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INTRODUCTION
Therocephalians were one of the major subclades of
non-mammalian therapsids, and encompassed a broad
range of body sizes and inferred ecologies throughout
their lengthy evolutionary history (middle Permian–
Middle Triassic) (Angielczyk & Kammerer 2018).
Therocephalians first appear in the WordianEodicynodon
Assemblage Zone of the South African Karoo Basin
(Abdalaet al. 2008), with the earliest known records
belonging to a group of mid-to-large-sized, large-fanged
predators called Scylacosauridae. Scylacosaurids are one
of the two therocephalian families often called ‘early
therocephalians’ or ‘basal therocephalians’ (the other
being Lycosuchidae), that is, those therocephalians
outside of the diverse subclade Eutherocephalia. Despite
being an abundant component of middle Permian faunas
(Smithet al. 2012) and having high diversity (at least nomi-
nally), scylacosaurids have received little research atten-
tion relative to coeval therapsid groups.
The earliest-discovered specimen that can confidently
be identified as a scylacosaurid is NHMUK PV R 872, the
holotype ofHyorhynchus platycepsSeeley, 1889, which was
collected by Thomas Bain in the Gouph Tract (Western
Cape Province of South Africa), then purchased by the
British Museum in 1880 (Boonstra 1969). Seeley (1889)
consideredHyorhynchusmost similar toAelurosaurus(a
gorgonopsian), but at the time, very few therocephalian
fossils were known, and the distinction between members
of this group and other theriodonts had not yet been
established. Owen (1876) had previously described three

theriodont taxa currently considered therocephalians
(Scaloposaurus,Theriognathus, andTigrisuchus), but two of
them were based on highly incomplete material (Therio-
gnathusandTigrisuchus, the former of which was at first
mistakenly described as an anomodont related to
Oudenodon), so there was limited basis for comparison.
Owen (1876) attempted to subdivide the Theriodontia
based on compartmentalization of the external naris, but
his categories largely reflected preservational artefacts
and included a random assortment of gorgonopsians,
therocephalians, and cynodonts (as well as the parareptile
Procolophon). Seeley (1894) refined theriodont taxonomy,
abandoning Owen’s naris-centric system and recognizing
cynodonts as a group separate from the other theriodonts.
However, he retained therocephalians and gorgonop-
sians together in a group named Lycosauria (note,
though, that this group did not includeGorgonopsitself,
which he considered the sole member of the new taxon
Gorgonopsia). In the same work, Seeley named the
second taxon now recognized as a scylacosaurid,Pristero-
gnathus polyodon.
Broom (1903a) described the first well-preserved, largely
complete skull of an early therocephalian, the holotype
(US D173) ofLycosuchus vanderrieti. Shortly thereafter, he
(Broom 1903b) described four additional taxa of early
therocephalians (notablyScylacosaurus sclateri), beginning
a half-century-long explosion in the alpha taxonomy of
this group. Between 1903 and 1954, 44 new species of early
therocephalians were described from the Karoo Basin,
mostly based on poorly prepared, incomplete cranial
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material (e.g. Broom 1904, 1907, 1908; Boonstra 1953).
Following this period, work on early therocephalians
dropped to near non-existence, with only two new South
African taxa named subsequently (Zinnosaurus paucidens
Boonstra, 1964 andCrapartinella croucheriMendrez, 1975).
The deaths of Broom (in 1951) and Boonstra (in 1975)
brought an end to the ‘explosive period’ in the taxonomy
of Karoo therocephalians (and indeed, of Karoo tetrapods
generally), with subsequent researchers beginning the
arduous work of revising their nomenclatorial excess.
However, while the 1970s and ‘80s witnessed major
advances towards resolving the taxonomy of several
major therapsid groups (e.g. Dicynodontia [Keyser 1973,
1975; Cluver & Hotton 1981; Cluver & King 1983; King
1988], Gorgonopsia [Sigogneau 1970; Sigogneau-Russell
1989], and Cynodontia [Hopson & Kitching 1972; Grine
et al. 1978]), therocephalians were, for the most part, not
among them. The tragic early death of the researcher
tasked with revising the Therocephalia (Christiane
Mendrez-Carroll, 1937–1978) arrested for some time
serious work on African members of the group (although
this period did witness important contributions to the
Russian fauna, e.g. Tatarinov [1974]).
Interest in therocephalian systematics was slow to
resume, and until recently, substantive works on the topic
were few and far between. Van den Heever (1980)
re-examinedLycosuchus, recognizing the apparent double
canines of this taxon as an artefact of replacement, and as
such considered this taxon to be fundamentally similar to
other early therocephalians. Accordingly, he considered
the family Lycosuchidae to be invalid, and included
Lycosuchusin the family Pristerognathidae. Hopson &
Barghusen (1986) presented the first (hand-drawn)
cladistic phylogeny of Therapsida, and within Thero-
cephalia recognized a fundamental split between early
therocephalians and later Permian forms, the latter form-
ing the subclade Eutherocephalia. They followed van den
Heever (1980) in recognizing only a single family of early
therocephalians (Pristerognathidae), which they placed
in the monofamilial higher taxon Pristerosauria Boonstra,
1953. However, van den Heever (1994) later showed
Lycosuchidae to indeed be distinct from other early
therocephalians (the latter forming the family Scylaco-
sauridae Broom, 1903c, a name with precedence over
Pristerognathidae Haughton, 1924), representing the
earliest-diverging therocephalian lineage. He established
the taxon name Scylacosauria for the least inclusive clade
uniting Scylacosauridae and Eutherocephalia. Abdala
(2007) included seven therocephalian operational taxo-
nomic units (OTUs) in his analysis of eutheriodont
phylogeny, recovering a paraphyletic Therocephalia in
which Theriognathusis the sister-group to cynodonts,
reviving in a cladistic framework a hypothesis previously
advanced by Kemp (1972). However, therocephalian
monophyly was reaffirmed by Huttenlocker (2009), who
published the first computer-assisted cladistic analysis
primarily focused on therocephalians (rather than includ-
ing a few therocephalian exemplars in broader-scale
analyses). Variations on Huttenlocker’s (2009) matrix
have been used in almost all subsequent phylogenetic

work on the group (Huttenlocker et al. 2011, 2015;
Sigurdsenet al. 2012; Huttenlocker 2014; Huttenlocker &
Sidor 2016; Huttenlocker & Smith 2017; Liu & Abdala
2017, 2019, 2020; Maisch 2017; Kammerer & Masyutin
2018; Brocklehurst 2019; Grunertet al. 2019).
Although the large number of recent papers on Thero-
cephalia attest to a renaissance in work on this group, it
should be noted that these papers mostly concern
higher-level phylogeny, palaeobiology and morphologi-
cal disparity, or the description of new species. Alpha
taxonomic revision of the extensive existing set of nominal
therocephalian species has largely remained in a state of
stasis, with only a few published exceptions (e.g.
Ivakhnenko 2011; Abdalaet al. 2014a; Huttenlocker &
Abdala 2015). Among unpublished works, however, there
is an important exception, namely the Ph.D. thesis of van
den Heever (1987) on the (primarily South African) record
of early therocephalians. The descriptive section of this
thesis, presenting detailed anatomical coverage of new,
well-prepared lycosuchid and scylacosaurid specimens
from the collections of the Council for Geoscience (Preto-
ria), was later incorporated into a published monograph
(van den Heever 1994). The larger section of the thesis, a
comprehensive taxonomic revisionof early therocepha-
lians, was never published, but is widelyknown to Karoo
workers. Most aspects of this revision have gone uncon-
tested in the literature, and it still represents the ‘state of
the art’ for early therocephalians, generally being cited
whenever the lower-level taxonomy of this group needs
to be addressed (e.g. Abdala 2007; Abdalaet al. 2008;
Suchkova & Golubev 2019; Puschet al. 2020).
Van den Heever (1987) greatly reduced the number
of valid South African species in both Lycosuchidae
(previously 13 nominal species) and Scylacosauridae
(previously 33 nominal species). In Lycosuchidae, he
recognized only two species ofLycosuchus: the type
(L.vanderrieti) and a new species based on the specimen
CGS C60. Later, however, he declined to formalize the
latter as a new taxon, referring to it only as a ‘lycosuchid’
(precise taxon not specified) (van den Heever 1994).
More recent work on lycosuchids (Abdalaet al. 2014b) has
also recognized two valid species, but with the other
corresponding to the historical taxonSimorhinella baini
Broom, 1915b rather than CGS C60 (which Abdalaet al.
referred toL.vanderrieti). In Scylacosauridae, van den
Heever (1987) recognized six valid species: Alopecodon
priscus,Glanosuchus macrops,Ictidosaurus angusticeps,
Pardosuchus whaitsi,Pristerognathus polyodon, andScylaco-
saurus sclateri. Differentiation between these taxa was
basedentirely on tooth count, specifically that of the
upper anterior (pre-canine) dentition. All known scylaco-
saurids have either six or seven upper incisors and a
variable number of precanines (small, typically incisiform
maxillary teeth anterior to the canine), and van den
Heever’s (1987) taxonomic scheme treats the combination
of these counts as diagnostic: I6/PrC0=Glanosuchus
macrops, I6/PrC1=Ictidosaurus angusticeps, I6/PrC2=
Pardosuchus whaitsi, I7/PrC0=Pristerognathus polyodon,
I7/PrC1=Scylacosaurus sclateri, and I7/PrC2=Alopecodon
priscus.
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Although reasonably straightforward, there are a
number of pitfalls to this system for scylacosaurid identifi-
cation. First and foremost, by being entirely reliant on a
small portion of the anatomy, it excludes a large portion of
the scylacosaurid fossil record from identifiability (includ-
ing many holotypes). One could have an otherwise
complete and well-preserved scylacosaurid skull, but
missing the tip of the snout consigns it to indetermi-
nability under this system. Second, it ignores the possibil-
ity of individual variation in tooth count, including
possible changes during growth (as seems to be the
case in some other eutheriodonts, see e.g. Anderson
1968). Examination of small scylacosaurid specimens,
interpreted as juveniles, indicates that this is a real
concern. As an example, take UCMP 42659, a very small
(basal skull length 9.61 cm) therocephalian specimen from
TapinocephalusAZ sediments in Weltevreden, Beaufort
West. The weakly ossified occiput, broad intertemporal
region without a distinct sagittal crest, and very large
interpterygoid vacuity of this specimen indicate that it is a
juvenile, and the highly dentigerous pterygoid boss and
serrated upper incisors, canines, and postcanines indicate

that it is a scylacosaurid. The taxonomic identity of this
specimen is uncertain, as it does not fit cleanly into the van
den Heeverian paradigm for scylacosaurid identification.
In the left premaxilla and maxilla, there are 10 tooth
crowns preserved anterior to the canine (Fig. 1A). The first
three tooth crowns are definite incisors and are the largest
of the preserved anterior teeth (although I1 is damaged
and may not have been fully erupted; Fig. 1B). What are
here interpreted as I4 and I6 are very short and apparently
still in the process of eruption, whereas I5 appears fully
erupted (although still shorter than I1–3). All fully erupted
incisors have distinct distal carinae and serrations are
present in at least I2 and I3. Also, I1–6 are all weakly
recurved and slightly posteriorly canted. The three teeth
posterior to I6 appear to be fully erupted, but lack carinae
or serrations and the first two are anteriorly canted,
similar to the first precanine when it is present in larger
scylacosaurid specimens. Here, these three teeth are all
considered to be precanines. The final anterior tooth
is strongly recurved and bears large serrations and is
interpreted as the erupting tip of a replacement canine in
the anterior canine alveolus.
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Figure 1. Scylacosaurid anterior dentition, showing variation in incisor and precanine counts. UCMP 42659, an indeterminate juvenile scylacosaurid,
in (A) anterolateral and (B) anterior views.C, SAM-PK-11942, holotype ofPtomalestes avidus(=Glanosuchus macrops), in ventral view.D, NHMUK PV
R 2581, holotype ofPristerognathus polyodon, in ventral view.Abbreviations: C, upper canine; I, upper incisor; PrC, upper precanine; rC, replacement
canine. Scale bars equal 1 cm.



The dental formula of I6/prC3 is otherwise unknown
among scylacosaurids. The possibility that the seventh
anterior tooth is an incisor (yielding the dental formula of
I7/prC2 that van den Heever [1987] considered diagnostic
forAlopecodon) must be considered, although the differ-
ences in angulation and crown morphology between it
and the preceding incisors would tend to contradict such
an interpretation. Furthermore, these three teeth all
appear to legitimately originate in maxillary alveoli,
unlike I5 and 6 that originate in premaxillary alveoli over-
lain laterally by the maxilla. It is of course possible that
UCMP 42659 represents an unknown taxon of thero-
cephalian, in which the adult also had an unusually high
anterior tooth count. But, especially considering that
several of the incisors and the canine are clearly in the
process of replacement, it seems more likely that this
specimen is capturing a transitory state in the dental
development of this individual, potentially with more
precanines than would be present in the adult.
While incisor count seems to be less prone to onto-
genetic variation than precanine count in theriodonts (at
least taking cynodonts as a point of comparison; see
Anderson 1968; Hopson & Kitching 1972), it is clear that it
is not totally fixed in scylacosaurid species, as there
can be variation in incisor number even within single
individuals. Historically,Pristerognathus polyodonwas
thought to have six upper incisors (e.g. Seeley 1895;
Broom 1932; Boonstra 1954), based on the condition in the
holotype (NHMUK PV R 2581). Additional preparation of
the specimen detailed by Mendrez (1972; see also
Mendrez 1974, 1975) revealed the presence of a tiny
seventh incisor in the left maxilla, and van den Heever
(1987) considered the presence of seven incisors and no
precanines to be diagnostic forP.polyodon. However,
while seven upper left incisors are present in this speci-
men, there are only six incisors in the right premaxilla, and
although this bone is more poorly preserved than its
counterpart, the presence of a thick alveolar rim posterior
to the sixth incisor indicates that it was indeed the last
tooth in the series (Fig. 1D). As such, an incisor count of six,
on its own, cannot rule out possible identification of a
scylacosaurid skull asPristerognathus, and given the
minuscule size of I7 and the known history of NHMUK
PV R 2581, it is clear that this tooth would not be visible in a
less thoroughly prepared specimen (i.e. the vast majority
of scylacosaurid specimens).
Another scylacosaurid specimen with variation in the
incisor count is SAM-PK-11942, holotype ofPtomalestes
avidus. Seven incisors are preserved in the left maxilla but
only five in the right (Fig. 1C). The mid-premaxillary
suture is very well exposed ventrally in this specimen, so
there can be no doubt as to the identity of I1 on each side;
this is not a case where taphonomic deformation has
shifted an incisor to an uncertain position. Van den
Heever (1987) consideredP.avidusreferable toPristero-
gnathus polyodonbased on the presence of seven incisors
and no precanines, but this only applies to one side of the
skull. Furthermore, SAM-PK-11942 differs from NHMUK
PV R 2581 and other specimens ofP.polyodonin snout
proportions, being broader.

Examples such as these indicate that anterior tooth
count cannot be taken as the final word on scylacosaurid
species determination. While van den Heever’s (1987)
review of the group was a major step forward in our
understanding of early therocephalian diversity, his
paradigm of strict incisor/precanine count-based diagno-
ses are limiting and of questionable biological value.
Although anterior tooth counts in scylacosaurids are not
random and have some diagnostic value, they are not
without variability and must be incorporated into a
broader, holistic view of their cranial anatomy, which I
have endeavoured to accomplish here. Poor preparation
of many scylacosaurid fossils necessarily means that some
of the synonymies proposed here (see Table 1) are tenta-
tive, and changes to the identifications of certain speci-
mens will almost certainly occur as better preparation
(or CT-scanning) provides more information on their
anatomy. However, it is hoped that this work generally
provides a robust framework for interpreting the expan-
sive scylacosaurid record, allowing incorporation of a
greater number of specimens into studies of the bio-
stratigraphy, geographic distribution, and palaeoecology
of this group.

MATERIAL AND METHODS
Comparisons were made based on first-hand examina-
tion of all surviving scylacosaurid holotypes and plaster
casts of BSPG 1936-II-9 (the holotype ofPristerognathus
peyeri, which was destroyed during World War II). Unless
specified otherwise, all specimens referenced below were
found in rocks of the Beaufort Group in the Karoo Basin of
South Africa.

SYSTEMATIC PALAEONTOLOGY

SynapsidaOsborn, 1903
TherapsidaBroom, 1905
TherocephaliaBroom, 1903c
Scylacosauriavan den Heever, 1994

ScylacosauridaeBroom, 1903c
1924 Pristerognathidae Haughton, p. 74

1932 Alopecodontidae Broom, p. 65

1932 Ictidosauridae Broom, p. 64

1975 Crapartinellidae Mendrez, p. 382

Type genus.ScylacosaurusBroom, 1903b.
Diagnosis. Early therocephalians characterized by the
combination of the following primitive character states
for Therocephalia: absence of a mandibular fenestra,
presence of serrated incisors and canines, paired vomers,
a separate postfrontal bone, and a contact between the
tabular and opisthotic on the occipital plate; as well as the
following derived character states for Scylacosauria:
absence of teeth on the transverse process of the ptery-
goid, presence of a well-developed crista choanalis,
ventromedian crest on palatines, and a medial squamosal
contribution to the pterygo-paroccipital foramen (van
den Heever 1994; Huttenlocker 2009). There are few
recognized autapomorphies of Scylacosauridae (in large
part due to the poor preservation/preparation of most
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Table 1. Taxonomic history of Scylacosauridae.

Specimen number Original identification van den Heever (1987) Present study

AMNH FARB 5502 Pristerognathus platyrhinusBroom, 1912 Scylacosauridae indet. Glanosuchus macrops

AMNH FARB 5559 Alopecognathus angusticepsBroom, 1915a Glanosuchus macrops Alopecognathus angusticeps

AMNH FARB 5560 Scylacorhinus falkenbachiBroom, 1915a Scylacosaurus sclateri Scylacosaurus sclateri

AMNH FARB 5569 Alopecodon priscus(Broom, 1915a) Alopecodon priscus Alopecodon priscus

BP/1/276 Lycosuchus(Abdala, 2007) – Pristerognathus polyodon

BP/1/278 Glanosuchus macrops(present study) – Glanosuchus macrops

BP/1/1100 Walteria skinneriBrink & Kitching, 1951 Glanosuchus macrops Glanosuchus macrops

BSPG 1934-VIII-30 Cynariognathus seeleyiBroili & Schröder, 1936a Scylacosauridae indet. ?Alopecognathus angusticeps

BSPG 1936-II-9 Pristerognathus peyeriBroili & Schröder, 1936b Glanosuchus macrops Pristerognathus polyodon

CGP/1/779A Glanosuchus macrops(present study) – Glanosuchus macrops

CGS GM 74 Glanosuchus macrops(present study) – Glanosuchus macrops

CGS M 796 Glanosuchus macrops(van den Heever, 1987) Glanosuchus macrops Alopecognathus angusticeps

CGS MJF 211 Alopecognathus angusticeps(present study) – Alopecognathus angusticeps

CGS RMS 335 Alopecognathus angusticeps(present study) – Alopecognathus angusticeps

CGS RMS 893 Alopecognathus angusticeps(present study) – Alopecognathus angusticeps

CGS RMS 1058 Hyorhynchus platyceps(present study) – Hyorhynchus platyceps

CGS RMS 1287 Pardosuchus whaitsi(present study) – Pardosuchus whaitsi

CGS RS 329 Glanosuchus macrops(present study) – Glanosuchus macrops

CGS RS 330 Pristerognathus polyodon(present study) – Pristerognathus polyodon

CGS RS 424 Alopecognathus angusticeps(present study) – Alopecognathus angusticeps

GPIT-PV-116189 ?Alopecognathus angusticeps(present study) – ?Alopecognathus angusticeps

MB.R.996 Glanosuchus macrops(present study) – Glanosuchus macrops

MMK 449 Lycedops scholtziBroom, 1935 Scylacosauridae indet. Pardosuchus whaitsi

MMK 5139 Pristerognathus vanderbyliBroom, 1925 Glanosuchus macrops Alopecognathus angusticeps

NHMUK PV R 872 Hyorhynchus platycepsSeeley, 1889 Scylacosauridae indet. Hyorhynchus platyceps

NHMUK PV R 2581 PristerognathuspolyodonSeeley, 1894 Pristerognathus polyodon Pristerognathus polyodon

NHMUK PV R 4055 Scylacosaurus sclateri(Broom, 1914) Scylacosaurus sclateri Alopecodon priscus

NHMUK PV R 4096 Crapartinella croucheriMendrez, 1975 – ?Glanosuchus macrops

NHMUK PV R 4100 Scymnosaurus watsoniBroom, 1915b Scylacosauridae indet. Scylacosauridae indet.

NHMUK PV R 5750 Alopecodon minorBroom, 1925 Scylacosauridae indet. Alopecodon priscus

NMQR 2908 Glanosuchus macrops(Abdalaet al. 2008) – Eutheriodon vandenheeveri

NMQR 2910 Ictidosaurus angusticeps(Abdalaet al. 2008) – Eutheriodon vandenheeveri

NMQR 3488 Eutheriodon vandenheeveri(present study) – Eutheriodon vandenheeveri

SAM-PK-583 Pristerognathus bainiBroom, 1904 Glanosuchus macrops Scylacosauridae indet.

SAM-PK-630 Ictidosaurus angusticepsBroom, 1903b Ictidosaurus angusticeps Scylacosauridae indet.

SAM-PK-634 Scylacosaurus sclateriBroom, 1903b Scylacosaurus sclateri Scylacosaurus sclateri

SAM-PK-637 Glanosuchus macropsBroom, 1904 Glanosuchus macrops Glanosuchus macrops

SAM-PK-920 Alopecodon priscusBroom, 1908 Alopecodon priscus Alopecodon priscus

SAM-PK-921 Alopecodon rugosusBroom, 1908 Scylacosauridae indet. ?Pardosuchus whaitsi

SAM-PK-1069 Arnognathus parvidensBroom, 1907 Scylacosauridae indet. Scylacosauridae indet.

SAM-PK-1077 Pardosuchus whaitsiBroom, 1908 Pardosuchus whaitsi Pardosuchus whaitsi

SAM-PK-3415 Alopecognathus minorHaughton, 1918 Glanosuchus macrops Pristerognathus polyodon

SAM-PK-3435 Pristerognathoides minorBoonstra, 1954b Glanosuchus macrops Pristerognathus polyodon

SAM-PK-3611 Pristerognathoides parvusBoonstra, 1954b Scylacosauridae indet. ?Pristerognathus polyodon

SAM-PK-4321 Blattoidealestes gracilisBoonstra, 1954a – Scylacosauridae indet.

SAM-PK-4997 Alopecideops gracilisBroom, 1932 Scylacosauridae indet. Alopecognathus angusticeps

SAM-PK-6533 Pristerognathus vanwykiBroom, 1925 Scylacosauridae indet. Alopecognathus angusticeps

SAM-PK-9083 Pristerosaurus microdonBoonstra, 1954 Scylacosauridae indet. Maraisaurus parvus

SAM-PK-9342 Alopecognathus angustioricepsBoonstra, 1953 Glanosuchus macrops Alopecognathus angusticeps

SAM-PK-9356a Pristerognathus roggeveldensisBoonstra, 1953 Glanosuchusmacrops Alopecognathus angusticeps

SAM-PK-11460 Ptomalestes avidus(Boonstra, 1954b) Glanosuchus macrops Glanosuchus macrops

SAM-PK-11560a Cynariognathus paucioridensBoonstra, 1954b Scylacosauridae indet. Glanosuchus macrops

SAM-PK-11689 Pristerognathoides vanwyki(Boonstra, 1954b) Scylacosauridae indet. Pristerognathus polyodon

SAM-PK-11695 Scymnosaurussp. (Boonstra, 1964) – Glanosuchus macrops

SAM-PK-11843 Glanosuchus macrops(Boonstra, 1954b) ?Glanosuchus macrops Glanosuchus macrops

SAM-PK-11888 Therioides cyniscusBoonstra, 1953 Scylacosaurus sclateri ?Scylacosaurus sclateri

SAM-PK-11893 Pristerognathoides vanwyki(Boonstra, 1954b) Glanosuchus macrops Alopecognathus angusticeps

SAM-PK-11942 Ptomalestes avidusBoonstra, 1954b Pristerognathus polyodon Glanosuchus macrops

SAM-PK-11944 Maraisaurus parvusBoonstra, 1953 Scylacosauridae indet. Maraisaurus parvus

SAM-PK-K223 Pardosuchus whaitsi(present study) – Pardosuchus whaitsi

SAM-PK-K312 Pristerognathus polyodon(present study) – Pristerognathus polyodon

Continued on p. 56



specimens), but appear to include the presence of a
preorbital depression and reduction of the interpterygoid
vacuity in adults (Huttenlocker 2009).
Phylogenetic definition.Scylacosaurus sclateriBroom, 1903b
and all taxa more closely related to it thanLycosuchus
vanderrietiBroom, 1903a,Hofmeyria atavusBroom, 1935,
Akidnognathus parvusHaughton, 1918, Theriognathus
micropsOwen, 1876, Bauria cynopsBroom, 1909, or
Galesaurus planicepsOwen, 1859.

AlopecodonBroom, 1908
Type species.Alopecodon priscusBroom, 1908.
Etymology. ‘Fox tooth’, from the ancient Greek
(‘fox’, Latinizedalopex) and (‘tooth’, Latinizedodon).
Diagnosis. As for type and only species.

Alopecodon priscusBroom, 1908
Figures 2, 3
1925Alopecodon minorBroom, p. 319

Holotype. SAM-PK-920, a laterally crushed partial skull
(missing the temporal region) and lower jaws found 9
miles northwest of Zeekoegat, Prince Albert (Fig. 2A,C,D).
Referred material. AMNH FARB 5569, a partial snout and
lower jaws from Fraserburg Road Station (=Leeu-
Gamka), Prince Albert (Figs 2E, 3B); NHMUK PV R 4055, a
partial skull (missing most of the temporal arches) and
lower jaws from Fraserburg Road Station (=Leeu-
Gamka), Prince Albert (Figs 2B,G, 3A); NHMUK PV R 5750
(holotype ofAlopecodon minor), a very poorly prepared
partial snout and lower jaws from Abrahamskraal, Prince
Albert (Fig. 2F).
Etymology. Latinpriscus(‘ancient’), presumably in
reference to its appearance in the (at the time) oldest
known strata of the Beaufort Group.
Diagnosis. Mid-sized (estimated maximum skull length
26 cm, based on SAM-PK-920, estimated with reference to
the proportions of NHMUK PV R 4055) scylacosaurid
with the dental formula I7/PrC2/C1/PC8, upper post-
canines recurved, elongate, and mesially thickened,
proportionally shorter snout thanPristerognathusorScyla-
cosaurus, and dentary lacking the ‘hourglass’ morphology
ofScylacosaurus.
Remarks. Broom (1908) distinguishedAlopecodon priscus
from other therocephalians on the basis of its high incisor
count. Broom originally considered the holotype (SAM-
PK-920) to have eight incisors and one precanine,

although he later reinterpreted this as seven incisors and
two precanines (Broom 1925, 1932). Van den Heever
(1987) also considered SAM-PK-920 to have seven incisors
and two precanines and considered this count diagnostic
forA.priscus.
The retention of two precanines even at relatively large
skull size is notable in SAM-PK-920, although (as
discussed in the Introduction) precanine count alone
is here considered to be of limited diagnostic value. Estab-
lishing a more robust diagnosis forAlopecodon priscusis
complicated by the poor nature of the holotype, which is
badly weathered, laterally crushed, fragmentary, and still
partially unprepared (the ventral surface of the specimen
is still totally encased in matrix). However, SAM-PK-920
does differ in some notable regards from other scylaco-
saurids with seven upper incisors (i.e.Scylacosaurusand at
least some specimens ofPristerognathus). The snout of
SAM-PK-920 is proportionally shorter than that of
PristerognathusorScylacosaurus, and this cannot be attrib-
uted to taphonomic distortion (as this specimen has
suffered lateral rather than anteroposterior compression).
Although the dentary of this specimen is broken, it clearly
lacks the distinctive ‘hourglass’ shape ofScylacosaurus.
The precanine region of the snout is proportionally
shorter than that ofPristerognathus, and the incisors are
smaller and more closely packed.
Three additional specimens, all smaller than the
holotype, can be referred toA.priscus. AMNH FARB 5569
is a very poorly preserved partial snout with occluded
jaw, referred toA.priscusby Broom (1915a; see also
Boonstra 1935; van den Heever 1987). The exterior bone
surface of this specimen is totally worn, but the upper
dentition is preserved as tooth roots and clear impressions
of the crowns (Fig. 3B). This specimen matches the
holotype in having seven incisors (with the posterior two
much smaller than the preceding five) and two
precanines, of which the anterior precanine is angled
more anteroventrally. Although only part of the lower jaw
is preserved, it does not show the characteristic ‘hour-
glass’ shape ofScylacosaurus, and the snout is shorter and
taller than that ofPristerognathusorScylacosaurus. As such,
Broom’s (1915a) referral is upheld here. NHMUK PV R
4055 is a partially prepared skull and lower jaws (broken
into two sections), referred toScylacosaurus sclateriby
Broom (1914) (see also Boonstra 1934, 1935; van den
Heever 1987). The upper dentition of NHMUK PV R 4055
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Table 1(continued)

Specimen number Original identification van den Heever (1987) Present study

SAM-PK-K7809 Glanosuchus macrops(Fourie & Rubidge, 2009) – Alopecognathus angusticeps

SAM-PK-K10540 Pristerognathus polyodon(present study) – Pristerognathus polyodon

SAM-PK-K11360 Pardosuchus whaitsi(present study) – Pardosuchus whaitsi

TM 266 Cynariognathus gallowayiBroom, 1936 Glanosuchus macrops ?Alopecognathus angusticeps

TM 1491 Alopecognathus megalopsBroom, 1937 Scylacosauridae indet. Alopecognathus angusticeps

UCMP 42395 Lycosuchidae indet. (Huttenlocker, 2009) – Glanosuchus macrops

UCMP 42581 Glanosuchus macrops(present study) – Glanosuchus macrops

UCMP 42659 Scylacosauridae indet. (present study) – Scylacosauridae indet.

UCMP 42669 cf.Glanosuchus(Huttenlocker, 2009) – Scylacosaurus sclateri

Unnumbered Ictidoparia brevirostrisBroom, 1925 Therocephalia indet. Therocephalia indet.



closely matches that of SAM-PK-920 and AMNH FARB
5569: seven incisors are preserved, and although only the
anterior precanine crown is present (in the same position
and showing the same angulation as the otherA.priscus
specimens), there appears to be an alveolus for a second
between it and the canine (Fig. 3A). The mandibular and
snout morphology of NHMUK PV R 4055 is also more
similar to that of SAM-PK-920 and AMNH FARB 5569 than
PristerognathusorScylacosaurus, and it is here considered
referable toA.priscus. NHMUK PV R 4055 has the
only well-preserved postcanine crowns amongA.priscus
specimens: three postcanines from the middle of the
right maxilla (probably PC2–4). These teeth are recurved,
elongate, and notably thicker mesially than distally. Only
distal serrations appear to be present. The upper canines
and incisors of NHMUK PV R 4055 are also serrated (at
least distally; mesial serrations may also be present, but
are obscured by matrix), as expected for a scylacosaurid
but not obviously the case in otherA.priscusspecimens.
NHMUK PV R 5750 was initially described by Broom
(1925) as a new species ofAlopecodon,A.minor, but
Boonstra (1934) considered this specimen referable to
A.priscus. This specimen, a partial snout with occluded
jaws, is exceedingly poorly prepared, and van den Heever
(1987) considered it identifiable only as Scylacosauridae
incertae sedis. However, it is clear that NHMUK PV R 5750
has a high anterior tooth count, and Broom’s (1925)

interpretation of there being seven incisors and two
precanines appears accurate. The dentary in this speci-
men does not show the ‘hourglass’ shape ofScylacosaurus
and the snout is comparable in proportions to those of
otherAlopecodonspecimens. As such, Boonstra’s (1934; see
also Boonstra 1969) referral is accepted here.
Due to the poor condition of the known material,
Alopecodonis one of the most incompletely known
scylacosaurids, and a thorough understanding of this
taxon’s anatomy will likely have to await the discovery of
new specimens. However, additional information could
be gleaned even from the existing material with further
preparation; NHMUK PV R 4055 in particular is a reason-
ably well-preserved skull (despite wear to the snout
surface) and much of the palatal morphology is likely
intact, though currently hidden beneath matrix. At
present, only the tip of the left pterygoid boss and the
blade of the parabasisphenoid are visible palatally, show-
ing that the former was dentigerous but little else.

AlopecognathusBroom, 1915a
1932AlopecideopsBroom, p. 66

Type species.Alopecognathus angusticepsBroom, 1915a.
Etymology. ‘Fox jaw’, from the ancient Greek
(‘fox’, Latinizedalopex) and (‘jaw’, Latinized
gnathus).
Diagnosis. As for type and only species.
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Figure 2. Specimens ofAlopecodon priscusBroom, 1908. SAM-PK-920, holotype ofAlopecodon priscus,in(A) dorsal, (C) right lateral, and (D) left lateral
views. NHMUK PV R 4055 in (B) dorsal and (G) right lateral views. AMNH FARB 5569 in (E) right lateral view. NHMUK PV R 5750, holotype of
Alopecodon minor, in (F) right lateral view. All specimens to scale; scale bar equals 5 cm.



Alopecognathus angusticepsBroom, 1915a
Figures 4–6, 7D,F, 8A
1925Pristerognathus vanderbyliBroom, p. 316

1925Pristerognathus vanwykiBroom, p. 318

1932Alopecideops gracilisBroom, p. 66

1936Cynariognathus gallowayiBroom, p. 356

1936aCynariognathus seeleyiBroili & Schröder, p. 18

1937Alopecognathus megalopsBroom, p. 141

1953Alopecognathus angustioricepsBoonstra, p. 63

1953Pristerognathus roggeveldensisBoonstra, p. 60

Holotype. AMNH FARB 5559, a poorly prepared com-
plete skull and lower jaws from Grootfontein, Beaufort
West (Figs 4A, 5A,B).

Referred material. BSPG 1934-VIII-30 (holotype of
Cynariognathus seeleyi), a partial skull (missing the surface
of the right side of the skull and much of the temporal
arches) and lower jaws from La-de-da, Beaufort West
(Figs 4J, 5G); CGS M 796, a nearly complete skull and
lower jaws from Booiskraal, Beaufort West; CGS MJF 211,
a highly laterally crushed skull and lower jaws from
Melton Wold, Victoria West (Figs 4E, 6C); CGS RMS 335, a
dorsoventrally crushed complete skull and lower jaws
from Bastardsberg 35, Sutherland; CGS RMS 893, a
distorted complete skull and lower jaws from Putfontein,
Beaufort West; CGS RS 424, a nearly complete but frag-
mented skull and associated autopodium from Klip-
plaatsfontein, Beaufort West; GPIT-PV-116189, a large,
dorsoventrally crushed skull and lower jaws from an
uncertain Karoo locality (Figs 7D, 8A); MMK 5139 (holo-
type ofPristerognathus vanderbyli), a complete skull and
lower jaws from Abrahamskraal, Prince Albert (Figs 4F, 5F,
7F); SAM-PK-3435, a partial snout and lower jaws from
Jakkalsfontein, Prince Albert; SAM-PK-4997 (holotype of
Alopecideops gracilis), a badly eroded and dorsoventrally
crushed skull and lower jaws from Stinkfontein, Prince

Albert (Figs 4H, 6D); SAM-PK-6533 (holotype of
Pristerognathus vanwyki), a very poorly-prepared partial
skull (missing the right temporal arch) and lower jaws
from Blaauwkranse, Prince Albert (Figs 4D, 5C);
SAM-PK-9342 (holotype ofAlopecognathus angustioriceps),
a nearly complete but poorly preserved skull and lower
jaws from Kroonplaas (=Heuningskopfontein), Beaufort
West (Figs 4B, 5E); SAM-PK-9356a (holotype of Pristero-
gnathus roggeveldensis), a very poor partial skull (missing
parts of the orbital and temporal region) and lower jaws
from Roggekloof, Sutherland (Figs 4G, 5H); SAM-PK-
11893, a partial snout and lower jaws from Lammerskraal,
Prince Albert; SAM-PK-K7809, a complete skull (Fig. 6B),
jaws, and articulated skeleton (missing the tail and most of
the hind limbs) from La-de-da, Beaufort West; TM 266
(holotype ofCynariognathus gallowayi), a partial skull
(missing much of the temporal region) and lower jaws
from Luttig, Beaufort West (Figs 4C, 5D); TM 1491
(holotype ofAlopecognathus megalops), a dorsoventrally
crushed partial skull (missing the anterior snout and part
of the occiput) and lower jaws from Abrahamskraal,
Prince Albert (Figs 4I, 6A).
Etymology. ‘Narrow-headed’, from the Latinangustus
(‘narrow’) andceps(‘headed’).
Diagnosis. Large (32.77 cm maximum basal skull length,
based on GPIT-PV-116189) therocephalian with the dental
formula I6/PrC0/C1/PC6–8, snout relatively long and
narrow, equal in transverse width throughout postcanine-
canineregion, upper postcanines relatively small, ptery-
goid bosses reniform, broad, and oriented perpendicular
to long axis of skull, and tooth row on pterygoid bosses
arcing anteriorly.
Remarks. Broom (1915a) did not provide a differential
diagnosis in his description ofAlopecognathus angusticeps,
but did note that the holotype (AMNH FARB 5559) had
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Figure 3. Anterior dentition ofAlopecodon priscusBroom, 1908.A, Anterior snout portion of NHMUK PV R 4055 in right three-quarters view. Note
alveolus behind the anterior precanine, presumably for PrC2.B, Anterior snout portion of AMNH FARB 5569 in right lateral view. Note anteroventral
angulation of the anterior precanine in both specimens.Abbreviations: C, Upper canine; I, upper incisor; PrC, upper precanine. Scale bars equal 1 cm.



relatively small orbits and an unusually narrow inter-
orbital region. However, these proportions in AMNH
FARB 5559 are comparable to those in a variety of other
scylacosaurid skulls of similar size. The other characters in
Broom’s (1915a) description (skull narrow, orbits near
midpoint of skull, sagittal crest present, six upper incisors)
are either typical of therocephalians generally or present
in other scylacosaurids (e.g.GlanosuchusandPardosuchus,
which also have six upper incisors). The proportionally
long, narrow snout of AMNH FARB 5559 is notable, but a
long snout is also present in the many scylacosaurid skulls
that have been referred toPristerognathus(see e.g. Broom
1925, 1932; Boonstra 1953, 1954, 1969).

AlopecognathusandPristerognathusare indeed very
difficult to differentiate from one another. Both taxa have
long, narrow snouts, similar tooth counts (generally six
incisors, no precanine, and six to eight postcanines),
and overlap in size. These taxa are also among the most

abundant scylacosaurids, so a wide range of taphonomic
and individual variation is present among the known
specimens. However, there are a number of slight but
noteworthy differences supporting their distinction. The
shape of the anterior snout differs betweenAlopecognathus
andPristerognathusin several regards. InAlopecognathus,
the snout curves posterodorsally from the tip in lateral
view, giving the snout a blunt, rounded appearance. By
contrast, inPristerognathusthe snout tip is angled
anterodorsally, comes to a point, and then is nearly
horizontal posterior to it. In dorsal view, the snout of
Alopecognathusnarrows anterior to the orbits, then is of
nearly consistent width throughout the postcanine and
canine regions before finally narrowing again in the
premaxilla. InPristerognathus, the snout is narrowest
around mid-length in the postcanine region, expanding
anteriorly around the canines and with a relatively broad
tip. The shape of the intertemporal region also differs
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Figure 4. Specimens ofAlopecognathus angusticepsBroom, 1915a in dorsal view.A, AMNH FARB 5559, holotype ofAlopecognathus angusticeps.
B, SAM-PK-9342, holotype ofAlopecognathus angustioriceps.C, TM 266, holotype ofCynariognathus gallowayi.D, SAM-PK-6533, holotype of
Pristerognathus vanwyki.E, CGS MJF 211.F, MMK 5139, holotype ofPristerognathus vanderbyli.G, SAM-PK-9356a, holotype ofPristerognathus
roggeveldensis.H, SAM-PK-4997, holotype ofAlopecideops gracilis.I, TM 1491, holotype ofAlopecognathus megalops.J, BSPG 1934-VIII-30, holotype of
Cynariognathus seeleyi. All specimens to scale; scale bar equals 5 cm.



between these taxa, being transversely wider inPristero-
gnathusthanAlopecognathus. Finally, the skull ofAlopeco-
gnathusis distinctly curved between the orbitotemporal
region and the snout in lateral view, whereas in
Pristerognathusit is essentially horizontal.
Unfortunately for the identification of fragmentary
scylacosaurid remains, all of the above characters are
subject to taphonomic distortion. Given that the majority
ofPristerognathusspecimens are dorsoventrally com-
pressed, it must be considered whether the aforemen-
tioned differences could all just be taphonomically-
induced artefacts. This certainly could be the case for
some features (e.g. intertemporal width, which is likely
also exaggerated in somePristerognathusspecimens due
to erosion of the sagittal crest), and it is indeed likely
that some of the more poorly preserved and prepared

specimens herein referred toPristerognathusmight
actually prove to beAlopecognathus(andvice versa).
However, available evidence does not supportAlopeco-
gnathusandPristerognathussimply being taphomorphs of
one another. TheAlopecognathusspecimen MMK 5139
(holotype ofPristerognathus vanderbyli) is instructive in
this regard: this specimen is clearly dorsoventrally
compressed, yet still shows the typicalAlopecognathus
snout morphology, being of equal width throughout the
postcanine-canine regions and without an anteriorly-
pointed tip. Although it is possible that a pointed snout tip
was worn or broken off in specimens here referred to
Alopecognathus, changing the appearance of the snout
profile, the well-preserved and prepared specimen SAM-
PK-K7809 shows that theAlopecognathus-style snout shape
can be present naturally. MMK 5139 also shows several
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Figure 5. Specimens ofAlopecognathus angusticepsBroom, 1915a in lateral view. AMNH FARB 5559, holotype ofAlopecognathus angusticeps,in(A) right
lateral and (B) left lateral views.C, SAM-PK-6533, holotype ofPristerognathus vanwyki, in right lateral view.D, TM 266, holotype ofCynariognathus
gallowayi, in left lateral view.E, SAM-PK-9342, holotype ofAlopecognathus angustioriceps, in right lateral view.F, MMK 5139, holotype ofPristerognathus
vanderbyli, in left lateral view.G, BSPG 1934-VIII-30, holotype ofCynariognathus seeleyi, in left lateral view.H, SAM-PK-9356a, holotype of
Pristerognathus roggeveldensis, in left lateral view. All specimens to scale; scale bar equals 5 cm.
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Figure 6. Additional specimens ofAlopecognathus angusticepsBroom, 1915a in lateral view.A, TM 1491, holotype ofAlopecognathus megalops, in right
lateral view.B, SAM-PK-K7809 in left lateral view.C, CGS MJF 211 in right lateral view.D, SAM-PK-4997, holotype ofAlopecideops gracilis, in right
lateral view. All specimens to scale; scale bar equals 5 cm.

Figure 7. Scylacosaurids in ventral view.A, BP/1/1100, holotype ofKarroowalteria skinneri(=Glanosuchus macrops).B, SAM-PK-637, holotype of
Glanosuchus macrops.C, NHMUK PV R4096, holotype ofCrapartinella croucheri(=Glanosuchus macrops).D, GPIT-PV-116189, referred specimen of
Alopecognathus angusticeps.E, SAM-PK-11942, holotype ofPtomalestes avidus(=Glanosuchus macrops).F, MMK 5139, holotype ofPristerognathus
vanderbyli(=Alopecognathus angusticeps).G, USNM 187095, cast of BSPG 1936-II-9, the destroyed holotype ofPristerognathus peyeri(=Pristerognathus
polyodon). All specimens to scale; scale bar equals 5 cm.



features not easily explained as taphonomic artefact. The
pterygoid bosses in this specimen are reniform, oriented
perpendicular to the long axis of the skull, and each bear a
palatal tooth row arcing anteriorly. InPristerognathus, the
pterygoid bosses are densely dentigerous (without a
single distinct tooth row), elongate oval structures
perpendicular to the long axis of the skull (Fig. 8D). Also,
the postcanines of MMK 5139 are proportionally much
smaller than those ofPristerognathusspecimens, which is
also the case in the holotype ofA.angusticeps(AMNH
FARB 5559) and most other referredAlopecognathusspeci-
mens (e.g. SAM-PK-6533, SAM-PK-9342, SAM-PK-K7809).
Van den Heever (1987) referred many of the specimens
here considered to beAlopecognathustoGlanosuchus
macropson the basis of shared anterior dental formulae
(six incisors, no precanines). A number of cranial charac-
ters support the distinction of these two taxa, however.
LikePristerognathus, the snout ofGlanosuchusis expan-
ded around the canine, but the snout ofGlanosuchusis
also massive and always transversely broader than in
Alopecognathusspecimens of equivalent skull length. The
upper postcanines ofGlanosuchusare larger and more
recurved than those ofAlopecognathus, with a thicker
mesial margin. The pterygoid bosses are also distinct
between these taxa, with those ofGlanosuchusextending

and expanding anterolaterally, unlike the transversely
oriented, reniform bosses ofAlopecognathus. In general,
althoughAlopecognathusis more difficult to diagnose than
highly autapomorphic scylacosaurids such asPardosuchus
andScylacosaurus, it does seem to form a coherent
morphotype and here is recognized as a valid taxon. The
pterygoid boss morphology of this taxon may be
autapomorphic, but unfortunately this region is not
prepared in mostAlopecognathusspecimens (including the
holotype ofA.angusticeps). Further preparation of the
majority of long-snouted scylacosaurid specimens from
theTapinocephalusandPristerognathusAZs is needed to
better understand morphological variation inAlopeco-
gnathusandPristerognathusand their stratigraphic ranges.
A number of nominal scylacosaurid species are here
considered synonymous withAlopecognathus angusticeps.
Broom (1925, p. 317) established a new species ofPristero-
gnathus(P.vanderbyli) for the specimen MMK 5139 based
only on stratigraphy, as he believed it was ‘certainly from a
much lower horizon’ than P.polyodon. As mentioned
above, this specimen is here referred toAlopecognathus
angusticeps. MMK 5139 exhibits the same sort of narrow
snout of equal width through the canine-postcanine
region,rounded snout tip in lateral view, and relatively
small postcanines as AMNH FARB 5559. MMK 5139 also
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Figure 8. Early therocephalian pterygoid bosses in ventral view.A, GPIT-PV-116189, referred specimen ofAlopecognathus angusticeps.B, NMQR 2910,
holotype ofEutheriodon vandenheeverigen. et sp. nov.C, UCMP 42669, referred specimen ofScylacosaurus sclateri.D, USNM 187095, cast of BSPG
1936-II-9, the destroyed holotype ofPristerognathus peyeri(=Pristerognathus polyodon).E, SAM-PK-11942, holotype ofPtomalestes avidus(=Glanosuchus
macrops).F, PIN 157/683b, isolated left pterygoid ofPorosteognathus efremovi. Dentigerous portions of pterygoid highlighted in white, with tooth
positions marked in black; note presence of tooth rows on both the palatal boss and transverse process inPorosteognathus, unlike in scylacosaurids.
Scale bars equal 1 cm.



exhibits reniform pterygoid bosses with anteriorly arcing
tooth rows, which are not visible in the holotype but are
shared with otherAlopecognathus-morph specimens (and
notably not present inPristerognathus). In the same paper
namingP.vanderbyli, Broom (1925) named a second new
Pristerognathusspecies (P.vanwyki) based on a poorly
preserved and prepared partial skull (SAM-PK-6533). The
original diagnosis forP.vanwykiis limited to a few
dubious proportional characters relative to MMK 5139:
shorter absolute skull length, shorter absolute snout
length, and relatively longer postcanine tooth row length
in SAM-PK-6533. All of these characters are attributable to
growth stage or individual variation, and are exceedingly
minor in any case; Broom (1925) cites SAM-PK-6533 as
having a snout 110 mm longvs140 mm in MMK 5139.
Despite the poor quality of the specimen, relative snout
width and small postcanines in SAM-PK-6533 indicate it
can also be referred toA.angusticeps.
Broom (1932) namedAlopecideops gracilisfor an extremely
poorly preserved, highly dorsoventrally crushed skull and
lower jaws (SAM-PK-4997), which he diagnosed based on
its small size and apparent possession of six incisors and
two precanines in the upper jaw. As previously noted
by van den Heever (1987), SAM-PK-4997 is too poorly
preserved to accurately determine its anterior tooth
count. At least five incisors are present in the left pre-
maxilla but no precanines are visible; a fragment anterior
to the left canine that likely corresponds to one of Broom’s
‘precanines’ appears to be bone rather than tooth. Based
on its poor preservation, van den Heever (1987) consid-
eredA.gracilisto be anomen dubium. However, the absence
of transverse expansion of the snout around the canines
in SAM-PK-4997 indicates that it can be referred toA.angus-
ticeps. Notably, the extreme dorsoventral crushing in this
specimen is further evidence that this distinction in snout
shape is not entirely attributable to taphonomy (also,
this specimen exhibits a relatively narrow intertemporal
region, like largerAlopecognathusspecimens but unlike
Pristerognathus).
Broom (1936) established the speciesCynariognathus
gallowayifor a badly eroded skull (TM 266) that he distin-
guished fromC. (originallyPristerognathus)platyrhinusby
length of the upper incisor row (38 mm inC.gallowayi vs
32 mm inC.platyrhinus) and possession of eight
postcanines (vsnine inC.platyrhinus). The snout of this
specimen appears relatively tall, but this may be due to the
clear lateral compression it has suffered (based on distor-
tion of the right postorbital bar). The general snout
morphology (width, curvature) of TM 266 matches that
ofAlopecognathus, andC.gallowayiis here considered
synonymous withA.angusticeps. However, the post-
canines of TM 266 are unusually large for anAlopeco-
gnathusspecimen. This is probably attributable to erosion
of the maxillary surface, showing the postcanine roots in
cross-sectionand making the teeth appear larger than
they would have been in life. Nevertheless, the possibility
that TM 266 could represent a badly distorted skull of
Glanosuchuscannot entirely be discounted, and prepara-
tion of the palate is needed for confirmation.
BSPG 1934-VIII-30, the holotype ofCynariognathus

seeleyi, was thoroughly described by Broili & Schröder
(1936a), a rarity for early work on scylacosaurids. Unfortu-
nately, however, their diagnosis for the species mostly
consisted of generalized early therocephalian characters.
The one supposed autapomorphy ofC.seeleyi, postorbital
extending posterior to the level of pineal foramen, is not
useful considering that sutures are not evident in most
scylacosaurid specimens, rendering the posterior extent
of the postorbital uncertain. This issue was noted by
van den Heever (1987), who accordingly considered this
species anomen dubium. BSPG 1934-VIII-30 has a long,
narrow snout, but also appears to have unusually large
postcanines forAlopecognathus. Like TM 266, though, this
may be artefactual: the maxillary surface is worn and
overprepared and much of the exposed tooth surface is
actually root. With this said, given the poor preservation
of this specimen, characters supporting referral to
Alopecognathusare few. It is here considered a specimen of
A.angusticepsbased on snout width (not expanded
around the canine), but it could also representPristero-
gnathus. Additional preparation to expose the palatal
bosses is also needed for this specimen to clarify its
relationships.
Broom (1937) namedAlopecognathus megalopsfor a
dorsoventrally crushed skull missing the snout tip (TM
1491). He distinguished this taxon fromPristerognathus
based on the presence of eight postcanines, but oddly did
not compare it to any other species ofAlopecognathus.
Haughton & Brink (1954) considered the referral of this
species toAlopecognathusto be questionable, and van den
Heever (1987) considered it anomen dubium. Because of
overpreparation of the palate and absence of the snout
tip, identification of TM 1491 is difficult. It is referred to
A.angusticepshere based on the relatively small post-
canines and narrow intertemporal region.
Boonstra (1953, p. 63) described an additional species
ofAlopecognathus(A.angustioriceps) based on what he
described as ‘a well-preserved complete skull’ (SAM-PK-
9342) that unfortunately has substantially degraded as a
result of acid preparation. Boonstra (1953) differentiated
A.angustioricepsfrom the type speciesA.angusticepsbased
on smaller absolute size and a narrower skull; he did not
compare it withA.megalops. Differences in absolute size
between SAM-PK-9342 and AMNH FARB 5559 can be
attributed to differences in age or individual growth rates.
SAM-PK-9342 is only slightly narrower than AMNH FARB
5559, which is probably attributable to lateral compres-
sion. Van den Heever (1987) considered SAM-PK-9342 to
be a specimen ofGlanosuchus macropsbased on the dental
formula I6/PrC0, but the very slender snout of this
specimen (both transversely and dorsoventrally) and
relatively small postcanines are instead typical of
Alopecognathus angusticeps. In the same paper, Boonstra
(1953) also described a new species ofPristerognathus(P.
roggeveldensis) based on a very poor partial skull and
lower jaws (SAM-PK-9356a), and listed as its specific
characters a dental formula of I6/C1/PC5, maximum skull
length 255 mm, snout long and broader than high, orbit
in posterior half of skull, and dentary with truncated,
posteriorly-directed coronoid process. None of these
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characters serves to distinguish SAM-PK-9356a from
similar scylacosaurid specimens. The upper postcanine
count in this specimen should be considered uncertain, as
this region is very poorly preserved, and the presence of
six incisors and no precanine is typical ofGlanosuchus
andAlopecognathusin addition toPristerognathus. This
specimen has clearly suffered left-right shear, so its exact
snout proportions are somewhat questionable, but does
not appear to be broader than high. The orbit is incom-
pletely preserved, and as the temporal region is almost
entirely missing, its position relative to total skull length is
unknown. Finally, the dentary is not notably truncated
(although it is distorted on the sheared right side of the
skull) and its coronoid process is angled in a similar way as
other scylacosaurids. Van den Heever (1987) considered
SAM-PK-9356a to be another specimen ofGlanosuchus
based on anterior dental formula, but as with SAM-PK-
9342, even taphonomic distortion is unlikely to account
for the very narrow snout in this specimen. Here, SAM-
PK-9356a is considered to be a specimen ofA.angusticeps,
based on the high degree of skull curvature between the
snout and orbital region and relatively small postcanines.
Van den Heever (1994) comprehensively described a
very well-prepared, partially disarticulated skull (CGS M
796) that he identified asGlanosuchus macrops. However,
the snout proportions of this specimen instead indicate
that it should be referred toAlopecognathus angusticeps.
Similarly, Fourie & Rubidge (2009) referred SAM-PK-
K7809, a spectacular specimen consisting of an intact skull
and jaws in articulation with the majority of the skeleton,
toG.macrops, again based on the dental formula diagnosis
of van den Heever (1987). However, this specimen has a
narrow snout of equal width throughout most of its
length and relatively small postcanines, and is also better
identified asA.angusticeps. A second, even more complete
scylacosaurid skeleton (SAM-PK-K7808) is known from
the same locality as SAM-PK-K7809 (La-de-da, Beaufort
West), but this specimen was incompletely prepared at
the time of study. This specimen has a relatively long
snout and may also representAlopecognathus, but there
appears to be distinct constriction of the snout posterior to
the canine, suggesting it could instead bePristerognathus.
Further preparation of the cranium is required for confi-
dent identification of this individual. In addition to CGS
M 796, a number of other specimens currently housed in
the Council for Geoscience (Pretoria) can be referred to
Alopecognathus angusticeps(mostly fromEndothiodonAZ
exposures; see Discussion), as these specimens also
exhibit the combination of a I6/PrC0 dental formula, long,
narrow snout, consistent snout width through canine-
postcanine region, relatively small postcanines, and skull
curving in lateral view between snout and orbitotemporal
region (e.g. CGS MJF 211, CGS RMS 983).

Eutheriodongen. nov.
LSID. urn:lsid:zoobank.org:act:57038D0A-5531-4641-
8DAB-670DECF50883
Type species.Eutheriodon vandenheeverisp. nov.
Etymology. ‘True beast tooth’, from the Ancient Greek
(‘true’, Latinizedeu), (‘beast’, Latinizedtherion),

and (‘tooth’, Latinizedodon), tooth. Named in refer-
ence to its status as the earliest known eutheriodont in the
fossil record.
Diagnosis. As for type and only species.

Eutheriodon vandenheeverisp. nov.
Figures 8B, 9
LSID. urn:lsid:zoobank.org:act:C312E079-4E8C-4ED6-
B0C1-B21E194A9F71
Holotype. NMQR 2910, a partial snout and lower jaws
from Modderdrift, Prince Albert (Figs 8B, 9C–E).
Referred material. NMQR 2908, a partial snout and
lower jaws from Modderdrift, Prince Albert (Fig. 9F–H);
NMQR 3488, a partial skull (missing the temporal region)
and lower jaws from Klein Wolwefontein, Jansenville
(Fig. 9A,B).
Etymology. Named after Juri van den Heever (professor
emeritus, University of Stellenbosch) for his contributions
to our knowledge of early therocephalians.
Diagnosis. Mid-sized (estimated maximum basal skull
length 25 cm, based on NMQR 3488; estimation based
on the proportions ofAlopecognathus) scylacosaurid
distinguished by the following unique combination of
characters: dental formula I6/PrC1/C1/PC9, snout rela-
tively long and narrow, narrow interorbital region, ptery-
goidboss highly dentigerous, angled anterolaterally, and
expanding anteriorly.
Remarks. Rubidgeet al. (1983) initially noted the presence
of therocephalians in theEodicynodonAZ, the strati-
graphically lowest assemblage zone of the Beaufort
Group, based on a small partial snout and lower jaws
(NMQR 2908) that they described as a ‘pristerognathid’
(=scylacosaurid). Later, Rubidge (1995) listed the
scylacosaurid generaGlanosuchusandAlopecodonas being
present in theEodicynodonAZ, based on NMQR 2908 and
an additional partial skull, NMQR 2910. Abdalaet al.
(2008) thoroughly described these two specimens, refer-
ring them to the speciesGlanosuchus macrops(NMQR
2908) andIctidosaurus angusticeps(NMQR 2910) on the
basis of incisor/precanine counts, following the diagnoses
of van den Heever (1987). These identifications have been
retained in subsequent studies (e.g. Smithet al. 2012; Day
2013), indicating extremely long ranges for these scylaco-
saurid genera, particularlyGlanosuchus, which has been
considered to range from theEodicynodonthrough
EndothiodonAZs (e.g. Day 2013; Day & Smith, 2020).
NMQR 2908 is a very small specimen (estimated total
skull length 8.0 cm) and almost certainly juvenile, as
determined by Abdalaet al. (2008). NMQR 2910 preserves
mostly the same parts of the skull as NMQR 2908, but its
larger size (probably representing a mature animal) and
more completely preserved palate make it more useful
for comparisons with other scylacosaurids. NMQR 2910
has a relatively long, narrow snout, more similar to that of
AlopecognathusorPristerognathusthanGlanosuchusor
Pardosuchus. The upper postcanines are numerous (nine,
the highest number known in scylacosaurids) and have
somewhat lanceolate, serrated crowns directed ventrally,
roughly similar to those ofAlopecognathusandPristero-
gnathusbut unlike the recurved, mesially thickened
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postcanines ofAlopecodonandGlanosuchus. Unlike
AlopecognathusorPristerognathus, however, the pterygoid
bosses of NMQR 2910 are angled anterolaterally, expand-
ing anteriorly (Fig. 8B), similar to those ofGlanosuchus
(Fig. 8E). Unlike inGlanosuchus, in which the pterygoid
boss bears a single tooth row in an arc (curving around
the anterior boss margin), inEutheriodonthis boss is
densely dentigerous, with at least three tooth rows
present. The presence of six incisors distinguishes NMQR
2910 fromAlopecodonandScylacosaurus, and it can also be
distinguished from the latter taxon by the presence of a
‘standard’ (rather than ‘hourglass’-shaped) scylacosaurid
dentary. Although displaced, the frontals are preserved in
NMQR 2910 and demonstrate that the interorbital region
in this specimen was relatively narrow, unlike the condi-
tion inHyorhynchusandMaraisaurus. In general, NMQR
2910 shows a mosaic of features present in other scylaco-
saurids without perfectly matching any of them. Although
this specimen does concord with the holotype of
Ictidosaurus angusticeps(SAM-PK-630) in terms of anterior
tooth count (six incisors and one precanine), because this
tooth count is observed in other scylacosaurid taxa with
clearly distinct cranial morphologies, it is here considered
insufficient to validateIctidosaurus(see entry below) and
allow referral of NMQR 2910 to that taxon. Given the
unique combination of features in NMQR 2910, however,
it can be recognized as a distinct scylacosaurid metataxon,
here namedEutheriodon vandenheeveri.

NMQR 2908 accords with the morphology of NMQR
2910 in most regards other than in the absence of a pre-

canine. Notably, NMQR 2908 exhibits the same unusually
high postcanine count (nine uppers) and lanceolate,
uncurved postcanine morphology of NMQR 2908.
Combined with its discovery in the same strata at the same
locality as NMQR 2910, this specimen is here regarded as
most parsimoniously referred to the same taxon as the
larger skull. The absence of precanines in the juvenile of
a taxon that has them as an adult is unusual for a therio-
dont, but not unknown. One additional scylacosaurid
specimen, mentioned by Modestoet al. (2001; misnum-
bered as NMQR 3484) and Kammerer & Rubidge (2022),
may also be referable toE.vandenheeveri. NMQR 3488 is a
snout, orbital region, and jaws showing the same unique
combination of features as NMQR 2910 (although this
specimen, like NMQR 2908, also lacks a precanine): nine
uncurved postcanines (some tooth positions represented
by empty alveoli), long, narrow snout, narrow interorbital
region, and anterolaterally angled, highly dentigerous
pterygoid bosses. However, this specimen is not from the
classicEodicynodonAZ exposures near Prince Albert, but
rather from a farm (Klein Wolwefontein) near Jansenville
in the Eastern Cape. The potential implications of this
specimen for biostratigraphic correlation are addressed in
the Discussion.

GlanosuchusBroom, 1904
1931CynariognathusBroom, p. 161

1951WalteriaBrink & Kitching, p. 1218 (nonWalteriaSchulze,
1886)

1954PtomalestesBoonstra, p. 78
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Figure 9. Specimens ofEutheriodon vandenheeverigen. et sp. nov. NMQR 3488 in (A) dorsal and (B) left lateral views. NMQR 2910, holotype of
Eutheriodon vandenheeveri,in(C) dorsal, (D) left lateral, and (E) ventral views. NMQR 2908 in (F) left lateral, (G) right lateral, and (H) dorsal views. All
specimens to scale; scale bar equals 5 cm.



1958KarroowalteriaKuhn, p. 382 (nom. nov. forWalteriaBrink &
Kitching, 1951)

1975CrapartinellaMendrez, p. 382

Type species.Glanosuchus macropsBroom, 1904.

Etymology. ‘Hyaena crocodile’, from the ancient Greek
(‘hyaena’, Latinizedglanos) and (Greek

name for the Egyptian crocodile god Sobek, Latinized
suchus).

Diagnosis. As for type and only species.

Glanosuchus macropsBroom, 1904
Figures 1C, 7A–C, E, 8E, 10, 11, 12A, 13A,B
1912Pristerognathus platyrhinusBroom, p. 863

1931Cynariognathus platyrhinusBroom, p. 161

1951Walteria skinneriBrink & Kitching, p. 1218

1954Cynariognathus paucioridensBoonstra, p. 93

1954Ptomalestes avidusBoonstra, p. 79

1969Alopecognathus skinneriBoonstra, p. 57

1975Crapartinella croucheriMendrez, p. 382

Holotype. SAM-PK-637, a partial skull (missing the
temporal arches) and lower jaws from Knoffelfontein,
Beaufort West (Figs 7B, 10C, 11A,B).

Referred material. AMNH FARB 5502 (holotype of
Pristerognathus platyrhinus), a partial snout and lower jaws
from Grootfontein, Beaufort West (Figs 10G, 11I); BP/1/
278, a distorted partial skull (missing the temporal region
and snout tip) from Antjiesfontein, Prince Albert; BP/1/
1100 (holotype ofKarroowalteria skinneri), a dorsoventrally
crushed partial skull (missing the temporal region) and
lower jaws from Elandsfontein, Beaufort West (Figs 7A,
10A, 11C); CGP/1/779A (=CGS RS 300), a partial skull
(broken into several fragments), partial axial column
(anterior 14 vertebrae), scapular spine, and proximal right
humerus from Brandewyns Gat, Beaufort West; CGS GM
74, a laterally compressed complete skull and lower jaws
from Danskraal, Alfred (Fig. 11F); CGS RS 329, a partial
skull (missing the temporal region) from Brandewyns
Gat, Beaufort West; MB.R.996, a distorted partial skull
(missing part of the temporal region) and lower jaws from
an uncertain Karoo locality; NHMUK PV R 4096 (holotype
ofCrapartinella croucheri), a partial skull (missing the
temporal arches) and lower jaws from Weltevreden,
Beaufort West (Figs 7C, 10F, 11J); SAM-PK-3435, an
isolated snout and lower jaws from Jakkalsfontein, Prince
Albert; SAM-PK-11460, a partial snout and lower jaws
from Buffelsvlei, Beaufort West; SAM-PK-11560a (holo-
type ofCynariognathus paucioridens), a poorly preserved
partial snout and right lower jaw from Kroonplaas
(=Heuningskopfontein), Beaufort West (Figs 10H, 11H);
SAM-PK-11695, a distorted snout and lower jaws from
Celeryfontein, Fraserburg; SAM-PK-11843, a distorted
partial skull (missing the temporal region) and lower jaws
from Lammerskraal, Prince Albert (Figs 10E, 11E);
SAM-PK-11942 (holotype ofPtomalestes avidus), a
dorsoventrally crushed partial skull (missing the tempo-
ral arches) and lower jaws from Buffelsvlei, Beaufort West
(Figs 1C, 7E, 8E, 10D, 11G, 12A, 13A,B); UCMP 42395, a
partial skull (missing the snout tip, left postorbital bar, and
right temporal arch) and lower jaws from Weltevreden,
Beaufort West (Figs 10B, 11D); UCMP 42581, a partial skull

(dorsal surface embedded in plaster) and lower jaws from
Lammerskraal, Prince Albert.
Etymology. ‘Long face’, from the ancient Greek
(‘long’, Latinizedmacros) and (‘face’, Latinizedops).
Diagnosis. Large (estimated maximum basal skull length
37 cm, based on BP/1/1100, estimated with reference to the
proportions of SAM-PK-637) scylacosaurid distinguished
by the following unique combination of characters: upper
dental formula I6/PrC0/C1/PC6–8, lower dental formula
i3/c1/pc9, snout massive and relatively broad, narrow
interorbital region, pterygoid boss angled anterolaterally
and expanding anteriorly, with a single, ‘C’-shaped tooth
row.
Remarks. In recent years,Glanosuchushas taken over the
role of ‘archetypal early therocephalian’ from traditional
titleholderPristerognathus, in large part due to van den
Heever’s (1987) referral of the majority of determinable
(under his paradigm) scylacosaurid skulls to this taxon,
including the well-preserved and prepared specimen
CGS M 796 (van den Heever 1994). This specimen was
later the subject of a study arguing for the presence of
maxillary turbinates in therocephalians (thus inferring
endothermy; Hillenius 1994), which received extensive
popular coverage (e.g. Zimmer 1994), makingGlanosuchus
the first scylacosaurid many people (scientists and
laypersons alike) had ever heard of. Subsequent studies
on scylacosaurid anatomy and palaeobiology have also
tended to focus onGlanosuchus(e.g. Jenkinset al. 2002;
Maier & van den Heever 2002; Fourie & Rubidge 2009),
likely also as an artefact of being the most abundant
scylacosaurid in collections.
However, among the extensive sample of scylacosaurids
with six incisors and no precanines (van den Heever’s
[1987] diagnosis forGlanosuchus macrops), there is a
striking amount of variability in dental and overall cranial
morphology. Although a large degree of ontogenetic and
taphonomic variation is expected in any Karoo fossil with
substantial sample size, several of the variable characters
in the ‘Glanosuchus’ sample are not readily explained by
such factors. As discussed in the section onAlopecognathus
above, even among skulls of comparable size and mode of
distortion, there is a divide between robust and gracile
‘Glanosuchus’ skulls, which also differ in characters not
related to general skull shape (e.g. postcanine crown
morphology, pterygoid boss morphology). The holotype
ofG.macrops(SAM-PK-637) is a typical robust morph
skull: the upper canine is massive, and the area of the
snout around it is relatively tall and broad compared to
that of other scylacosaurids. The pterygoid bosses are
angled anterolaterally and bear a single, curved tooth row,
and the postcanines are recurved and thickened mesially.
Here, these characters are considered diagnostic for sepa-
ratingGlanosuchusfromAlopecognathus, and a large
portion of ‘Glanosuchus’ specimenssensuvan den Heever
(1987) are here transferred to the latter genus, including
the subjects of the studies of Hillenius (1994) and Fourie &
Rubidge (2009) (the skull studied by Maier & van den
Heever [2002], SAM-PK-K238, also probably repre-
sentsAlopecognathusbased on their Fig. 1, but as it was
destroyed by serial sectioning this cannot be confirmed).
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Despite the substantial reduction in abundance incurred
by its split fromAlopecognathus,Glanosuchusremains a
reasonably well-represented taxon in collections, and
several nominal scylacosaurid taxa can be regarded as its
junior synonyms. Broom (1912) namedPristerognathus
platyrhinusbased on a partial snout and jaws (AMNH
FARB 5502) that he distinguished from other species of the
genus on the basis of its remarkably broad snout. Later
he separated this species fromPristerognathusas a new
genus,CynariognathusBroom, 1931, based on postcanine
count (which he regarded as eight inCynariognathus vssix
inPristerognathus, despite the lack of a complete tooth row
in the holotype ofP.polyodon). AMNH FARB 5502 is a very
poor specimen, and it would not be unreasonable to
regardC.platyrhinusas anomen dubium(as was done by
van den Heever [1987]). However, the snout proportions
and relatively large incisors and canines of this specimen
are only observed inGlanosuchusamong scylacosaurids,
indicating that it should be referred to that taxon.

Brink & Kitching (1951) described the snout and partial
jaws (BP/1/1100) of a very large scylacosaurid as a new
taxon,Walteria skinneri. They considered it most similar to
PristerognathusandScymnosaurus, but distinguished by
its larger size and broader snout. Absolute skull size is a

questionable character, but the proportional breadth of
the snout around the canine in BP/1/1100 does occupy an
extreme among scylacosaurids. Kuhn (1958) noted that
the genus nameWalteriawas preoccupied by a sponge
and replaced it withKarroowalteria. Boonstra (1969) stated
that he considered BP/1/1100 to fall within the range of
variation ofPristerognathoides, but then contradicted this
by including it in the new combinationAlopecognathus
skinneriin his taxon list for theTapinocephalusZone. Based
on the presence of six incisors and no precanines, van den
Heever (1987) consideredK.skinnerito be a synonym of
Glanosuchus macrops, and this is upheld here. In addition
to tooth count, BP/1/1100 accords withGlanosuchusin
snout and pterygoid boss morphology.

Boonstra (1954) named two scylacosaurid species here
considered synonymous withGlanosuchus macrops.
Cynariognathus paucioridensis based on a very poor speci-
men (SAM-PK-11560a) preserving a similar portion of the
skull (and with a similar quality of preservation) as the
holotype ofCynariognathus platyrhinus(AMNH FARB
5502). Van den Heever (1987) consideredC.paucioridensa
nomen dubium, but the broad snout and anterolaterally
angled pterygoid boss indicate that it should be synony-
mized withG.macrops. In contrast to the former specimen,
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Figure 10. Specimens ofGlanosuchus macropsBroom, 1904 in dorsal view.A, BP/1/1100, holotype ofKarroowalteria skinneri.B, UCMP 42395.
C, SAM-PK-637, holotype ofGlanosuchus macrops.D, SAM-PK-11942, holotype ofPtomalestes avidus.E, SAM-PK-11843.F, NHMUK PV R 4096,
holotype ofCrapartinella croucheri.G, AMNH FARB 5502, holotype ofPristerognathus platyrhinus.H, SAM-PK-11560a, holotype ofCynariognathus
paucioridens. All specimens to scale; scale bar equals 5 cm.



Ptomalestes avidusis represented by one of the better
holotypes among scylacosaurids (SAM-PK-11942), a
somewhat dorsoventrally crushed but, importantly, fully
prepared cranium (missing the temporal arches) and
lower jaws. Unfortunately, the same acid preparation that
revealed many details of the skull rarely exposed in other
scylacosaurids also damaged the bone surface of this
specimen, obscuring previously visible sutural detail and
dissolving the anterior snout surface and palate. (Further
deterioration of this important specimen was apparently
only prevented by the intervention of archaeologist Ione
Rudner, who performed emergency conservation and
was successful in stabilizing it,pervan den Heever [1987].)
One suture that remains clearly visible, however, is the
mid-premaxillary suture on the palate. As discussed in the
Introduction, there is variation in incisor count across
the two premaxillae (five on the left and seven on the
right). Boonstra (1954) consideredPtomalestesto have
five incisors (and, in combination with other characters,
believed it to be a distinct genus), whereas van den
Heever (1987) considered Ptomalestesto have seven

incisors (and accordingly synonymized it withPristero-
gnathus). Given that the conflicting counts of both
researchers are actually correct, incisor count alone
cannot be relied on to determine the identity of
SAM-PK-11942. Here, the combination of a relatively
broad snout, recurved postcanines, and anterolaterally
angled pterygoid boss are taken as evidence for referral
toGlanosuchus. It should be noted that if you take the
average of the upper incisors across both sides, you get the
count considered diagnostic forGlanosuchusby van den
Heever (1987), and it is possible that the unusual condition
in this specimen represents a developmental abnormality
in which the tooth bud for the left I1 formed in the right
premaxilla.
Mendrez (1975) placed a TapinocephalusAZ specimen
(NHMUK PV R 4096; originally referred by Broom [1915b]
to the later Permian eutherocephalian taxonIcticephalus
polycynodon) in a new family, genus, and species (Craparti-
nellidae:Crapartinella croucheri). She considered this
specimen unique among therocephalians in having a
dentigerous vomer. Van den Heever (1987) did not
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Figure 11. Specimens ofGlanosuchus macropsBroom, 1904 in lateral view. SAM-PK-637, holotype ofGlanosuchus macrops,in(A) right and (B) left lateral
views.C, BP/1/1100, holotype ofKarroowalteria skinneri, in right lateral view.D, UCMP 42395 in left lateral view.E, SAM-PK-11843 in right lateral view.
F, CGS GM 74 in right lateral view.G, SAM-PK-11942, holotype ofPtomalestes avidus, in right lateral view.H, SAM-PK-11560a, holotype of
Cynariognathus paucioridens, in right lateral view.I, AMNH FARB 5502, holotype ofPristerognathus platyrhinus, in left lateral view.J, NHMUK PV
R 4096, holotype ofCrapartinella croucheri, in left lateral view. All specimens to scale; scale bar equals 5 cm.



address this specimen in detail, but noted that it could be
juvenile. The large orbits relative to temporal fenestra
size, broad intertemporal region, and very large, open
interpterygoid vacuity all suggest that this is indeed
the case. Examination of the specimen indicates that
the supposed vomerine teeth instead represent bone
damage, probably artefacts of acid preparation. The
combination of paired vomers (a basal therocephalian
feature) with an edentulous transverse process of the
pterygoid (a scylacosaurian feature) indicate that this
specimen is probably a juvenile scylacosaurid. Too little

is currently known about scylacosaurid ontogeny for a
definite referral, but available evidence suggests that
NHMUK PV R 4096 represents a juvenile ofGlanosuchus
macrops. Although it does have a proportionally short,
broad snout, this is likely taxonomically irrelevant at such
an early ontogenetic stage. Of potential greater impor-
tance is the presence of anterolaterally angled ptery-
goid bosses, which at present appears to be unique to
G.macropsamongTapinocephalusAZ scylacosaurids. These
bosses are more densely dentigerous in NHMUK PV R
4096 than in adultGlanosuchusspecimens, but this may be
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Figure 12. Scylacosaurid occipital morphology.A, SAM-PK-11942, holotype ofPtomalestes avidus(=Glanosuchus macrops).B, UCMP 42659, an indeter-
minate juvenile scylacosaurid.C, UCMP 42699, referred specimen ofScylacosaurus sclateri.D, MMK 4499, holotype ofLycedops scholtzi(=Pardosuchus
whaitsi). Scale bars equal 1 cm.

Figure 13. Mandibular morphology in scylacosaurids and a supposed biarmosuchian. Right mandibular ramus of SAM-PK-11942, the holotype of
Ptomalestes avidus(=Glanosuchus macrops), in (A) lateral and (B) medial views. Right dentary of UCMP 42699, referred specimen ofScylacosaurus
sclateri,in(C) lateral and (D) medial views. SGU 104B/2051, holotype ofBiarmosuchoides romanovi, the anterior portion of a left dentary, in (E) medial
and (H) lateral views. Anterior portion of the right dentary of NHMUK PV R 2581, holotype ofPristerognathus polyodon,in(F) lateral and (G) medial
views. Scale bars equal 1 cm.



due to immaturity. With this noted, additional specimens
of juvenile scylacosaurids and better prepared specimens
of rare taxa such asAlopecodonwill be needed before this
referral can be confirmed.
Huttenlocker (2009) listed UCMP 42395, a poor partial
skull and jaws from Lammerskraal, among his representa-
tive materials of Lycosuchidae. Several actual lycosuchid
specimens are present in the Berkeley collections (e.g.
UCMP 42581 and UCMP 42667, the latter representing a
complete skeleton described by Cys [1967] as ‘Cynario-
gnathus platyrhinus’), but UCMP 42395 is not among them;
several features instead indicate its identification as a
scylacosaurid. Lycosuchids have low tooth counts: always
only five upper incisors, which are relatively large com-
pared to the postcanines, and maximally five postcanines
in the upper and lower jaws (Abdalaet al. 2014b). The
anterior dentition of UCMP 42395 is too poorly preserved
to get a definite count, but the visible incisors are smaller
than they would be in a lycosuchid. More importantly, it is
clear that the postcanine count in this specimen exceeds
that of any lycosuchid: at least seven postcanines are
visible in both the left maxilla and dentary, which is within
the typical range for scylacosaurids. The general cranial
morphology of UCMP 42395 also accords more closely
with a scylacosaurid than a lycosuchid identification,
showing the elevation of the temporal region relative to
the snout characteristic of the former group. Finally,
UCMP 42395 bears a large, dentigerous pterygoid palatal
boss (the one on the right side of the skull is damaged, but

the one on the left is essentially intact), which is present in
scylacosaurids but absent in lycosuchids (van den Heever
1994). Identification asGlanosuchus macropsamong
scylacosaurids is supported by the broad, deep snout and
anterolaterally expanded palatal boss of this specimen.

HyorhynchusSeeley, 1889
Type species.Hyorhynchus platycepsSeeley, 1889.
Etymology. ‘Pig snout’, from the ancient Greek (‘wild
pig’, Latinizedhyus) and (‘snout’, Latinizedrhyn-
chus).
Diagnosis. As for type and only species.

Hyorhynchus platycepsSeeley, 1889
Figure 14
Holotype. NHMUK PV R 872, a partial skull (consisting
only of the orbital region and posterior end of the snout)
from the Gouph Tract in the vicinity of Beaufort West
(Fig. 14E–G).
Referred material. CGS RMS 1058, a largely complete but
worn and poorly prepared skull and lower jaws from
Rietfontein, Prince Albert (Fig. 14A–D).
Etymology. ‘Flat-headed’, from the ancient Greek
(‘flat’, Latinizedplatys) and Latinceps(‘headed’).
Diagnosis. Small (maximum basal skull length 21.19 cm,
based on CGS RMS 1058) scylacosaurid characterized by a
relatively short, strongly sloping snout, large orbits, and
relatively broad interorbital region.
Remarks. Seeley (1889, p. 242) diagnosedHyorhynchus
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Figure 14. Specimens ofHyorhynchus platycepsSeeley, 1889. CGS RMS 1058 in (A) dorsal, (B) ventral, (C) right and (D) left lateral views. NHMUK PV
R 872, holotype ofHyorhynchus platyceps, in (E) right lateral, (F) dorsal, and (G) left lateral views. All specimens to scale; scale bar equals 5 cm.
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platycepson the basis of its ‘slender angular Pig-like snout,
relatively large orbits, and a narrow parietal region’ and
considered it (p. 243) to belong to the ‘Gennetotherioid
division of the Anomodont order’ (i.e. what would now be
considered a gorgonopsian – Seeley’s [1889] Genneto-
theria was established to houseLycosaurus, and he stated
thatHyorhynchuswas most closely related toAelurosaurus
within the group). Broom (1932) and Boonstra (1934) both
recognized that this specimen represents a therocepha-
lian (although it is worth reiterating that the distinction
between gorgonopsians and therocephalians had not yet
been established in Seeley’s time). Subsequent authors
generally consideredH.platycepsto be a dubious taxon
(e.g. Romer 1956; Watson & Romer 1956; Boonstra 1969;
van den Heever 1987).
Although NHMUK PV R 872 is highly incomplete, it
does show some intriguing features. The interorbital
region is proportionally broad, resulting in more laterally-
directed orbits than are typical for scylacosaurids (Fig. 14F).
This morphology is also present inMaraisaurus parvus
(Fig. 15A,B), butH.platycepsappears to differ from that
taxon in lacking an interorbital ridge and having the snout
slope sharply anterior to the orbits (whereas inM.parvus
the snout slopes very gradually anterior to the orbits,
appearing nearly horizontal in lateral view). This pecu-
liarity could be written off as taphonomic variation, were
there not a second specimen (CGS RMS 1058) showing
this same combination of features. CGS RMS 1058 demon-
strates thatH.platycepswas a remarkably short-snouted
scylacosaurid, similar toPardosuchus whaitsiin snout
length (although transversely narrower in width and
with a more sharply sloping dorsal profile). Unfortu-
nately, the poor preparation of CGS RMS 1058 limits what

can be said about the dentition ofH.platyceps. At least five
incisors and five postcanines are visible, but it is likely that
more were present. Additional preparation of this speci-
men is needed to provide a fuller understanding of the
anatomy of this rare and enigmatic therocephalian and
confirm its distinction fromM.parvus.

MaraisaurusBoonstra, 1953
1954PristerosaurusBoonstra, p. 82

Type species.Maraisaurus parvusBoonstra, 1954.
Etymology. ‘Marais’s lizard’, named after Johannes
Marais, who collected the holotype, and the ancient Greek

(‘lizard’, Latinizedsaurus).
Diagnosis. As for type and only species.

Maraisaurus parvusBoonstra, 1953
Figure 15
1954Pristerosaurus microdonBoonstra, p. 82

Holotype. SAM-PK-11944 (holotype ofMaraisaurus
parvus), a partial skull (missing the anterior snout and
right temporal arch) and lower jaws from Buffelsvlei,
Beaufort West (Fig. 15B–E).
Referred material. SAM-PK-9083 (holotype ofPristero-
saurus microdon), a partial skull (missing the anterior
snout) and lower jaws from Rietkuil, Beaufort West
(Fig. 15A,F).
Etymology. Latinparvus(‘small’), in reference to the small
size of the holotype.
Diagnosis. Large (31 cm estimated maximum basal skull
length, based on SAM-PK-9083; estimation based on the
proportions ofGlanosuchus) scylacosaurid characterized
by a broad interorbital region, laterally-oriented orbits,
weakly sloping snout, weak dorsoventral curvature of the
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Figure 15. Specimens ofMaraisaurus parvusBoonstra, 1953. SAM-PK-9083, holotype ofPristerosaurus microdon,in(A) dorsal, (F) right lateral, and
(G) left lateral views. SAM-PK-11944, holotype ofMaraisaurus parvus,in(B) dorsal, (C) ventral, (D) right lateral, and (E) left lateral views. All specimens
to scale; scale bar equals 5 cm.



zygomatic arch, and a well-developed interorbital ridge
extending between the pineal foramen and the anterior
margins of the orbits. Dental formula unknown, upper
postcanine count minimally six.
Remarks. Boonstra (1953) diagnosedMaraisaurus parvus
on the basis of small size, proportionally large orbits,
narrow, squarish snout, and relatively anterior position of
the dentary. None of these characters allows the holotype
ofM.parvusto be uniquely distinguished from other
scylacosaurids: small absolute size and relatively large
orbits could be attributable to juvenile status; most
scylacosaurids have a narrow snout, and the dentary is
in a similar position as in other scylacosaurids (with the
dentary angle located below the posterior part of the
orbit). Later, Boonstra (1969) recognized that some of
these features were likely due to the juvenile nature of
SAM-PK-11944 and synonymizedMaraisaurus with
Pristerognathoides. Confusingly, however, he did not
provide a synonymy for the speciesM.parvus. Although
he listed ‘Pristerognathoides parvus’ as a valid species in his
faunal list for theTapinocephalusZone, he did not note
whether this corresponded toPristerognathoides(formerly
Maraiasaurus)parvus(Boonstra, 1953) orPristerognathoides
parvusBoonstra, 1954 (see entry onPristerognathusbelow
for further information on the latter species). Van den
Heever (1987) considered Maraisaurus parvus anomen
dubiumdue to lack of preservation of the anterior
dentition.
Boonstra (1954) establishedPristerosaurus microdon
primarily on the basis of what he regarded as an
aberrantly small canine (hence the species name). How-
ever, as previously noted by van den Heever (1987), the
anterior snout and associated dentition is missing in
SAM-PK-9083, and Boonstra’s (1954) canine dimensions
were based on a developing replacement canine rather
than a fully erupted one. Boonstra (1954) also claimed that
SAM-PK-9083 had small, weakly developed postcanines,
but additional preparation of this specimen detailed by
van den Heever (1987) revealed that the postcanines in
this specimen are comparable in size and number (at least
six, but probably more) to those of other scylacosaurids.
Other than these dental features, Boonstra (1954, p. 82)
provided only a few vague proportional characters
diagnosingP.microdon(e.g. ‘skull fairly large’, ‘snout
broader than high’, ‘sagittal crest of parietals high and
sharp’), all of which are either ontogenetically variable in
or generally typical of scylacosaurids. Accordingly, van
den Heever (1987) also regardedPristerosaurus microdonas
anomen dubium.
Despite the inadequacy of Boonstra’s (1953, 1954) origi-
nal diagnoses and the absence of the anterior snout (with
associated incisor/precanine/canine dentition) in the
holotypes of bothM.parvusandP.microdon, SAM-PK-9083
and SAM-PK-11944 exhibit several unusual, shared char-
acters indicating that they represent a distinct scylaco-
saurid morphotype. These skulls have proportionally
broad interorbital regions and laterally-directed orbits,
such that very little of the orbit is visible in dorsal view
(Fig. 15A,B). In all other scylacosaurids (with the exception
ofHyorhynchus; see above), the orbits are angled

dorsolaterally, with relatively broad exposure in dorsal
view. This is true even when factoring in taphonomic
distortion: even in highly laterally compressed skulls of
other scylacosaurid taxa (e.g. theAlopecognathusspeci-
mens AMNH FARB 5559 [Fig. 4A] and SAM-PK-6533
[Fig. 4D] or theGlanosuchusspecimen CGS GM 74), there is
broader dorsal exposure of the orbits than is the case in the
relatively weakly distorted SAM-PK-9083 and SAM-PK-
11944 (based on the apparent natural curvature of the
temporal arches in dorsal view in these specimens,
although some lateral compression of SAM-PK-11944 is
likely based on dislocation of the palatal elements). Only
in the most extreme cases (‘pancaked’ skulls like the
Alopecognathusspecimen CGS MJF 211 [Fig. 4E]) does
lateral compression yield comparably dorsally-obscured
orbits, and those sorts of specimens can readily be distin-
guished from the likes of SAM-PK-9083 and SAM-PK-
11944 by their relatively narrow interorbital regions.
SAM-PK-9083 and SAM-PK-11944 are also distinguished
by their possession of a well-developed interorbital ridge.
This structure is somewhat overprepared in SAM-PK-
9083, but is well preserved in SAM-PK-11944, where it
clearly extends anteriorly from the pineal foramen, termi-
nating between the anterior edges of the orbits. Although
a raised mid-frontal suture is typical, particularly in large
specimens, for all scylacosaurid taxa (as is also seen in
gorgonopsians, and is probably related to strengthening
the skull against stresses incurred while feeding; see
Kammerer 2016, 2017), a large, well-developed ridge
extending to the pineal foramen is unusual (as is the
development of this structure in a relatively small,
presumed juvenile specimen such as SAM-PK-11944).
Finally, both SAM-PK-9083 and SAM-PK-11944 have
temporal arches that are nearly horizontal in lateral view,
in-plane throughout their length with the ventral margins
of the orbits. This is in contrast with the highly curved
temporal arches of most scylacosaurids.Scylacosaurus
also appears to have relatively weakly curved temporal
arches (based on UCMP 42669), but that taxon can be
distinguished from SAM-PK-9083 and SAM-PK-11944 by
its proportionally lower, longer snout (or at least, the
portion of the snout between the orbits and canine) and
more dorsally directed orbits. Based on the aforemen-
tioned characters, SAM-PK-9083 and SAM-PK-11944 are
here considered to represent a distinct taxon, for which
the nameMaraisaurusparvushas priority.
Maraisaurusis one of the rarest and most poorly under-
stood scylacosaurids. The palate is only prepared (poorly)
in SAM-PK-11944, showing that this specimen had a
relatively large interpterygoid vacuity (expected in a juve-
nile therocephalian) and an anterolaterally-curved, denti-
gerous pterygoid boss (similar to that ofScylacosaurus
[Fig. 8C]). Little other detail is available from the palate
of this specimen as currently prepared. Mandibles are
preserved in bothMaraisaurus specimens (including a
large, well-preserved reflected lamina on the left lower
jaw of SAM-PK-11944), but do not show features distin-
guishing them from e.g.AlopecognathusorGlanosuchus,
and are not well-prepared enough to expose the lower
dentition. Sutures are incompletely preserved in both
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Maraisaurusspecimens, although what can be observed is
generally consistent with the reconstructions of Boonstra
(1953, 1954).

In addition to the potential synonymy withHyorhyn-
chusnoted above, there remains the possibility that
Maraisaurus, a taxon diagnosed mainly on orbitotemporal
characters for which the anterior snout is unknown, could
be synonymous withAlopecodon, a taxon diagnosed
mainly on snout and dental characters. Of the four known
specimens ofAlopecodon, one lacks the orbitotemporal
region completely (AMNH FARB 5569), two preserve part
of the orbital but none of the temporal region (SAM-PK-
920 and NHMUK PV R 5750), and one preserves almost
the entire skull but is missing the temporal arches
(NHMUK PV R 4055) (Fig. 2). SAM-PK-920 does appear
to have relatively laterally-directed orbits, but this is
probably attributable to extreme lateral compression
(with this said, the interorbital region of this specimen is
still relatively broad, unlike CGS MJF 211 and other
‘pancaked’ skulls). More typical dorsally-visible orbits
appear to be present in NHMUK PV R 4055, although that
region does require additional preparation for confirma-
tion. However, that specimen also shows no indication of
an interorbital ridge, despite representing a slightly larger
individual than SAM-PK-11944. In the absence of any
definite, unique characters shared between the known
AlopecodonandMaraisaurusspecimens, these taxa are here
considered distinct, with the caveat that additional, better-
preservedfossils are required to test this distinction.

PardosuchusBroom, 1908
LycedopsBroom, 1935: 1

Type species.Pardosuchus whaitsiBroom, 1908.

Etymology. ‘Leopard crocodile’, from the ancient Greek
(‘leopard’ or ‘panther’, Latinizedpardus) and
(Greek name for the Egyptian crocodile god

Sobek, Latinizedsuchus).

Diagnosis. As for type and only species.

Pardosuchus whaitsiBroom, 1908
Figures 12D, 16
1908Alopecodon rugosusBroom, p. 363

1935Lycedops scholtziBroom, p. 1

Holotype. SAM-PK-1077, a very poorly prepared snout
and partial lower jaws from near Fraserburg Road Station
(=Leeu-Gamka), Prince Albert (Fig. 16C–E).

Referred material. CGS RMS 1287, a nearly complete skull
and partial lower jaws from Klipfontein, Prince Albert
(Fig. 16F,I); MMK 4499 (holotype ofLycedops scholtzi), a
partial skull (missing parts of the temporal arches and a
section of snout) and lower jaws from Abrahamskraal,
Prince Albert (Figs 12D, 16A,B,J); SAM-PK-921 (holotype
ofAlopecodon rugosus), a partial skull (missing the tempo-
ral region and snout tip) and lower jaws from near
Zeekoegat, Prince Albert (Fig. 16G,H); SAM-PK-K223, a
fragmentary partial skull and lower jaws from Palmiet-
fontein, Beaufort West; SAM-PK-K11360, a partial skull
(missing much of the temporal and right orbital region)
and fragments of the lower jaws from Putfontein, Beau-
fort West.

Etymology. Named after the Rev. John Henry Whaits
(1870–1947), Anglican rector of Prince Albert, who col-
lected the holotype.
Diagnosis. Small (estimated maximum basal skull length
17 cm, based on SAM-PK-1077; estimation based on the
proportions of CGS RMS 1287) scylacosaurid with the
dental formula I6/PrC1–2/C1/PC5–6, relatively short
snout, and temporal fenestra narrower anteroposteriorly
than transversely.
Remarks. In describingPardosuchus whaitsi, Broom (1908)
recognized a close similarity between the new taxon,
Glanosuchus macrops, andScylacosaurus sclateri, even going
so far as to suggest thatPardosuchusandGlanosuchuscould
belong to the same genus (on the basis of shared incisor
count). However, he decided to keepPardosuchusand
Glanosuchusseparate based on differences in snout shape
and the absence of a precanine inGlanosuchus. The
holotype ofP.whaitsihas suffered taphonomic distortion
(left–right shear; Fig. 16C), but the difference in snout
shape observed by Broom cannot be discounted as
entirely deformational: the snout in SAM-PK-1077 is both
proportionally shorter and narrower than that ofGlano-
suchus. Anteroposterior compression could shorten the
snout but would make it broader as a result, whereas
lateral compression could make the snout narrower but
not any shorter.
Although the holotype ofP.whaitsiis very incomplete
and poorly prepared, there are additional, better-
preserved specimens matching its preserved morphol-
ogy. Broom (1935) established the taxonLycedops scholtzi
based on a largely complete skull (MMK 4499) broken into
three sections, with the canine region missing between
the two snout fragments (Fig. 16J). He distinguished this
taxon fromPristerognathusby its possession of only four
postcanine teeth, a blunter snout, and shorter, broader
temporal fenestrae. The postcanine count in MMK 4499
is questionable, as the anterior portion of the maxilla is
missing on both sides in this specimen. The first preserved
postcanine in the right maxilla is located 5 mm behind the
root of what Broom (1935) interpreted as an old canine
being replaced. However, it is not certain in this specimen
whether this was an old or a new replacement canine, and
in either case, the canine root in scylacosaurids typically
extends posterodorsally up into the maxilla, so the
presence of exposed canine root high up on the maxilla
above the first preserved postcanine does not necessarily
mean additional postcanines could not have been present
anteriorly. It is unlikely that many postcanines could have
fit into this space, though, and MMK 4499 probably had a
postcanine count near that of SAM-PK-1077 (five). MMK
4499 also preserves six incisors and has snout morphology
very similar to SAM-PK-1077. Van den Heever (1987)
consideredL.scholtzito be anomen dubium(as no
precanine count is available for the holotype), but similar-
ity in snout shape and concordance in incisor and post-
canine counts indicate that it should be considered a
junior synonym ofP.whaitsi.
Broom (1935) was correct in noting that the temporal
fenestra was unusually shaped in MMK 4499, being small
relative to skull size and wider than long. In all other
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scylacosaurids (including other taxa where the fenestra is
relatively small, such asPristerognathus, or where the
snout is relatively short, such asHyorhynchusand proba-
blyMaraisaurus), the temporal fenestra is longer than
wide. Several additional specimens, representing largely
complete but only partially prepared (CGS RMS 1287
[Fig. 16F], SAM-PK-K223) or well-prepared but incom-
plete (SAM-PK-K11360) skulls, show the same morphol-
ogy and can also be referred toP.whaitsi(the back of the
fenestra is not intact in SAM-PK-K11360 so its exact length
is uncertain, but the preserved portion shows the same
expanded transverse width as the other specimens).

These specimens demonstrate that the combination of a
short but narrow (relative toGlanosuchus) snout, wider
than long temporal fenestra, and six upper incisors with at
least one precanine constitutes a consistent morphotype.
These specimens also all have a relatively low postcanine
count for scylacosaurids (five in CGS RMS 1287 and SAM-
PK-K11360; uncertain due to incomplete preparation in
SAM-PK-K223 but either five or six), like MMK 4499 and
SAM-PK-1077. Unfortunately, these additional specimens
generally have poor sutural preservation and palates that
are either unprepared or badly worn. As such, the palatal
boss morphology inP.whaitsiis currently unknown.
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Figure 16. Specimens ofPardosuchus whaitsiBroom, 1908. MMK 4499, holotype ofLycedops scholtzi,in(A) dorsal, (B) ventral, and (J) right lateral views.
SAM-PK-1077, holotype ofPardosuchus whaitsi,in(C) dorsal, (D) right lateral, and (E) left lateral views. CGS RMS 1287 in (F) dorsal and (I) right lateral
views. SAM-PK-921, holotype ofAlopecodon rugosus, in (G) right lateral and (H) dorsal views. All specimens to scale; scale bar equals 5 cm.



An additional species,Alopecodon rugosus, is also tenta-
tively synonymized withP.whaitsihere. Broom (1908)
namedA.rugosusin the same publication asP.whaitsi, but
did not compare the two taxa (restricting comparisons of
the former to the other species ofAlopecodon,A.priscus).
However, SAM-PK-921 has an unusually short but narrow
snout, much like SAM-PK-1077. SAM-PK-921 does have a
higher upper postcanine tooth count than the other speci-
mens ofP.whaitsi, though, with seven left and six right
postcanines preserved (Broom 1932; van den Heever
1987). Here, it is suggested that this could be attributable
to the small size and probable juvenile status of
SAM-PK-921. Alternatively, it is possible this specimen
represents an anteroposteriorly distorted specimen of
Alopecognathus angusticeps. Additional preparation or
CT-scanning of SAM-PK-921 and definitePardosuchus
specimens is required to confirm this identification.

PristerognathusSeeley, 1894
1954PristerognathoidesBoonstra, p. 94

Type species.Pristerognathus polyodonSeeley, 1894.
Etymology. ‘Saw jaw’, from the ancient Greek
(‘saw’, Latinizedprister) and (‘jaw’, Latinized
gnathus).
Diagnosis. As for type and only species.

Pristerognathus polyodonSeeley, 1894
Figures 1D, 7G, 8D, 13F,G, 17, 18
1918Alopecognathus minorHaughton, p. 180
1936bPristerognathus peyeriBroili & Schröder, p. 299

1954Pristerognathoides minorBoonstra, p. 94
1954Pristerognathoides parvusBoonstra, p. 102

Holotype. NHMUK PV R 2581, a partial snout tip and
anterior fragments of lower jaws from Tamboersfontein,
De Cypher, Beaufort West (Figs 1D, 17F, 18B).
Referred material. BP/1/276, a partial skull (dorsal surface
badly eroded) and lower jaws from Antjiesfontein, Prince
Albert (Fig. 18A); BP/1/1768, a dorsoventrally crushed but
nearly complete skull and lower jaws from Leeu-Gamka,
Prince Albert; BSPG 1936-II-9 (holotype ofPristerognathus
peyeri), a nearly complete skull and lower jaws from
Kleinwaterval, Prince Albert (destroyed in WWII)
(Figs 7G, 8D, 17C, 18E); CGS RS 330, a nearly complete
skull and lower jaws from Brandewyns Gat, Beaufort
West (Figs 17A, 18C); SAM-PK-3415 (holotype of
Alopecognathus minor), a dorsoventrally crushed, nearly
complete skull and lower jaws from Klipbank, Beaufort
West (Figs 17B, 18F); SAM-PK-3611 (holotype of
Pristerognathoides parvus), a partial skull (missing the
occiput) and lower jaws from Blaauwkranse, Prince Albert
(Figs 17E, 18G); SAM-PK-11689, a poorly prepared but
largely complete skull from Prince Albert Road, Prince
Albert (Figs 17D, 18D); SAM-PK-K312, a snout and lower
jaws from Boontjiesakker, Beaufort West; SAM-PK-
K10540, an eroded partial skull (missing much of the
temporal region) and lower jaws from Putfontein, Beau-
fort West.
Etymology. ‘Many teeth’, from the ancient Greek
(‘many’, Latinizedpolys) and (‘tooth’, Latinized
odon).
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Figure 17. Specimens ofPristerognathus polyodonSeeley, 1894 in dorsal view.A, CGS RS 330.B, SAM-PK-3415, holotype ofAlopecognathus minor.
C, USNM 187095, cast of BSPG 1936-II-9, the destroyed holotype ofPristerognathus peyeri.D, SAM-PK-11689.E, SAM-PK-3611, holotype of
Pristerognathoides parvus.F, NHMUK PV R 2581, holotype ofPristerognathus polyodon. All specimens to scale; scale bar equals 5 cm.



Diagnosis. Large (maximum basal skull length 30.16 cm,
based on BP/1/276) scylacosaurid characterized by the
dental formula I6–7/PrC0–2/C1/PC7, relatively large,
recurved upper incisors, narrow, densely dentigerous
pterygoid bosses oriented perpendicular to the long axis
of the skull, and constriction of the snout behind the
canine in dorsal view.
Remarks. Although a venerable taxon (being the second
scylacosaurid named),Pristerognathushas long been a
problematic genus for therapsid systematists, a status
largely attributable to the highly inadequate nature of the
holotype. NHMUK PV R 2581 consists only of the anterior
palate (dorsal surface of the snout eroded off) and anterior
dentary fragments. At the time Seeley (1894) described
this specimen, it was unlike any therapsid previously
known (the only prior-named scylacosaurid,Hyorhyn-
chus, being represented solely by a non-overlapping part
of the skull). However, with the discovery of many addi-
tional scylacosaurid specimens in the early 20th century,
the characters originally diagnosingP.polyodonceased
being unique, and the genus became something of a
‘wastebasket’. Broom (1904) named a second species of
Pristerognathus,P.baini, on the basis of an even worse
specimen than NHMUK PV R 2581 (it preserves a similar
part of the anatomy, but less of it, and the palatal surface
is not visible). Broom (1912) later described a more

complete, but also extremely poorly preserved, snout as a
third species,P.platyrhinus. The first specimens referred to
Pristerognathusthat consist of more than a snout tip were a
pair of largely complete skulls (MMK 5139 and SAM-PK-
6533), which Broom (1925) described as two new species,
P.vanderbyliandP.vanwyki(respectively). Based on these,
he establishedPristerognathusas the typical longirostrine
Karoo scylacosaurid (shortly thereafter [Broom 1931]
removing the brevirostrineP.platyrhinusfrom the genus
and placing it in the new genusCynariognathus). Subse-
quent referrals toPristerognathuswere largely based on
these more complete skulls (rather than the holotype of
P.polyodon), including two additional nominal species:
P.peyeriBroili & Schröder, 1936b andP.roggeveldensis
Boonstra, 1953.
Even in namingP.roggeveldensis, however, Boonstra
(1953, p. 60) recognized the problematic nature of relying
on the referred species (instead of the type species) to
diagnosePristerognathus, noting ‘Seeley’s genotype is of
such a nature that identification with it as norm is hazard-
ous’. Taking this idea to its logical conclusion, he later
(Boonstra 1954) established a new genus (Pristero-
gnathoides) for all the longirostrine scylacosaurid speci-
mens he regarded as diagnosable (takingAlopecognathus
minoras the type species, and also including as distinct
Pristerognathus roggeveldensis,P.vanwyki,andanew
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Figure 18. Specimens ofPristerognathus polyodonSeeley, 1894 in lateral view.A, BP/1/276 in right lateral view.B, NHMUK PV R 2581, holotype of
Pristerognathus polyodon, in right lateral view.C, CGS RS 330 in right lateral view.D, SAM-PK-11689 in left lateral view.E, USNM 187095, cast of BSPG
1936-II-9, the destroyed holotype ofPristerognathus peyeri, in right lateral view.F, SAM-PK-3415, holotype ofAlopecognathus minor, in right lateral view.
G, SAM-PK-3611, holotype ofPristerognathoides parvus, in right lateral view. All specimens to scale; scale bar equals 5 cm.



species,Pristerognathoides parvus). In a move with prob-
lematic downstream effects, however, he retained the
genusPristerognathusfor use ‘as a suitable label for all
Pristerognathid Therocephalian specimens in which no
other diagnostic characters are shown’ (Boonstra, 1954,
p. 87). Thus, in addition to the holotype, he included 27
additional ‘fragmentary and weathered snouts’ with six
upper incisors inPristerognathus, establishing the prece-
dent for referring any otherwise unidentifiable scylaco-
saurid specimens to this genus, and filling the collections
of the South African Museum with specimens labelled
‘Pristerognathus’ rather than the more sensible ‘Pristero-
gnathidae indet.’ (with other institutions adopting the
same approach, as witness the profusion of ‘Pristero-
gnathus’ specimens appearing subsequently in the cata-
logues of the Bernard Price Institute and Council for
Geoscience). The apparent abundance of this genus
doubtless influenced the choice ofPristerognathusas the
index fossil for what was long considered part of the
EndothiodonZone, first as thePristerognathus/Diictodon
Assemblage Zone (Keyser & Smith 1978) and later formal-
ized as thePristerognathusAssemblage Zone (Smith &
Keyser 1995). Only recently (Day & Smith 2020) has the
problematic nature of the latter (as a biozone character-
ized by the presence of early therocephalians generally in
the absence of dinocephalians, with no link to the genus
Pristerognathusparticularly) been addressed, with most of
the formerPristerognathusAssemblage Zone becoming
theLycosuchus-EunotosaurusSubzone of the re-estab-
lishedEndothiodonAssemblage Zone.

Considering the above information, one might assume
thatPristerognathuswould have become anomen dubium,
but, despite its inadequacy in almost all other regards,
NHMUK PV R 2581 does preserve the anterior denti-
tion, so van den Heever (1987) retainedP.polyodonas
valid based on the possession of seven incisors and no
precanines (Fig. 1D). As discussed in the Introduction,
however, a seventh incisor is only present on the left
premaxilla; six are present on the right, so the incisor
count cannot be treated as fixed in this taxon. So where
does this leavePristerognathus? Although the poor nature
of the holotype is troublesome for the referral of addi-
tional material, as discussed in the section onAlopeco-
gnathusabove, there do seem to be two distinct longiros-
trine, non-Scylacosaurusscylacosaurid morphotypes in
the sample from the Karoo Basin. Although few of the
characters separating these morphotypes are preserved
in NHMUK PV R 2581, it does differ from known
Alopecognathusmaterial in having a very narrow connec-
tion between the vomerine body and the palatal plate
(this region is broad inAlopecognathus; Fig. 7D) and in
having sharply posteriorly-canted lower postcanines
(Fig. 13F,G), similar to many gorgonopsians (see e.g.
Kammerer 2014) but unlike the weakly recurved lower
postcanines of most scylacosaurids (e.g. Fig. 13A). As such,
the namePristerognathus polyodonis retained here for the
non-Alopecognathuslongirostrine morphotype, although
it may eventually prove necessary to establish a neotype
for this species, should additional longirostrine morpho-
types be recognized in the fauna.

Although the majority of nominal longirostrine scylaco-
saurid species can be referred toAlopecognathus angusticeps
(includingP.vanderbyliandP.vanwyki,the species most
responsible for establishing the ‘image’ ofPristerognathus),
there are a few that can be considered synonymous with
Pristerognathus polyodon. The destroyed holotype ofP.peyeri
exhibits less constriction of the snout behind the canine
than in mostPristerognathusspecimens (Fig. 17), but has a
pterygoid boss morphology (mediolaterally expanded
and densely dentigerous; Fig. 8D) that distinguishes it
fromAlopecognathus(Fig. 8A) and is similar to other
Pristerognathus-morph specimens (e.g. BP/1/1678, CGS RS
330). SAM-PK-3415 (Figs 17B, 18F), the holotype of
Alopecognathus minor, represents a comparable specimen,
albeit more clearly showing the postcanine constriction of
the snout. More problematic is SAM-PK-3611 (Figs 17E,
18G), the holotype ofPristerognathoides parvus. Van den
Heever (1987) argued, citing communications with
M.A. Cluver, that SAM-PK-3611 is chimaerical, with the
temporal region representing a partial dicynodont skull
incorrectly glued onto a therocephalian snout. As addi-
tional evidence in support of this conclusion, it can be
added that the temporal block is narrower than the orbital
region, such that the temporal arches do not articulate
with the suborbital zygoma. There also appears to be an
extra postorbital bar on the right side of the skull when the
temporal and snout portions are united. Van den Heever
(1987) considered this species to be anomen dubium, and as
currently prepared it is difficult to identify. Here, referral
toPristerognathus polyodonis preferred overAlopecognathus
angusticepsbased on snout shape, but given distortion in
this specimen this should be taken as extremely tentative –
additional preparation of the palate in this specimen is
needed.

ScylacosaurusBroom, 1903b
1915aScylacorhinusBroom, p. 120

1953TherioidesBoonstra, p. 58

Type species.Scylacosaurus sclateriBroom, 1903b.

Etymology. ‘Puppy lizard’, from the ancient Greek
(‘young dog’, Latinizedskylax) and (‘liz-

ard’, Latinizedsaurus).

Diagnosis. As for type and only species.

Scylacosaurus sclateriBroom, 1903b
Figures 8C, 12C, 13C,D, 19
1915aScylacorhinus falkenbachiBroom, p. 120

1953Therioides cyniscusBoonstra, p. 58

Holotype. SAM-PK-634, a partial skull (consisting of the
snout and orbital region) from an unknown Karoo locality
(stated to be Colesberg by Broom [1903b], but see remarks
in Discussion) (Fig. 19C,G,H,K).

Referred material. AMNH FARB 5560 (holotype of
Scylacorhinus falkenbachi), a partial skull (anterior half of
snout) and lower jaws from Beaufort West (Fig. 19D,J);
SAM-PK-11888 (holotype ofTherioides cyniscus), a partial
skull (missing much of the temporal region and right
orbital region), lower jaws, and forelimb from Vindragers-
fontein, Beaufort West (Fig. 19F,I); UCMP 42669, a nearly
complete skull (missing the sagittal crest) and lower jaws
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from Jacobskraal, Prince Albert (Figs 8C, 12C, 13C,D,
19A,B,E).
Etymology. Named after William Lutley Sclater (1863–
1944), director of the South African Museum from 1896 to
1906.
Diagnosis. A large (maximum basal skull length 34.4 cm,
based on UCMP 42669) scylacosaurid characterized by the
dental formula I7/prC1/C1/PC7, a relatively long, narrow
snout, arcuate pterygoid bosses with a single tooth row,
curving posteromedially to anterolaterally, quadrate
processes of pterygoid diverging near the posterior end of
the basicranial girder, and a dentary with an elongate
symphysial region, concave ventral margin, and a con-
stricted portion between the postcanine tooth row and
coronoid process, giving it an ‘hourglass’ shape.
Remarks. Despite its status as the namesake of the family
and one of the first scylacosaurids to be described, little
has been published onScylacosaurus. Broom’s (1903b)
description of this taxon featured minimal comparison
with other taxa, noting only that the parietal ofScylaco-
saurusappears broader than that ofLycosuchusor
Ictidosuchus, and that, unlike cynodonts,Scylacosaurus
lacks a secondary palate. The main diagnostic feature of
the new taxon was its tooth count, which Broom (1903b,

p. 150) listed as ‘incisors 6, canines 3, molars 7’. Broom
(1915a) later described a new taxon (Scylacorhinus
falkenbachi) that he regarded as similar toScylacosaurusbut
differing from it andAlopecodonin having seven incisors
and one precanine. However, Boonstra (1935) noted that
the distinction between the incisors and precanines in
Scylacosauruswas uncertain, and that the holotype of
S.falkenbachi(AMNH FARB 5560) otherwise accorded
closely with the morphology ofScylacosaurus. Accord-
ingly, he synonymizedS.falkenbachiwithS.sclateri.Onthe
basis of additional preparation, van den Heever (1987)
revised the anterior tooth count for the holotype of
S.sclateri(SAM-PK-634), identifying seven incisors and
one precanine (the same as AMNH FARB 5560) and thus
upholding Boonstra’s (1935) synonymization ofScylaco-
rhinuswithScylacosaurus.
Unremarked upon by previous workers, AMNH FARB
5560 differs from all other scylacosaurids in the extreme
length of its dentary symphysis. Usually in this group, the
dentary symphysis terminates below the lower canine
(Fig. 13B). However, in AMNH FARB 5560, the symphysis
is very long and weakly sloping, terminating well poste-
rior to even the upper canine (which generally occupies a
posterior position relative to the lower canine). This same
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Figure 19. Specimens ofScylacosaurus sclateriBroom, 1903b. UCMP 42699 in (A) dorsal, (B), ventral, and (E) right lateral views. SAM-PK-634, holotype
ofScylacosaurus sclateri,in(C) dorsal, (G) right lateral, (H) left lateral, and (K) ventral views. AMNH FARB 5560, holotype ofScylacorhinus falkenbachi,in
(D) dorsal and (J) right lateral views. SAM-PK-11888, holotype ofTherioides cyniscus,in(F) dorsal and (I) left lateral views. All specimens to scale; scale
bar equals 5 cm.



morphology is observed in a much larger skull (UCMP
42669) in which the right dentary has been prepared off
the cranium. This specimen was collected by Charles
Camp in 1936 but never described, though it has been
mentioned in the literature as an ‘unidentified scylaco-
saurid (cf.Glanosuchus macrops)’ (Huttenlocker 2009,
p. 879). The dentary of this specimen is unique among
scylacosaurids not only in the length of the symphysis,
but also in the morphology of the constriction between
the postcanine tooth row and the coronoid process, giving
the element as a whole an ‘hourglass’ shape (Fig. 13C). In
other scylacosaurids (includingGlanosuchus), the least tall
portion of the dentary is in the same place (Fig. 13A), but in
those taxa the ventral margin of the dentary is straight or
convex, whereas in UCMP 42669 (and AMNH FARB 5560)
this margin is concave, producing the ‘hourglass’ appear-
ance. This shape is highly distinctive and permits ready
differentiation ofScylacosaurusfrom other scylacosaurid
specimens.
Although the bone surface of UCMP 42669 is poorly
preserved, for the most part lacking visible sutures, the
specimen is nearly complete, and greatly improves our
understanding of the anatomy ofScylacosaurus sclateri.
Although the intertemporal region is damaged, the
sharply-angled anterior portion of the parietals indicates
that a large, well-developed sagittal crest was present
(Fig. 19E) (this may be usual for large individuals of multi-
ple scylacosaurid taxa; see discussion ofScymnosaurus
watsonibelow). Deep, fairly discrete preorbital depres-
sions are present; these depressions are typical for
scylacosaurids (indeed, found to be a synapomorphy of
the clade by Huttenlocker [2009]), but are exceptionally
well-developed in UCMP 42669. The transverse processes
of the pterygoid are strongly arcing and relatively small
(compared to those ofAlopecognathus,Glanosuchus, and
Pristerognathus; Fig. 7). The pterygoid bosses are also
arcuate (curving from their posteromedial origin to an
anterolateral terminus) and appear to bear a single row of
teeth (Fig. 8C), although surface preservation is poor. The
braincase and basicranial girder of UCMP 42669 (Figs 12C,
19B) are generally similar to those of other scylacosaurids,
but the quadrate processes of the pterygoid diverge from
the midline in a more posterior position, so that there is a
larger gap between these elements and the basal tubera
(compare Fig. 19B with e.g. Fig. 7D,G).
Little additionalScylacosaurusmaterial is present in
collections, although it is hoped that the more robust diag-
nosis presented here will permit more ready recognition
of this taxon in the future. SAM-PK-11888 is a poorly
preserved partial skull that Boonstra (1953) described as a
new taxon (Therioides cyniscus), distinguishing it from
other early therocephalians on the basis of a tooth count of
I6/C1/PC6–7 and an unusually robust, ‘squarish’ dentary
symphysis. As noted by van den Heever (1987), this tooth
count is incorrect: seven incisors are present in at least the
left premaxilla, and a single precanine is present in each
maxilla. Furthermore, the symphysis is, like the rest of the
skull, strongly distorted, but does not appear any more
robust than in other scylacosaurids. Based on anterior
tooth count, van den Heever (1987) considered SAM-PK-

11888 referable toScylacosaurus sclateri. This is tentatively
followed here; the symphysial morphology of SAM-PK-
11888 does not perfectly match that of AMNH FARB 5560
and UCMP 42669, but the dentary is constricted near its
midpoint, with a ventral concavity to the margin of this
bone (Fig. 19I). As with many scylacosaurid specimens,
however, additional preparation will be needed to test
this identification; the possibility that SAM-PK-11888
represents a distorted specimen ofAlopecodonorPristero-
gnathuscannot be excluded at present.

Nomina dubia

Arnognathus parvidensBroom, 1907
Figure 20G
Holotype. SAM-PK-1069, an isolated right dentary from
Victoria West.
Remarks. Broom (1907) basedArnognathus parvidenson a
single right dentary exposed in lateral view, which he
considered most similar toIctidosuchus primaevus,but
distinguished from it by the more prominent dentary
angle.Ictidosuchusis a eutherocephalian (Huttenlocker
2009), and all subsequent coverage ofArnognathustreated
it as a member of what would today be called Euthero-
cephalia, and specifically Baurioidea (see e.g. Haughton
1924; Haughton & Brink 1955; Romer 1956). However, van
den Heever (1987) noted that SAM-PK-1069 has serrated
postcanines, a typical feature of early therocephalians that
is not present in eutherocephalians. The age of this speci-
men is somewhat uncertain: the geology of the area
surrounding Victoria West is extremely complex, with the
TapinocephalusthroughDaptocephalusAZs all represented
(Day & Rubidge 2019). Broom (1907) states that the
holotype ofA.parvidenswas found at the same locality
as that of the basal anomodontGalechirus scholtzi,a
taxon restricted to theTapinocephalusAZ (Day & Rubidge
2020), suggesting that SAM-PK-1069 originated in the
Abrahamskraal Formation. This would be in keeping
with the scylacosaurid identification for this specimen
proposed by van den Heever (1987). The dentary of
Arnognathusclearly differs from the ‘hourglass’ shape of
Scylacosaurusand lacks the strong posterior cant to the
postcanines ofPristerognathus, but otherwise could belong
to any scylacosaurid, and here is considered anomen
dubium(Scylacosauridae indet.)

Blattoidealestes gracilisBoonstra, 1954a
Figure 20A–C
Holotype. SAM-PK-4321, a crushed complete skull, lower
jaws, and the majority of the postcranial skeleton from
Prince Albert Road, Prince Albert.
Remarks. Boonstra (1954a) describedBlattoidealestes
gracilisas a new ‘scaloposaurid’ from theTapinocephalus
Zone. At the time, Scaloposauridae encompassed a broad
array of small-bodied therocephalian taxa spanning the
middle Permian through Early Triassic. More recent work,
however, has shown that these ‘scaloposaurids’sensu lato
represent a heterogeneous assemblage of juvenile thero-
cephalians, rather than any kind of coherent evolutionary
unit (Kemp 1982, 1986; Hopson & Barghusen 1986;
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Huttenlocker & Sidor 2012). Among the supposed
‘scaloposaurids’ of theTapinocephalusAZ, the holotype of
Simorhinella bainihas been shown to represent a juvenile
lycosuchid (Abdalaet al. 2014b) andCrapartinella croucheri
represents a juvenile scylacosaurid (possiblyGlanosuchus
macrops; see above). Based on its proportionally enormous
orbits and poorly ossified skeleton, SAM-PK-4321 is also
best interpreted as a juvenile. The presence of serrated
canines indicates that SAM-PK-4321 is an early thero-
cephalian, and its combination of a high tooth count
(probably I6/C1/PC8) and relatively elongate snout indi-
cates that it is a scylacosaurid rather than a lycosuchid.
Based on available data, however, this specimen is specifi-
cally indeterminate (as previously noted by Huttenlocker
& Smith [2017]), and should be considered anomen dubium
(Scylacosauridae indet.) The block containing this speci-
men does appear to preserve most of the skeleton of this
individual, and given how little is known about scylaco-
saurid postcranial anatomy (and particularly ontogenetic
variation thereof), this specimen represents a prime
candidate for further study through CT-scanning.

Ictidoparia brevirostrisBroom, 1925
Holotype. An unnumbered skull from Lammerskraal,
Prince Albert, now lost.
Remarks. Next to nothing is known about this taxon –
Broom (1925) described it briefly, but did not figure the
holotype, which was then lost (Broom, 1932). Broom’s
description includes no comparisons with other thero-
cephalians and little in the way of distinguishing features,
soIctidopariamust be considered anomen dubium. Based
on size (Broom estimated the skull would be 6.2 cm
long), possession of a narrow snout, and origin in the
TapinocephalusAZ, this specimen was probably a juvenile
scylacosaurid. However, in the absence of any further
information it should be treated only as Therocephalia
indet.

Ictidosaurus angusticepsBroom, 1903b
Figure 20D
Holotype. SAM-PK-630, the anterior end of a snout and
occluded lower jaws from near Beaufort West.
Remarks. Broom (1903b) describedScylacosaurus sclateri
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Figure 20. Dubious therocephalian taxa. SAM-PK-4321, holotype ofBlattoidealestes gracilis,in(A) right lateral and (B) left lateral cranial views with (C)
whole skeletal block.D, SAM-PK-630, holotype ofIctidosaurus angusticeps, in right lateral view. SAM-PK-583, holotype ofPristerognathus baini,in(E)
anterior and (F) right lateral views.G, SAM-PK-1069, holotype ofArnognathus parvidens, in right lateral view. Scale bars equal 1 cm.



andIctidosaurus angusticepsin the same publication and
noted that they were very similar, but differentiated the
latter taxon by its dorsoventrally deeper snout and lower
incisor count (originally stated to be five). Subsequent
authors have generally consideredI.angusticepsto repre-
sent a valid taxon, but have differed in its familial attribu-
tion, variously placing it in Scylacosauridae (Williston
1925; Vjuschkov 1964), Pristerognathidae (Haughton
1924; Romer 1956; Watson & Romer 1956), Akidno-
gnathidae (Haughton & Brink 1954), Ictidosuchidae
(Huene 1956), Scaloposauridae (Romer 1945), or in its own
family Ictidosauridae (Broom 1932; although confusingly
Broom also includedScylacosaurusin this family, seem-
ingly forgetting that he had already established the family
Scylacosauridae for that genus). Most recently, van den
Heever (1987) consideredI.angusticepsto be a valid scylaco-
sauridtaxon diagnosed by the presence of six incisors and
one precanine in the upper dentition.
SAM-PK-630 consists of a laterally compressed, very
poorly preserved and prepared partial snout and jaws.
The left side of the snout and ventral surface of this speci-
men are largely unprepared and the palate is still totally
embedded in rock. The right side of the snout was eroded
at the surface and has received preparation around the
teeth. Erosion of the lower jaw has revealed the entire
lower dentition (including the tooth roots) in section,
showing a dental formula of i3/c1/pc8. The number of
upper teeth is less certain. Broom (1903b) originally stated
that there are five incisors, but later (Broom, 1932) revised
this number to six (plus one precanine). This is correct in
terms of the preserved teeth, but there is a substantial
diastema between the sixth incisor and the precanine and
this region is very badly eroded; it is not impossible that a
second precanine or seventh incisor could have been
present in the intact skull. Even if this specimen does have
six incisors and one precanine, this does not permit
distinction between the various scylacosaurid taxa with
6–7 incisors (see Introduction). The relatively narrow
snout is suggestive ofAlopecognathus, but given the
compression of this specimen, that is uncertain, and not
enough of the skull is preserved to show other distin-
guishing features of the scylacosaurid species herein
considered valid. At present,I.angusticepsmust be consid-
ered anomen dubium(Scylacosauridae indet.)
Multiple specimens have been referred toI.angusticeps
over the years, none of which show any uniquely shared
features with the holotype beyond also being isolated
snouts with an occluded mandibular symphysis. AMNH
FARB 5527 was referred to this species by Broom (1915a);
although also found near Beaufort West, it was found in
stratigraphically higher rocks of the ‘EndothiodonZone’
(likely representing theTropidostoma-GorgonopsSubzone
of the modernEndothiodonAZ). This specimen represents
a gorgonopsian; as noted by Boonstra (1935) and van den
Heever (1987), it has a tall, robust mandibular symphysis
with a clear mentum and a combination of five upper
and four lower incisors. The same characters indicate that
NHMUK PV OR 49419, a supposedI.angusticepsspeci-
men from the Gouph, is also a gorgonopsian (Kammerer
2014). Unfortunately, both of these specimens are still

largely unprepared; new preparation or CT-scanning will
be required to identify them beyond Gorgonopsiaincertae
sedis.

Pristerognathus bainiBroom, 1904
Figure 20E,F
Holotype. SAM-PK-583, the anterior tips of a snout and
occluded lower jaws, shoulder girdle, and pelvis from
Letjesbosch, Beaufort West.
Remarks. Broom (1904) describedPristerognathus baini
based on a badly eroded snout tip collected many years
prior by Thomas Bain (stated to be from an unknown
locality by Broom; Kitching [1977] identified the locality as
Letjesbosch). He provided no distinguishing features for
P.baini, although van den Heever (1987) indicated it had
been differentiated fromP.polyodonon the basis of its
smaller size. Because of the extreme incompleteness of
SAM-PK-583, most workers have consideredP.bainito be
dubious (e.g. Haughton 1924; Boonstra 1969). However,
van den Heever (1987) considered it synonymous with
Glanosuchus macrops, based on the presence of six upper
incisors and no precanines. In this work, that tooth count
occursin several taxa considered valid (Alopecognathus
andGlanosuchus), soP.bainionce again becomes anomen
dubium(Scylacosauridae indet.)

Scymnosaurus watsoniBroom, 1915b
Figure 21
1954Pristerosaurus watsoniBoonstra, p. 84

Holotype. NHMUK PV R 4100, a partial skull (missing
the anterior snout and left temporal arch) from Uitkyk,
Beaufort West.
Remarks. Broom (1915b) described NHMUK PV R 4100, a
skull missing the anterior portion of the snout, as a new
species ofScymnosaurus(S.watsoni), a genus founded on
a specimen (SAM-PK-632, holotype of the type species
S.ferox) consisting only of the anterior portion of the
snout. Watson (1914) had earlier questionably referred
this specimen toLycosuchus vanderrieti, but the absence of
teeth on the transverse process of the pterygoid and
general skull shape indicate that it is a scylacosaurid rather
than lycosuchid (thus also separating it fromScymno-
saurus, which is currently considered an indeterminate
lycosuchid; Abdalaet al. 2014b). Boonstra (1934) recog-
nizedScymnosaurus watsonias a valid taxon, but later
(Boonstra 1954) transferred this species toPristerosaurus
(asP.watsoni), before finally reverting to including it in
Scymnosaurus(Boonstra 1969). Van den Heever (1987)
recognized this specimen as scylacosaurid, but consid-
ered it anomen dubium.
Although reasonably well-prepared, the poor preserva-
tion of the palate in this specimen complicates identifica-
tion. The most notable feature of this specimen is the very
tall, well-developed sagittal crest. However, this feature
seems to become exaggerated in all scylacosaurids at large
size (probably related to expansion of the jaw muscula-
ture), as seen in e.g.Alopecognathus(GPIT-PV-116189) and
Scylacosaurus(UCMP 42669). Pterygoid morphology in
NHMUK PV R 4100 (relatively large transverse processes
and quadrate processes diverging well anterior to the
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basal tubera) indicate that it is notScylacosaurus, but it is
difficult to eliminate other scylacosaurid taxa as possibili-
ties. The proportions of the preserved skull are very
similar to those of SAM-PK-9083 (holotype ofPristero-
saurus microdon), so Boonstra’s (1954) referral is worth
considering (although the orbits show greater exposure
dorsally in NHMUK PV R 4100 than expected for
Maraisaurus). Until more information on the anatomy of
Maraisaurus (and other rare scylacosaurids such as
AlopecodonandHyorhynchus) is available, however, this is
speculative, and at presentScymnosaurus watsonimust be
considered anomen dubium(Scylacosauridae indet.)

DISCUSSION

Karoo scylacosaurid biostratigraphy
Day (2013) and Day & Rubidge (2020) provided updated
stratigraphic range data for scylacosaurids, following the
taxonomy of van den Heever (1987). They identified the
bulk of scylacosaurid diversity occurring in the upper
TapinocephalusAZ (i.e. theDiictodon-Styracocephalus
Subzone), withAlopecodon priscus,Pardosuchus whaitsi, and
Scylacosaurus sclaterirestricted to this subzone and
Pristerognathus polyodonpredominantly found in this
subzone, but possibly extending into the overlying
Lycosuchus-EunotosaurusSubzone of theEndothiodonAZ.
In contrast to these relatively short-ranging taxa, they
consideredGlanosuchus macropsandIctidosaurus angusti-
cepsto range from theEodicynodonAZ to theEndothiodon
AZ (withGlanosuchusextending to the upper boundary of
theLycosuchus-EunotosaurusSubzone).
The taxonomic revisions proposed in the current work
necessitate a reconsideration of biostratigraphy in the
Scylacosauridae, however. Although the list of specimens

referred to them has changed somewhat since van den
Heever’s (1987) revision, the relatively rare scylacosaurids
Alopecodon,Pardosuchus, andScylacosaurusare still
restricted to theDiictodon-StyracocephalusSubzone of the
TapinocephalusAZ (and to this list can be added the newly
revalidatedMaraisaurus). All known specimens of these
taxa appear to originate in exposures of the upper
Abrahamskraal Formation, most in the Moordenaars
Member (Day, 2013). The one possible exception is
SAM-PK-634, the holotype ofScylacosaurus sclateri. Broom
(1903b) stated that this specimen was obtained in
Colesberg, but Kitching (1977) considered this locality
problematic. Van den Heever (1987) noted that only late
Permian strata (of theCistecephalusandDaptocephalus
AZs) are exposed at Colesberg, and suggested that this
specimen was originally collected inTapinocephalusAZ
strata elsewhere, an argument that is accepted here in the
absence of any other post-EndothiodonAZ records of
Scylacosauridae.
As concerns the formerly long-ranging taxaGlanosuchus
andIctidosaurus, recognition of theEodicynodonAZ
scylacosaurid records as a distinct new taxon (Eutheriodon)
removestheir first appearance data, andIctidosaurusis
here considered invalid. Furthermore,Glanosuchus
records from theEndothiodonAZ (e.g. CGS M 796) have
been transferred toAlopecognathus, leaving the former
genus restricted to theTapinocephalusAZ (indeed, possibly
also restricted to theDiictodon-StyracocephalusSubzone).
This leavesAlopecognathusandPristerognathusas the only
boundary-crossing scylacosaurid taxa, extending from
theDiictodon-StyracocephalusSubzone of theTapino-
cephalusAZ to theLycosuchus-EunotosaurusSubzone of the
EndothiodonAZ. Although published, historical records of
these taxa from theEndothiodonAZ are few, there are a
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Figure 21. NHMUK PV R 4100, holotype ofScymnosaurus watsoni(Scylacosauridae indet.), in (A) right lateral, (B) ventral, and (C) dorsal views. Scale
bar equals 5 cm.



number of (mostly undescribed) specimens from the
Lycosuchus-EunotosaurusSubzone in the collections of the
Council for Geoscience (Pretoria) (see lists of referred
materials in the Systematic Palaeontology section above).
As with most aspects of this enigmatic taxon, the strati-
graphic range ofHyorhynchusis uncertain – the holotype
has only a vague locality (Gouph Tract) and could be
from theTapinocephalusorEndothiodonAZ. However, the
referred specimen (CGS RMS 1058) was collected in the
Poortjie Member of the Teekloof Formation, indicating
that this taxon is present in theLycosuchus-Eunotosaurus
Subzone of theEndothiodonAZ.
The large number of scylacosaurid taxa restricted to the
Diictodon-StyracocephalusSubzone of theTapinocephalus
AZ makes sense both from a sampling perspective (this is
the most densely sampled section of middle Permian rock
in the basin; Day 2013) and from an evolutionary history
perspective (as the top of this interval corresponds with
the end-Guadalupian mass extinction; Dayet al. 2015).
Under the taxonomic scheme proposed herein, five out of
seven scylacosaurid species went extinct by the end of the
TapinocephalusAZ, an unsurprising degree of intensity for
large-bodied predators during a biotic crisis.
Recognition of NMQR 2908 and NMQR 2910 as a dis-
tinct taxon apparently restricted to theEodicynodonAZ has
important implications for a probable third record
(NMQR 3488) from near Jansenville in the Eastern Cape.
The Abrahamskraal Formation in this region has yielded
an unusual fauna, consisting of taxa (the burnetiamorph
Pachydectes elsiand the dicynodontLanthanostegus mohoii)
historically known only from this site, making correlation
with middle Permian strata in the western part of the
basin difficult. In reviewing this site, Day & Rubidge
(2020) noted that it could represent either the lowermost
TapinocephalusAZ or theEodicynodonAZ. More recently,
Rubidgeet al. (2021) reported a new record ofLanthano-
stegusfrom the southwestern part of the basin in the
lowest local exposures of the Abrahamskraal Formation,
which they considered equivalent to the strata at
Jansenville, although uncertain whether these represent
TapinocephalusAZ or a previously unknown assemblage
intermediate in age between theEodicynodonand
TapinocephalusAZs. The presence ofEutheriodonin classic
EodicynodonAZ exposures in the Western Cape and at
Jansenville in the Eastern Cape adds a further wrinkle to
this issue, suggesting that the latter do indeed encompass
theEodicynodonAZ, or that the range ofEutheriodon
extends from that assemblage zone to the lowerTapino-
cephalusAZ. Further collecting at these localities is needed
to resolve this issue.

Scylacosaurid records outside South Africa
Although the vast majority of published scylacosaurid
records are from the Main Karoo Basin of South Africa,
several papers have argued for the presence of this group
in other southern African basins. However, none of the
relevant fossils have been described in detail. Drysdall &
Kitching (1963, p. 17) noted the discovery of ‘a single
Therocephalian resemblingPristerognathus’ in beds of the
Madumabisa Mudstone Formation at their Locality 20 in

the upper Luangwa Valley, Zambia. However, no addi-
tional information about this specimen was published,
and it is probable that, like most of the fossils they
collected, it remains unprepared. Therapsid-bearing
rocks of middle Permian age are not known from the
upper Luangwa Valley; at present, such records in the
Madumabisa Mudstone Formation are known only from
the Mid-Zambezi Valley in southern Zambia (Sidoret al.
2014; although these have not yet produced therocepha-
lians). So, a scylacosaurid identification of Drysdall &
Kitching’s (1963) specimen appears unlikely. Boonstra
(1969, p. 57) noted that aTapinocephalusAZ-equivalent
fauna is known from Zimbabwe, ‘where aCriocephalus
and a therocephalian, probably pristerognathid, have
been found.’ The former consists of fragmentary crania
from Gunyankas Kraal (figured by Boonstra [1968] as
‘Criocephalus gunyankaensis’), but the latter has never been
figured or described. Given its association with dino-
cephalians, it is very likely that the therocephalian from
this locality is middle Permian in age and could well repre-
senta scylacosaurid, but this must remain speculation
until the specimen receives further study.

Extensive collections have been made of therapsid
fossils from middle Permian strata in Russia, some of
which have been referred to Scylacosauridae. The taxo-
nomic history of Russian therocephalians is complex and
often contradictory (see Ivakhnenko [2011] for review),
but four taxa have frequently been classified as scylaco-
saurids:Hexacynodon purlinensisTatarinov, 1974,Kotel-
cephalon viatkensisTatarinov, 1999,Porosteognathus efremovi
Vjuschkov, 1955, andScylacosuchus orenburgensisTatarinov,
1968 (see e.g. Battail & Surkov 2000; Tatarinov 2008).
Hexacynodoncomes from the late Permian Purly Locality,
and Ivakhnenko (2011) has convincingly argued that the
holotype maxilla (long confused with the more extensive
material of a bizarre taxon now known asPurlovia maxima)
is referable to the whaitsiidMoschowhaitsia vjuschkovi,so
this taxon is not a scylacosaurid.Scylacosuchusis generally
similar in overall morphology to scylacosaurids, but lacks
several classic features of early therocephalians (e.g.
serrations on the teeth), and in recent phylogenies is con-
sistently recovered as an early-diverging eutherocepha-
lian (e.g. Kammerer & Masyutin 2018; Liu & Abdala 2020).
A skull fragment (PIN 4415/3) from the Klyuchevka local-
ity, listed as Scylacosauridae gen. indet. by Ivakhnenko
(2011) and noted as being most similar toScylacosuchus,
exhibits no diagnostic characters of the family, and
indeed, can be excluded from it by the absence of canine
serrations (and presence instead of canine facets).
Eutherocephalian identity also makes more sense consid-
ering the association of this specimen with typical latest
Permian taxa (the chroniosuchianChroniosuchusand the
dicynodontoidPeramodon). The only known specimen of
Kotelcephalon(PIN 2212/91) is a very poorly preserved
skull, extremely dorsoventrally crushed with the bone
surface badly eroded, complicating interpretation of its
morphology. However, several of the teeth in this speci-
men are intact, preserved with their enamel, and clearly
unserrated, suggesting that this specimen also represents
a eutherocephalian rather than a scylacosaurid.
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The above three taxa are all from well-supported late
Permian localities (HexacynodonandScylacosuchus)ora
locality of questionable late Permian age (a variety of age
estimates have been proposed for the Kotelnich locality
yieldingKotelcephalon, with correlation to the current
EndothiodonAZ of the Karoo being most likely; see
Kammerer & Masyutin 2018). However, a more robustly
supported middle Permian age can be inferred for
Porosteognathus, which is part of the Isheevo Fauna that
also yields the dinocephaliansSyodon,Titanophoneus, and
Ulemosaurus(Ivakhnenko 2011). Although known only
from fragmentary material,Porosteognathusdoes appear
to represent a non-eutherocephalian therocephalian: the
dentition is serrated and a median pterygoid ridge
anterior to the interpterygoid vacuity is absent. However,
it differs from both lycosuchids and scylacosaurids in
having dentition on the palatal boss of the pterygoid
(absent in Lycosuchidae) and on the transverse process of
the pterygoid (absent in Scylacosauridae) (Fig. 8F). This
morphology is also present in the recently described
Gorynychus masyutinaefrom the Kotelnich locality, which
has been recovered as a non-lycosuchid, non-scylaco-
saurid early therocephalian forming the sister-taxon of
Eutherocephalia (Kammerer & Masyutin 2018). It is possi-
ble that these Russian early therocephalians form a clade
intermediate between Scylacosauridae and Euthero-
cephalia, but additional material ofPorosteognathuswill
likely be needed to test this idea.
The most recently described Russian taxon referred to
Scylacosauridae isJulognathus crudelisfrom the Sundyr-1
locality (Suchkova & Golubev 2019). This taxon can be
identified as an early therocephalian based on its serrated
dentition, but because of the extremely fragmentary
nature of the known material, no scylacosaurid
synapomorphies are visible. However, its dentary mor-
phology is remarkably similar to that described herein for
Scylacosaurus; although the shape of the symphysis is
different between the two genera (with an autapomor-
phic flange-like rounded edge to the base of the mentum
inJulognathus), both display a distinct ‘hourglass’ shape
with an elongate symphysial region and highly concave
ventral margin. As such,Julognathusis the most likely
contender currently known for an actual scylacosaurid
record outside the Main Karoo Basin. Intriguingly, this
mandibular morphology is also observed in a supposed
biarmosuchian,Biarmosuchoides romanovifrom the
Dubovka-1 locality (Orenburg Region, Russia) (Fig. 13E,H).
While this could be convergence (a roughly similar denta-
ry shape is indeed present inBiarmosuchus teneritself,
based on the holotype PIN 1758/2), the possibility that
Scylacosaurus,Julognathus, andBiarmosuchoidesform a
scylacosaurid subclade with unusual jaw morphology
cannot be discounted. Hopefully the discovery of more
complete specimens of the latter taxa will permit further
evaluation of this hypothesis.

CONCLUSIONS
Karoo scylacosaurids were, for their time, a relatively
diverse and successful clade. Although the current revision
recognizes only a small percentage of nominal scylaco-

saurid species as valid, the presence of seven coeval large
predators in the upper Abrahamskraal Formation is
remarkable, especially in comparison with the diversity of
anteosaurian dinocephalians in the same environments
(with only a single species,Anteosaurus magnificus,
currently considered valid; Kammerer 2011). Comparable
standing diversity in Karoo ecosystems, however, is
known in the group that in many ways replaced scylaco-
saurids in the late Permian: Gorgonopsia (Kammerer
2016). In both cases, peak diversity is observed prior to
mass extinctions, when herbivore diversity was also at its
apex (with dinocephalians, pareiasaurs, and dicynodonts
at the end of the Guadalupian, and primarily dicynodonts
with some lingering pareiasaurs at the end of the Lopin-
gian), indicative of ‘boom and bust’ cycles in carnivorous
theriodont evolution (which may well have continued
into the Triassic, had archosauromorph reptiles not edged
out cynodonts as they were beginning to evolve large
predatory taxa in the Anisian).
The current work is necessarily restricted to lower-level
systematic study of the Scylacosauridae. Incorporation of
the taxa recognized herein in a phylogenetic analysis to
test their relationships is desirable, but not possible at
present. Huttenlocker (2009) included the scylacosaurid
taxa known from well-prepared skulls in his analysis of
therocephalian relationships (although his codings for
‘Glanosuchus’and‘Ictidosaurus’ are largely based on
AlopecognathusandEutheriodonunder the herein-
proposed taxonomy), and recovered them in a polytomy.
The additional scylacosaurid taxa recognized here (partic-
ularlyAlopecodon,Hyorhynchus,Maraisaurus, andPardo-
suchus) are largely known from specimens so poorly
prepared that their incorporation into a phylogenetic
analysis would be useless. Repreparation and/or CT-
scanningof these specimens is necessary to reveal data of
phylogenetic import, and it is greatly hoped that the
current work will prove a springboard for renewed
research on scylacosaurids, rather than the final word on
the subject.

POSTSCRIPT
Following resubmission of this manuscript, a paper
describing a new possible scylacosaurid taxon from the
Permian Kotelnich locality of Russia was published
(Suchkovaet al. 2023). The new taxon,Koksharovia grechovi,
is represented by a block of skeletal elements (KPM 456)
including a left dentary fragment (KPM 456-1) and right
maxillary fragment (KPM 456-2). Importantly, Suchkova
et al. (2023) noted close similarities between the dentary of
the new therocephalian and that ofBiarmosuchoides
romanovi, independently concluding that the latter repre-
sents a scylacosaurid rather than a biarmosuchian.

I am pleased to dedicate this work to professor emeritus Bruce Rubidge. No other

scientist in recent memory has contributed so much to our understanding of those

rocks yielding the majority of the world’s early therocephalian specimens (those of

the Abrahamskraal Formation). Comprehensive revision of the alpha taxonomy

and biostratigraphy of theTapinocephalusAZ fauna was long one of Bruce’s major

research goals, and with recent theses by his students resolving the Tap Zone

Pareiasauria (van den Brandt 2020) and Tapinocephalidae (Neumann 2019),

Scylacosauridae was the last major holdout. For many years he advertised ‘PhD in

therocephalian systematics’ on the ESI website to address this problem, with no

takers (perhaps wisely on the part of students; even for someone who has made a
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career of tackling the thorniest issues in therapsid taxonomy, I did not find this

work to be an easy task). It is my hope that the next generation of researchers will be

more willing to work on early therocephalians, and can begin to address the

palaeobiology, palaeoecology, and evolutionary history of these animals in greater

detail.
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