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Abstract: We provide a redescription of the therocephalian

therapsid Olivierosuchus parringtoni based on a new specimen
recovered from the Lower Triassic Lystrosaurus Assemblage
Zone of South Africa and discuss the biostratigraphic implications of Lower Triassic South African therocephalians. The
new specimen comprises a skull and articulated anterior portion of the postcranial skeleton. Olivierosuchus parringtoni
can be distinguished from its akidnognathid relatives, Promoschorhynchus and Moschorhinus, by the presence of a relatively
slender snout. Features that further distinguish Olivierosuchus
from Promoschorhynchus include fewer upper postcanines, an
obtuse angle of the transverse process of the pterygoid and an
oblique alignment of the suborbital fenestra margin of the
palatine. Features that further distinguish Olivierosuchus from
Moschorhinus include the presence of a sharp rather than
blunt crista choanalis, a spatulate posterior portion of the ec-

T herocephalia constitutes a group of eutheriodont therapsids that appeared during the Middle
Permian and went extinct during the Middle Triassic
(Abdala et al. 2008). Fossils of this group have been
recovered from Africa, Eurasia and Antarctica (Hopson
and Barghusen 1986; Rubidge and Sidor 2001), but are
most abundant in the Karoo Basin of South Africa.
They are regarded traditionally as the sister group of
cynodonts (the most derived therapsid group that
includes mammals as their extant subclade), but independently acquired several mammal-like features.
Therocephalians are also one of the few therapsid
groups to have survived the end-Permian extinction
event, with Moschorhinus kitchingi (probably a junior
synonym of Tigrisuchus simus according to Mendrez
1974; Kammerer 2008), crossing the Permian ⁄ Triassic
boundary (Botha and Smith 2006).
In the South African Karoo Basin (Text-fig. 1), the
therocephalians present in Lower Triassic strata (and
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topterygoid instead of a narrow shaft, the presence of prominent pterygoid tuberosities and a narrow, elongated tabular.
A reappraisal of Lower Triassic therocephalian biostratigraphy reveals that most of these taxa are restricted to the lowermost part of the Lystrosaurus Assemblage Zone revealing a
high diversity, whereafter the diversity decreases dramatically
in the middle of the zone. However, despite their scarcity in
the middle and upper Lystrosaurus Assemblage Zone, therocephalians in the Karoo Basin remain the most diverse therapsid clade in the lowermost Triassic, which suggests that
they were able to recover relatively quickly from the endPermian extinction event and form an important part of the
postextinction earliest Triassic recovery.
Key words: therocephalians, Early Triassic, Lystrosaurus
Assemblage Zone, Karoo Basin, South Africa.

falling within the Lystrosaurus Assemblage Zone) include
Moschorhinus kitchingi, Ericiolacerta parva, Regisaurus
jacobi, Zorillodontops gracilis, Olivierosuchus parringtoni
(formerly ‘Olivieria’ parringtoni: Kammerer and Sidor
2002) and indeterminate scaloposaurs (Kammerer 2008).
These taxa form part of the Early Triassic recovery after
the end-Permian extinction event. Moschorhinus kitchingi
is restricted to the Palingkloof Member of the Balfour
Formation. Regisaurus jacobi is represented by two specimens, and Z. gracilis and E. parva are represented by
single specimens in South Africa, but their exact stratigraphic levels are unknown (the specimen originally identified as E. parva from the farm Barendskraal, Palingkloof
Member, Balfour Formation is probably not assignable to
this taxon; SPM, pers. obs.). Only the indeterminate scaloposaurs (previously identified as Ictidosuchoides, Ictidosuchops and Tetracynodon darti, but now thought to be
juvenile baurioids; Kammerer 2008) and O. parringtoni
(according to Neveling 2004) have been recovered from
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tion, Wellwood, Graaff-Reinet, Eastern Cape Province; SAM,
Iziko South African Museum, Cape Town.
Anatomical abbreviations. a, angular; a p, atlantal pleurocentrum;
a na, atlantal neural arch; at, atlas; ax, axis; ax ns, axial neural
spine; bo, basioccipital; c, centrale; cl, clavicle; c r, cervical rib; d,
dentary; d1–5, distal carpals; d ph, distal phalanx; ect, ectopterygoid; ept, epipterygoid; f, frontal; h, humerus; ic, interclavicle; j,
jugal; l, lacrimal; m, maxilla; mc, metacoracoid; n, nasal; p, parietal; pal, palatine; pa, proatlas; par, paroccipital process of opisthotic; pb, parabasisphenoid; pc, procoracoid; pi, pisiform; pm,
premaxilla; po, postorbital; postz, postzygapophysis; pp, postparietal; p ph, proximal phalanx; pra, prearticular; prez, prezygapophysis; prf, prefrontal; pro, prootic; pt, pterygoid; qj, quadratojugal;
qp pt, quadrate process of pterygoid; r, rib; ra, radius; rd, radiale;
rf, reflected lamina of angular; s, stapes; sa, surangular; sc, scapula;
so, supraoccipital; sq, squamosal; st, sternum; t, tabular; tp at,
transverse process of atlas; tp ax, transverse process of axis; tp pt,
transverse process of pterygoid; t ph, terminal phalanx; u, ulna; ul,
ulnare; v, vomer; I–V, metacarpals.

MATERIAL AND METHODS

T E X T - F I G . 1 . A, Map of South Africa, showing the limit of
the Karoo Basin and location of the Permian ⁄ Triassic boundary
and B, summary of the litho- and biostratigraphy for the
southern and central Karoo Basin indicating the strata noted in
this study. Star indicates location of specimen NMQR 3605. The
Swartberg member is an informal member and not yet approved
by the South African Committee for Stratigraphy. Dates taken
from Catuneanu et al. (2005). BGDP, Burgersdorp; C.T., Cape
Town; D, Durban; FM, Formation; JHB, Johannesburg; KBG,
Katberg; PTB, Permian ⁄ Triassic boundary.

The new specimen of Olivierosuchus parringtoni described
here was accessioned into the collections of the National
Museum as NMQR 3605. It was prepared mechanically
using a pneumatic airscribe by J. Nyaphuli (NM), then
photographed and illustrated. We used the following taxa
and specimens for comparative purposes: Moschorhinus
kitchingi, NMQR 76, NMQR 3568; Promoschorhynchus
platyrhinus, RC 116.

SYSTEMATIC PALAEONTOLOGY
SYNAPSIDA Osborn, 1903
THEROCEPHALIA Broom, 1903
AKIDNOGNATHIDAE Nopcsa, 1923
OLIVIEROSUCHUS Kammerer and Sidor, 2002

throughout the Lystrosaurus Assemblage Zone and thus
were a persistent part of the Early Triassic recovery fauna
in South Africa.
A new specimen of O. parringtoni, which includes the
anterior portion of the postcranial skeleton, was recently
recovered from the Triassic strata of the Palingkloof
Member, Balfour Formation in the southern Karoo Basin.
The new specimen is the largest known specimen of
O. parringtoni and brings the total number of specimens
assignable to this species to four. We describe the new
specimen here and consider the biostratigraphic implications of Early Triassic South African therocephalians.
Institutional abbreviations. CGP, Council for Geoscience, Pretoria; NM, National Museum, Bloemfontein; RC, Rubidge Collec-

Type species. Olivierosuchus (= Olivieria) parringtoni (Brink,
1965).

Revised diagnosis. Distinguished from Promoschorhynchus
and Moschorhinus by a relatively narrow snout. Differs
from Promoschorhynchus in having three upper postcanines
(vs. five or six), transverse flange of pterygoid almost perpendicular to midline (vs. 50 degrees from the midline),
suborbital fenestra margin of palatine obliquely aligned
(vs. transversely aligned). Differs from Moschorhinus in
that the crista choanalis is sharp (vs. blunt), the posterior
portion of the ectopterygoid is spatulate (vs. narrow shaft),
pterygoid tuberosities prominent (vs. low ridge), tabular
narrow and elongated (vs. short and broad).

BOTHA-BRINK AND MODESTO: NEW SKELETON OF THE THEROCEPHALIAN OLIVIEROSUCHUS
Olivierosuchus parringtoni (Brink, 1965)
Text-figures 2–5

Holotype. BP ⁄ 1 ⁄ 3849 (formerly BPI M379), complete skull and
anterior half of skeleton in articulation, including vertebrae, ribs,
pectoral girdle, partial left humerus, complete right forelimb,
including terminal phalanges.
Type locality and horizon. Palingkloof Member, Balfour Formation, Beaufort Group. Lystrosaurus Assemblage Zone, Lower
Triassic; locality New Castle of the Admiralty Estates, Bergville
District, near Oliviershoek Pass.
Referred material. SAM-PK-K117, skull, lower jaw and scrappy
appendicular elements from Skerpioenkraal, Middelburg District;
NMQR 62, skull, lower jaw and partial skeleton including vertebrae
and ribs in articulation from the farm Zeekoeigat, Venterstad District; NMQR 3605, skull, lower jaw and anterior portion of skeleton in articulation including vertebrae, ribs, pectoral girdle and
proximal portion of left humerus from Barendskraal, Middleburg.

Diagnosis. As for genus.

Comparative description and interpretation
Skull roof. The following description is mainly based on the
recently discovered specimen NMQR 3605 (Text-figs 2, 3). Supplementary information is taken from the holotype (BP ⁄ 1 ⁄ 3849;
Text-figs 4, 7) and the two referred specimens (NMQR 62;
SAM-PK-K117) where necessary.
The skull of NMQR 3605 is of medium size (basal skull
length 117 mm and the largest Olivierosuchus specimen
known) and has a slender, fairly elongated snout that tapers
to a point. In dorsal view, the premaxilla forms the tip of the
snout and presumably rises to contact the nasal, although this
region is not preserved. The premaxilla contains five incisors.
The palatal portion of the premaxilla has a roughly equal anteroposterior length both medially and laterally, similar to
Promoschorhynchus. This condition differs from that seen in
Moschorhinus where the lateral part of the premaxilla is notably longer than the medial part (Mendrez 1974). The premaxilla, together with the maxilla, forms the roof of the fossa for
the lower canine. The maxilla is an elongated, roughly triangular bone with an expanded dorsal lamina that contacts the
premaxilla, the nasal, the prefrontal and the lacrimal. It
extends posteriorly to contact the jugal in an oblique suture
midway beneath the orbit. There is a slight lateral swelling
dorsal to the caniniform tooth. A series of foramina are haphazardly arranged in this region. The maxilla contains two
small teeth anterior to the single large canine on both sides
of the holotype BP ⁄ 1 ⁄ 3849 and NMQR 62. The second maxillary tooth in NMQR 62 may represent a replacement tooth
for the single large canine. The condition differs slightly in
the holotype in that on both sides of this skull the tiny tip
of a tooth can be seen just anterior to the large canine, which
is likely a replacement tooth for the canine. On the left side
of the holotype, a single precanine lies anterior to this tiny
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tooth tip. On the right side of the skull, two small maxillary
teeth lie anterior to the tooth tip, suggesting that two precanines are present. Akidnognathids are thought to have a
reduced number of precanines (from two to one, Hopson and
Barghusen 1986), and thus, it is more likely that the second
maxillary tooth in the holotype is instead a replacement tooth
for the first precanine.
There are three postcanines posterior to the large canine
(there are four postcanines on the left maxilla of NMQR 62, but
the third tooth is significantly smaller than the others and
appears to be a replacement tooth for the last postcanine). This
condition is similar to Moschorhinus, which has three or four
postcanines, but differs from Promoschorhynchus, which has five
or six postcanines. The lingual surface of the maxilla forms a
low, but sharp crista choanalis, similar to that seen in Promoschorhynchus and differs from the blunt condition seen in Moschorhinus (as observed by Mendrez 1974). The septomaxilla
forms the ventral and posterior border of the external naris and
has a broad posterior process that extends between the maxilla
and the nasal.
The nasal is an elongated bone that is constricted midway
along its length, but flares out again slightly to contact the prefrontal and the frontal just anterior to the orbit. Although Brink
(1965) suggested that the anterior margins of the nasals were
more concave and more inclined to the midline compared to
any other therocephalian (and thus suggestive of an autapomorphy), Findlay (1968) disagreed because this region was either
weathered or too damaged in the specimens known at the time.
Unfortunately, the tip of the snout in NMQR 3605 is also missing, and thus, the nasals still cannot be used as a significant
character.
The lacrimal forms the anteroventral margin of the orbit and
is flanked by the prefrontal, the maxilla and the jugal and thus
is excluded from the nasal as is typical in therocephalians. There
are two subequal openings for the lacrimal duct. The large prefrontal forms the anterodorsal border of the orbit and contacts
the lacrimal, the nasal and the frontal.
The jugal is a triradiate bone that extends anteriorly to
meet the posterior end of the maxilla approximately midway
beneath the orbit. The dorsal process contacts the postorbital
and forms the ventral half of the postorbital bar. The subtemporal ramus extends back to contact the anteroventral process
of the squamosal and forms the ventral margin of the temporal fenestra.
The slightly sunken frontal forms a ridge along the midline
between the orbits and extends back to contact the postorbital.
It forms only a small portion of the dorsal border of the orbit as
it is nearly excluded by the prefrontal and the postorbital. The
postorbital contacts the jugal to form a complete postorbital bar,
as in most other akidnognathids. A small ridge runs diagonally
from the parietal foramen and extends outward along the posterior margin of the postorbital, as noted by Brink (1965). The
parietals constrict to form a distinct sagittal crest behind the
parietal foramen (at least in the larger specimens, BP ⁄ 1 ⁄ 3849;
SAM-PK-K117; NMQR 3605). The postparietal, which is bordered by the parietals dorsally and the supraoccipital ventrally, is
a transversely broad bone that exhibits a small median ridge and
tapers laterally to contact the tabulars.
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Olivierosuchus parringtoni, NMQR 3605, in dorsal view. A, photograph and B, stipple drawing. Scale bar represents

10 mm.
The squamosal overlaps the jugal approximately midway
beneath the temporal fenestra to form the posterior portion of
the zygomatic arch. It extends medially to contact the parietal
and posteriorly the tabular. In occipital view, it reaches the posttemporal fossa and forms the lateroventral corner of the fossa. A
parasagittal flange, termed here the mastoid process of the squamosal, extends posteriorly from the occipital surface of the squamosal to sheathe the lateral surface of the mastoid process of the
opisthotic. The lower margin of the squamosal forms a vertical
notch or groove to accommodate the quadratojugal. The
quadratojugal is exposed laterally as a sliver of bone in the notch
formed by the squamosal.

Palate. The vomer is divided into anterior and posterior plates.
The former broadens anteriorly to meet the premaxillae in a
roughly straight suture. Two vomerine foramina are present just
posterior to this suture. The anterior plate forms the medial
edge of the choanal opening. It is relatively flat, but a slight
median crest along the intervomerine suture becomes visible on
the posterior plate in the holotype. The palatine lies medial to
the maxilla and extends back to form the anteromedial border
of the large suborbital fenestra. This organization is distinct
from that seen in Promoschorhynchus, in which the posterior
margin of the palatine is transversely aligned (personal observation). The maxilla forms the lateral margin of the choanal open-
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Olivierosuchus parringtoni, NMQR 3605, in ventral view. A, photograph and B, stipple drawing. Scale bar represents

10 mm.
ing and does not contact the vomer. Thus, the secondary palate
remains open, as in other akidnognathids.
The pterygoids extend anteriorly to form the medial border of
the suborbital vacuities. A sharp high ventromedian crest lies in
the anterior region of the pterygoids, between two prominent
tuberosities that are positioned at the posterior end of the crest,
similar to the morphology observed in Promoschorhynchus (Mendrez 1974). This condition differs from that seen in Moschorhinus in that these tuberosities are absent and instead a low ridge
extends outwards along the posterior margin of the transverse
process of the pterygoid. The lateral lamina (sensu Mendrez
1974) is small and extends from behind the tuberosity to

become the transverse process. The transverse processes extend
almost directly laterally from the medial portion of the bones
and terminate in swollen tuberosities. Anteriorly, the pterygoid
forms the posteromedial portion of the suborbital fenestra, but
the lateral two-thirds of the transverse process make contact
with the ectopterygoid. The posterior portion of the ectopterygoid is spatulate, similar to that in Promoschorhynchus and differs
from that seen in Moschorhinus, which forms a narrow shaft.
The main axis of the transverse flange of the pterygoid is nearly
perpendicular to the midline, whereas in Promoschorhynchus the
transverse flange forms an acute angle with the quadrate ramus
of the pterygoid (Mendrez 1974). The interpterygoid fossa lies
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T E X T - F I G . 4 . Holotype of Olivierosuchus parringtoni, BP ⁄ 1 ⁄ 3849. A, skull and postcranial skeleton in dorsal view, B, skull and
postcranial skeleton in ventral view, C, right lateral view of skull and D, left lateral view of skull. Scale bars represent 10 mm.

behind the ventromedian crest and in front of a high sharp
crest formed by the basisphenoid processes. These processes
form a deep groove, which accommodates the keel of the parabasisphenoid complex. The quadrate process of the pterygoid
extends posterolaterally to the squamosal and presumably the
quadrate. Unfortunately, NMQR 3605 sheds no light on the
quadrate morphology. However, the right quadrate is exposed in
the holotype where it forms a low, wide footplate, typical of all
therocephalians.
Braincase. The parabasisphenoid extends posteriorly from the
basisphenoid process of the pterygoid and divides in two, leaving
a wide, deep groove between the two margins. Each division terminates in a bulbous tuberosity, the tuberculum spheno-occipitale. The parabasisphenoid contacts the basioccipital posteriorly,
and with that bone forms the medial border of the fenestra ovalis. The basioccipital contacts the opisthotic laterally and the exoccipitals posterolaterally and forms the posterior portion of the
basicranium and the ventral part of the occiput. The exoccipital
is a triradiate bone. Its medial margin forms the lateral wall of
the foramen magnum. Ventrally, it contributes to the occipital
condyle and ventrolaterally it forms the dorsomedial margin of
the jugular foramen. The exoccipitals do not meet in the midline
(as seen in the holotype BP ⁄ 1 ⁄ 3849) as they do in Promo-

schorhynchus. The stapes is exposed in ventral view in NMQR
3605 and SAM-PK-K117. It is a slender, elongated, dorsoventrally flattened bone that extends laterally from the quadrate to
form the lateral margin of the fenestra ovalis. A stapedial foramen is absent.
In occipital view, the parietal, the postparietal and the supraoccipital form the median surface of the occiput above the foramen magnum. The large tabular has an inward process that runs
just above the postparietal and extends outwards to form a substantial portion of the dorsal margin of the occiput. Ventrally, it
forms the dorsal border of the posttemporal fossa and contacts
the dorsolateral corner of the supraoccipital. Although Brink
(1965) originally described the tabular as having a medial extension onto the supraoccipital, this extension was omitted from
his later reconstruction (Brink 1986). The tabular is relatively
narrow and transversely elongated, similar to Promoschorhynchus,
but differs from that of Moschorhinus, which is short and broad.
The supraoccipital is a broad, flat plate of bone that leans anteriorly to contact the postparietal and forms the dorsal margin of
the foramen magnum. The supraoccipital exhibits no median
ridge (contra Brink 1965). Brink (1965) noted that the supraoccipital does not contribute substantially to the dorsal borders of
the posttemporal fossae, but he illustrated the supraoccipital as
being clearly excluded from these fossae by the opisthotic and
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the tabular (Brink 1965, fig. 49c). Instead, the dorsomedial border of the posttemporal fossa is formed by the opisthotic, and
the paroccipital process of the opisthotic forms the ventral margin. The opisthotic is characterized by a relatively large, robust
paroccipital process, which extends ventrolaterally to contact the
squamosal, which itself forms the outer lateral border of the
posttemporal fossa. The mastoid process of the opisthotic
extends posterolaterally from the paroccipital process to underlie
a posterior flange of the squamosal. A shallow fossa is formed
ventrally between these two processes, whereas in Promoschorhynchus they form a deep furrow (the ‘roof of the middle
ear’ in Mendrez 1974, fig. 2a). Medially, the opisthotic forms the
dorsal margin of the fenestra ovalis.
The epipterygoid and the prootic are best exposed in lateral
view in NMQR 62 (Text-fig. 5) and SAM-PK-K117. The epipterygoid is a flat, narrow L-shaped blade. It is slightly narrower
than the epipterygoid in Promoschorhynchus and Euchambersia,
which have slightly broader, more robust epipterygoids, and notably narrower than the greatly expanded epipterygoid of Theriognathus (Barry 1965). The dorsal end is expanded and contacts the
parietal, but it is not clear in these specimens if contact is made
also with the prootic. A posteroventral process of the epipterygoid
extends towards but does not contact the squamosal or the prootic. The posterior margin of the bone, which marks the anterior
boundary of the presumed egress of the maxillary and mandibular
branches of the trigeminal nerve, is shallowly emarginated and
lacks the posterior apophysis seen in both Promoschorhynchus and
Moschorhinus (Mendrez 1974; Durand 1991). However, the possibility that this apophysis was removed during mechanical preparation cannot be ruled out. The pterygoparoccipital foramen is
visible only in the holotype BP ⁄ 1 ⁄ 3849. It is bordered by the
quadrate process of the pterygoid ventrally and the anteroventral
process of the squamosal dorsally.
The prootic closely resembles that of other therocephalians in
the formation of posterodorsal and posteroventral processes that
contact the squamosal and with that element form the anterior
opening of the posttemporal fenestra. The ventral portion of the
prootic forms the anterolateral margin of the fenestra ovalis. The
anteroventral process can be seen in palatal aspect in the holotype. This process expands towards its tip and curves anteromedially. The anterodorsal process of the prootic is a small,
tongue-like process that also extends anteromedially, and the
‘incisure prootica’ (Mendrez 1974) formed between this and the

TEXT-FIG. 5.
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anteroventral process is a moderately deep emargination, but
not as acute as the notch seen in Promoschorhynchus.
Mandible. The horizontal ramus of the dentary is fairly slender,
similar to that of Promoschorhynchus. The mandibular symphysis
is unfused. The dentary contains four incisors, one canine and
six postcanines. As in Promoschorhynchus, the dorsoventral constriction behind the canines seen in Moschorhinus (Mendrez
1974) is absent. The high coronoid process exhibits an elongated
shallow masseteric fossa, just anterior to the large postdentary
fenestra. The postdentary fossa appears to be more elongated
than that of Promoschorhynchus. The prearticular forms the posteroventral margin of the postdentary fenestra. The angular runs
beneath the prearticular and terminates posteriorly into an
expanded reflected lamina exhibiting lateral crests and corrugation. The surangular forms a narrow strip of bone that sits
against the posterodorsal corner of the angular. The articular is
partially exposed in the holotype and NMQR 62. It is a low,
short bone that bears a small nubbin of a retroarticular process.
The occlusion of the mandible in all specimens precludes a
description of the coronoid.
Postcranial skeleton. To date, the postcranial elements of Cynariognathus (Cys 1967), Blattoidealestes (Boonstra, 1954), Pristerognathus (Broom, 1936), Macroscelesaurus (Haughton, 1918),
Ictidosuchoides (Broom 1938), Mirotenthes (Attridge, 1956),
Glanosuchus (Fourie 2001), Silpholestes (Broom, 1948), Zinnosaurus
(Boonstra, 1964), Theriognathus (Boonstra, 1934; = Aneugomphius
Brink, 1958), Zorillodontops (Cluver, 1969), ‘Tetracynodon’ (Sigogneau, 1963), Ictidosuchus (Broom 1901), Ericiolacerta (Watson,
1931; Colbert and Kitching 1981), Olivierosuchus (Brink, 1965),
Regisaurus (Kemp 1978), Bauria (King 1996; Fourie 2001), Ordosia
(Hou 1979), a baurioid that was tentatively identified as a regisaurid (Kemp 1986) and an unidentified bauriamorph (Watson 1931)
have been described. However, Olivierosuchus is the only akidnognathid whose postcrania have undergone any form of cursory
description (Brink 1965).
The postcrania of the therocephalian specimen BP ⁄ 1 ⁄ 3973 has
been described by Fourie (2001) as Ictidosuchops and then later
reidentified as Regisaurus (Fourie and Rubidge 2007). The reidentification was based on features such as the presence of a
particularly long lacrimal, the absence of precanines, the absence
of a pineal foramen, the presence of palatal teeth on the ptery-

Right lateral view of Olivierosuchus parringtoni, NMQR 62. Scale bar represents 10 mm.
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goid boss and the upper dental formula of I6:C1:Pc10 (Fourie
and Rubidge 2007).
It comprises an almost complete skeleton. However, on closer
examination, the portion of the skull that would have preserved
a pineal foramen is absent. The postcanine count is also uncertain; impressions of at least four postcanines are visible, and
there is space for more teeth, but the poor preservation precludes a definite assessment of the postcanine count. There also
appears to be two subequal canines positioned directly next to
one another. Either the anterior canine is a replacement canine
or it is a precanine.
As a result of the poor preservation of this specimen, the possibility that BP ⁄ 1 ⁄ 3973 is assignable to Olivierosuchus must be
considered (because of similarities in overall size, postcranial
proportions and overlapping stratigraphic ranges). BP ⁄ 1 ⁄ 3973 is
distinguished from Olivierosuchus by the presence of palatal teeth
on the pterygoid bosses, and the observation that these bosses
also align at a more acute angle compared to the more anterolaterally aligned bosses in Olivierosuchus (and Promoschorhynchus). We do not consider the taxonomic affinities of
BP ⁄ 1 ⁄ 3973 further in this study.
The vertebrae of Olivierosuchus are preserved in articulation in
three specimens. However, the vertebral column is incomplete in
each, and so the total number of vertebrae in Olivierosuchus
remains unknown. The most complete skeleton, NMQR 3605,
preserves 15 presacral vertebrae (Text-figs 2, 3). Of the first
seven presacral vertebrae, the anterior six are clearly cervical and
the seventh is transitional with the thoracic series similar to Ericiolacerta (Fourie and Rubidge 2007). Slight displacement of the
vertebral column to the right of the skull midline has resulted in
slight disarticulation of the atlas–axis complex. The left proatlas
is preserved in association with a cervical rib and left atlantal
neural arch (Text-fig. 6). It is essentially a small wedge-like
bone. The atlas is comprised of separate neural arches and pleurocentrum, which appears to be intimately associated with the
axial pleurocentrum. The atlantal neural arches are disturbed
with respect to the axis, and the left appears to overlap much of
the right. The left neural arch is a distinctly L-shaped element
that wraps around the presumed neural canal. The ventral por-

A

tion of the neural arch is essentially a rectangular tongue of
bone with an irregular lateral surface; there is no distinct transverse process. The ventral portion meets the dorsal part of the
arch, where it forms the facet for the proatlas anteriorly and
posteriorly the ventral portion of an elongate thickened region
that presumably represents the remains of the epipophysis. The
dorsal part of the atlantal neural arch is a roughly fan-shaped
region of bone that formed the roof of the neural canal. The atlantal pleurocentrum resembles that of the regisaurid described
by Kemp (1986). In ventral view, the atlantal pleurocentrum has
a broad exposure and essentially is a boss of bone about twothirds the length of the axial pleurocentrum. The repositioning
of the right neural arch anteriorly has exposed the atlantal pleurocentrum in lateral view, revealing that the latter expands dorsally to produce a thickened articulating surface for the neural
arch. The atlantal intercentrum is not preserved.
The axial neural arch is as long as it is broad; the prezygapophyses are considerably smaller than the postzygapophyses,
resulting in a neural arch length that is roughly equal to its
transverse breadth. The axial neural spine is a roughly hatchetblade-shaped flange of bone that is slightly thicker than the succeeding neural spines. The lateral surface of the neural arch pedicel supports a thick, stubby, ventrolaterally directed transverse
process. In ventral aspect, the axial pleurocentrum is wedge-like
anteriorly but becomes more spool-like towards its posterior
end. Ventrally, the anterior rim bears a semi-circular facet,
approximately one-third the length of the centrum, for the
reception of the axial intercentrum (not preserved). The lateral
surfaces of the axial centrum are slightly concave, and a pair of
confluent nutrient foramina interrupts the sagittal ventral ridge.
The postaxial cervical vertebrae have tall, rectangular neural
spines with weakly convex dorsal tips. The neural arches of these
vertebrae are approximately one-third longer than they are
transversely broad. Their pre- and postzygapophyses are relatively broad and horizontally oriented. The transverse processes
trend from relatively short and thick lateral extensions in the
anterior cervical vertebrae to longer and slender processes in the
posterior cervicals. Similar trends are observed in the positioning
and angulation of these processes in which the anterior positioning
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T E X T - F I G . 6 . Atlas–axis complex of Olivierosuchus parringtoni, NMQR 3605. A, left lateral view and B, right lateral view. Scale bars
represent 10 mm.
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and posteroventral orientation seen in the anterior cervicals
gradually changes to a more posterior position. The process
extends from the middle of the pedicel and extends directly laterally in the posterior cervicals. The cervical centra increase dramatically in width posteriorly, such that the seventh cervical
centrum is roughly 60 per cent thicker than that of cervical 3.
As a result, the centra become rounder in cross-section, such
that cervical 3 bears a midventral keel, cervical 4 bears a slightly
thicker midventral ridge, and more posterior cervical centra feature a faint sagittal crest. The centrum of cervical 3 exhibits
paired nutrient foramina, presumably serially homologous to
those present in the axis, but they are positioned on either side
of the midventral keel; no nutrient foramina are observed on the
more posterior centra. A conspicuous intercentrum is present
for cervical 4, which is approximately one-third the length of
the pleurocentrum of that vertebra. This differs from that
described for Cynariognathus (Cys 1967), Macroscelesaurus
(Haughton, 1918), Theriognathus (= Aneugomphius Brink, 1958),
the specimen identified as Regisaurus BP ⁄ 1 ⁄ 3973 (Fourie and
Rubidge 2007) and a regisaurid (Kemp 1986), where cervical intercentra were not observed. Cervical intercentra have, however,
been noted for the Mongolian therocephalian Ordosia (Hou
1979). Judging from the broadly exposed intercentral rims of
cervical 3 and the axis, an intercentrum must have been present
for the former vertebra. No intercentra are evident in more posterior presacrals, and the close fitting of the intervertebral articulations in these vertebrae suggests that intercentra must have
been reduced to thin ribbons of bone, if indeed present.
The neural spines of the thoracic vertebrae are indistinguishable from those of the cervicals. Whereas the thoracic neural
arches are as long (anteroposteriorly) and as broad (as measured
across the transverse processes) as the cervical neural arches,
they appear narrower because the zygapophyses are oriented
more vertically; a direct measure of the angle is not possible, but
the zygapophyseal facets are probably angled at about 45 degrees
in anterior thoracics and probably at a higher angle in more
posterior vertebrae. As with the posteriormost cervicals, the
transverse processes of the thoracics extend perpendicularly from
the vertebral body at a slightly upward angle, but they project
increasingly more dorsally as one progresses posteriorly down
the column, and the tips of the processes become expanded anteroposteriorly. The vertebral column is preserved as far posteriorly as presacral 15, the natural section through which reveals
that its neurocentral sutures are fused. The faint midventral keel
seen on the more posterior cervicals is continued posteriorly as
a slight ridge in the first four thoracic vertebrae, and then it disappears completely.
Only the cervical and thoracic ribs are known for this genus.
The cervical ribs are short, stout, straight elements with distinct
dichocephalous heads. The tuberculum is thicker than the capitulum. The thoracic ribs are much longer than the cervical ribs,
but are still fairly stout. The heads of these ribs differ from those
of the cervicals by the presence of a sheet of bone connecting
the capitulum and the tuberculum. The capitulum is significantly longer than the tuberculum. Towards the distal ends, they
flare out slightly and become anteroposteriorly flattened. The
thoracic ribs differ from those in Mirotenthes, which appear to
have holocephalous heads (Attridge 1956).
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B

Stipple drawing of Olivierosuchus parringtoni,
BP ⁄ 1 ⁄ 3849, holotype. A, right forelimb and B, right manus.
Scale bars represent 10 mm.

TEXT-FIG. 7.

Pectoral girdle elements are preserved in two specimens; the
holotype BP ⁄ 1 ⁄ 3849 (Text-fig. 7) and NMQR 3605. However,
the coracoids and the procoracoids have separated from the
scapulae in both specimens. A cleithrum was not observed and,
although noted in Pristerognathus (Broom, 1936), Bauria and Ericiolacerta (Watson, 1931), this element also appears to be absent
in Cynariognathus (Cys 1967), Mirotenthes (Attridge, 1956), a
regisaurid (Kemp 1986) and BP ⁄ 1 ⁄ 3973 (Fourie and Rubidge
2007). The scapula is an elongated, slender, curved element, with
a sharp, almost straight dorsal edge, similar to BP ⁄ 1 ⁄ 3973 (Fourie and Rubidge 2007) and Ericiolacerta (Watson, 1931), but not
as slender as Mirotenthes (Attridge, 1956). The blade, which is
flattened lateromedially, extends ventrally in a gentle convex
curve that constricts slightly midway along its length. A slight
blunt median ridge runs dorsoventrally along the lateral surface.
The lower part of the scapula flares out to form a wide, fan-like
and slightly concave face. As in all therocephalians, an acromion
process is absent.
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The coracoids, which would have contacted the procoracoids
and the scapulae in life, have been separated from these elements
in both specimens. The metacoracoid (sensu Vickaryous and
Hall 2006; ‘coracoid’ of Romer 1956) is roughly triangular in
outline with a sharp fan-shaped ventral edge. It narrows towards
the dorsal edge to form a distinct neck. It is fused to neither the
scapula nor the procoracoid. The glenoid portion is the thickest
part of the bone and forms the ventral half of the glenoid. The
procoracoid is a plate-like bone, slightly larger than the metacoracoid. The outlines of the bone are obscured by surrounding
elements, but it appears to be relatively undisturbed with respect
to the scapula and does not contribute to the glenoid region.
The procoracoid foramen pierces the bone near its posterolateral
corner, close to the point where the three pectoral girdle elements meet. The position of the procoracoid foramen differs
from that seen in Ericiolacerta (Watson, 1931), ‘Tetracynodon’
(Sigogneau, 1963), Macroscelesaurus (Haughton, 1918), Bauria
(Watson, 1931) and a regisaurid (Kemp 1986), where the foramen is not completely surrounded by the procoracoid. It is,
however, similar to Zinnosaurus (Boonstra, 1964), Cynariognathus (Cys 1967), Mirotenthes (Attridge, 1956), Ictidosuchus
(Broom 1901) and BP ⁄ 1 ⁄ 3973 (Fourie and Rubidge 2007).
The clavicle is an elongated element that is expanded at both
its dorsal and its ventral ends. The ventral portion is expanded
into a fan-shaped plate that overlaps the interclavicle and contacts its counterpart along the midline (BP ⁄ 1 ⁄ 3849). The ventral
surface of this plate is covered with fine striations that are
aligned transversely. Beyond its contact with the interclavicle, the
bone narrows dramatically and curves posterodorsally, presumably around the anterior margin of the procoracoid. It extends
beyond that endochondral bone, gradually expanding in width
towards its dorsal tip, which contacts the scapula. The lateral
surface of the expanded dorsal tip exhibits a very shallow fossa.
In BP ⁄ 1 ⁄ 3849, fine longitudinal ridges extend across the fossa.
The interclavicle is a flat, cruciate bone with a transversely
expanded posterior ramus that cleaves to the ventral surface of
the sternum. Anteriorly, the ventral surface of the bone is dominated by the two fossae for the reception of the clavicular heads.
A sharp median ridge that separates the fossae is particularly distinct in NMQR 3605. The posterior ramus is an ovoid plate of
bone. In NMQR 3605, the posterior margin is not well preserved, but in the holotype the posterior end is an obtuse point.
Most of the ventral surface, excluding the contact surface for the
clavicles, bears numerous, fine, anteroposteriorly aligned striations. Posteriorly, the free lateral margins form with the anterior
part of the lateral margin of the sternum a slightly concave or
indented embayment, presumably to accommodate the metacoracoids.
The sternum is a large, flat circular bone with a slight concavity at the anterior end for the accommodation of the posterior
ramus of the interclavicle. It differs from the sternum of
BP ⁄ 1 ⁄ 3973 in that it is more circular than oval. A prominent
medial ridge extends from the centre of the sternum, increasing
gradually in height to the posterior margin. Striations flare out
from the middle of the bone to the terminal margins, similar to
that seen in the regisaurid described by Kemp (1986).
The proximal end of the left humerus is preserved in NMQR
3605, and the complete right humerus is preserved in the

holotype. The humerus is a fairly robust, elongated element. It is
slightly twisted so that the proximal and distal ends lie at
approximately 30 degrees to one another. The proximal end has
a flat, straight surface, but has a fairly prominent head in
NMQR 3605. The deltopectoral crest is well developed and
extends down the length of the proximal half to end in the midshaft region of the bone. An ectepicondylar foramen is absent as
noted for all previously described therocephalian humeri (Cys
1967; Fourie and Rubidge 2007), but a prominent entepicondylar foramen is present in the holotype BP ⁄ 1 ⁄ 3849. An entepicondylar foramen is known for most therocephalians, but is
absent in Mirotenthes (Attridge, 1956). The entepicondylar foramen in BP ⁄ 1 ⁄ 3849 is large and proportionally larger than the
foramen noted in BP ⁄ 1 ⁄ 3973 (‘Regisaurus’, Fourie and Rubidge
2007), which is notably smaller and narrow (BP ⁄ 1 ⁄ 3849 basal
skull length c. 105 mm and humerus c. 66 mm long; BP ⁄ 1 ⁄ 3973
basal skull length c. 120 mm and humerus is c. 65 mm long).
The radius and the ulna are absent in NMQR 3605, but are
preserved on the right side in the holotype (Text-fig. 7A). Both
these bones are long and slender elements. The radius is exposed
in anterior view. The proximal end is slightly expanded and
exhibits a shallow concavity on the anterior surface. The element
extends into a narrow shaft that is circular in cross-section.
Although the distal end is slightly expanded, it is not as broad
as the proximal end, a condition that differs from that seen in
the radius of BP ⁄ 1 ⁄ 3973 (Fourie and Rubidge 2007). It is not
known if a lateral crest or posterior ridge is present as these surfaces are not exposed. The ulna is exposed in lateral view and is
almost the same length as the radius. It is slightly sigmoidal in
shape, with an olecranon process at the proximal end that is
expanded in the lateromedial direction. A broad, shallow,
spoon-shaped depression is present on the lateral surface of the
proximal end, below the olecranon process, and may have served
as the point of origin for M. extensor carpi ulnaris. The shaft is
slightly flattened anteroposteriorly in cross-section, and the distal
end is only slightly expanded.
The right manus is preserved in the holotype (Text-fig. 7B)
and comprises the pisiform, the ulnare, the radiale, the lateral
centrale, distal carpals 1 and 3–5, metacarpals 1–5 and several
phalanges, including the unguals of digits I and II. The pisiform
is preserved close to the distal end of the ulna and is subtriangular in shape. The ulnare is a large polygonal bone that is partly
exposed near the right corner of the distal end of the ulna. It lies
close to and to the right of the largest bone in the carpus, the
radiale, which lies distal and slightly lateral to the radius. The
radiale is quadrangular in shape and is the largest bone in the
carpus. Its dorsal surface is slightly rounded to form the articulation with the radius, whereas the medial edge is straight the
distal edge is also slightly rounded. The lateral centrale is positioned between the medial side of the radiale and the proximal
end of distal carpal 1. It is a relatively large, transversely
expanded polygon that is almost as broad as the radiale. Three
quadrangular distal carpals are preserved; distal carpal 2 is
absent. Distal carpal 1 is the largest, being almost twice the size
of the rest of the distal carpals. Positioned just distal to the lateral centrale, it is a semi-rectangular bone that is nearly the same
size as metacarpal 1. Distal carpal 3 lies just proximal to metacarpal III and is the smallest of the distal carpal elements. Distal
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carpals 4 and 5 are fused together indistinguishably, forming an
element that is slightly larger than distal carpal 3, and it lies just
proximal to metacarpal IV. Metacarpal I is a slightly waisted
quadrangle of bone, which is approximately half the length of
the longest metapodial element, metacarpal III. The proximal
end is weakly convex, whereas the distal end is strongly convex.
Metacarpal II is intermediate in length between metacarpals I
and III. It is slightly more waisted than metacarpal I, and the
distal end is slightly broader than the proximal end. Metacarpal
III is the largest preserved metacarpal and resembles metacarpal
II in shape. Metacarpal IV is missing its distal end. The proximal
end is approximately the same size as metacarpal III. Metacarpal
V is slightly larger than metacarpal II. The proximal end is
asymmetrical, which presumably reflects the curvature formed
by the proximal ends of the articulated metacarpals. Phalanges
are present only on digits I to III, but they are complete only in
the first two digits (digital formula: 2-3-?-?-?). The proximal
phalanges in both digits are flattened dumb-bell-like structures.
The unguals are essentially slender, tapering, blunt cones. The
ungual of digit I is approximately 60 per cent longer than the
proximal phalanx, whereas that of digit II is 50 per cent longer
than the phalanx proximal to it. Lateral grooves reported in the
unguals of Ericiolacerta (Watson, 1931) and ‘Tetracynodon’ (Sigogneau, 1963) are absent in those of Olivierosuchus. In general,
the manus is long and slender, similar to that of BP ⁄ 1 ⁄ 3973
(Fourie and Rubidge 2007), the portion preserved in the regisaurid described by Kemp (1986), ‘Tetracynodon’ and Ericiolacerta,
but differs from Cynariognathus, which is far more robust (Cys
1967).

DISCUSSION
Morphology
Olivierosuchus differs from other small akidnognathids in
having an upper dental formula of I5:C2:Pc3. Most other
akidnognathids have at least five (Promoschorhynchus,
Cerdosuchus; Broom, 1936) or more postcanines (Akidnognathus, Nanictidops, Pelictosuchus, Proalopecopsis, Zorillodontops; Broom, 1936; Cluver, 1969). Cerdops has three
postcanines (Brink 1986), Notaelurodon has four (Broom,
1936), and Moschorhinus has three or four (Durand
1991). Olivierosuchus differs from Cerdops in that the
former has five upper incisors and the latter has four, the
palatines contact one another and form part of the suborbital fenestra border, and an interpterygoid fossa is
present, which is absent in Cerdops (Brink 1986). The
tooth count also differs from the akidnognathid Euchambersia, where postcanines are absent (Brink 1986).
Euchambersia also clearly differs from Olivierosuchus by
the presence of a large, deep excavation in the maxilla
posterior to the canine (Brink 1986), a feature that is
absent in Olivierosuchus.
Olivierosuchus appears to be most closely related to
Promoschorhynchus and Moschorhinus. However, the

601

former can be distinguished from the latter two genera in
that both Promoschorhynchus and Moschorhinus have
shorter, wider snouts relative to the long axis of the skull,
regardless of size. Olivierosuchus also differs from Promoschorhynchus in having three upper postcanines instead of
five or six, an obtuse angle of the transverse process of
the pterygoid and an oblique alignment of the suborbital
fenestra margin of the palatine. Features that further
distinguish Olivierosuchus from Moschorhinus include a
premaxilla where the palatal portion is equal in anteroposterior length both medially and laterally, a spatulate
posterior portion of the ectopterygoid instead of a narrow
shaft, a sharp crista choanalis, the presence of prominent
pterygoid tuberosities and a narrow, elongated tabular.
Huttenlocker (2009) further distinguished Olivierosuchus
from Moschorhinus by the absence of precanines in the
adults of the latter genus (based on an observation by
Durand 1991) and suggested that their absence was
because of ontogeny. However, precanines were observed
in large Moschorhinus individuals in this study (NMQR
76, 233 mm skull length; NMQR 3568, 196 mm skull
length).
We conducted a phylogenetic analysis to examine the
monophyly of these akidnognathids. Characters used for
the phylogenetic analysis were taken from Hopson and
Barghusen (1986), with additional characters from Rowe
(1988) and Abdala (2007). The list of phylogenetic characters is presented in the Appendix S1. Our ingroup consists of (with sources) Lycosuchus and Scylacosauridae
(van den Heever 1994), Moschorhinus (NMQR 76, NMQR
3568; Brink 1958; Durand 1991), Theriognathus (NMQR
3375, BP ⁄ 1 ⁄ 182, SAM-PK-K10429; Brink 1956, 1957),
Ictidosuchoides and Ictidosuchops (Brink 1960), Regisauridae (Mendrez 1972; Kemp 1986), Ericiolacerta (Watson,
1931), Bauria cynops (Brink, 1963; King 1996), Lycideops
(Mendrez 1975) and ‘Tetracynodon’ darti (BP ⁄ 1 ⁄ 2710; Sigogneau, 1963). Information on the akidnognathids Moschorhinus kitchingi, Promoschorhynchus platyrhinus and
Olivierosuchus parringtoni is based on first-hand examination of the specimens listed above in the Material and
Methods and Systematic Palaeontology sections. We also
included the cynodont genus Procynosuchus (Anderson,
1968; Kemp 1979, 1980) to test therocephalian monophyly, which was questioned recently by Abdala (2007)
and Botha et al. (2007). We use Gorgonopsia as the outgroup, coded mainly from Lycaenops ornatus (Colbert
1948) with supplemental codings from Sigogneau (1970).
We constructed a data matrix of 15 taxa and 30 characters (Appendix S1). This was subjected to the branchand-bound search algorithm of PAUP, with characters
unweighted and unordered, delayed transformation optimization in effect, and parsimony as the optimality criterion. PAUP discovered 2 trees, the strict consensus of
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Therocephalia. Whereas we determined codings for most
of our taxa on the basis of published descriptions, Huttenlocker (2009) examined numerous therocephalian
specimens directly, and he used nearly double the number (23) of therocephalian taxa that appear in our analysis. This doubtless accounts for the great differences
with our results, as we were not able to examine specimens of an appreciable number of therocephalian taxa
first hand.

BIOSTRATIGRAPHY
T E X T - F I G . 8 . Strict consensus of 2 optimal trees discovered
in a PAUP analysis of 15 taxa and 30 characters. See text for
tree statistics. Numbers indicate Bremer decay support values;
values for clades that collapse at one extra step are not shown.

which is shown in Text-figure 8. Each of these trees is 63
steps long, with a consistency index (CI) of 0.65, a CI
excluding uninformative characters of 0.65, a retention
index of 0.71 and a rescaled CI of 0.46. A Bremer decay
analysis (Bremer 1988) was run; the support values for
the clades found in the initial branch-and-bound search
are provided below.
The akidnognathid taxa Moschorhinus, Promoschorhynchus and Olivierosuchus form a clade in our optimal trees.
However, this clade (Akidnognathidae) collapses, as does
the clade of Lycideops and ‘Tetracynodon’ darti, with the
addition of two extra steps (Text-fig. 8). The strongest
clade, requiring six extra steps to collapse, consists of all
ingroup taxa except Lycosuchus and Scylacosauridae. That
particular clade includes the cynodont taxon Procynosuchus, and thus, the results of our analysis support Kemp’s
(1972) hypothesis that Therocephalia is a paraphyletic
group, an idea that has found support in two recent,
computer-assisted studies of theriodont phylogeny (Abdala 2007; Botha et al. 2007), although we were not able
to confirm that Theriognathus is the sister taxon of
Cynodontia.
The lack of resolution and the poor support for most
of the clades discovered in our analysis is unfortunate
but not wholly unexpected and is doubtless attributable
to the paucity of detailed anatomical studies on therocephalian (or therocephalian-grade) synapsids. Most
therocephalian taxa are in dire need of redescription and
systematic revision. We would like to note that previous
computer-based cladistic analyses (Abdala 2007; Botha
et al. 2007) included no more than seven therocephalian
terminal taxa, whereas our analysis includes almost double that number (13 therocephalians). In the course of
revising this study, a more extensive phylogenetic analysis of therocephalians was published by Huttenlocker
(2009), who found strong support for a monophyletic

Olivierosuchus in the Lystrosaurus Assemblage Zone
The Lystrosaurus Assemblage Zone was proposed by
Broom (1906) and redefined by Kitching (1970). The
biozone is defined by the appearance in abundance of
the dicynodont Lystrosaurus and the parareptile Procolophon and the absence of the Permian dicynodont Dicynodon lacerticeps. It succeeds the Late Permian Dicynodon
Assemblage Zone and is followed by the Middle Triassic
Cynognathus Assemblage Zone. The biozone is recorded
from the upper two-thirds of the Palingkloof Member of
the Balfour Formation and the Katberg Formation
(Rubidge 1995; Neveling et al. 2006). The Lystrosaurus
Assemblage Zone is well established and particularly
important in Permian–Triassic vertebrate research. The
lowermost boundary designates the Permian ⁄ Triassic
boundary, and the assemblage zone itself includes taxa
of the Early Triassic recovery phase, which follows the
end-Permian extinction event (Ward et al. 2000, 2005;
Smith and Ward 2001; Retallack et al. 2003; Smith and
Botha 2005; Botha and Smith 2006).
Olivierosuchus is constrained to the Early Triassic Lystrosaurus Assemblage Zone in the Karoo Basin of
South Africa. However, its exact biostratigraphic range
within the Lystrosaurus Assemblage Zone remains uncertain. Confirming the biostratigraphic ranges of taxa
within this biozone is fundamental for understanding
the dynamics of the Early Triassic recovery in South
Africa. The holotype, BP ⁄ 1 ⁄ 3849, was recovered from
the farm New Castle, formerly an annex of Admiralty
Estates (Oliviershoek Pass), Bergville District, KwaZulu
Natal Province, northern Karoo Basin. The stratigraphic
position of the fossiliferous horizon on New Castle
within the Lystrosaurus Assemblage Zone is uncertain.
Fossils from this locality include Moschorhinus and ‘Tetracynodon’ darti (i.e. the holotype, BP ⁄ 1 ⁄ 2710), which
are known elsewhere only from the lowermost Lystrosaurus Assemblage Zone (Palingkloof Member, Balfour
Formation in the southern Karoo Basin). New Castle
has also yielded Lydekkerina and Procolophon, taxa that
are known unequivocally from the middle to upper Ly-
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strosaurus Assemblage Zone (Katberg Formation in the
southern Karoo Basin; Botha and Smith 2006). Thus,
New Castle contains strata of the Harrismith Member,
Normandien Formation of the northern Karoo Basin,
which is generally considered to be the lateral equivalent to the Palingkloof Member of the southern Karoo
Basin (Rubidge 1995), but also appears to contain
strata of the Verkykerskop Formation, which is a possible lateral equivalent to the lower portion of the Katberg Formation in the southern Karoo Basin. However,
BP ⁄ 1 ⁄ 3849 was found at the same locality and stratigraphic horizon as the holotype of ‘Tetracynodon’ darti
(BP ⁄ 1 ⁄ 2710) (Brink 1965), which suggests that
BP ⁄ 1 ⁄ 3849 was recovered from the Harrismith Member,
Normandien Formation (Palingkloof Member of the
Balfour Formation equivalent). NMQR 3605 was recovered from the farm Barendskraal (Palingkloof Member,
Balfour Formation), which is restricted to the lowermost portion of the Lystrosaurus Assemblage Zone.
SAM-PK-K117 was recovered from the farm Skerpioenkraal in the Middelburg District and NMQR 62
from the farm Zeekoeigat, Venterstad District. Both
these localities have produced the dicynodont Lystrosaurus curvatus, amongst other typical Lystrosaurus Assemblage Zone taxa. Lystrosaurus curvatus is restricted to
the Palingkloof Member of the Balfour Formation (Botha and Smith 2007), but it is not known if these
localities contain strata of the overlying Katberg Formation as well. However, Skerpioenkraal and Zeekoiegat
are localities with low relief, and as strata of the Palingkloof Member is present at both these localities, it is
likely that only the lowermost Lystrosaurus Assemblage
Zone (Palingkloof Member, Balfour Formation and possibly lowermost Katberg Formation) is preserved at
these sites.
A further specimen not described in this study,
CGP ⁄ 1 ⁄ 121, was tentatively assigned to Olivierosuchus by
Neveling (2004). It was recovered from the farm Heuningkrans, Burgersdorp District, which is located in the
uppermost portion of the Katberg Formation. However,
CGP ⁄ 1 ⁄ 121 consists of a badly preserved posterior portion of a skull and, on closer inspection, cannot be confidently assigned to a particular genus and should be
classified as Therocephalia indet. (J. van den Heever, pers.
comm. 2009).
Based on the positively identified specimens of Olivierosuchus, we now limit the range of Olivierosuchus parringtoni to the Palingkloof Member, Balfour Formation
(Harrismith Member, Normandien Formation of the
northern Karoo Basin), with a possible extension into the
lowermost Katberg Formation (Verkykerskop Formation
of the northern Karoo Basin). Therefore, O. parringtoni is
restricted to the lowermost Lystrosaurus Assemblage Zone
(Text-fig. 9).
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T E X T - F I G . 9 . Stratigraphic ranges of therocephalian taxa in
strata assigned to the Lystrosaurus Assemblage Zone of South
Africa. Promoschorhynchus, Theriognathus, Ictidosuchoides,
Ictidosuchops and Lycideops (= ‘Tetracynodon’ tenuis according to
Kammerer 2008) have been recovered from Permian deposits
right up to the Permian–Triassic boundary. To date,
Moschorhinus kitchingi is the only therocephalian species known
to have crossed the boundary. Solid lines represent known
ranges, and dashed lines indicate uncertain ranges. Ranges from
Botha and Smith (2006), Kammerer (2008), Huttenlocker (2009)
and this study. Number refers to millions of years. CAZ,
Cynognathus Assemblage Zone; DAZ, Dicynodon Assemblage
Zone; LAZ, Lystrosaurus Assemblage Zone; PM, Palingkloof
Member; PTB, Permian–Triassic boundary.

Therocephalians and the Early Triassic recovery in the
Karoo Basin
Olivierosuchus parringtoni and other Early Triassic therocephalians form an important part of the Triassic recovery in South Africa. Currently, seven therocephalian
genera are present in the Early Triassic of the Karoo
Basin, including Moschorhinus (also found in Late Permian deposits), Ericiolacerta, ‘Tetracynodon’ darti, Regisaurus, Zorillodontops, Scaloposaurus and Olivierosuchus
(Text-fig. 9). Moschorhinus and Ericiolacerta are recorded
only from the Palingkloof Member, Balfour Formation
(Botha and Smith 2006). Regisaurus is known from the
farm Zeekoeigat in the Venterstad District and, if
BP ⁄ 1 ⁄ 3973 is correctly assigned to this genus, from the
farm Nooitgedacht in the Bethulie District. We consider
Zeekoeigat to include strata of the Palingkloof Member,
Balfour Formation and lowermost Katberg Formation
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for reasons outlined above. Nooitgedacht is a Permian–
Triassic locality, the Triassic portion of which has
yielded Proterosuchus, a genus that is recorded only from
the Palingkloof Member and lowermost Katberg Formation (Botha and Smith 2006). Thus, it seems likely that
Regisaurus is restricted to the lowermost Lystrosaurus
Assemblage Zone (Palingkloof Member, Balfour Formation and possibly the lowermost Katberg Formation).
Zorillodontops is known from a single specimen from the
farm Edenville in Kroonstad District (Cluver 1969), but
the precise stratigraphic horizon is unknown. Groenewald and Kitching (1995) proposed a short range for
this taxon in the lowermost Katberg Formation, but they
did not provide reasons for this suggestion. Scaloposaurus is known only from the Katberg Formation, and its
range extends to the base of the Swartberg member,
which is an informal upper member of the Katberg Formation in the southern Karoo Basin (Botha and Smith
2006).
Thus, most of the Early Triassic therocephalian genera
appear to be restricted to the lowermost Lystrosaurus
Assemblage Zone and are recorded mostly from the
Palingkloof Member, Balfour Formation and lowermost
Katberg Formation, southern Karoo Basin and equivalents
in the northern part of the basin. This suggests that
therocephalian diversity decreased dramatically in the
middle and upper Lystrosaurus Assemblage Zone
(although preservational bias cannot be ruled out as the
Katberg Formation represents a higher energy environment and the fossilization potential of delicate small
material would have been reduced accordingly).
Despite the apparent decrease in therocephalian diversity in the middle Lystrosaurus Assemblage Zone, therocephalians remain relatively the most diverse therapsid
clade in the lowermost Triassic Karoo Basin. Although
the dicynodont Lystrosaurus significantly outnumbered
other vertebrates, only two dicynodont genera, i.e. Lystrosaurus and Myosaurus, are known from this assemblage
zone. Early Triassic cynodonts include four genera (Progalesaurus, Galesaurus, Thrinaxodon and Platycraniellus),
of which Galesaurus and Thrinaxodon are relatively common. To date, Moschorhinus kitchingi is the only known
therocephalian to have crossed the Permian–Triassic
boundary, but the appearance of another six therocephalian genera in the Lystrosaurus Assemblage Zone is
strongly suggestive that additional lineages must have
survived the end-Permian extinction. This high therocephalian diversity in the lowermost Lystrosaurus Assemblage Zone suggests that they formed a significant part of
the immediate recovery, perhaps more so than the cynodonts. However, the therocephalians appear to dwindle
during the Olenekian Stage, with only Scaloposaurus
known from the upper portion of the Lystrosaurus
Assemblage Zone and a maximum of four genera (Bauria,

Microgomphodon, Watsoniella and Melinodon) in the
overlying Cynognathus Assemblage Zone of the Anisian
Stage.
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