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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.   
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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.  

  



 v 

ACKNOWLEDGEMENTS 

I am indebted to my supervisors, Prof.  Dr. Bruce S. Rubidge and Dr. Fernando 

Abdala for their unceasing support and guidance throughout this project. The 

African Origins Platform of the National Research Foundation (NRF), DST 

(Department of Science and Technology) /NRF Centre of Excellence in 

Palaeosciences, and the Palaeontological Scientific Trust (PAST) are 

acknowledged for financial support, without which this research would not have 

been possible.  

 

For access to the material I studied I would like to thank the following past and 

present museum curators and staff members for guiding me through the museum 

collections and enabling me to examine dinocephalian specimens: Dr. Roger 

Smith, Dr. Claire Browning, Ms. Sheena Kaal and Zaituna Skosan (Iziko Museum 

in Cape Town, South Africa), Dr. Jennifer Botha and Ms. Elize Butler (National 

Museum in Bloemfontein, South Africa), Dr. Heidi Fourie (Ditsong [Transvaal] 

Museum in Pretoria, South Africa), Dr. Johann Neveling and Ms. Nonhlanha 

Mchunu (Council for Geosciences in Pretoria, South Africa), Dr A. Kurkin 

(Paleontological Museum of the Russian Academy of Sciences in Moscow, 

Russia), Ms Sandra Chapman, Dr. Michael Day (Natural History Museum in 

London), Mr Carl Mehling (American Museum of Natural History in New York), 

Dr Juliane Hinz (Institut für Geologie und Paläontologie der Eberhard-Karls-

Universität Tübingen), Dr. Bernard Zipfel and Mr. Sifelani Jirah (Evolutionary 

Studies Institute in Johannesburg). I thank Dr. Christian Kammerer, Dr. Jun Liu 

and Dr. Kenneth Angielczyk for sharing part of their photographic collection of 



 vi 

dinocephalian and other therapsid specimen. Special acknowledgments to Mr. 

Pepson Mukanela and the other members of the fossil preparation laboratory of 

Evolutionary Studies Institute for their help in the preperation of the 

tapinocephalid specimen. I also would like acknowledge Dr. Christian Kammerer, 

Dr. Michael Day, Dr. J. Benoit, Mr. Sifelani Jirah and Mr. Luke Norton for 

sharing their knowledge about dinocephalians and other palaeontological matters.   

 

I am indebted to the following for their help in translating some of the non-

English literature to English: Prof. Dr. Boris Natalin (Russian), Dr. Marina 

Yudovskaya (Russian), Dr. Tea Jashashvili (Russian), Prof. Dr. A.M. Celâl 

Şengör (German, French), Dr. Frank H. Neumann (German, Afrikaans), Dr. 

Bernard Zipfel (Afrikaans).  

 

I would like to deliver my special thanks to my life-time mentors and friends Prof. 

Dr. A.M. Celâl Şengör and Dr. Frank H. Neumann for their continuous support 

and many good discussions. I am also greateful to Prof A. M. C. Şengör for 

providing me with some of the rare literature during this study. A special thank 

also to my dear friends Dr. Tea Jashashvili and Dr. Aurore Val for the test CT 

scans of some of the dinocephalian specimens and Dr. Sena Akçer, Dr. Asım 

Şengör, Ms. Doa Güney and Ms. Özlem Gelincik for the encouragement received 

during this study.  

 

Last but not least, I am grateful for the enduring support and patience of my 

family in Istanbul and Mersin, Turkey. I particularly would like to salute my 



 vii 

mother Ms. Rûkiye Güven for her respect and love for science and my daughter  

Julie Isabella Ilkay for her never-ending curiosity. 

 
  



 viii 

 

 

to Julie, Pelin, Mete and Alper 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 ix 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

“Dünyada her şey için, medeniyet için, hayat için muvaffakiyet için en hakiki 

mürşit ilimdir, fendir. İlim ve fennin haricinde mürşit aramak gaflettir, cehalettir, 

dalalettir.” 

 

“For everything in the world, for civilisation, for life, for success the most 

genuine guide is science. To seek a guide outside science is aberration, 

ignorance, perversion.” 

 

Mustafa Kemal Atatürk. 
22 September 1924 
Samsun, Turkey 

 
 
 
 
 
 
 
 
 
         



 x 

TABLE OF CONTENTS           Page 

ABSTRACT……………………………………………………………………...iii 

ACKNOWLEDGEMENTS……………………………………………………….v 

TABLE OF CONTENTS………………………………………………………….x 

LIST OF FIGURES…………………………………………………………….xvii 

LIST OF TABLES……………………………………………………………xxxvi 

INSTITUTIONAL ABBREVIATIONS……………………………………..xxxvii 

ANATOMICAL ABBREVIATIONS………………………………………xxxviii 

1  INTRODUCTION………………………………..……...……………………..1 

2  HISTORICAL REVIEW OF THE TAPINOCEPHALID 

DINOCEPHALIA………………………………………………………………....7 

    2.1 Introduction……………………………………………………..…………..7 

    2.2 Recognition of Dinocephalia as  mammal-like reptiles. …………………...7 

    2.3 Description of dinocephalian taxa and recognition of subgroups…………12 

    2.4 Variation within Tapinocephalidae……………………………..…………18 

3  MATERIAL AND METHODS ……………………………..………….…….33 

    3.1 Specimens…………………………….…………………………………...34 

    3.2 Preparation…………………………………….…………………………..35 

    3.3 Figures…………………………..…………………………………………36 

    3.3 Phylogenetic Analysis………..……………………………………………36 

4  COMPARISON OF THE BASAL TAPINOCANINUS FROM SOUTHERN 

AFRICA AND ULEMOSAURUS FROM EASTERN EUROPE ……………….37 

    4.1 Introduction…………………………………………………….………….37 

    4.2 Historical Review…………………………..……………………………...38 



 xi 

    4.3 Stratigraphic Context…….…………………………...…………………...41 

    4.4 Material…………………..………………………………………………..42 

        4.4.1 Tapinocaninus pamelae……...…………..…………………………...42 

        4.4.2 Ulemosaurus svijagensis…………………………………….………..43 

    4.5 Systematic Palaeontology……………….………………………………...45 

    4.6 Comparative cranial description……………….………………………….49 

        4.6.1 Skull roof…………..………………………………………………….49 

        4.6.2 Palate……………….…………………………………………………76 

        4.6.3 Occiput……………….……………………………………………….85 

        4.6.4 Lower jaw……….……………………………………………………94 

        4.6.5 Dentition………..………………………………………………..……97 

    4.7 Discussion……….……………………………………………………….104 

    4.8 Conclusion……………….………………………………………………107 

5  REVISION OF THE SUBFAMILY RIEBEECKOSAURINAE: THE 

SYNONYMY OF RIEBEECKOSAURUS AND AVENANTIA……...…………..109 

    5.1 Introduction……….……………………………………………………...109 

    5.2 Material and Methods…………………………………………………....111 

    5.3 Revised descriptions…………….……………………………………….112 

        5.3.1 Riebeeckosaurus longirostris...…….………………………………..112 

            5.3.1.1 Skull roof………………………………….…………………….112 

            5.3.1.2 Occiput……………………………….…………………………114 

            5.3.1.3 Lower jaw……………………….……………………………...116 

        5.3.2 Avenantia kruisvleiensis……………………….…………………….120 

            5.3.2.1 Skull roof………………….…………………………………….120 



 xii 

            5.3.2.2 Palatoquadrate complex………….……………………………..124 

            5.3.2.3 Occiput………….………………………………………………125 

    5.4 Discussion……...……..………………………………………………….128 

    5.5 Systematic Palaeontology…...…..……………………………………….131 

    5.6 Conclusion….....…………………………………………………………134 

6  REVISION OF THE SHORT SNOUTED TAPINOCEPHALID: 

SUBFAMILIES TAPINOCEPHALINAE AND MOSCHOPINAE…………...135 

    6.1 Introduction…………...…..……………………………………………...135 

    6.2 Material and Methods………..…………………..………………………138 

    6.3 Tapinocephalus atherstonei Owen 1876………….....…………………...139 

        6.3.1 Previous diagnosis for genus and species……...……….…………...139 

        6.3.2 Historic background and remarks on the holotype…...……..……....140 

        6.3.3 Systematic Palaeontology………………………….………………..143 

        6.3.4 Description……………………………………….………………….143 

            6.3.4.1 Material…………………….…………………………………...143 

            6.3.4.2 Cranial pachyostosis and general preservation…………………144 

            6.3.4.3 Skull roof……….……………………………………………….145 

            6.3.4.4 Occiput………………………………….………………………156 

            6.3.4.5 Palate………….………………………………………………...161 

        6.3.5 Results and discussion………………………………………………165 

    6.4 Moschops capensis Broom 1911……….………………………………...174 

        6.4.1 Historic background…...…………………………………………….175 

        6.4.2 Systematic Palaeontology…………………………………………...178 

        6.4.3 Description………...……………………………………..………….180 



 xiii 

             6.4.3.1 Material…………………………………….……………...…...180 

             6.4.3.2 Cranial pachyostosis and general preservation ……………......181 

             6.4.3.3 Skull roof…………………………………………………….…181 

             6.4.3.4 Occiput and braincase………….……………………………....198 

             6.4.3.5 Palate…….………………………………………………...…...205 

             6.4.3.6 Lower jaw……………………….……………………………..217 

             6.4.3.6 Dentition…………..………………………………………...….222 

         6.4.4 Comparison of the holotypes of  Moschops capensis, M. koupensis and 

Delphinognathus conocephalus………………………………………………...228 

         6.4.5 Results and discussion…………………...…………………………236 

         6.4.6 Moschognathus whaitsi Broom 1914b…………….……….…...…..241 

         6.5.1 Brief notes on the holotype………..………...…………………...…242 

         6.5.2 Historical background………….…………………………………...242 

         6.5.3 Systematic Palaeontology………….…………………………….....244 

         6.5.4 Description……………………….……………………………...….244 

             6.5.4.1 Material……………...………………….……………………...244 

             6.5.4.2 General preservation and cranial pachyostosis………...………244 

             6.5.4.3 Skull roof……………………………………………………….245 

             6.5.4.4 Occiput and braincase………………………………………….250 

             6.5.4.5 Palate…………………………………………………………...255 

             6.5.4.6 Lower jaw……………………………………………………...257 

            6.5.4.7 Dentition……………………..………………………………….263 

        6.5.5 Results and discussion………………………………………………266 

    6.6 Criocephalosaurus vanderbyli Broom 1928……………………………..267 



 xiv 

        6.6.1 Brief notes on the holotype …..………………………..……………268 

        6.6.2 Historic background ...……….……………………………………...268 

        6.6.3 Systematic Palaeontology…………………….……………………..269 

        6.6.4 Description…………………………………………………………..269 

            6.6.4.1 Material……………….………………………………………...269 

            6.6.4.2 Cranial pachyostosis and general preservation…………………271 

            6.6.4.3 Skull roof………………………………………………………..272 

            6.6.4.4 Occiput …………………………………….…………………...278 

            6.6.4.5 Palate ……………….…………………………………………..283 

            6.6.4.6 Individual variation within the species…………………………284 

        6.6.5 Results and discussion……………..…………..……………………287 

    6.7 Agnosaurus pienaari Boonstra, 1952……………….……………………290 

        6.7.1 Brief notes on the holotype………………………………………….290 

        6.7.2 Historic background…...………………………….…………………291 

        6.7.3 Systematic Palaeontology…………….……………………………..291 

        6.7.4 Description…………………….…………………………………….292 

            6.7.4.1 Material………………………………….……………………...292 

            6.7.4.2 Cranial pachyostosis and general preservation………………....292 

            6.7.4.3 Skull roof…………………….………………………………….293 

            6.7.4.4 Occiput………………….………………………………………298 

            6.7.4.5 Palate…………………………..………………………………..299 

            6.7.4.6 Lower jaw and dentition….…………………………………….302 

        6.7.5 Results and discussion………………………………………………303 

    6.8 Mormosaurus seeleyi Watson, 1914………………..……………………306 



 xv 

        6.8.1 Historic background…...………………….…………………………309 

        6.8.2 Systematic palaeontology………………….………………………..311 

        6.8.3 Comparative description of the holotype skulls of Mormosaurus  

seeleyi, Taurocephalus lerouxi, Struthiocephalus rheederi and Pnigalion 

oweni……………………………………………………………………………312 

            6.8.3.1 General preservation and cranial thickening…………..……......312 

            6.8.3.2 Skull roof……………………..……………………………...….314 

            6.8.3.4 Occiput…………………………..…………...…………………326 

            6.8.3.5 Palate…………………….……………………………………...329 

            6.8.3.6 Lower Jaw…………………………………….………………...333 

        6.8.4 Results and discussion………………………………………………333 

    6.9 Keratocephalus moloch von Huene, 1931……………………………….336 

        6.9.1 Brief notes on the holotype ………………….……………………...336 

        6.9.2 Historic background…..…………………..…………………………337 

        6.9.3 Brief descriptive comparison of preserved cranial portions of the 

holotypes of Keratocephalus moloch and Struthiocephalus whaitsi…………...338 

        6.9.4 Results and discussion………………………………………………340 

    6.10 Invalid taxa………………………………….…………………………..341 

        6.10.1 Phocosaurus megischion Seeley 1888………….………………….341 

        6.10.2 Pelosuchus priscus Broom 1905……..…………………...………..343 

        6.10.3 Taurops macradon Broom 1912……….…………………………..345 

        6.10.4 Moschoides romeri Byrne 1937………………………….………...347 

    6.11 Conclusion…………………………………….………………………..349 



 xvi 

7  PHYLOGENETIC ANALYSIS OF TAPINOCEPHALID 

DINOCEPHALIA………………………………………………………………351     

   7.1 Introduction……………………….……………………………………....351 

   7.2 Material and methods……………….…………………………………….352 

        7.2.1 Specimens used in the analysis…….………………………………..353 

   7.3 Results and discussion……………………………………………………353 

   7.4 Conclusion…………………………….………………………………….357 

8  CONCLUSION………………….…………………………………………...358 

9  REFERENCES…………………….………………………………………....364 

Appendix 1 List of papers…………………………………………………...….385 

Appendix 2 List of the tapinocephalid specimens examined in this study……..386 

Appendix 3 Moschops Broom, 1911 (Therapsida, Dinocephalia): proposed 

conservation by reversal of precedence with Delphinognathus Seeley, 1892. ...390 

Appendix 4 Characters used in the phylogenetic analysis. ………...…………..401 

Appendix 5 Character matrix used in the phylogenetic analysis…………...…..410 

 

 

 

 

 

 

 

 

 



 xvii 

 

 

 

LIST OF FIGURES 

Figure 1.1. Geographic distribution of Dinocephalia during the middle 

Permian. Localities indicated with numbers: 1, Russian platform, 

2, Paraná Basin, Brazil, 3, Karoo Basin, South Africa, 4, Karoo 

Basin, Zimbabwe, 5, Karoo Basin, Zambia,  6. Karoo Basin 

Tanzania, 7, Ordos Basin, China. The base map is modified from 

the proposed Late Permian palaeogeographic configuration 

developed by Şengör & Atayman (2009, fig.15) which was 

modified for the middle Permian with partial contact between the 

Palaeo-Tethys and Panthalassian ocean in Cisneros et al. (2012, 

fig. 3). Key to lettering: af, Africa; an, Antaractica; au, Australia; 

cb, Cathaysian Bridge (incl. north China, Korea, south China, and 

Indochina); cim, Cimmerides; ee, Eastern Europe; ga, Great 

Appalachides; gw, Gondwanides; in, India; mau, Mauritenides; na, 

North America; pe, palaeoequator; sc,Scythides; sa, South 

America; so, Sonoma; ur, Uralides. ……………………...……….2 

Figure 1.2. Photograph showing the general cranial outline of an adult short-

snouted tapinocephalid (top) and the lingual (bottom left) and 

mesial (bottom right) views of a large tapinocephalid incisor 

showing the characteristic talon and heel morphology. Scale bar 

for top figure is 10 cm and for the incisor is 1 cm. ……………….4 

Figure 2. 1. The cranial fragments of the holotype of Tapinocephalus 

atherstonei  (NHMUK PV R1707), the genotype of the Family 

Tapinocephalidae, as illustrated in Owen (1876, fig. 1-3):  showing 

the ventral surface of the snout portion (a), the dorsal (b) and 

lateral (c) surfaces of the lower jaw fragment. Scale: 10 cm. .........8 

Figure 2. 2. A. Mounted skeleton of Moschops capensis in the AMNH 

(Gregory 1926, pl.1, scale x1/12). B. An early reconstruction of a 



 xviii 

dinocephalian: a herd of Moschops as depicted by Zdeněk Burian 

in Prehistoric Animals (Augusta & Burian,  

                        1960). ……………………………………….………………...…18 

Figure 4.1. Stratigraphic correlation of the Eastern Eruropean and South 

African dinocephalian-bearing beds (Rubidge, 1995, Efremov, 

1952, Golubev,2005,2015, Menning, 2006)…………………......42 

Figure 4.2. Tapinocaninus: skull roof photograph (left) & illustration (right) of 

NMQR2985 (A), NMQR2986 (B) and the anterior (C) and the 

medial view of the anterior portion of the snout. Scale:10cm. ….51 

Figure 4. 3. Tapinocaninus: skull roof photograph (left) & illustration (right) of 

NMQR2987. Scale: 10cm. ………………………………………52 

Figure 4.4. Tapinocaninus: left lateral view photograph (top) and illustration 

(bottom) of NMQR2985. Scale: 10 cm. ………………………………53 

Figure 4.5.  Tapinocaninus: right lateral view of NMQR2985, photograph (top) 

and illustration (bottom). Scale: 10 cm. …………………………54 

Figure 4.6. Tapinocaninus: left lateral view of NMQR2986, photograph (top) 

and illustration (bottom). Scale: 10 cm. …………………………55 

Figure 4.7. Tapinocaninus: right lateral view of NMQR2986, photograph (top) 

and illustration (bottom). Scale: 10  cm. ………………………...56 

Figure 4.8. Tapinocaninus: left lateral view of NMQR2987, photograph (top) 

& illustration (bottom). A close-up photo showing the area marked 

with question mark in the top photograph after preparation 

indicating the unidentified strip-like bone with question mark. 

Scale: 10 cm……………………………………………………...57   

Figure 4.9.  Tapinocaninus: right lateral view of NMQR2987, photograph (top) 

& illustration (bottom). Scale: 10 cm. …………………………...58 

Figure 4.10. Tapinocaninus: right lateral view of ROZ K 95, photograph (top) 

& illustration (bottom). Scale: 10 cm. .…………………………..59 

Figure  4.11. Ulemosaurus: skull roof of PIN22072 showing antero-dorsal (top) 

and postero-dorsal (bottom) views, photograph (left) and 

illustration (right). Scale: 10 cm. ...................................………...60 



 xix 

Figure 4.12. Ulemosaurus: skull roof of PIN2207/1 showing anterior (top) and 

dorsal (bottom) views, photos (left) and illustrations (right). Scale: 

10 cm. ……………………………………………………………61  

Figure 4.13. Ulemosaurus: left lateral view of PIN2207/2, photograph (top) and 

illustration (bottom). Scale: 10cm. ………………………………62 

Figure 4.14. Ulemosaurus: right lateral view of PIN2207/2, photograph (top) 

and illustration (bottom). Scale: 10cm. ………………………….63  

Figure 4.15. Ulemosaurus: left lateral view of PIN2207/1, photograph (top) and 

illustration (bottom). Scale: 10cm. ………………………………64 

Figure 4.16. Ulemosaurus: right lateral view of PIN2207/1, photograph (top) 

and illustration (bottom). Scale: 10cm. ………………………….65  

Figure 4.17. Photos (bottom) and illustrations (top) of lateral facial portions 

showing the morphology of the septomaxilla in (from left to right) 

the holotypes of Tapinocaninus pamelae (NMQR 2987) (A) and 

Ulemosaurus svijagensis (PIN2207/2) (B) and the referred 

specimens of Tapinocephalus atherstonei (SAM-PK-2344) (C) and 

Struthiocephalus whaitsi (SAM-PK-K272) (D). C and D represent 

more derived short and long snouted tapinocephalids…………...67 

Figure 4.18. Ulemosaurus: lateral view and dentition of PIN 157/4 (A) and PIN 

2972/1 (B). Scale: 10cm. ………………………………………...69 

Figure 4.19. Tapinocaninus palate: photograph (left) and illlustration (right) of 

NMQR 2985 (top) and basicranium of NMQR 2985 (bottom) with 

line drawings on photo showing details of stapes and its 

relationship to the basioccipital, basisphenoid and quadrate bones. 

Scale bar: 10cm.palate. Scale bar: 10cm……...………………….77 

Figure 4.20. Tapinocaninus palate: photograph (left) and illlustration (right) of 

NMQR2986 (top) and NMQR2987 (bottom) palate.  



 xx 

Scale: 10cm………………………………………………………78 

Figure 4.21. Ulemosaurus palatal view: photograph (left) and illlustration 

(right) of PIN 2207/1 (tops) and PIN 2207/2 (bottom).  

Scale: 10cm. ………………………………………..……………79 

Figure 4. 22. Tapinocaninus occipital view: photograph (top) and illlustration 

(bottom) of NMQR2986. Scale: 10 cm. …………………...…….86 

Figure 4.23. Tapinocaninus occipital view: photograph (top) and illlustration 

(lower) of NMQR2986. Scale: 10 cm. …………………………..87 

Figure 4.24. Tapinocaninus occipital view: photograph (left) and illlustration 

(right) of NMQR2987. Scale: 10cm. ……………………………88 

Figure 4. 25. Ulemosaurus occipital view: photograph (top) and illlustration 

(bottom) of PIN22071. Scale: 10cm. ……………………………89 

Figure 4. 26. Ulemosaurus occipital view: photograph (top) and illlustration 

(bottom) of PIN2207/2. Scale: 10cm. ……...……………………90 

Figure 4.27. Photographs of the lower jaw of NMQR 2985: A, B, C and D show 

respectively the lateral, dental border, and medial views of two-

thirds of the left mandible and close-up view of from the left lower 

canine (Arrowheads indicate the direction of upward inclination of 

the heel margin). E, F, G, H and I show respectively the dorsal 

view of articular, posterior one-thirds of the left mandible and the 

lateral, dental border and medial views of the left mandible. 

Scale: 10 cm. …………………………………………………...101 

Figure 4.28. Tapinocaninus: photographs (A-D) and illustrations (E-H) of the 

lower jaw of NMQR 2987: A and E show the dentary and splenial 

symphisis medially. B and F show the left medial view. C and G 

show right medial view. D and H show lower jaw dorsally. Scale. 

10 cm. ……………………..…….……………………………...102 

Figure 4.29. Ulemosaurus: photographs (A-C) and illustrations (D-F) of the 

lower jaw of PIN2207/2, showing medial view of right (A and D) 

and left (B and E) mandibles and dorsal view (C&F).  

Scale: 10 cm. ………………………….…………………………………..103 



 xxi 

Figure 4.30. Ulemosaurus gigas (holotype): Photographs of the incisor 

PIN1955-3 (A annd B) and the canine PIN1955-5 (C and D) 

showing views from lingual (A and C) and proximal surfaces (B & 

D).  Scale: 3 cm. ………………………………………………..104 

Figure 5.1. Photograph and drawingsof the dorsal view of (A) of SAM-PK-

11955 (R. longirostris referred specimen) and (B) SAM PK 3400 

(holotype of R. longirostris) and left view (C), left of SAM PK 

3400 Solid lines are visible and dashed lines are interpreted 

sutures; narrow dashed lines are borders of bone fragments; light 

grey are reconstructed areas and matrix infilling.  

Scale 10 cm. …………………………………………………..115 

Figure 5.2. The holotype of Riebeeckosaurus: photograph (left) and 

illlustration (right) of SAM-PK-3400 occiput. Scale: 10 cm. ….116 

Figure 5.3. Photograph and drawing of the dorsal view of the left mandible 

and the anterior portion of the right mandible of Riebeeckosaurus 

longirostris  (SAM-PK-3400). Scale 10 cm. ………………….118 

Figure 5.4. Photograph and drawings of the lateral (A), medial view (B) of 

left mandible of Riebeeckosaurus longirostris (SAM-PK-3400) 

and medial view (C) of the symhysial portions of both sides of the 

mandible; note the deformation that resulted in both sides being 

strongly asymmetric. Arabic numbers are fragments of the lower 

jaw. Dashed lines are interpreted sutures. Scale 10 cm. ………119 

Figure 5.5. Photograph and drawing of dorsal (A), right (B) and left (C) view 

of SAM-PK-9166 (holotype of Avenantia kruisvleiensis).  

Solid lines are 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. ……………………………………………………122 
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Figure 5.6. 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 

Figure 6. 1. 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 

Figure 6. 2. 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 

Figure 6. 3. Tapinocephalus: photograph (left) and illustration (right) of   

the skull roof of NHMB1556 (A), AMNH FARB 5626  (B) and 

CGP/1/2266 (C). Scale: 10cm. …………………………………152 

Figure 6. 4. Tapinocephalus: photograph (left) and illustration (right)   of the 

left lateral view of SAM-PK-2344 (A) and NHMB 1556 (B).  

Scale: 10 cm. ...............................................................................153   

Figure 6. 5. Tapinocephalus: Photographs (left) and illustrations (right) of the 

right lateral view of AMNH FARB 5655(A) and CGP/1/2266 (B). 

Scale:10 cm. ……………………………………………………154 
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Figure 6. 6. Tapinocephalus: photographs (left) and illustration (right) of  the 

occiput of SAM-PK-2344 (A), AMNH FARB 5626 (B) and 

NHMB1556 (C). Scale: 10cm. …………………………………159 

Figure 6. 7. Tapinocephalus:Photographs (left) and illustrations (right) of the 

ventral view of  NHMB 1556 (A) and SAM-PK-2344 (B). Scale: 

10cm. …………………………………………………...………165 

Figure 6. 8. 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.I, 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. ………………………………………………………….168 

Figure 6. 9. The dentary fragment that Owen (1876) referred to the holotype  

of Tapinocephalus atherstonei (as it is illustrated by Owen, 1876, 

pl.II, 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 

Figure 6. 10.  (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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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 cm. .…………………...……………………………...177 

Figure 6.11. Moschops: photographs and illustrations showing the skull roof of 

AMNH FARB 5550 (holotype of M. capensis) (A & Ai) and SAM-

PK-0713 (holotype of Delphinognathus conocephalus) (B& Bi) in 

dorsal view (A &B) and anterior view (Ai and Bi).  

Scale: 10 cm. …………………………………………………...184 

Figure 6. 12. Moschops: photographs and illustrations showing the skull roof of 

AMNH FARB 5552 (A & Ai) and AMNH FARB 5553 (B& Bi) in 

dorsal view (A &B) and anterior view (Ai and Bi). 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 

Figure 6. 13. Moschops: photograph and illustration showing the skull roof of 

SAM-PK-11582 (holotype of M. koupensis). Scale: 10 cm. …..186 

Figure 6.14. Moschops: photograph and illustration showing the skull roof of 

SAM-PK-12067 (A), SAM-PK-K319 (B). Scale: 10 cm……....187 

Figure 6. 15. 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 :10 cm. …………………………………….188 

Figure 6. 16. 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 cm.……………….………..192 

Figure 6. 17. 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 10 cm. ……………………...193 

Figure 6. 18. Moschops: photographs (top) and illustrations (bottom) showing 

the lateral view of SAM-PK-0713 (holotype of Delphinognathus 
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conocephalus) with a detail photo from the postcanines on the right 

side. Scale 10 cm. ………………………………………………194 

Figure 6. 19. Moschops: photograph (top) and illustration (bottom) of the  

lateral view of SAM-PK-11582 (holotype of M. koupensis). Scale: 

10 cm. …………………………………………………..............195 

Figure 6. 20. Moschops: photographs  (top) and illustrations (bottom) of SAM-

PK-12067 (A) and SAM-PK-K319 (B). Scale 10 cm. …………196 

Figure 6. 21. Moschops:  photographs (left) and illustrations (right) of KNPI 

(A), KNPII (B), KNPIII (C) and KNPIV (D). Gray shaded areas 

show portions with bone preservation. Scale :10 cm. ………….197 

Figure 6.22. 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 

cm. ………………………………………………………………………………..………..199 

Figure 6. 23.  Moschops: photograph (left) and illustration  (right) of SAM-PK-

0713 (holotype of Delphinognathus conocephalus. Scale: 10 

cm……….....................................................................................200 

Figure 6. 24. Moschops: photograph (left) and illustration  (right) of SAM-PK-

K319 (A) and SAM-PK-11582 (holotype of M. koupensis) (B). 

Scale: 10 cm ……...…………………………………………….201 

Figure 6. 25. Moschops: photograph of AMNH FARB 5555a (top row) and 

AMNH FARB 5555b (bottom row) showing the cranial roof (A, 

B), occipital view (Ai, Bi) and the dorsal view of the occipital 

surface (Aii, Bii). Scale bar: 10 cm..…………………………….202 
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Figure 6. 26. Moschops: photographs (left) and illustrations (right) of the 

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

cm……………………………………………………………….204 

Figure 6. 27. Moschops: photograph (top) and illustration (bottom)of the palatal 

view of AMNH FARB 5550. Scale: 10 cm. ……...……………208 

Figure 6. 28. Moschops: photograph (top) and illustration (bottom)of the palatal 

view of AMNH FARB 5552. Scale: 10 cm. ...…………………209 

Figure 6. 29. Moschops: photograph (top) and illustration (bottom)of the palatal 

view of AMNH FARB 5553. Scale: 10 cm.. …...……………...210 

Figure 6. 30. Moschops: photograph (left) and illustration (right)of the palatal 

view of SAM-PK-0713. Scale: 10 cm. ………………………...212 

Figure 6. 31. Moschops: photograph and interpretative drawing of the palatal 

and basicranial view of KNPI. ........……………………………213 

Figure 6. 32. Moschops: photograph and interpretative drawing of the palatal 

and basicranial view of KNPIV (top) and KNPII (below) Scale: 

10cm. ……………………………………………………….…..214 

Figure 6. 33. Moschops: photo and illustration of the palatal view of SAM-PK-

11582 (holotype of M. koupensis). Scale: 10 cm. …….……….215 

Figure 6. 34. Moschops: photograph and illustration of the palatal view of SAM-

PK-K319. Scale: 10 cm. ………………………………………..216 

Figure 6. 35. 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: 5 cm. ……………………217 

Figure 6. 36. 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 cm. …………………………………...223 
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Figure 6.37. 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. …………………………..224 

Figure 6. 38. 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: 

10 cm. …………………………………………………………..225 

Figure 6. 39. Moschops: photograph and illustration of SAM-PK-K319 lower 

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

………………………………………………………………......226 

Figure 6. 40. 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. 

…………………………………………………………………..228 

Figure 6. 41. 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 

Figure 6. 42. 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. 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 

Figure 6. 44. Moschognathus: preserved portion of right zygoma of the holotype 

of Moschognathus whaitsi AMNH FARB 5602. Scale: 10 cm.. 250 

Figure 6. 45. Moschognathus: photograph and illustration of the right lateral 

view of AM4950. Scale: 10 cm. ……………………………….251 

Figure 6.46. 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; c, 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. ……………………………………….252 

Figure 6. 47. Moschognathus: photograph and illustrations of the ventral (A) 

and occipital (B) view of AM4950. Scale: 10 cm. ……………..254 

Figure 6.48. 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 

Figure 6. 49. Moschognathus: photograph and illustration of the dorsal views of 

right mandible (A) and the left dentary portion from the syphysis 
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(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. ……..…………………………………...262 

Figure 6. 50. Moschognathus:Dentition of AM 4950 on photos and illustration  

of its anterior portion: showing snout on right lateral (A), right 

medial (B, C). Scale: 5 cm. …………………………………….265 

Figure 6. 51. 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 

pachyostosis…………………………………………………… 267 

Figure 6. 52. Criocephalosaurus:photograph and drawing of MMK 5138  

in dorsal (A), occiput (B), left lateral (C) and right lateral (D) view. 

 Scale: 10 cm. …………………………………………………..274 

Figure 6.53. Criocephalosaurus:photograph and drawingsof NHMUK PV 

R36626 in dorsal (A), left lateral (B) and right lateral (C) view. 

Scale 10 cm. …….……………………………………………...275 

Figure 6.54. Criocephalosaurus:photographs and drawings of BP/1/1582 

in dorsal (A), left lateral (B) and right lateral (C) view. Scale: 10 

cm. ……………………………………………………...………276 
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Figure 6.55. 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. ………………………………...……….277 

Figure 6.56. Criocephalosaurus:photographs and drawings of BP/1/7214  

in dorsal (A), left  lateral (B) and right lateral (C) view. Scale: 10 

cm. ……………………………………………………...………278 

Figure 6. 57. Criocephalosaurus:photographs and drawings of SAM-PK-

K10888in dorsal (A), left lateral (B), and right lateral (C) view. 

Scale: 10 cm. ………………………………………………………………...279 

Figure 6.58. Criocephalosaurus:photographs and drawings of  CGP/1/846 in 

dorsal (A), left lateral (B) and right lateral (C) view. Scale bar: 10 

cm. ………………………………………………….…………..280 

Figure 6. 59. Criocephalosaurus: photographs of the temporal roof showing the 

pineal foramen MMK5138 (A), CGP/1/846 (B), NHMUK PV 

R36626 (C, D), SAM-PK-K10888 (E), BP/1/7214 (F) and 

photograph (G) and drawing of a cranial section through the pineal 

canal in SAM-PK-K10888. Scale 10cm. ……..………………..281 

Figure 6.60. Criocephalosaurus: photograph (above) and drawing (below) of 

the occiput of  NHMUK PV R36626 (lA) and SAM-PK-K10888 

(B). Scale: 10 cm. .……………………………………………...284 

Figure 6. 61. Interpretative drawing on the photograph of the basicranium of 

SAM-PK-K10888.  …..………………………………………...285 
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Figure 6.62. 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 

Figure 6.63. 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. ………………………………………………..289 

Figure 6. 64. 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 

Figure 6. 65. 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 cm. ……………………………..301 

Figure 6. 66. The anterior portion of the palate in the holotype of Agnosaurus 

pienaari, SAM-PK-011832 (A), holotype of Moschosaurus 
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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 D1 respectively.  

Scale: 10 cm. ………………………………………………...…306 

Figure 6. 67. 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 cm. ……………………………………………………………...319  

Figure 6.68. 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 

Figure 6.69. 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 

Figure 6.70. 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.  

Scale: 10 cm. …………...……………………………………....322 
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Figure 6.71. Mormosaurus: photographs and interpretative drawings of 

NMHUK PV R3594, the holotype of Mormosaurus seeleyi 

showing the left (A) and right lateral views.  

Scale: 10 cm. …………………………………………………...323 

Figure 6.72. 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 cm. .…………………………………………………..324 

Figure 6.73. Mormosaurus: photograph and interpretative drawing of TM 1484, 

the holotype of Struthiocephalus rheederi showing the left lateral 

view. Scale: 10 cm. ………………….…………………………325 

Figure 6.74. 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 cm…...…………………………………………..……327 

Figure  6.75 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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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 cm. …………………………………………………...332 

Figure 6. 76. The reconstruction of a Keratocephalus moloch group, in a 

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

1931. ……………………………………………………...…….337 

Figure 6. 77. 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 cm. …………………………………………….339 
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Figure 6. 78. 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 agrees. ……………………………………………………..342  

Figure 6.79. Photograph showing the dentary portion of SAM-PK-00918, left 

dorsal view. Scale. 10 cm.............................................................344 

Figure 6. 80. Taurops macrodon:  dorsal (A), anterior (B), left (C) and right (D) 

views of AMNH5 FARB 610. Scale: 10 cm. …………………..347 

Figure 6.81. 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. ………………………………....349 

Figure 7.1. 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 

branches. ……………………………………………………….354 
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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; l- lacrimal; lfp- 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; poc- 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; rc- 
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replacement canine; ri- replacement incisor; rl- Reflected lamina; rpc- 

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; vcr- 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. 

 


