if a ridge extends down the lateral side of the radius as
well. The proximal end is slightly concave and the distal end
moderately ovoid in shape, similar to the condition described
for Varanops brevirostris (Maddin et al., 2006). The ulna is similar in shape to the radius, but is a slightly more robust element,
but not to the extent seen in Watongia (Reisz and Laurin, 2004).
It is also very slightly bowed, having a fairly concave appearance
towards the proximal end, when observed in anterior view.
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FIGURE 6. Heleosaurus scholtzi, SAM-PK-K8305, referred specimen. A, left pectoral girdle and limb of SAM 1 and B, left pectoral limb of SAM 5.
Abbreviations: dI–dIV, distal carpals; I–IV, metacarpals. Scale bars equal 1 cm.

Parts of the left manus in SAM 1 and 5 (Fig. 6), part of the
right manus in SAM 5 and the right phalanges of SAM 1 and
2 are preserved. The carpals and metacarpals are best preserved in the left manus of SAM 5. Most of the carpals, including the ulnare, the radiale, the intermedium, and the centrale
are preserved, although the pisiform is missing. The ulnare is

a fairly robust element and is the largest of all the carpals.
All four distal carpals appear to be preserved, although distal
carpal 2 appears to have slipped and lies anterior to distal
carpal 1. The metacarpals and phalanges are long and slender,
giving the manus an elongated appearance. The unguals are
not preserved.
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TABLE. Gross measurements (mm) of SAM-PK-K8305.
Individuals (SAM)
Cranial measurements
Maximum length (snout tip to posterior tip of par)
Snout tip to anterior border of postfrontal
Supraoccipital to anterior border of orbit
Posterior border of orbit to occipital shelf edge
(just posterior to pineal foramen)
Length of pineal foramen
Width of pineal foramen
Length of orbit (left)
Length of orbit (right)
Height of orbit (left)
Height or orbit (right)
Width of snout (just anterior to orbits)
Interorbital width
Maximum width of skull (level with pineal foramen)
Width of lateral temporal fenestra (left)
Width of lateral temporal fenestra (right)
Postcranial measurements
Clavicle
Clavicle length (left)
Clavicle length (right)
Clavicle width (left)
Clavicle width (right)
Cleithrum
Cleithrum length (left)
Cleithrum length (right)
Cleithrum width (left)
Cleithrum width (right)
Scapulocoracoid
Scapulocoracoid length (left)
Scapulocoracoid length (right)
Scapulocoracoid width (left)
Scapulocoracoid width (right)

1

2

> 49.4
> 30.8
31.7
7.7

42.4
32.9
21.3
4.3

40
31.8
18.4
4.6

4.8
4.3
14.9
15.5
12.3
9.2
19.7
12.9
31.3
—
7.2

3
2.4
—
12.3
—
9.1
—
7.9
—
—
4.7

30.7
> 16
6.2
3.2
8.7
7.9
2
2.3
18.3
> 14.6
11.9
—

3

4

5

42
32
20.2
3.8

—
—
—
—

3.1
2.4
—
11.9
—
9.4
11.4
7.7
> 15.4
—
—

2.7
1.8
11
—
8.9
—
12
8.23
16
4.8
—

—
—
—
—
—
—
—
—
—
—
—

—
11
—
2.1

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

—
10.2
—
4.5

—
—
—
—

—
—
—
—

—
—
—
—

Left Humerus
Maximum length
Proximal width
Midshaft width
Distal width

35.5
12.8
3.7
11.6

—
—
—
—

—
—
—
—

—
—
—
—

> 14
—
2.4
4.3

Right Humerus
Maximum length
Proximal width
Midshaft width
Distal width

35.5
> 9.6
2.9
—

19.3
—
—
—

—
—
—
—

—
—
—
—

>10.5
—
2.7
4.2

Left Radius
Maximum length
Proximal width
Midshaft width
Distal width

29.4
4.6
2.6
—

—
—
—
—

—
—
—
—

—
—
—
—

15
2.6
1.4
1.9

Right Radius
Maximum length
Proximal width
Midshaft width
Distal width

—
4.1
3
—

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

Left Ulna
Maximum length
Proximal width
Midshaft width
Distal width

29.9
5.2
2.9
4.9

—
—
—
—

—
—
—
—

—
—
—
—

14.6
2.6
1.5
2

Right Ulna
Maximum length
Proximal width
Midshaft width
Distal width

—
4.9
3.3
—

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

Pelvis
Length of pelvis
Length of ilium
Length of pubis

—
—
—

24.3
15.4
9.9

—
—
—

—
—
—

—
—
—
Continued
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TABLE. (continued)
Individuals (SAM)

1

2

3

4

5

Left Femur
Maximum length
Proximal width
Midshaft width
Distal width

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

19.6
4.3
3.5
6

Right Femur
Maximum length
Proximal width
Midshaft width
Distal width

—
—
—
—

28.2
4.4
3.2
—

—
—
—
—

—
—
—
—

24.7
5.4
3.8
—

Left Tibia
Maximum length
Proximal width
Midshaft width
Distal width

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

> 19
3.3
2.1
—

Right Tibia
Maximum length
Proximal width
Midshaft width
Distal width

—
—
—
—

26.7
4
2.4
—

—
—
—
—

—
—
—
—

—
3.2
—
4.8

Left Fibula
Maximum length
Proximal width
Midshaft width
Distal width

—
—
—
—

—
—
—
—

—
—
—
—

—
—
—
—

19.5
2.9
1.7
2

Right Fibula
Maximum length
Proximal width
Midshaft width
Distal width

—
—
—
—

25.7
3.2
2
3

—
—
—
—

—
—
—
—

—
3
—
—

Portions of the pelvic girdle are preserved in SAM 2 and 5.
The pelves are best preserved in SAM 2, although the ventral
portion of the acetabulum and the ischium are not visible. The
ilium is an elongated bone, the anterior surface of which rises
posterodorsally directly above the acetabulum. The dorsal and
ventral margins of the blade then narrow posteriorly to taper
into a blunt point. Directly above the midpoint of the acetabulum, the ilium extends a narrow process anteriorly, which contacts the pubis in a manner similar to that described for
Varanops brevirostris (Maddin et al., 2006). The ilium thickens
slightly just above the posterodorsal border of the acetabulum,
but a well-developed supra-acetabular buttress is absent. The
pubis is not fused to the ilium and has twisted to lie anterior to
and at 90 to the iliac blade. The pubis contacts the ilium posteriorly to form a narrow, but slightly thickened region where it
forms the anterodorsal margin of the acetabulum. Anterior to
this region it constricts into a short neck and then fans out anteriorly to form a thinly edged pubic plate.
Only the femora from the smaller individuals are preserved
(SAM 2 and 5) and reach an average maximum length of 24 mm.
The humerus from one of these small individuals (SAM 2) is
approximately 80% the length of the femur. The proximal and
distal heads of the femur are fairly narrow, being 23% and 31%
the length (based on the left femur of SAM 5), similar to those
of Archaeovenator (22% and 29% the length of the femur; Reisz
and Dilkes, 2003) and Mycterosaurus (24% and 31% the length
of the femur; Berman and Reisz, 1982). The femur is an elongate, slender bone with a slightly sigmoidal shape. The proximal
end turns up slightly and the distal end down, similar to that
described for Archaeovenator (Reisz and Dilkes, 2003). The
fourth trochanter appears to be absent, as it is in Archaeovenator
(Reisz and Dilkes, 2003) and Mycterosaurus (Berman and Reisz,
1982). The internal trochanter and intertrochanteric fossa are
not visible and thus, cannot be examined.

The hind limb proportions can only be measured using the
smaller individuals, because the hind limbs are not preserved in
SAM 1. The fibula is approximately 91% and the tibia 95% the
length of the femur (using the right femur, tibia, and fibula of
SAM 2). The tibia and the fibula are thus, proportionately
longer than that of Archaeovenator (75% and 73% the length
of the femur respectively; Reisz and Dilkes, 2003), Mycterosaurus (tibia 78% the length of the femur; Berman and Reisz,
1982), Varanops (82% and 89% the length of the femur; Berman and Reisz, 1982; recalculated from Romer and Price,
1940), or the tibia of Aerosaurus wellesi (tibia 84% the length
of the femur; Langston and Reisz, 1981). However, we recognize that SAM 2 is not a mature specimen and that these
proportions may change during ontogeny. Both the tibia and
the fibula are fairly straight bones, although the tibia exhibits a
slightly medial curvature, similar to those of Archaeovenator
(Reisz and Dilkes, 2003) and Mycterosaurus (Berman and
Reisz, 1982).
Only the astragalus and a portion of the calcaneum of the
right pes of SAM 2 are preserved. The dorsal surface of the
astragalus is moderately concave, similar to that described for
Mycterosaurus. It has a polygonal outline and thus, does not
exhibit the typical L-shape seen in other ‘pelycosaurs’. There is
however, a tiny notch along the proximal margin between the
articular surfaces for the tibia and the fibula. The calcaneum is
not completely preserved, but what is present indicates that it is
a plate-like element as in other ‘pelycosaurs’. There is no evidence of a perforating foramen.
PHYLOGENETIC ANALYSIS
In order to position Heleosaurus scholtzi within Varanopidae,
we coded this species on the basis of the holotype and SAM-PKK8305 into the data matrix of Maddin et al. (2006) and ran this
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FIGURE 7. Strict consensus of three optimal trees discovered in a
PAUP* 4.0b10 analysis of an augmented version of the data matrix in
Maddin et al. (2006). Tree length = 108, consistency index = 0.69,
rescaled consistency index = 0.31. The augmented data matrix includes
two new characters (numbers after Maddin et al. 2006): (61) Squamosal
tubercle: absent (0); present (1). Character 61 is coded for the 15 taxa of
Maddin et al. (2006), from top to bottom in the taxon column: 00?0011?
1111??? (62) Osteoderms: absent (0); present (1). Character 62 is coded
coded for the 15 taxa of Maddin et al. (2006), from top to bottom in the
taxon column: 00??0??10?00??? Heleosaurus is coded for the 60 characters of Maddin et al. (2006), plus the two new characters listed here, as
follows: 101101??11 0000?11111 011?201110 0100000111 1111121011
1???1?0?11 11. Support values for clades (bootstrap/decay indices): A,
89/3; B (Varanodontinae), 92/3; C, 79/1; D, 70/1; E, 92/2; F, 49/1; G, 40/1;
Mycterosaurinae, 50/1; Varanopidae, 85/2.

augmented matrix in PAUP (Swofford, 2002). We conducted a
branch-and-bound search, with unordered characters, and used
parsimony as our optimality criterion. Following the main analysis, we subjected the matrix to a bootstrap analysis (1000 iterations), and to a decay (Bremer) analysis using the branch-andbound search algorithm. The values for these clade-support analyses are provided in the caption for Figure 7.
PAUP discovered three optimal trees, the consensus of which
is shown in Figure 7. Whereas the three trees disagree on the
relative positions of Pyozia and Achaeovenator, the remaining
topology of each tree is consonant with regards to the interrelationships of the terminal taxa within Mycterosaurinae and
Varanodontinae and that these two clades form a larger monophyletic group (clade A in Fig. 7) . The most interesting result
of the analysis is the position of Elliotsmithia within Mycterosaurinae as the sister taxon of Heleosaurus. The former genus
was recognized as a varanodontine in the analyses of Reisz
et al. (1998), Anderson and Reisz (2004), and Maddin et al.
(2006), but was recognized as a mycterosaurine by Modesto
et al. (2001).
The decay analysis revealed that neither the sister-group relationship of Heleosaurus and Elliotsmithia (clade G) nor the
monophyly of Mycterosaurinae is well supported: both collapse
with one extra step (as do two other clades [C, D] in Varanopidae). These low support values are mirrored by the low bootstrap
support values for the same clades. The strongest varanopid
clade is Varanodontinae (clade B), which collapsed with three
extra steps and had the highest bootstrap support values (92
percent; tied with clade E).
DISCUSSION
Two varanopid taxa have been described from the Karoo
Basin of South Africa, namely Elliosmithia longiceps and Heleo-

saurus scholtzi. The holotype of Elliotsmithia longiceps Broom,
1937 is well established as coming from the Middle Permian
Tapinocephalus Assemblage Zone (AZ) (Smith and Keyser,
1995; Dilkes and Reisz, 1996), but the likely stratigraphic position of the holotype of Heleosaurus scholtzi Broom, 1907 in the
lower Beaufort Group (Adelaide Subgroup) is debatable. This is
because Kitching (1977) placed the type locality for H. scholtzi,
Victoria West and District, in his ‘Cistecephalus Zone’ but considered it to be an ‘unreliable locality’ in terms of age (Kitching,
1977:69). Reisz and Modesto (2007) suggested that the holotype
of H. scholtzi came from older rocks of the Tapinocephalus AZ
near Victoria West, because rocks of this assemblage zone crop
out in the vicinity of the town (B. S. Rubidge, pers. comm. in
Reisz and Modesto, 2007) and because the other varanopid material then known (TM 1483, BP/1/5678) was undoubtedly from
the Tapinocephalus AZ.
The Fraserburg District farm Beukesplaas can be placed confidently in the Tapinocephalus AZ. Sixteen specimens in the SAM
collections have come from this locality (S. Kaal, pers. comm.,
2007). Although those assigned to the genera Pareiasaurus and
Diictodon are of little use in positioning Beukesplaas biostratigraphically within a specific Beaufort Group assemblage zone,
specimens assigned to the dicynodont Chelydontops altidentalis
(SAM-PK-12259), the dinocephalian Struthiocephalus sp. (SAMPK-12253), and two other dinocephalian specimens not identified to genus level (SAM-PK-12260, SAM-PK-K08299) support
the placement of the locality in the Tapinocephalus AZ. Thus,
SAM-PK-K8305 represents the third varanopid specimen to be
placed unequivocally in the Tapinocephalus AZ.
The assignment of SAM-PK-K8305 to H. scholtzi lends support to the suggestion of Reisz and Modesto (2007) that the
holotype (SAM-PK-K1070) was collected from rocks of this
age. The hypothesis that this specimen came from younger rocks
of the Beaufort Group was originally credible in the context that
H. scholtzi was regarded as a diapsid reptile (Carroll, 1976),
specifically one close to the ancestry of archosaurian reptiles
(Archosauriformes of Gauthier et al., 1988, and many recent
authors). Reassignment of the holotype to Varanopidae weakens that line of reasoning. With the assignment of SAM-PKK8305 to H. scholtzi and the possibility that BP/1/5678, from
the Tapinocephalus AZ of Northern Cape Province, belongs to
this taxon as well, it seems increasingly likely that the holotype
of H. scholtzi was collected from rocks of the Tapinocephalus
AZ. The mounting evidence suggests that the Karoo varanopids
are no younger than Middle Permian.
The discovery of these five varanopid individuals from the
Karoo Basin has significantly enhanced our knowledge on South
African varanopid synapsids. The excellent and virtually complete preservation of SAM-PK-K8305 (Fig. 8) has allowed us to
document features previously unknown in H. scholtzi (such as a
straight rather than V-shaped suture between the premaxilla
dorsal process and nasal, and the presence of an ectepicondylar
foramen in the humerus) as well as compare this species with
the other well-known South African varanopid, Elliotsmithia
longiceps.
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