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ABSTRACT

The middle Permian period marks the origin and rapid diversification of therapsid
synapsids such that all the main therapsid families (with exception of the
Cynodontia) were already present at that time. Dinocephalia, apart from being the
earliest large therapsids, comprised a major component of the middle Permian
terrestrial ecosystems and despite their taxonomic diversity and apparent
ecological success they went extinct at the end of the Capitanian stage of the
Middle Permian, thus having the dubious distinction of being the first therapsid
lineage to face extinction. The most diverse dinocephalian family, in terms of both
species and numbers of individuals, are the Tapinocephalidae. This herbivorous
group of derived dinocephalians (comprising both short- and long-snouted forms)
are known from Russia, Zimbabwe, Tanzania and are most abundantly
represented by discoveries from the South African Karoo Supergroup.

Taxonomic revision of the short-snouted tapinocephalids, for the first time
accompanied by detailed anatomical descriptions and illustrations of
representative cranial material, enabled recognition of eight monospecific genera
out of 23 described holotypes. These are Tapinocaninus pamelae, Ulemosaurus
svijagensis, Riebeeckosaurus longirostris, Moschognathus whaitsi, Agnosaurus
pienaari, Moschops capensis, Criocephalosaurus vanderbyli, Tapinocephalus
atherstonei. Mormosaurus and Keratocephalus are now considered to be long-

snouted, and Keratocephalus is synonymised with Struthiocephalus whaitsi.



Because of the relatively large number of specimens, cranial characters which
modify during ontogenetic development were recognized for Moschops, and for
the first time an ontogenetic growth series is presented for this species. The first
extensive phylogenetic analysis of the Tapinocephalidae shows that the South
Africa Karoo Supergroup hosts both the most basal and most derived
tapinocephalid dinocephalians, and future studies will determine their use as

biostratigraphic indicator taxa.
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correspond to cranial sutures except the one which extends across

the parietal. ... 122
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Figure 5.6.

Figure 6. 1.

Figure 6. 2.

Figure 6. 3.

Figure 6. 4.

Figure 6. 5.

Photographs and drawings of palatal (A) and occipital (B) views of
SAM-PK-9166 (holotype of Avenantia kruisvleiensis) and details
from its dentition: photographs of lateral views of postcanines 1
and 2 (C); detail of denticles on the crown of the first postcanine in
lateral view (D) and lingual view of the canine (E). Scale 10 cm. In
A and B the solid lines are for visible and dashed lines are
interpreted sutures. Narrow dashed lines are boundaries of bone
fragments that correspond to cranial sutures except the one which
extends across the parietal. Light grey is plaster-reconstructed areas
and matrix infilling. .............. 127

Tapinocephalus: photograph and interpretative drawing of
NHMUK PV R 1705, holotype of Tapinocephalus atherstonei,
represented by the anterior portion of the snout,in dorsal view (B),
sagittal section (B&C) and ventral view (D). Scale. 10cm. ........150
Tapinocephalus: Photographs (A and B) and illustration (C)

of the dorsal view, detail of the right side of the antero-dorsal
surface (D) of Tapinocephalus atherstonei specimen SAM-PK-
2344 . B shows the contribution of the prefrontal to the area of the
nasofrontal boss. Scale:10cm. ... 151
Tapinocephalus: photograph (left) and illustration (right) of

the skull roof of NHMB1556 (A), AMNH FARB 5626 (B) and
CGP/1/2266 (C). Scale: 10cm. ........covviiiiiiiiiiiiiiiieaneennns. 152
Tapinocephalus: photograph (left) and illustration (right) of the
left lateral view of SAM-PK-2344 (A) and NHMB 1556 (B).
Scale: 10 CML .eviiiiiiiiieeee e e e 153
Tapinocephalus: Photographs (left) and illustrations (right) of the
right lateral view of AMNH FARB 5655(A) and CGP/1/2266 (B).
Scale:10 CML L.uiei 154
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Figure 6. 6.

Figure 6. 7.

Figure 6. 8.

Figure 6. 9.

Figure 6. 10.

Tapinocephalus: photographs (left) and illustration (right) of the
occiput of SAM-PK-2344 (A), AMNH FARB 5626 (B) and
NHMB1556 (C). Scale: 10cm. ........coviiiiiiiiiiiiiiiieenns.. 159
Tapinocephalus:Photographs (left) and illustrations (right) of the
ventral view of NHMB 1556 (A) and SAM-PK-2344 (B). Scale:
LOCIL Lo 165
Field sketches of W.G. Atherstone relating to his Gouph trip in
1870 (A, B and C). Sketches A and B, are from his in-situ findings
on the farm Gats Plaats while sketch C is from a locality he noted
as ‘four miles from Willem's Fontein’. Locality information is
underlined in red. Sketch A, as noted by Atherstone in his related
text, shows an incomplete vertebral column and a B is the left hind
leg. A and B were apparently found together. The arrow in (B)
points to a piece which is similar in outline to the snout of the
holotype. Below the sketch, underlined in red, Atherstone wrote:
“found a piece of the jaw, but could see no sign of teeth.” Figure D
shows the illustration of the snout by Owen (1876, pl.1, fig. 1) and
E, a recent photograph of the same view of the holotype showing
the anterior extremity of the palate with vomer (v) and premaxilla
(pmx). Figures D and E both show that Owen polished a portion of
the right maxillary alveolar surface to expose the dentition. On the
left side there are indications that it was worked lightly with a
ChiSSEl. ...t 168
The dentary fragment that Owen (1876) referred to the holotype

of Tapinocephalus atherstonei (as it is illustrated by Owen, 1876,
plL.IL, figs.1-2) showing (A) the dorsal surface of the piece showing
five dentary teeth and crown tips of three replacement teeth; (B)
the lateral surface of the piece. Scale: 10 cm. ...................... 170
(A) SAM-PK-0713, the holotype of Delphinognathus
conocephalus as illustrated in Seeley (1892b, fig.1); (B) AMNH
FARB 5550, figure 2 the holotype skull of Moschops capensis

from figure 2 of Broom (1911); (C) Broom’s reconstruction of the
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Figure 6.11.

Figure 6. 12.

Figure 6. 13.

Figure 6.14.

Figure 6. 15.

Figure 6. 16.

Figure 6. 17.

Figure 6. 18.

holotype of Delphinognathus with the help of AMNH FARB 5550,
latter to be described as the holotype skull Moschops capensis
(Broom, 1910, fig.4) . The figures are relabelled.

Scale: 10 CML ...ineinii 177
Moschops: photographs and illustrations showing the skull roof of
AMNH FARB 5550 (holotype of M. capensis) (A & A') and SAM-
PK-0713 (holotype of Delphinognathus conocephalus) (B& B') in
dorsal view (A &B) and anterior view (A'and B).

Scale: 10 CML c.ouiiei 184
Moschops: photographs and illustrations showing the skull roof of
AMNH FARB 5552 (A & A') and AMNH FARB 5553 (B& B') in
dorsal view (A &B) and anterior view (A'and B'). Note that the
outline of AMNH FARB 5552 is similar to that of SAM-PK-11582
which differs from the rest of the specimens in its larger size and
broader intertemporal width. Scale: 10 cm......................... 185
Moschops: photograph and illustration showing the skull roof of
SAM-PK-11582 (holotype of M. koupensis). Scale: 10 cm. ..... 186
Moschops: photograph and illustration showing the skull roof of
SAM-PK-12067 (A), SAM-PK-K319 (B). Scale: 10 cm..........187
Moschops: photograph (top) and illustration (bottom) showing the
skull roof of the subadult skulls KNPIV (A), KNPIII (B), KNPII
(C) and KNPI (D). Gray shaded areas show portions with bone
preservation. Scale :10cm. ..........oooiiiiiiiiiii 188

Moschops: photograph (left) and illustration (right) of the occipital
views of AMNH FARB 5550 (A.), AMNH FARB 5552 (B) and
AMNH FARB 5553 (C). Scale: 10 em...........coevvviiniannn.n 192

Moschops: photograph (left) and illustration (right) of the left (B,
C) and right (A, D) lateral views of AMNH FARB 5552(A,B) and
AMNH FARB 5553 (C,D). Scale 10cm. ..............coovinnn, 193
Moschops: photographs (top) and illustrations (bottom) showing
the lateral view of SAM-PK-0713 (holotype of Delphinognathus
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Figure 6. 19.

Figure 6. 20.

Figure 6. 21.

Figure 6.22.

Figure 6. 23.

Figure 6. 24.

Figure 6. 25.

conocephalus) with a detail photo from the postcanines on the right
side. Scale 10 CmL. ...oovieiii 194
Moschops: photograph (top) and illustration (bottom) of the

lateral view of SAM-PK-11582 (holotype of M. koupensis). Scale:
TO CIML e e 195
Moschops: photographs (top) and illustrations (bottom) of SAM-

PK-12067 (A) and SAM-PK-K319 (B). Scale 10 cm. ............ 196
Moschops: photographs (left) and illustrations (right) of KNPI
(A), KNPII (B), KNPII (C) and KNPIV (D). Gray shaded areas
show portions with bone preservation. Scale :10 cm. ............. 197
Moschops: photograph (left) and illustration (right) of the occipital
iews of AMNH FARB 5550 (holotype of M. capensis) (A.),
AMNH FARB 5552 (B) and AMNH FARB 5553 (C). Scale: 10
(011 0 OSSP U PP UPTOPPPPRPRIN 199
Moschops: photograph (left) and illustration (right) of SAM-PK-

0713 (holotype of Delphinognathus conocephalus. Scale: 10

Moschops: photograph (left) and illustration (right) of SAM-PK-
K319 (A) and SAM-PK-11582 (holotype of M. koupensis) (B).
Scale: 10 CM ..ueniiie e 201
Moschops: photograph of AMNH FARB 5555a (top row) and
AMNH FARB 5555b (bottom row) showing the cranial roof (A,
B), occipital view (A!, BY) and the dorsal view of the occipital

surface (Al BY). Scale bar: 10 cm................oooviiniininna.. 202
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Figure 6.

Figure 6.

Figure 6.

Figure 6.

Figure 6.

Figure 6.

Figure 6.

Figure 6.

Figure 6.

Figure 6.

Figure 6.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Moschops: photographs (left) and illustrations (right) of the

occipital view of KNPI (A) and KNPIV (B). Scale equals 10

Moschops: photograph (top) and illustration (bottom)of the palatal
view of AMNH FARB 5550. Scale: 10 cm. ......ccccevvnenaenn.. 208
Moschops: photograph (top) and illustration (bottom)of the palatal
view of AMNH FARB 5552. Scale: 10 cm. ........coevvvninnen... 209

Moschops: photograph (top) and illustration (bottom)of the palatal
view of AMNH FARB 5553. Scale: 10 cm.. ...cccoevevvineinnnnnne. 210
Moschops: photograph (left) and illustration (right)of the palatal
view of SAM-PK-0713. Scale: 10 cm. .......coovveiiiiiiiniin 212
Moschops: photograph and interpretative drawing of the palatal
and basicranial view of KNPL. ...................oona, 213
Moschops: photograph and interpretative drawing of the palatal
and basicranial view of KNPIV (top) and KNPII (below) Scale:
TOCI. oot 214
Moschops: photo and illustration of the palatal view of SAM-PK-

11582 (holotype of M. koupensis). Scale: 10 cm. ................. 215
Moschops: photograph and illustration of the palatal view of SAM-
PK-K319. Scale: 10 cm. .....oevvviiiiiiiiiiiiiiiineee, 216
The vomer and portion of the footplate of the septomaxilla of
SAM-PK-K319: A and B show dorsal views of the vomerine area
and C shows the ventral view. Scale: Scm. ........................ 217
Moschops: photograph and illustration of the lower jaw of AMNH
FARB 5550: dorsal (A), left lateral (B), medial (C), right lateral
(D) and medial (E) views. Grey shaded areas indicate plaster

reconstruction. Scale: 10 CIM. ..., 223
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Figure 6.37.

Figure 6. 38.

Figure 6. 39.

Figure 6. 40.

Figure 6. 41.

Figure 6. 42.

Moschops: photographs and corresponding illustrations of AMNH
FARB 5553 lower jaw: dorsal (A), left lateral (B) medial (C), right
lateral (D) and medial (E) views. Grey shaded areas indicate
plaster reconstruction. Scale: 10 cm. ...........cooviiiiiiiniin.... 224
Moschops: photographs and illustrations of the lower jaw of
AMNH FARB 5555: dorsal view of mandible (A), lateral view of
left mandible (B), medial view of left mandible (C), medial view
of right mandible (D) and lateral view of right mandible (E). Scale:
TO CIML e 225
Moschops: photograph and illustration of SAM-PK-K319 lower

jaw: (A) dorsal, (B) lateral and medial (C) views. Scale: 10 cm.

Moschops skulls with upper and lower jaw occluded seen in the
lateral (A1, B1, C1) and anterior view (A2, B2, C2) in KNPIV

(A1-2), KNPIII (B1-2) and SAM-PK-11582 (C1-2). Scale: 5 cm.

Size and cranial variation within Moschops capensis skulls.
Collection number of the specimens (left) are placed in the same
order as in the figure (right). * indicates specimens which the left
lateral view is preserved. The arrow indicates size increase. ...239
Skull of Moschognathus whaitsi, AMNH FARB 5602: photograph
of the right lateral view of the holotype skull comprising the snout

tip, mandible and zygoma portions. Scale bar: 10 cm. ............ 241
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Figure 6. 43.

Figure 6. 44.

Figure 6. 45.

Figure 6.46.

Figure 6. 47.

Figure 6.48.

Figure 6. 49.

Moschognathus: photograph and illustration of AMNH FARB
5602 showing the anterior end of the snout; dorsal (A), ventral (B),
right lateral (C), and left lateral (D). Scale: 10 cm................. 249
Moschognathus: preserved portion of right zygoma of the holotype
of Moschognathus whaitsi AMNH FARB 5602. Scale: 10 cm.. 250
Moschognathus: photograph and illustration of the right lateral
view of AM4950. Scale: 10 cm. .......oooveviiiiiiiii 251
Moschognathus: photograph and illustration of the dorsal view of
AM 4950 (A) and a close up of the septomaxillary area (B).
Scale:10 cm. B shows the relationship between the facial bones;
premaxilla, maxilla, septomaxilla and nasal. Key for lettering: a,
the hook-like medial projection of septomaxilla; b, facial extension
of septomaxilla; ¢, sediment filled triangular area showing the
positon of the detachment between the maxilla and nasal. Note the
nasal contribution to the posterior border of the external naris has
been medially displaced. .............oooiiiiiiiiiii 252
Moschognathus: photograph and illustrations of the ventral (A)
and occipital (B) view of AM4950. Scale: 10 cm. ................. 254
Moschognathus: photograph and illustration of the lateral (A) and
medial (D) view of the right mandible and the lateral (B,C) and
medial (E,F) views of the left mandible of AMNH FARB 5602, the
holotype of Moschognathus whaitsi. Scale: 10 cm. ............... 261
Moschognathus: photograph and illustration of the dorsal views of

right mandible (A) and the left dentary portion from the syphysis
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Figure 6. 50.

Figure 6. 51.

Figure 6. 52.

Figure 6.53.

Figure 6.54.

(B) and the ventral view of the posterior end of the left mandible
(C) of AMNH FARB 5602, the holotype of Moschognathus
whaitsi. Scale: 10 Cm. .....ooooiiiiii 262
Moschognathus:Dentition of AM 4950 on photos and illustration
of its anterior portion: showing snout on right lateral (A), right
medial (B, C). Scale: S5cm. ...........ooiiiiiiiiiiii 265
Ontogenetic sequence of Moschops capensis skulls (upper row),
increasing in size from right to left (collection numbers
respectively: AMNH FR5550, KNPI, SAM-PK-11582, SAM-PK-
K319 (reflected from left view), SAM-PK-1206). AM4950
(Moschognathus) is positioned in the lower rowrelative to a
similarly-sized Moschops skull. This demonstrates that AM 4950
differs from similar-sized Moschops skulls in having; a relatively
longer snout, the conical shape of the skull roof, and less cranial
PACKYOSTOSIS. ettt 267
Criocephalosaurus:photograph and drawing of MMK 5138
in dorsal (A), occiput (B), left lateral (C) and right lateral (D) view.
Scale: 10 CML c.ouiei i 274
Criocephalosaurus:photograph and drawingsof NHMUK PV
R36626 in dorsal (A), left lateral (B) and right lateral (C) view.
Scale 10 CM. ..ouiitiii 275
Criocephalosaurus:photographs and drawings of BP/1/1582
in dorsal (A), left lateral (B) and right lateral (C) view. Scale: 10

o3 8 | FE R 276
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Figure 6.55.

Figure 6.56.

Figure 6. 57.

Figure 6.58.

Figure 6. 59.

Figure 6.60.

Figure 6. 61.

Criocephalosaurus:photographs and drawings of BP/1/5445 in
dorsal (A), parietal (B), left lateral (C) and right lateral (D) view.

E shows the natural section anteriorly going through the nasal
dorsally. Scale: 10 cm. .......coooiiiiiiiiii e 277
Criocephalosaurus:photographs and drawings of BP/1/7214

in dorsal (A), left lateral (B) and right lateral (C) view. Scale: 10
634 D PR 278
Criocephalosaurus:photographs and drawings of SAM-PK-
K10888in dorsal (A), left lateral (B), and right lateral (C) view.
Scale: 10 CIML .oniei e 279
Criocephalosaurus:photographs and drawings of CGP/1/846 in
dorsal (A), left lateral (B) and right lateral (C) view. Scale bar: 10
634 D P 280
Criocephalosaurus: photographs of the temporal roof showing the
pineal foramen MMK5138 (A), CGP/1/846 (B), NHMUK PV
R36626 (C, D), SAM-PK-K 10888 (E), BP/1/7214 (F) and
photograph (G) and drawing of a cranial section through the pineal
canal in SAM-PK-K10888. Scale 10cm. .............ocevvennen.. 281
Criocephalosaurus: photograph (above) and drawing (below) of
the occiput of NHMUK PV R36626 (1A) and SAM-PK-K10888
(B).Scale: 10 Cm. ...o.viiii i 284
Interpretative drawing on the photograph of the basicranium of

SAM-PK-KI0888. ..o 285
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Figure 6.62.

Figure 6.63.

Figure 6. 64.

Figure 6. 65.

Figure 6. 66.

A- D.CT scans showing sagittal sections of Moschops skulls on an
ontogenetic series (KNPI, KNPII, KNPIV, SAM-PK-11582
respectively). The images show the relative orientation between the
pineal canal (pc) and the dorsoventral axis of the frontal thickness
(f) in Moschops. E-F. Lateral view of the recently discovered
Criocephalosaurus skulls (subadult assumed SAM-PK-K10888
and NHMUK PV R36626 respectively). Dashed lines on the
surface of of the lateral profile of the cranium indicate the
orientation and thickness of the pineal canal (pc¢); the frontal (f). p
is for parietal and po is for pineal opening. Scale:10cm.............288
The missing “holotype” specimens of Criocephalosaurus
gunyankaensis redrawn based on the line drawings of Boonstra
(1968, fig. 30): A, C and D show skulls in sagittal section and B,
in coronal section. Single arrows indicate the concavity of the
surface of the the postparietal and double arrow the convexity of
the frontal bone. ...........oooiiiiii 289
The holotype of Agnosaurus pienaari (SAM-PK-11832): right
lateral view (A), reflected left lateral view to facilitate comparison
(B), and anterodorsal view of the skull roof (C). Scale 10 cm....297
Agnosaurus pienaari (SAM-PK-11832): ventral view of the palate
(A); medial view of the right mandible anteriorly (B); posterior
view of occiput (C). Scale: 10 em. .........oooeiiiiiiiiiiiiin. 301
The anterior portion of the palate in the holotype of Agnosaurus

pienaari, SAM-PK-011832 (A), holotype of Moschosaurus
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Figure 6. 67.

Figure 6.68.

Figure 6.69.

Figure 6.70.

longiceps, SAM-PK-3015 (B), holotype of Tapinocaninus
pamelae, NMQR2987 (C), referred specimen of Struthiocephalus
whaitsi, SAM-PK-11591 (D), referred specimen of Moschops
capensis (holotype of M. koupensis) SAM-PK-11582 (E), the
holotype of Moschops capensis, AMNH FARB 5550 (F) and a
referred specimen of Struthiocephalus whaitsi, SAM-PK-K272
(G). The upper row shows the tapinocephalids which have palatine
dentition or with alveolar pits for palatine dentition. The middle
row shows close-up photos of the palatine boss of the above
specimens labelled A1, B1, C1 and DI respectively.

Scale: 10 CML ..ouiei i 306
Mormosaurus: photographs and interpretative drawings of
NMHUK PV R3594, the holotype of Mormosaurus seeleyi
showing the cranial roof (A) and ventral view (B).

Scale: 10 CML ..oviiiii e 319

Mormosaurus: photographs and interpretative drawings of AMNH
FARB 5655, the holotype of Taurocephalus lerouxi showing the
cranial roof (A) and ventral view (B). Scale: 10 cm. .............. 320

Mormosaurus: photographs and interpretative drawings of
TM1484, the holotype of Struthiocephalus rheederi showing the
cranial roof (A) and ventral view (B). Scale: 10 cm................ 321
Mormosaurus: photographs and interpretative drawings of
NMHUK PV R3596, the holotype of Pnigalion oweni showing the
parietal (A), right lateral (B) and anterior (C) views.

Yot 1 (SIS o s 322
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Figure 6.71.

Figure 6.72.

Figure 6.73.

Figure 6.74.

Figure 6.75

Mormosaurus: photographs and interpretative drawings of
NMHUK PV R3594, the holotype of Mormosaurus seeleyi
showing the left (A) and right lateral views.

Scale: 10 CML c.ouiitii i 323
Mormosaurus: photographs and interpretative drawings of AMNH
FARB 5655, the holotype of Taurocephalus lerouxi showing the
left (A), right (B) lateral views and a detail from the labial views of
the posterior postcanine teeth on the left (Aa).

Scale: 10 CML .. 324
Mormosaurus: photograph and interpretative drawing of TM 1484,
the holotype of Struthiocephalus rheederi showing the left lateral
view. Scale: 10 em. .....ooiiiiii 325
Mormosaurus: photograph and interpretative drawings of the
occiput of NMHUK PV R3594, holotype of Mormosaurus seeleyi
(A), NHMUK PV R3596, holotype of Pnigalion oweni (B),
AMNH FARB 5655, holoype of Taurocephalus lerouxi (C), TM
1484, the holotype of Strtuhiocephalus rhedeeri (D).

Scale: 10 CML ..t 327
Nasofrontal boss formation in tapinocephalids shown on BP/1/284
(A), the holotype of Struthiocephalus kitchingi; NHMUK PV
R3594 (B), the holotype of Mormosaurus seeleyi and SAM-PK-
2344 (C), a referred specimen of Tapinocephalus atherstonei.
While the nasofrontal boss is developed parallel to the long axis of

the skull and has an eliptic shape in the longirostrin forms
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Figure 6. 76.

Figure 6. 77.

Strtuhiocephalus and Mormosaurus, it is developed transversely in
Tapinocephalus. Thickening on the the nasofrontal boss area in
longirostrin forms excludes the prefrontal, whereas in
Tapinocephalus the thickening occurs in confluence on the entire
cranial roof. The transition from the cranial surface to the
nasofrontal boss is abrupt in Struthiocephalus and Mormosaurus,
and is smoother in Tapinocephalus. Finally the zygoma posterior
corner is angled in the longirostrin forms; and is rounded in
Tapinocephalus as stated in Kammerer (2009).

Scale: 10 CML c.ouiiei i 332
The reconstruction of a Keratocephalus moloch group, in a

Permian landscape by von G.Biese, fig.12 in von Huene,

Photos and illustrations of the comparable portions of
GPIT/RE/7102, the holotype of Keratocephalus moloch von Huene
1931 and SAM-PK-2678, the holotype of Struthiocephalus whaitsi
Haughton 1915 showing: the skull roof (A) and left lateral view
(B) and the anterior portion of the palate (C) of SAM-PK-2678; the
dorsal view of the anterior tip of the snout (D), cranial roof portion
which includes the pineal opening (upper right), dorsal view of the
cranial roof portion of Keratocephalus showing the frontal boss
(lower left) and lateral view of the cranial roof portion (lower

right). Scale:10 em. .......oooviiii 339
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Figure 6. 78.

Figure 6.79.

Figure 6. 80.

Figure 6.81.

Figure 7.1.

The lateral view (left) and dorsal view (right) photos and
interpretative drawings of the skull of SAM-PK-11997. Scale.
10cm. This skull on the basis of a similarity recognised by
Boonstra (1956) was referred to Phocosaurus and treated as the
cranial representative the genus. This skull was referred as
Mormosaurus by Kammerer (2009) which this work

AlSO AEICES. 1.ttt e 342
Photograph showing the dentary portion of SAM-PK-00918, left
dorsal view. Scale. 10 CML......cceiiiiiiniiiicece e 344
Taurops macrodon: dorsal (A), anterior (B), left (C) and right (D)
views of AMNHS FARB 610. Scale: 10 cm. ...........c.ocoeeuenn. 347
Photographs of the only cranial portion (Byrne, 1937, p. 221) of
the holotype of Moschoides romeri ( FMNH UC 367) showing the
lateral (A), medial (B) and dorsal (C) views of the right dentary
portion. Byrne (1937, pl. 1-3, Figs. 1-32.) described and illustrated
only the postcranial elements of the holotype. The lower jaw
portion manifests three labiolingually elongated incisors. Scale: 10
cm. Photo. Dr. K. Angielczyk. .........cccooiiiiiiiiiiiiiin, 349
Strict consensus trees in A the result when all taxa included and
single most parsimonious tree in B when three taxa represented by
subadults are excluded. Bootstrap values and Bootstrap values
(greater than 50) indicated respectively above and under the

DIaANCRES. ..o, 354
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Museum Collections which curate fossils of tapinocephalid

dinocephalians. * indicates institutions which were not visited.

Cranial measurements of Criocephalosaurus in mm.
Abbreviations: cl- cranial length measured between the posterior
border of the orbit and anterior rim of the pineal opening, * refers
to skulls in which parietal is either not preserved or preserved
with only its anterior extremity- thus it is measured up to the F-P
border anteromedially); cw- cranial width in postorbital region;
iob- interorbital width (mid-orbital level /posterior border of the
orbit); itb- intertemporal width; pob- postorbital thickening.

* indicates the measurement is estimated from the preserved half
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INSTITUTIONAL ABBREVIATIONS

AMNH, American Museum of Natural History, New York, USA; NHMUK, The
Natural History Museum United Kingdom, London, United Kingdom; BPI,
Evolutionary Studies Institute (former Bernard Price Institute) University of the
Witwatersrand, Johannesburg, South Africa; CGP, Council for Geosciences,
Pretoria, South Africa; FMNH, Field Museum of Natural History, Chicago, USA;
UT (GPIT), Institute und Museum fiir Geologie und Paldontologie der Eberhard-
Karls-Universitit Tiibingen, Germany; KMG, McGregor Museum, Kimberley,
South Africa; NHMB, Natural History Museum of Bulawayo, Zimbabwe;
NMQR, National Museum, Bloemfontein, South Africa; PIN, Museum of the
Paleontological Institute of the Russian Academy of Sciences, Moscow; SAM,
Iziko, South African Museum, Cape Town, South Africa; TKNP, Tankwa Karoo

National Park; TM, Ditsong Museum, Pretoria, South Africa.

XXXVii



ANATOMICAL ABBREVIATIONS

al- alveolus, an- angular; ar- articular; ara- articular apex; arf- articular fossa;
art, articular; af- articular fossa; bo- basioccipital; bok- basioccipital keel; bs-
basisphenoid; bsk- basisphenoidal keel; ¢- canine; ¢- choana, d- dentary; da-
dentary alevolar border; dpq- Dorsal process of the quadrate; ds- dentary
symphisis; dsl- dentary sulcus; ect- ectopterygoid; ef- ectopterygoidal foramina;
exoccipital; f- frontal; hf- hypoglossal foramen; i- incisor; inp- internarial process
of septomaxilla; ic- foramen for internal carotid; ipv- interpterygoidal vacuity; ir-
incisor roots; j- lugal; jf- jugular foramen; I- lacrimal; Ifp- lateral flange of the
pterygoid; mx- maxilla; mr- midlne ridge; mf- meckelian fossa; ms- muscle scar;
no- narial opening; ng- nasal groove; oc- occipital condyle; or- orbit; p- parietal;
pc- postcanine; pca- postcanine alveaoli, pce- postcranial element; pe- posterior
extention of septomaxilla; pb-palatine boss; pbp- palatine boss of the pterygoid;
pfa- anterior palatine foramen; pfp- posterior palatine foramen; pl-palatine; ppk-
posparietal keel; pra- prearticular; pbp- palatine boss of the pterygoid; pmx-
Premaxilla; po- Postorbital; pec- Paraoccipital process of the opisthotic; pof;
Postfrontal; pp- Postparietal; ppmk- posparietal midline keel; pr- pineal opening
rim; prf- prefrontal; psr- parasphenoidal rostrum; ptf- post-temporal fenestra; q-
quadrate; qdp- quadrate dorsal process; qf- foramen quadratum; qj-

quadratojugal; qpt- quadrate ramus of pterigoid; rap-retroarticular process; re-
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replacement canine; ri- replacement incisor; rl- Reflected lamina; rpe-
replacement postcanine;

sa- surangular; sf- squamosal facet; smx- septomaxilla; sp- splenial; spf- splenial
fossa, sps- splenial symphysis; sq- squamosal; sqs- squamosal sulcus; st- stapes;
stb- base of stapes; sth- head of stapes; stf- stapedial foramen; v-vomer; vch-
vomerine channel; ver- vomer lateral crista on its dorsal surface; vdp- vomerine
dorsal processl; vdk- vomer dorsal keel, vlr- vomer lateral ridge on its ventral
surface; vmr-vomer midline ridge; vp-vomer posterolateral process; vmt- vomer

midline trough.
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