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The holotype and only specimen of Parathrinaxodon proops, a cynodont from the Upper Permian Kawinga Formation, Tanzania, is
redescribed. Upper postcanines from the middle of the tooth row are ovoid in outline, presenting a large main cusp and tiny anterior
and posterior accessory cusps on the sectorial margin. Anterior and posterior lingual cusps on the crown indicate the presence of a
lingual cingulum. The overall postcanine morphology is remarkably similar to that of Procynosuchus delaharpeae, a Late Permian
cynodont particularly common in the lower Beaufort Group of South Africa. The presence of a complete osseous palate and a medial
palatal opening between the maxillae (=vomerine fossa) in Parathrinaxodon proops remain the main differences previously reported
between this species and Procynosuchus delaharpeae. Restudy of the palate of Parathrinaxodon proops indicates that there exists some
degree of deformation, particularly notable in the broken and distorted vomer. The supposed presence of the complete secondary
palate and of the medial palatal opening in Parathrinaxodon proops are interpreted as resulting from a slight horizontal displacement of
thelong, and originally free, palatal processes of the maxilla and palatine. Itis concluded that Parathrinaxodon proops is synonymous with
Procynosuchus delaharpeae. This synonymy is problematic because Parathrinaxodon proops Parrington 1936 would have priority over
Procynosuchus delaharpeae Broom 1937, but the latter is the best known Late Permian cynodont. Consequently, we propose to conserve
Procynosuchus delaharpeae as the valid name for this cynodont based on article 23, section 9 (Reversal of precedence) of the International
Code of Zoological Nomenclature. An analysis of the Kawinga fauna, using genus as the taxonomic unit for comparison, indicates
strong similarity (67 %) with faunas from the Tropidostoma, Cistecephalus and Dicynodon assemblage zones from the South African Karoo.
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INTRODUCTION

Late Permian cynodonts, besides representing the earliest
record of the group, are the phylogenetically most basal
members of the Cynodontia, the monophyletic group that
includes extant mammals. Ten species of Late Permian

(1950) to Procynosuchus delaharpeae.
Since its description, the affinities of Parathrinaxodon

Table 1. Taxonomy and distribution of Late Permian cynodonts.

. . - Taxon Country
cynodonts have been recognized since 1972, the year in
which Hopson & Kitching (1972) published their revision  Cynosaurus suppostus (Owen 1876) SA
of cynodonts, and Mendrez (1972a,b) redescribed and  Dvinia prima Amalitzky 1922 R
discussed the identity of two South African Late Permian Cyrbasiodon boycei Broom 1931 oA
’ . Parathrinaxodon proops Parrington 1936 T
cynodon.ts. At least six of .the 10 Late Permian cynodonts  nyyicrosaurus kitchingi Broom 1936° SA
have a disputed taxonomic status (Table 1). Cynodonts of  Procynosuchus delaharpeae Broom 1937 SA, T, Z, Gf
this age are recorded in South Africa (Broom 1938, 1948),  Protocynodon pricei Broom 1949¢ SA
. . . . s d
Russia (Sushkin 1927; Tatarinov 1968a,b), East Africa g””locy”"‘fi"” S‘fd”;tXZlTZtarm;’V 1968 1087 E
. . ralocynodon tverdokhlebovae Tatarinov
(Kemp 1979; Parrlngton 1936)’ and, most recently’ Cyrbasiodon vladimiriensis Tatarinov 2004 R

Germany (Sues & Boy 1988).

In East Africa, basal cynodonts of Late Permian age are
known from the Madumabisa Mudstones from the
Luangwa Valley in Zambia (Kemp 1979) and the Kawinga
Formation (=Usili Formation; Wopfner 2002) of the
Ruhuhu Valley, Tanzania (Parrington 1936). The only
specimen known from the former rock unit is an almost
complete skeleton assigned to Procynosuchus delaharpeae
Broom by Kemp (1979), and which represents a juvenile
individual (Abdala, pers. obs.). Specimens from the
Ruhuhu Valley include an incomplete skull described by
Parrington (1936) as Parathrinaxodon proops, and an incom-
plete and poorly preserved skull attributed by von Huene
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?Considered a synonym of Procynosuchus delaharpeae by Hopson & Kitching (1972),
and Battail (1991). Taking into account the poor preservation of the type and only
specimen of Cyrbasiodon boycei, Hopson & Kitching (1972) retained P. delaharpeae as
the valid name for the species. Mendrez (1972b) considered C. boycei as a valid
taxon.

bConsidered a synonym of Cynosaurus suppostus by Hopson & Kitching (1972) and
Sidor & Smith (2004), it was regarded as a valid species by Van Heerden & Rubidge
(1990). Nanictosaurus rubidgei Broom 1940 (regarded as a valid species by Van
Heerden 1976) and Nanictosaurus robustus Broom 1940 were considered as junior
synonyms of N. kitchingi by Van Heerden & Rubidge (1990).

“Considered a synonym of Procynosuchus delaharpeae by Hopson & Kitching (1972)
and Battail (1991), it was regarded as a valid species by Mendrez (1972a).

dConsidered as Galesauridae (at that time including Thrinaxodon) by Tatarinov
(1968b) and most recently as Thrinaxodontidae by Battail & Surkov (2000).
Hopson & Kitching (1972) included it in Procynosuchidae.

€Cyrbasiodon was considered a synonym of Procynosuchus by Hopson & Kitching
(1972) and Battail (1991). See ‘a” above.

fThe specimen from Germany was identified as Procynosuchus sp. by Sues & Boy
(1988).

Abbreviations: G: Germany; R: Russia; SA: South Africa; T: Tanzania; Z: Zambia.
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Figure1. A, dorsal, B, ventral, and C, right lateral views of Parathrinaxodon proops holotype, UMZC T.810. Abbreviations: apf, anterior palatal foramen;
iv, interpterygoid vacuity; po, displaced portion of the postorbital bar; ptf, pterygoparoccipital foramen; qrpt, quadrate ramus of the pterygoid;

‘vo'f: vomerine fossa. Scale bar = 2 cm.

proops have been subject to differing interpretations.
Parrington (1936) believed it to be most similar to Dvinia
prima from the Russian Upper Permian and to Thrinaxodon
liorhinus from the Lower Triassic of South Africa.
Parrington (1936) also suggested that Cyrbasiodon boycei
was probably related to Parathrinaxodon proops. Hopson &
Kitching (1972) and Mendrez (1972a,b) included the species
in the family Procynosuchidae, whereas Van Heerden
(1976) suggested it is a member of the Galesauridae.
Battail (1982, 1991) also implied a more derived position
for Parathrinaxodon than for Procynosuchus and Duinia,
whereas Hopson (1991; see also Sidor & Smith 2004)
considered it indistinguishable from Procynosuchus.

Here we present a descriptive update of the holotype
and only known specimen of Parathrinaxodon proops
and discuss its taxonomic identity. We have avoided a
complete redescription of the specimen and instead refer
thereader to Parrington (1936) for more details. In addition,
we propose an explanation for the presence of the
‘vomerine fossa’ in the palate of Late Permian cynodonts.
We also compare the Kawinga fauna with Late Permian
faunas from the South African Karoo.

Institutional abbreviations: BMNH, The Natural History
Museum, London; BE, Bernard Price Institute for Palae-
ontological Research, University of the Witwatersrand,
Johannesburg; OUMNH, Oxford University Museum of
Natural History; RC, Rubidge collection, Wellwood,
Graaff-Reinet; SAM, Iziko Museums (South African
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Museum), Cape Town; UMZC, University Museum of
Zoology, Cambridge.

MATERIAL

The holotype of Parathrinaxodon proops (UMZC T.810) is
represented by a partial skull lacking both zygomatic
arches, part of the brain case and the lower jaw (Figs 1 & 2).
The following comparative materials of Procynosuchus
delaharpeae were also consulted: BP/1/226, 591, 1545, 1559,
2600, 3758, 5832; OUMNH TSK34; RC 5, 12, 72, 92, 132;
SAM-PK-K-338, K8511. Sources of information on the
Russian cynodont Dvinia prima included Tatarinov (1968b)
and casts of the holotype (UMZC T.1016) represented by a
snout, and of the complete skull originally assigned to
Permocynodon sushkini (UMZC T299; see Tatarinov 1968b).

DESCRIPTION

The basicranial length of UMZC T.810 is estimated to be
130 mm, with a snout length of 53 mm and the palate
reaching approximately 45 mm (Table 2). The dorsal bones
of the skull are preserved only as far posteriorly as the
anterior orbital margin, whereas the skullis almost complete
ventrally, lacking only the posterior portion of the
basicranium (Figs 1 & 2). Zygomatic arches from both
sides are missing. The tips of the dorsal processes of both
premaxillae are preserved between the anterior portions
of the nasals (Fig. 2A). Additional preparation of the material
revealed a displaced portion of the right postorbital bar in
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Figure 2. Interpretative drawings of Parathrinaxodon proops. A, dorsal, B, ventral, and C, left lateral views. Abbreviations: apf, anterior palatal foramen;
?ecf, ectopterygoid foramen; Ept, epipterygoid; E frontal; ?icf, internal carotid foramen; iv, interpterygoid vacuity; L, lacrimal; M, maxilla; N, nasal;
Pal, palatine, pcf, paracanine fossa; Pm, premaxilla; Prf, prefrontal; Po, displaced portion of the postorbital bar; Pt, pterygoid; ptf, pterygoparoccipital
foramen; ptf, pterygoid process; qrpt, quadrate ramus of the pterygoid; smf, septomaxillary foramen; Smx, septomaxilla; V, vomer; 'vo’f: vomerine
fossa. Shading indicates broken bone surface; dashed lines indicate broken bone and interpreted sutures. Scale 2 cm.

the middle of the interorbital region (Figs 1C & 2A).

In the anterior portion of the palate, the vomer is broken
and somewhat displaced (Figs 2B & 3A). It is not possible
to recognize sutures between the premaxilla and the
maxilla. A median fossa between the maxillae is observed
from the level of the anterior border of the canine, which
extends to the level of the third postcanine and appears
limited posteriorly by the palatal processes of the maxillae
(Figs 2B & 3A). The palatal processes of the maxillae and
palatines are very close to, but not in contact with, their
counterparts. Well developed anterior palatal foramina
indicate the location of the suture between the maxilla
and the palatine. The latter bone has very short palatal
projections, whose anterior portions lie close to each
other, whereas the posterior portions are widely separated,
Table 2. Skull and snout lengths (in mm), percentage of the snout in
relation to the basal skull length and number of upper postcanines in

the larger specimens of Procynosuchus delaharpeae and in Parathrinaxodon
proops (in bold).

Specimen Basal skull ~ Snout length Snout/basal  Postcanine
length skull length number

RC5 129 54 41% 10

UMCZ T810 130* 53 41% 10/11

RC 130 132 56 42% 10/11

BP/1/3748 142 66 46% 10

RC 92 144 64 44% 9/?10

/: different number of postcanines in left and right sides of the skull;
?: uncertainty in the number of teeth;
*: estimated measurement.

ISSN 0078-8554 Palaeont. afr. (December 2005) 41: 45-52

forming part of the ventral margin of the choana (Figs 1B,
2B & 3A). There is a series of foramina in the palatal
process of the palatine, close to the suture with the maxilla
(Fig. 2B). Similar foramina are also seen in Procynosuchus
(Kemp 1979: fig. 2; RC 5). A foramen at the base of the
transverse process of the pterygoid is interpreted as an
ectopterygoid foramen, but sutural margins of the
ectopterygoid are not discernible.

The basicranial girder is wide and an interpterygoid
vacuity exists anteriorly between the well-developed
ridges of the pterygoid (Figs 1B & 2B). The suture between
the quadrate ramus of the pterygoid and epipterygoid is
visible on the right side of the skull, and the quadrate
ramus of the pterygoid is considerably extended posteri-
orly.

There are four right incisor-like teeth, and considering
the incomplete preservation of the anterior portion of the
snout, one or two more teeth could have been present as
suggested by Parrington (1936). The anterior extension
of the maxilla, as far as the level of the septomaxillary
foramen in lateral view (Fig. 2C), indicates that two of
these teeth are possibly implanted in the maxilla. It is not
possible, however, to identify the premaxilla-maxilla
suture in the palate in order to determine if these elements
are indeed maxillary precanines. The second incisor-like
tooth is the best preserved and is simple and conical.
There is no clear evidence, except perhaps the better state
of preservation, that this tooth could be in an emergent
state as suggested by Parrington (1936). There are 10 left
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Figure 3. Palate of A, Parathrinaxodon proops (UMZC T.810), and B, Procynosuchus delaharpeae (RC 5). The medial borders of the palatal processes are
highlighted in white. The arrows in A indicate the region where deformation has brought together the palatal processes of the maxillae and the pala-
tines to produce the vomerine fossa (see text for details). Abbreviations: vo, broken and distorted vomer in Parathrinaxodon proops. Scale bars = 1 cm.

and 11 right postcanines, the anteriormost of which (first
and third) are simple, possessing a main cusp with small
anterior and posterior accessory cusps. A crenulated ridge
is observed on the posterior border of the tooth crown. An
isolated postcanine crown corresponding to the sixth left
postcanine is slightly expanded bucco-lingually and
ovoid in crown view (Fig. 4A). The tooth has a broken
main cusp, with tiny anterior and posterior accessory
cusps at the same level on the crown, both of which are
similarly developed. A partially preserved lingual
cingulum with one posterior and two anterior cusps is
also recognized. Part of the anterior portion of the
cingulum is broken, whereas the posterior portion seems
to have been affected by wear (Figs 4A & 4B).

DISCUSSION

Parrington (1936) regarded Parathrinaxodon proops as
being most similar to Dvinia prima from the Late Permian
of Russia. The similarities included the relatively small
snout, the anteriorly oriented orbits, the dental formula,
and, in particular, the nature of the postcanine crowns. In
addition, he found these two taxa to be similar to the Early
Triassic Thrinaxodon because of the postcanine tooth
morphology (i.e. a large main cusp and small accessory
anterior and posterior cusps; lingual cingular cusps), and
suggested a close relationship between them. Finally,
Parrington (1936) also suggested that Cyrbasiodon boycei
was related to Parathrinaxodon, Dvinia and Thrinaxodon. At
that time, C. boycei was considered a therocephalian; it is
currently included with procynosuchid cynodonts,
though there is disagreement on its taxonomic identity
(see Table 1). After the description of P. proops, Broom
(1937, 1938, 1948) described several new cynodonts from
the Late Permian of South Africa, all of which are now
regarded as synonymous with Procynosuchus delaharpeae
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(Hopson & Kitching 1972; Battail 1991). Mendrez (1972a,b)
considered P. proops to be a procynosuchid and regarded
the contact of the posterior portions of the palatal processes
of the maxillae, the presence of a narrow median slitin the

Figure 4. A, crown, and B, lingual views of the left upper sixth post-
canine of Parathrinaxodon; C, crown view of the left upper second post-
canine of Procynosuchus; D, crown view of left upper twelve postcanine
of Dvinia. Abbreviations: aac, anterior accessory cusp; Ic, lingual cingu-
lum; mc, main cusp; pac, posterior accessory cusp. Hachure indicates
broken tooth surface; heavy stipples indicate possible wear facet. In A, C
and D anterior is to the left and lingual to the bottom. Figures 3C and 3D
after Crompton (1972).
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Table 3. Differences previously proposed between Parathrinaxodon proops
and Procynosuchus delaharpeae (Mendrez 1972a,b; Battail 1991) and condi-
tion of those characters in P. proops after this study (in bold).

P. proops P. delaharpeae
Osseous secondary palate ~ Complete/incomplete Incomplete
Median slit in the anterior ~ Present/absent Absent
portion of the palate
(=vomerine fossa)
Precanine teeth Absent/? Present

anterior part of the palate and the absence of precanine
teeth as the principal differences from Leavachia duvenhagei
(=P. delaharpeae; see Table 3). Van Heerden (1976) in-
cluded P. proops within the Galesauridae, which at that
time also included Thrinaxodon. Features in P. proops sup-
porting this assignment were the lack of an interpterygoid
vacuity, the absence of precanine teeth, the lack of a prom-
inent lingual cingulum on the postcanines and the pres-
ence of a complete secondary palate. Battail (1982, 1991)
regarded the postcanine morphology of P. proops to be
very similar to that of P. delaharpeae, but he considered the
presence of the secondary palate and the absence of
maxillary precanines in P. proops, as major differences be-
tween these species (Table 3).

Parathrinaxodon proops and Procynosuchus delaharpeae
show ovoid to circular postcanines in crown view, with
labial margins lacking cingula and large main cusps and
smaller anterior and posterior accessory cusps (see Figs 4A
& 4C). The lingual margin of the sixth left postcanine of
P. proops, the only tooth in which it is possible to observe
the lingual face of the crown, is not well preserved, but
cusps forming a lingual cingulum are present. These
dental features in P. delaharpeae and P. proops are remark-
ably distinct from those found in Dvinia prima (compare
Figs 4A & 4C with Fig. 4D). In addition, the ovoid outline
of the postcanine crown and the tiny size of the accessory
cusps on the sectorial margin contrast with the antero-
posteriorly enlarged postcanines of Thrinaxodon liorhinus,
in which the accessory cusps are relatively larger
(Crompton 1963). The postcanine morphology of P. proops
thus represents the strongest evidence for conspecificity
with P. delaharpeae. Other features of UMZC T.810 shared
with P. delaharpeae are the number of postcanines and the

proportion of the snout in relation to overall skull length
(see Table 2).

The most intriguing feature remaining in P. proops is the
presence of an opening in the palate between the maxillae
(Parrington 1936: fig. 8), a feature also described in the
Russian cynodont Dvinia prima, where it was termed the
vomerine fossa (Tatarinov 1968b: fig. 2). Careful study of
UMZC T.810 shows that although at first sight the snout
looks undistorted, the anterior portion of the palate
shows that the vomer is broken and displaced from its
original position, indicating some degree of deformation
of the palate (Fig. 3A). Considering the position of the
vomerine fossain UMZC T.810, we suggest that this ‘fossa’
is the result of the medial dislocation of the palatal
processes of the maxilla. A slight horizontal displacement
of the long, and originally free, palatal processes of the
maxilla and palatine in specimens of Procynosuchus
delaharpeae (Fig. 3B) would result in the contact (or quasi
contact) of these processes, producing an artefact similar
to the vomerine fossa. Examination of a cast of the
holotype of Dvinia prima (UMZC T.1016) seems to confirm
Hopson's (1991) observation that the palatal processes of
the maxilla and the palatine do not come into contact in
this species (contra Tatarinov 1968b). The sum of evidence
suggests that an open secondary palate was the condition
present in the Late Permian cynodonts Procynosuchus,
Dwoinia, and Cynosaurus, and persisted in the Early Triassic
Galesaurus and Progalesaurus (see Sidor & Smith 2004). On
the other hand, Nanictosaurus is the only Late Permian
cynodont evincing a closed secondary palate, in that there
is a contact between the palatal processes of the maxillae
and the palatines (van Heerden & Rubidge 1990). The
Early Triassic Thrinaxodon also exhibits a closed secondary
palate (Kemp 1982, Hopson & Kitching 2001; Sidor &
Smith 2004), but it should be noted that some well-
preserved specimens of this taxon (e.g. BMNH R 511, R
511a, R 3731; BP/1/5208; Fig. 5) show the palatal processes
of the maxillae and the palatines adjacent to, but not
actually in contact with, their counterparts. Comments
about the lack of contact of the halves of the osseous
secondary palate in Thrinaxodon were also made by Van
Heerden (1972). In addition, this condition is also figured
in the detailed description of the skull of Thrinaxodon
(Fourie 1974: figs 1, 8B & 9), although Fourie (1974: 357)

Figure 5. Palate of Thrinaxodon liorhinus. A, BMNH R.511, B, BP/1/5208. Arrow in A indicates palatal processes of the palatines close but notin contact.
Note the vomer interposed between the palatal processes of the palatines in B. Scale bars = 1 cm.

ISSN 0078-8554 Palaeont. afr. (December 2005) 41: 45-52
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Table 4. Tetrapod list and faunal analysis of the Kawinga Formation.

AMPHIBIA * Peltobatrachus GORGONOPSIA Aelurognathus: CZ
PAREIASAURIA Pareiasaurus: T, C, D Aloposaurus: CZ, D
Anthodon: C, D Arctognathus: C
DICYNODONTIA Dicynodon: D Dinogorgon: ¢, D
Rhachiocephalus: T, C contoceprarus:
Kingoria: ?C, D Scylacops: CZ
*Kawingasaurus f]y{cohsazrus:l?
*New genus (= Cryptocynodon’) . HITHTTHCCTOET IS
Geikia Titanogorgon
THEROCEPHALIA Theriognathus: D
*Silphoictoides
CYNODONTIA Procynosuchus: D
Kawinga taxa Endemic Shared with South Africa Shared with Scotland Total
Amphibia 1 1
Pareiasauria 2 2
Dicynodontia 2 3 1 6
Gorgonopsia 2 7 9
Therocephalia 1 1 2
Cynodontia 1 1
Total 6 (29%) 14 (67%) 1(5%) 21

*: endemic taxa.

Abbreviations: C, Cistecephalus Assemblage Zone; CZ: Cistecephalus Zone; D, Dicynodon Assemblage Zone; T, Tropidostoma Assemblage Zone. The gorgonopsia
Tetraodontonius is not included because of uncertainty in its taxonomic assignment. Data from King (1988), Sigogneau-Russell (1989), Gay & Cruickshank (1999), Maisch
(2002), Maisch & Gebauer (2005) and Angielczyk (pers. comm., 2004). South African faunal assemblages after Rubidge et al. (1995), except for Cistecephalus Zone after

Kitching (1977).

states ‘the two halves of the palate meet each other in a
sutura harmonia’, that is to say, by means of a simple
apposition of contiguous rough surfaces (Gray 1988). The
unusual condition of the palate found in these specimens
of Thrinaxodon can be interpreted as an individual variation
not related to ontogeny, since the basal skull length of
specimens showing this ‘quasi closed” palate, ranges
between 71 to 84 mm, close to the largest skull size for
the species (96 mm). In addition, the palate seems to be
completely closed in tiny juvenile specimens described by
Estes (1961).

Taxonomic status of Parathrinaxodon proops

Recognizing that Parathrinaxodon proops Parrington and
Procynosuchus delaharpeae Broom are conspecific raises
some concerns about nomenclatural priority. Following
article 23, section 1 of the International Code of Zoological
Nomenclature (ICZN 1999), Parathrinaxodon proops
Parrington 1936 has publication priority over Procynosuchus
delaharpeae Broom 1937. However, considering the exten-
sive use of the latter name by most recent therapsid work-
ers (e.g. Kemp 1982, 1988; Hopson & Barghusen 1986;
Rowe 1993; Hopson 1994; Sidor & Hopson 1998; Hopson
& Kitching 2001; Rubidge & Sidor 2001; Sidor 2001, 2003;
Sidor & Smith 2004), and because that taxon represents
the best known Late Permian cynodont, we propose to
conserve Procynosuchus delaharpeae as the valid name for
this cynodont based on article 23, section 9 (Reversal of
precedence) of the Code.

Comments on the Kawinga fauna

Parathrinaxodon proops comes from outcrops of the
Kawinga Formation, at Stockley’s site B.19 (Stockley 1932)
in the Ruhuhu Valley near Mount Kingori. The recorded
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fauna from the site B.19 also includes the dicynodont
genera Kingoria, Rhachiocephalus, Kawingasaurus and
Pristerodon; the gorgonopsian genera Arctognathus and
Scylacops; the therocephalian genus Theriognathus and the
dubious Silphoictoides; and indeterminate pareiasaurs
(Kemp 1969; Gay 1987; Gay & Cruickshank 1999). Tanza-
nian material of Pristerodon (=Cryptocynodon parringtoni
Huene 1942) was recently reassessed as Diictodon
parringtoni by Maisch (1995), although Angielczyk (pers.
comm., 2004) considers the species ‘Cryptocynodon’
parringtoni as a new endemic taxon, different from both
Diictodon and Cryptocynodon.

An analysis of the Kawinga fauna at a generic level
indicates six endemic tetrapod taxa and 14 that are also
known from localities of the Tropidostoma, Cistecephalus
and Dicynodon assemblage zones from the nearby South
African Karoo (Table 4). The percentage of endemism at
this level (29%) is clearly lower than the percentage of taxa
shared with the Karoo faunas (67%). The analysis of
endemism in the Kawinga fauna changes radically if we
consider taxa at the specific level. Maisch (2002) reports 18
of 26 species (69%) of the Kawinga Formation as being
endemic. Itis common practice, at least for Permo-Triassic
vertebrate faunas, to use the genus (e.g. Lucas, 1998a,b) or
even the family (e.g. Shubin & Sues 1991) as index taxa for
assessing faunal similarity. Genera, therefore, seem more
appropriate than species for analysis of faunal endemism,
in which case, species of the Kawinga fauna, which are
closely related (i.e. included in the same genus) to taxa
from the Karoo and/or other basins, should not be consid-
ered as evidence of endemism. Regarding cynodonts, the
only taxon represented in east African faunas, Procyno-
suchus, is also the first cynodont, and the only one of Late
Permian age, with a global distribution. This taxon is the
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commonest cynodont in the Dicynodon Assemblage Zone
of the South African Karoo, and is also recorded in
Germany (Sues & Boy 1988) and Russia (Tatarinov 2004), if
we accept Hopson and Kitching's (1972) synonymy of
Cyrbasiodon with Procynosuchus. Other taxa from the
Kawinga fauna with widespread distribution are the
dicynodonts Dicynodon and Geikia. The first genus is also
known from Zambia, Scotland, China, Laos and Russia
(King 1988), although a recent phylogenetic analysis
suggest that at least one South African and two Russian
species are not closely related (i.e. the genus Dicynodon is
not monophyletic; Angielczyk & Kurkin 2003). Geikia is
also represented in the Cuttie’s Hillock Sandstone, near
Elgin, Scotland, which is considered equivalent with the
Dicynodon AZ (King 1988; Maisch & Gebauer 2005).

It is a pleasure to dedicate this contribution to the memory of the late J. W. Kitching,
indeed the most influential palaeontologist in increasing our understanding of the
Karoo vertebrate faunas. For access to the collections, we thank M. Raath and
B. Rubidge (Bernard Price Institute for Palaeontological Research, University of the
Witwatersrand), S. Kaal and R. Smith (South African Museum, Cape Town),
R. Rubidge (Rubidge collection, Wellwood), J. Clack and R. Symonds (University
Museum of Zoology, Cambridge), T. Kemp (Oxford University Museum of Natural
History) and S. Chapman (The Natural History Museum, London). P. Mukanela at
the Bernard Price Institute undertook further preparation of UMCZ T.810, gener-
ously permitted by J. Clack. A first version of this work benefited from suggestions
by R. Damiani and M. Raath. Comments and suggestions on the last version of this
manuscript by B. Battail, J. Clack, J. Hopson, T. Kemp and C. Sidor, and update of
the dicynodonts from the Kawinga Formation and comments about the Kawinga
fauna by K. Angielczyk are acknowledged. Financial support was provided by the
University of the Witwatersrand through a Postdoctoral Research Fellowship
awarded to FA. The Royal Society of London and PAST (Palaeontology Scientific
Trust, Johannesburg) provided FA grants that enabled a research visit to the United
Kingdom.

REFERENCES

AMALITZKY, V. 1922. Diagnoses of the new forms of vertebrates and
plants from the Upper Permian of North Dvina. Bulletin de I’Académie
des Sciences de Russie 16, 1-12.

ANGIELCZYK, K.D. 2004. Biogeographicimplications of a new, endemic
Permian dicynodont (Synapsida, Therapsida) from Tanzania. Journal
of Vertebrate Paleontology 24, 35A.

ANGIELCZYK, K.D. & KURKIN, A.A. 2003. Has the utility of Dicynodon
for Late Permian terrestrial biostratigraphy been overstated? Geology
31, 363-366.

BATTAIL, B. 1982. Essai de phylogénie des cynodontes (Reptilia,
Therapsida). Geobios, mémoire special 6, 157-167.

BATTAIL, B. 1991. Les cynodontes (Reptilia, Therapsida): une phylo-
génie. Bulletin du Muséum national d'Histore naturelle de Paris 13, 17-105.

BATTAIL, B. & SURKOV, M.V. 2000. Mammal-like reptiles from Russia.
In: Benton, M.]., Shishkin, M.A., Unwin, D.M. & Kurochkin, E.N. (eds),
The Age of Dinosaurs in Russia and Mongolia, 17-34. Cambridge, Cam-
bridge University Press.

BROOM, R.1931. Notice of some new genera and species of Karroo fossil
reptiles. Records of the Albany Museum 4, 161-166.

BROOM, R. 1936. On some new genera and species of Karroo fossil
reptiles, with notes on some others. Annals of the Transvaal Museum 18,
349-386.

BROOM, R. 1937. A further contribution to our knowledge of the fossil
reptiles of the Karroo. Proceedings of the Zoological Society of London 107,
299-318.

BROOM, R. 1938. The origin of the cynodonts. Annals of the Transvaal
Museum 19, 279-288.

BROOM, R. 1940. On some new genera and species of fossils reptiles
from the Karroo beds of Graaff-Reinet. Annals of the Transvaal Museum
20, 157-192.

BROOM, R. 1948. A contribution to our knowledge of the vertebrates of
the Karroo beds of South Africa. Transactions of the Royal Society of
Edinburgh 61, 577-629.

BROOM, R. 1949. New fossil reptile genera from the Bernard Price
collection. Annals of the Transvaal Museum 21, 187-194.

CROMPTON, A.W. 1963. Tooth replacement in the cynodont Thrinaxo-
don liorhinus Seeley. Annals of the South African Museum 46, 479-521.

CROMPTON, A.W. 1972. Postcanine occlusion in cynodonts and

ISSN 0078-8554 Palaeont. afr. (December 2005) 41: 45-52

tritylodontids. Bulletin of the British Museum of Natural History (Geology)
21,27-71.

ESTES, R. 1961. Cranial anatomy of the cynodont reptile Thrinaxodon
liorhinus. Bulletin of the Museum of Comparative Zoology 125, 165-180.
FOURIE, S. 1974. The cranial morphology of Thrinaxodon liorhinus Seeley.

Annals of the South African Museum 65, 337—400.

GAY, S.A. 1987. A dicynodont fauna from the Permian of Tanzania. Ph.D.
thesis, Cambridge University, Cambridge.

GAY, S.A. & CRUICKSHANK, A.R.I.1999. Biostratigraphy of the Permian
tetrapod faunas from the Ruhuhu Valley, Tanzania. Journal of African
Earth Sciences 29, 195-210.

GRAY, H. 1988. Gray’s Anatomy, the Classic Collector’s Edition. London:
Galley Press.

HOPSON, J.A. 1991. Systematics of the nonmammalian Synapsida and
implications for patterns of evolution in synapsids. In: Schultze, H-P.
& Trueb, L. (eds), Origin of the Higher Groups of Tetrapods, Controversy
and Consensus, 635-693. Ithaca, Cornell University Press.

HOPSON, J.A. 1994. Synapsid evolution and the radiation of
non-eutherian mammals. In: Prothero, D.B. & Schoch, R M. (eds),
Major Features of Vertebrate Evolution, 190-219. Knoxville, Paleon-
tological Society.

HOPSON, J.A. & BARGHUSEN, H.R. 1986. An analysis of therapsid
relationships. In: Hotton, N., MacLean, PD., Roth, J.]. & Roth, E.C.
(eds), The Ecology and Biology of Mammal-like Reptiles, 83-106.
Washington, Smithsonian Institution Press.

HOPSON J.A. & KITCHING, J.W. 1972. A revised classification of
cynodonts (Reptilia; Therapsida). Palaeontologia africana 14, 71-85.

HOPSON J.A. & KITCHING, J.W. 2001. A probainognathian cynodont
from South Africa and the phylogeny of non-mammalian cynodonts.
Bulletin of the Museum of Comparative Zoology 156, 5-35.

HUENE, ER. VON 1942. Die Anomodontier des Ruhuhu-Gebietes in der
Tubinger Sammlung. Paldontographica, A 94, 154-184.

HUENE, ER. VON 1950. Die Theriodontier der ostafrikanischen
Ruhuhu-Gebietes in der Tibinger Sammlung. Neues Jahrbuch fiir
Geologie und Paliontologie. Abhandlungen 92, 47-136.

INTERNATIONAL COMMISSION ON ZOOLOGICAL NOMENCLA-
TURE. 1999. International Code of Zoological Nomenclature. Fourth
Edition. London, The International Trust of Zoological Nomenclature.

KEMP TS. 1969. On the functional morphology of the gorgonopsid skull.
Philosophical Transactions of the Royal Society of London, B 256, 1-83.

KEME TS. 1979. The primitive cynodont Procynosuchus: functional
anatomy of the skull and relationships. Philosophical Transactions of the
Royal Society of London, B 285, 73-122.

KEME TS. 1982. Mammal-like Reptiles and the Origin of Mammals. London,
Academic Press.

KEME TS. 1988. Interrelationships of the Synapsida. In: Benton, M.J.
(ed.), The Phylogeny and Classification of the Tetrapods. Vol. 2: Mammals,
1-22. Systematic Association Special Volume No. 35 B, Oxford,
Clarendon Press.

KING, G.M. 1988. Anomodontia. Encyclopedia of Paleoherpetology. Stuttgart,
Gustav Fischer Verlag.

KITCHING, J.W. 1977. The distribution of the Karroo vertebrate fauna.
Memoir 1, Bernard Price Institute for Palaeontological Research, Uni-
versity of the Witwatersrand.

LUCAS, S.G. 1998a. Global Triassic tetrapod biostratigraphy and
biochronology. Palaeogeography, Palaeoclimatology, Palaeoecology 143,
347-384.

LUCAS, 5.G.1998b. Toward a tetrapod biochronology of the Permian. In:
Lucas, S.G., Estep, ].W. & Hoffer, ].M. (eds), Permian Stratigraphy and
Paleontology of the Robledo Mountains, New Mexico. New Mexico Museum
of Natural History and Science Bulletin 12: 71-91.

MAISCH, M.W. 1995. Taxonomic revision of Cryptocynodon parringtoni v.
Huene 1942 (Therapsida, Dicynodontia) from the Late Permian of
Tanzania. Neues Jahrbuch fiir Geologie und Paliontologie, Monatshefte
1995, 594-604.

MAISCH, M.W. 2002. Observations on Karoo and Gondwana verte-
brates. Part 3: Notes on the gorgonopsians from the Upper Permian of
Tanzania. Neues Jahrbuch fiir Geologie und Paliontologie, Monatshefte
2002, 237-251.

MAISCH, M.W. & GEBAUER, E.VI. 2005. Reappraisal of Geikia locusticeps
(Therapsida: Dicynodontia) from the Upper Permian of Tanzania.
Palaeontology 48, 309-324.

MENDREZ, C.H. 1972a. Revision du genre Protocynodon Broom 1949 et
discussion de sa position taxonomique. Palaeontologia africana 14,
19-50.

MENDREZ, C.H. 1972b. On Cyrbasiodon boycei, Broom 1931, (Cynodontia
Procynosuchidae), from South Africa. Palaeontologia africana 14, 51-69.

OWEN, R. 1876. Descriptive and Illustrated Catalogue of the Fossil Reptilia of
South Africa in the Collection of the British Museum. London.

51



PARRINGTON, ER. 1936. On the tooth replacement in theriodont
reptiles. Philosophical Transactions of the Royal Society of London, B 226,
121-142.

ROWE, T. 1993. Phylogenetic systematics and the early history of mam-
mals. In: Szalay, ES., Novacek, M.]. & McKenna, M.C. (eds), Mammal
Phylogeny. Mesozoic Differentiation, Multituberculates, Monotremes, early
Therians, and Marsupials, 129-145. New York, Springer Verlag.

RUBIDGE, B.S., JOHNSON, M.R., KITCHING, J.W,, SMITH, RM.H.,
KEYSER, A.W. & GROENEWALD, G.H. 1995. An introduction to the
biozonation of the Beaufort Group. In: Rubidge, B.S. (ed.), Biostrati-
graphy of the Beaufort Group (Karoo Supergroup), 1-2. Biostratigraphic
Series 1. Pretoria, South African Committee for Stratigraphy.

RUBIDGE, B.S. & SIDOR, C.A. 2001. Evolutionary patterns among
Permo-Triassic therapsids. Annual Review of Ecology and Systematics 32,
449-480.

SHUBIN, N.A. & SUES, H-D. 1991. Biogeography of early Mesozoic
continental tetrapods: patterns and implications. Paleobiology 17,
214-234.

SIDOR, C.A.2001. Simplification as a trend in synapsid cranial evolution.
Evolution 55, 1419-1442.

SIDOR, C.A. 2003. Evolutionary trends and the origin of the mammalian
lower jaw. Paleobiology 29, 605-640.

SIDOR, C.A. & HOPSON, J.A. 1998. Ghost lineages and ‘mammalness’:
assessing the temporal pattern of character acquisition in the
Synapsida. Paleobiology 24, 254-273.

SIDOR, C.A. & SMITH, RM.H. 2004. A new galesaurid (Therapsida:
Cynodontia) from the Lower Triassic of South Africa. Palacontology 47,
535-556.

SIGOGNEAU-RUSSELL, D. 1989. Theriodontia I. Encyclopedia of Paleo-
herpetology. Stuttgart, Gustav Fischer Verlag.

52

STOCKLEY, G.M. 1932. The geology of the Ruhuhu coalfields, Tangan-
yika Territory. Quarterly Journal of the Geological Society of London 88,
610-622.

SUES, H-D. & BOY, J.A. 1988. A procynosuchid cynodont from central
Europe. Nature 331, 523-524.

SUSHKIN, PP. 1927. Permocynodon, a cynodont reptile from the Upper
Permian of Russia. Xe Congres International de Zoologie, Budapest,
1927, 804-808.

TATARINOV, L.P. 1968a. New theriodonts from the Upper Permian of the
USSR. In: Upper Paleozoic and Mesozoic Amphibians and Reptiles from the
U.S.S.R., 32-45. Moscow, Nauka [in Russian].

TATARINOV, L.P. 1968b. Morphology and systematics of the Northern
Dvina cynodonts (Reptilia, Therapsida; Upper Permian). Postilla 125,
1-51.

TATARINOV, L.P. 1987. A new primitive cynodont from the Upper Perm-
ian of the southern Urals. Paleontological Journal 3, 103-107.

TATARINOV, L.P. 2004. Late Permian theriodonts (Reptilia) from the
Gorokhovetz locality (Russia, Vladimir Region). Paleontological Journal
38, 81-83.

VAN HEERDEN, J. 1972. Intraspecific variations and growth changes in
the cynodont reptile Thrinaxodon liorhinus. Navorsinge van die Nasionale
Museum Bloemfontein 2, 307-347.

VAN HEERDEN, J. 1976. The cranial anatomy of Nanictosaurus rubidgei
Broom and the classification of the Cynodontia (Reptilia: Therapsida).
Navorsinge van die Nasionale Museum Bloemfontein 3, 141-164.

VAN HEERDEN, J. & RUBIDGE, B. 1990. The affinities of the early
cynodont reptile, Nanictosaurus. Palaeontologia africana 27, 41-44.

WOPEFENER, H. 2002. Tectonic and climatic events controlling deposition
in Tanzanian Karoo basins. Journal of African Earth Sciences 34,167-177.

ISSN 0078-8554 Palaeont. afr. (December 2005) 41: 45-52




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00500
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


