
 
 

Evolution, Morphology and Paleobiology of the Pareiasauria and their Relatives 
(Amniota: Parareptilia) 

 
 
 

Dissertation 
 

zur Erlangung des akademischen Grades 
 

doctor rerum naturalium 
 

(Dr. rer. nat.) 
 

im Fach Biologie 
 

eingereicht an der 
 
 

Mathematisch-Naturwissenschaftlichen Fakultät I 
 

der Humboldt-Universität zu Berlin 
 

von 
 
 

M.Sc., Linda Akiko Tsuji 
 
 
 

Präsident der Humboldt-Universität zu Berlin 
Prof. Dr. Dr. h.c. Christoph Markschies 

 
 

Dekan der Mathematisch-Naturwissenschaftlichen Fakultät I 
Prof. Dr. Andreas Herrmann 

 
 
 

Gutachter/innen: 1. Prof. Dr. Wolfgang Kiessling 
   2. Prof. Dr. Johannes Müller 
   3. PD Dr. Oliver Hampe 
 
 
 
Tag der mündlichen Prüfung: 04. Oktober 2010 

 



Erklärung 

 
 
 
Die vorliegende Dissertation wurde selbständig angefertigt, und es wurden keine anderen 
als die angegebenen Quellen und Hilfsmittel benutzt. 
 
 
 
Mississauga,  
 
 
 
 
 
Linda A. Tsuji 
 
 
 
 
 
 

 



Linda Akiko Tsuji 
 

Museum für Naturkunde 
Leibniz-Institut an der Humboldt-Universität zu Berlin 

Invalidenstrasse 43 
D-10115 Berlin, Germany 

Phone:  +49-30-2093-8768 
Linda.Tsuji@mfn-berlin.de 

 

Publications  
 
Peer Reviewed Journals 
 
1.  Tsuji, L. A. (2006).  Cranial anatomy and phylogenetic relationships of the Permian parareptile 

Macroleter poezicus.  Journal of Vertebrate Paleontology 26(4):849-865. 
 
2.  Reisz, R. R. and Tsuji, L. A. (2006).  An articulated skeleton of Varanops with bite marks: the 

oldest known evidence of scavenging among terrestrial vertebrates. Journal of Vertebrate 
Paleontology 26(4):1021-1023. 

 
3.  Brooks, D. R., Bileweitch, J., Condy, C., Evans, D. E., Folinsbee, K. E., Fröbisch, J., Halas, D., 

Hill, S., Mattern, M., Tsuji, L. A., Ward, J., Wahlberg, N., Zamparo, D. and Zanatta, D. 
(2007). Quantitative Phylogenetic Analysis in the 21st Century.  Revista Mexicana de 
Biodiversidad 78:225-252. 

 
4.  Reisz, R. R., Müller, J., Tsuji, L. and Scott, D. (2007). The cranial osteology of Belebey 

vegrandis (Parareptilia: Bolosauridae) from the Middle Permian of Russia, and its bearing 
on reptilian evolution.  Zoological Journal of the Linnean Society 151:191-214. 

 
5.  Müller, J. and Tsuji, L. A. (2007). Impedance-matching hearing in paleozoic amniotes: 

evidence of advanced sensory perception at an early stage of amniote evolution. PLoS One 
2(9): e889. doi:10.1371/journal.pone.0000889. 

 
6.  Tsuji, L. A. and Müller, J. (2008). A re-evaluation of Parasaurus geinitzi, the first named 

pareiasaur (Amniota, Parareptilia). Canadian Journal of Earth Sciences 45:1111-1121. 
 
7.  Tsuji, L. A. and Müller, J. (2009). Assembling the history of the Parareptilia: phylogeny, 

diversification, and a new definition of the clade. Fossil Record 12(1):71-81. 
 
8.  Cisneros, J. C. and Tsuji, L. A. (2009). Nycteroleter affinities of a Permian parareptile from the 

South African Karoo Basin. Acta Palaeontologica Polonica 54(1):165–169. 
 
9.  Angielczyk, K. D., Sidor, C. A., Nesbitt, S. J., Smith, R. M. H., and Tsuji, L. A. (2009). 

Taxonomic revision and new observations on the postcranial skeleton, biogeography, and 
biostratigraphy of the dicynodont genus Dicynodontoides, the senior subjective synonym 
of Kingoria (Therapsida, Anomodontia). Journal of Vertebrate Paleontology 29: 1174-
1187. 

 
 
10.  Nesbitt, S. J., Sidor, C. A., Irmis, R. B., Angielczyk, K. D., Smith, R. M. H. and Tsuji, L. A. 

(2010). Ecologically distinct dinosaurian sister group shows early diversification of 
Ornithodira. Nature 464:95-98. 

 

 

mailto:Linda.Tsuji@museum.hu-berlin.de


11.  Sidor, C. A., Angielczyk, K. D., Weide, D. M., Smith, R. M. H., Nesbitt, S. J., and Tsuji, L. 
A. In press. Tetrapod fauna of the lowermost Usili Formation (Songea Group, Ruhuhu 
Basin) of southern Tanzania, with a new burnetiid record. Journal of Vertebrate 
Paleontology. 

 
12.  Tsuji, L. A., Müller, J. and Reisz, R. R. In press. Microleter mckinzieorum gen. et sp. nov. 

from the Lower Permian of Oklahoma: the basalmost parareptile from Laurasia. Journal of 
Systematic Palaeontology. 

 
 
Book Chapter 
 
1.  Folinsbee, K. E., Evans D.C., Fröbisch, J., Tsuji, L. A. and Brooks, D. R. (2007).  Qualitative 

approaches to phylogenetics.  In: W. Henke, H. Rothe and I. Tattersall (eds).  Handbook of 
Paleoanthropology Vol. 1: Principles, Methods, and Approaches.  New York: Springer-
Verlag, pp. 167-215. 

 
 
Conference Abstracts 
 
1.  Parsons, M.G., Norris, G., and Tsuji, L. (2003) Plant microfossil correlations across prograding 

delta complexes of the late Paleocene to middle Eocene Aklak and Taglu sequences.  2003 
GAC-MAC-SEG abstracts v.28. 

 
2.  Tsuji, L. A., and Reisz, R. R. (2003).  An articulated skeleton of Varanops (Synapsida; 

Varanopidae) with   evidence of scavenging.  Journal of Vertebrate Paleontology 
23(3):105A. 

 
3.  Tsuji, L. A., and Reisz, R. R. (2004).  Terrestrial vertebrate fauna of the Permian of Northern 

Russia with special reference to the parareptile Macroleter.  Canadian Paleontology 
Conference Proceedings No. 2. 

 
4.  Tsuji, L. A. and Reisz, R. R. (2004).  New specimens of Macroleter poezicus and implications 

for parareptilian phylogeny.  Journal of Vertebrate Paleontology 24(3): 123A. 
 
5.  Tsuji, L. A. and Reisz, R. R. (2005).  Parareptilian phylogeny in light of the postcranial 

anatomy of Macroleter (Amniota: Reptilia) from the Upper Permian of Russia.  Journal of 
Vertebrate Paleontology 25(3): 124A. 

 
6.  Tsuji, L. A. (2006). New insights into the evolution of the Parareptilia. Hantkeniana: 

Contributions to the Department of Palaeontology Eötvös University 5:110. 
 
7.  Tsuji, L. A. and Müller, J. (2006).  A reexamination of Parasaurus geinitzi (Amniota: 

Parareptilia); the first pareiasaur.  Journal of Vertebrate Paleontology 26(3): 133A. 
 
8.  Tsuji, L. A. and Müller, J. (2007). The evolution of the middle ear in Parareptilia. Journal of 

Morphology 268(12): 1142. 
 
9.  Tsuji, L. A. and Müller, J. (2007). Middle ear evolution and impedance-matching hearing in 

Parareptilia.  Journal of Vertebrate Paleontology 27(3): 160A. 
 
10.  Angielczyk, K., Sidor, C., Tsuji, L., Nesbitt, S., Smith, R. (2008). The Permo-Triassic 

dicynodont fauna of the Ruhuhu basin, Tanzania: new discoveries and their implications. 
Journal of Vertebrate Paleontology 28(3): 46A. 

 

 



11.  Tsuji, L., Müller, J., and Reisz R. R. (2008). An enigmatic new parareptile (Amniota: 
Reptilia) from the Early Permian Fort Sill Fissure Fill Deposits in Oklahoma. Journal of 
Vertebrate Paleontology 28(3): 154A. 

 
12.  Tsuji, L. A., and Müller, J. (2009). The phylogeny and biogeography of Pareiasauride: new 

discoveries, new insights.  First International Congress on North African Vertebrate 
Paleontology (NAVEP1). 

 
13.  Tsuji, L. A., and Müller, J. (2009). Deltavjatia vjatkensis and the anatomy of Pareiasauria. 

Journal of Vertebrate Paleontology 29(3):192-193A. 
 

 



Abstract 

 

Parareptilia is a diverse clade of Paleozoic and early Mesozoic amniotes, sister-

group to the eureptiles within Reptilia.  The role and importance of parareptiles in Permian 

terrestrial ecosystems has been the subject of increased study in recent years. The debate 

regarding the origin of turtles brought more attention to the group, however many of its 

members are still poorly-known.  Pareiasauria, a widely-distributed and speciose 

parareptile clade were significant members of Late Permian ecosystems, but despite their 

prominence, very few taxa have been described in detail. This thesis will undertake a 

description of some poorly-known parareptilian taxa, using the data to reassess the 

relationships of parareptiles, with information gained about the phylogeny of the group 

serving as the basis to assess evolutionary trends within the clade. 

The nycteroleters have recently become the focus of increased attention, owing to 

their recently-discovered sister-group relationship to pareiasaurs and the discovery of an 

impedance-matching ear in members of the group. The Kotel’nich locality in central 

Russia preserves a diverse fauna that includes the pareiasaur Deltavjatia vjatkensis and the 

nycteroleter Emeroleter levis.  This latter taxon was previously known from only isolated 

crania, but recent excavations have produced additional material, which includes well-

preserved postcranial remains, allowing a complete redescription of the taxon. A 

reassessment of the Russian nycteroleters results in the synonymy of Tokosaurus 

perforatus with Macroleter poezicus.  The morphological information was included in a 

phylogenetic analysis of parareptilian relationships using both parsimony and Bayesian 

inference. The monophyly of the nycteroleters is supported by parsimony, but is not 

supported in the Bayesian analysis, and the genus Bashkyroleter appears paraphyletic. A 

monophyletic clade consisting of the nycteroleters and pareiasaurs, here termed 

Pareiasauromorpha, is supported by all methods. 

Parasaurus geinitzi von Mayer, 1857 based on two type specimens consisting of 

exclusively postcranial material from the Late Permian Kupferschiefer deposits of 

Germany was the first pareiasaur. Other fragmentary material has subsequently been 

assigned to the species including a partial skull, however, there is no common anatomical 

material linking the postcranial material of the types with this cranium. The presence of 

four to five sacral ribs combined with the swollen neural arches of the dorsal vertebrae 

allow the recognition of the postcranial remains as pareiasaurian, however examination of 

the lectotype specimen of Parasaurus reveals no autapomorphic features that can 

 



positively identify this material as a distinct taxon.  The skull of Parasaurus is small for a 

pareiasaur, and was assigned to the Pareiasauridae primarily on the presence of distinctive 

multicusped, leaf-shaped teeth, but apart from the distinctive teeth and high number of 

sacral ribs, there is little to definitively classify this animal as pareiasaurian. 

One of the three known pareiasaurs from Russia, well-preserved material of 

Deltavjatia vjatkensis from the Kotel’nich locality is described in detail.  The taxon is 

characterized by a distinctive pattern of sculpture and the exaggerated embayment of the 

skull roof resulting in the dorsal exposure of the braincase. Postcranially, Deltavjatia 

shows aspects of the morphology such as the pattern of osteoderms shared with the 

Tapinocephalus Assemblage Zone pareiasaurs, and other aspects, such as the forward-

slanting pointed blade of the ilium with younger, more derived forms. The well-preserved 

material of the taxon spans a wide size-range, allowing interpretations to be made about 

growth patterns.  A geometric morphometric analysis of the skull roof of Deltavjatia 

reveals an allometric increase in snout length along with an increase in postorbital area.  

Additional specimens would help to strengthen results, but this analysis can serve as a 

basis for looking at morphological trends within pareiasaurs. 

Integrating the morphological information of the nycteroleters, Parasaurus and 

Deltavjatia acquired in previous chapters, a reassessment of the relationships of 

Pareiasauromorpha using both parsimony and Bayesian methods of phylogenetic inference 

recovers similar topologies in both cases.  In the Bayesian analysis, four analyses were 

completed, with and without a gamma-shaped parameter and with and without the 

inclusion of autapomorphies.  The recovered topologies are consistent with previous 

phylogenies of pareiasaurian relationships, although Parasaurus falls more basally in this 

analysis. None of the resulting cladograms are well-supported indicating that more data is 

needed, but the topologies are relatively consistent with the stratigraphic record, with 

indices comparing relatively well with those of other reptilian clades.  A stratocladistic 

analysis recovers a similar topology, though slightly longer, than that of the strictly 

morphological phylogenetic analyses, and a search for ancestors in a stratocladistic 

analysis including autapomorphies reveals that certain taxa, primarily those with no 

identified autapomorphies, are consistently placed as ancestral. Their widespread 

distribution in the Late Permian along with their relatively high diversity make pareiasaurs 

ideal indices of dispersal and biogeography among Permian tetrapods.  A biogeographic 

analysis of pareiasauromorph taxa recovers complex and reticulated patterns of dispersal 

and vicariance, including multiple dispersal events into both Russia and China.  These 

 



complex patterns are consistent with those seen in other Late Permian groups, though few 

events are shared by all clades.  The analysis also reveals that many geographical areas 

have complex histories, suggesting that a search for smaller divisions within areas should 

be attempted. 

 

 



Kurzfassung 

 

Parareptilien stellen ein artenreiches Monophylum paläozoischer und früh-

mesozoischer Amnioten dar. Sie bilden innerhalb der Reptilien die Schwestergruppe zu 

den Eureptilen. Die Rolle und Wichtigkeit der Parareptilien in terrestrischen permischen 

Ökosystemen war Gegenstand zahlreicher Studien in den letzten Jahren. Auch die Debatte 

um den Ursprung der Schildkröten lenkte mehr Aufmerksamkeit auf diese 

monophyletische Gruppe. Jedoch sind leider viele Taxa dieser Gruppe immer noch 

unzulänglich untersucht. 

Pareiasaurier, eine weitverbreitete und artenreiche Untergruppe der Parareptilien, 

waren ein bedeutendes Mitglied spät-permischer Ökosysteme, aber trotzdem sind nur 

wenige Taxa im Detail beschrieben. Diese Arbeit befasst sich zunächst mit der 

Beschreibung mancher dieser schlecht untersuchten Parareptilien. Weiterhin werden die 

Verwandtschaftsverhältnisse der Parareptilien mit Hilfe dieser Beschreibungen überprüft. 

Dabei dient die neu gewonnene Information über die Verwandtschaftsverhältnisse dieser 

Gruppe als Basis, um evolutive Trends innerhalb dieses Monophylums zu erörten.    

 Dank ihres jüngst entdeckten Schwestergruppenverhältnisses zu Pareiasauriern und 

der Entdeckung eines Impedanzangepassten Ohres in Taxa dieser Gruppe, sind 

Nycteroleter mehr in den Fokus der Aufmerksamkeit gerückt. Die Kotel’nich Lokalität in 

Zentralrussland beheimatet eine diverse Fauna, darunter auch der Pareiasaurier Deltavjatia 

vjatkensis und der Nycteroleter Emeroleter levis. Letzterer war vorher nur bekannt von 

isoliertem Schädelmaterial. Neuere Ausgrabungen haben zusätzliches Material zutage 

gebracht, unter anderem sehr gut erhaltenes Postkranialmaterial. Dies lässt nun eine 

vollständige Neubeschreibung dieses Taxons zu. Eine Neuanalyse der russischen 

Nycteroleter ergab eine Synonymie von Tokosaurus perforatus und Macroleter poezicus. 

Das neu erworbene morphologische Wissen wurde eingebaut in sowohl eine 

parsimonische als auch eine bayesische phylogenetische Analyse der 

Verwandtschaftsverhältnisse von Parareptilien. Eine Monophylie der Nycteroleter wird 

unterstützt von den parsimonischen Ergebnissen, aber nicht von der Bayes-Inferenz. Die 

Gattung Bashkyroleter ist paraphyletisch. Eine Monophylie von Nycteroletern und 

Pareiasauriern wir von beiden Methoden unterstützt und wurde hier „Pareiasauromorpha“ 

genannt.  

 Der erste Pareiasaurier, Parasaurus geinitzi, wurde 1857 erstmals von von Mayer 

beschrieben und basiert auf Postkranialmaterial von zwei Typusexemplaren aus 

 



oberpermischen Kupferschiefer-Sedimenten in Deutschland. Anderes fragmentäres 

Material wurde nach und nach dieser Art zugeordnet, so auch ein unvollständiger Schädel. 

Jedoch ist bis heute kein verbindendes Material zwischen Typus-Postkranium und diesem 

Schädel bekannt. Das Vorhandensein von vier bis fünf Sakralwirbeln in Kombination mit 

geschwollenen Neuralbögen der Rückenwirbel erlaubt die Zuordnung von 

Postkranialresten zu Pareiasauriern. Jedoch fanden sich bei Untersuchung des Lektotypus 

von Parasaurus keine Autapomorphien, die dieses Material definitiv als eindeutiges Taxon 

identifizieren könnten. Der Schädel von Parasaurus ist für einen Pareiasaurier eher klein 

und wurde hauptsächlich aufgrund des Vorhandenseins von charakteristisch mehrzackigen, 

blattförmigen Zähnen als Pareiasaurier erkannt. Neben diesen unverkennbaren Zähnen und 

einer erhöhten Anzahl Sakralrippen gibt es aber nur wenig, was diesen als Pareiasaurier 

klassifiziert.      

 Gut erhaltenes Material von Deltavjatia vjatkensis, einer der drei bekannten 

Pareiasaurier aus Russland, aus der Kotel’nich Lokalität ist im Detail beschrieben. Dieses 

Taxon zeichnet sich durch eine charakteristische Skulpturierung sowie eine übertriebene 

Ausbuchtung des Schädeldaches aus. Dies führt zu einer dorsalen Freilegung des 

Hirnschädels. Bezüglich des Postkraniums zeigt Deltavjatia morphologische Aspekte wie 

z.B. das Muster auf den Osteodermen, das auch Pareiasaurier aus der Tapinocephalus 

Assemblage Zone aufweisen, oder auch der nach vorne geneigte, spitze Schenkel des 

Iliums, den jüngere, mehr abgeleitete Formen tragen. Die gute Erhaltung dieses Materials 

umfasst mehrere Grössenstadien und erlaubt so Interpretationen zu Wachstumsraten. Eine 

geometrisch-morphometrische Analyse des Schädeldaches von Deltavjatia lässt eine 

allometrische Zunahme von Schnauzenlänge und Postorbitalregion erkennen. Weitere 

Exemplare würden helfen, dieses Ergebnis zu stützen, aber diese Analyse kann so auch 

schon als Grundlage für das Erkennen morphologischer Trends innerhalb der Pareiasaurier 

dienen.   

 Die morphologischen Daten zu Nycteroletern, Parasaurus und Deltavjatia wurden 

eingebaut und die Neuanalyse der Verwandtschaftsverhältnisse der Pareiasauromorpha 

enthüllt ähnliche Topologien mit parsimonischer und mit bayesischer Methodik. In der 

bayesischen wurden vier Analysen gemacht, mit und ohne gamma-shaped Parameter, 

sowie mit und ohne Einbezug von Autapomorphien. Die gefundenen Topologien stimmen 

mit vorherigen phylogenetischen Analysen von Pareiasauriern überein, obwohl 

Parasaurus in dieser Analyse basaler steht. Keine der gefundenen Kladogramme sind gut 

unterstützt, was darauf hinweist, dass mehr Daten eingebaut werden müssen. Aber, die 

 



Topologien stehen mehr oder weniger in Einklang mit der Stratigraphie und lassen sich 

verhältnismässig gut mit denen anderer Reptiliengruppen vergleichen. Eine strato-

kladistische Analyse, obwohl leicht länger als die strikte morphologische phylogenetische 

Analyse, resultiert in einer ähnlichen Topologie, und die Suche nach Vorfahren in der 

strato-kladistischen Analyse mit Autapomorphien enthüllt, dass gewisse Taxa, besonders 

diejenigen ohne identifizierte Autapomorphien, einheitlich anzestral platziert sind.  

 Die weite Verbreitung im Oberperm zusammen mit ihrer relativ hohen Diversität, 

machen Pareiasaurier zu idealen Markern für Verteilung und Geographie permischer 

Tetrapoden. Eine biogeographische Analyse von pareiasauromorphen Taxa enthüllt 

komplexe und netzartige Muster von Verteilung und Vikarianz, einschliesslich mehrfacher 

Verbreitungsereignisse nach Russland und China rein. Diese komplexen Muster stimmen 

überein mit denen anderer oberpermischer Gruppen, jedoch sind nur wenige dieser 

Ereignisse allen Monophyla gemein. Die Analyse zeigt zudem, dass viele geographische 

Regionen eine komplexe Geschichte aufweisen und dass eine Suche in kleineren 

Bereichen angestrebt werden sollte. 
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MORPHOLOGICAL ABBREVIATIONS 

 

a. max. for. – anterior maxillary foramen; a – angular; acr – acromion process; add. foss. 

– adductor fossa; ant. for. – anterior foramen; ar – articular; art. pp. – articulation surface 

for the postparietal; art. so. – articulation surface for the supraoccipital; as-ca – 

astragalus-calcaneum complex; atc – atlas centrum; ati – atlas intercentrum; atn – atlas 

neural arch; axc – axis centrum; axi – axis intercentrum; axn – axis neural arch; bc – 

braincase; bo – basioccipital; br – basisphenoid rostrum; cbl – ceratobranchial; cin – 

cingulum; cl – clavicle; cle – cleithrum; clin – clinoid process; co – coronoid; d – dentary; 

dors. sel. – dorsum sellae; ec – ectopterygoid; ent for; entepicondylar foramen; eo – 

exoccipital; ept – epipterygoid; f – frontal; fe – femur; fib – fibula; for. j. ant – foramen 

jugulare anterius; for. orb. – foramen orbitonasale; for. ov. – foramen ovalis; for. perf. 

art. – foramen for the perforating artery for. pp – foramen palatinum posterius; g.c. – gut 

contents; gast – gastralia; h1 – hyoid; hu – humerus; hyp – insertion of hypaxial 

musculature; icl – interclavicle; il – ilium; int – intermedium; int. for. – intermandibular 

foramen; isch – ischium; j – jugal; la – lacrimal; la. for. – lacrimal foramen; m – maxilla; 

n – nasal; op – opisthotic; ost – osteoderm; p – parietal; pal – palatine; pbs – 

parabasisphenoid; pf – postfrontal; pm – premaxilla; po – postorbital; pop – paroccipital 

process; post. for. – posterior foramen; pp – postparietal; pra – prearticular; prf – 

prefrontal; pro – prootic; proat – proatlas; pt – pterygoid; pu – pubis; q – quadrate; q. 

for. – quadrate foramen; qj – quadratojugal; ra – radius; s – stapes; s1 – first sacral rib; sa 
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– surangular; sca – scapula; scl – scleral ossicle; sel – sella turcica; sept – bony septum; sk 

– skull; so – supraoccipital; sp – splenial; sq – squamosal; st – supratemporal; st h. – 

supratemporal horn; sta. rec. – stapedial recess; sta. for. – stapedial foramen; sub. for. – 

suborbital foramen; t. f. – temporal fenestra; t – tabular; tib – tibia; ul – ulna; uln – 

ulnare; v – vomer; vert – vertebra; vic – vidian canal; I-XII – foramen for cranial nerves 

I-XII. 
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Chapter 1 – Parareptiles and Permian Terrestrial Ecosystems 

INTRODUCTION AND BACKGROUND 

Permian terrestrial ecosystems 

The emergence of tetrapods onto the land was one of the most significant events in 

the history of vertebrate life.  The first tetrapods evolved in the Late Devonian (Clack 

2002), a major transition that was soon followed by the origin of amniotes, whose 

reproductive independence from water contributed to their more effective exploitation of 

the terrestrial realm and relatively rapid spread across the globe in the Permian (Carroll 

1982).   

One significant influence on the evolution, diversification, and distribution of 

terrestrial vertebrates was the configuration of the continents and the influence this had on 

climate.  The supercontinent of Pangaea had formed by the Carboniferous and would 

remain together until the break up commenced around the middle of the Jurassic Period 

(Stanley 1998) (Fig. 1.1).  The arrangement of the continental plates in a single large 

landmass had a considerable effect on the climate of the terrestrial realm, primarily the 

result of large annual cycles related to the low heat capacities of very large land areas 

(Crowley 1994).  The configuration of the continents in the Late Paleozoic along with the 

proximity of the southern part of the landmass to the South Pole lead to a period of 

widespread glaciation, which reached its greatest extent in the Gondwanan landmasses 

(now Antarctica, Africa, South America and India) in the Latest Carboniferous to Permian 

(Stephanian to Sakmarian, possibly Kungurian) (Isbell et al. 2003).  This made large areas 

of the southern continents inhospitable to vertebrate terrestrial life, while most of what is 

now North America and Europe lay in close proximity to the equator, with climates 

typified by moist, tropical (coal) swamps (DiMichele et al. 2001).  Terrestrial vertebrate 

fossils dating to this time period are found primarily in localities closer to the 

paleoequator.  A retreat of the ice sheets was accompanied by a drying of the tropical 

regions (Tabor & Montañez 2002, 2004; Poulsen et al. 2007), and by the end of the 

Permian, the northward shift of the continents (Gibbs et al. 2002) and the advent of a 

'greenhouse' climate typified by a drastic increase in pCO2 resulted in significantly warmer 

temperatures worldwide (Montañez et al. 2007).   
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Fig. 1. 1. Paleogeographic map showing the continental configuration of Pangea in the 
Late Permian, from Scotese (1994). 

 

These changes in climate are reflected by the presence of terrestrial vertebrates at 

very high paleolatitudes - both northerly (in Russian localities) and southerly (the Karoo 

Basin of southern Africa) - by the end of the Middle Permian (Rubidge 2005). The end-

Permian mass extinction event, one of the largest in the Phanerozoic, would have a 

profound effect on the form and composition of terrestrial vertebrate ecosystems (Erwin 

1993), but prior to this event an ecosystem with a vaguely familiar appearance, yet 

profoundly different composition from that seen on Earth today thrived in the Late 

Permian. 

By the end of the Paleozoic, vertebrates, led by the amniotes, had expanded to fill 

many different roles in the terrestrial ecosystem.  Specialized herbivorous forms evolved 

(Reisz & Sues 2000) along with other recognizable morphologies belonging to lifestyles 

that exist today, such as non-powered flight (gliding), burrowing habits, arboriality, a 

‘return’ to aquatic habits, and large body size.  Continuing evolution of novel niches and 

the continued partitioning of the terrestrial realm lead to many novel forms.  It is in this 

time period when these diverse new forms first evolved, and a 'modern'-looking terrestrial 

ecosystem existed for the first time (Reisz & Sues 2000). 
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Fig. 1. 2. The major divisions of Amniota. 

 

Amniote origins and diversification 

The origin of amniotes, manifest most notably in the evolution of the amniotic egg 

that allowed reproductive independence from water, resulted in a fundamental change in 

the ability of terrestrial tetrapods to colonize and diversify. The oldest fossil amniotes 

found to date were recovered from preserved fossil tree stumps at Joggins, Nova Scotia, 

Canada, a site that dates to approximately 309-316 mya (Westphalian B) (Carroll et al. 

1972; Holmes et al. 1998).  This locality contains two recognizable amniotes, Hylonomus 

and Protoclepsydrops, the former a recognizeable reptile and the latter belonging to a 

lineage that would eventually give rise to the mammals (Reisz 1972).  

Amniota, as it is currently understood, is divided into two major lineages – the 

Synapsida, the lineage leading to all mammals, and Reptilia (sometimes termed 

Sauropsida), a lineage that leads to dinosaurs and birds as well as extant snakes and lizards 

(Laurin & Reisz 1995; Modesto & Anderson 2004).  Reptilia itself bifurcated very early 

on into two major lineages, Eureptilia and Parareptilia (Fig. 1.2).  The former of these 

contains all living reptiles, whereas the latter is generally believed not to contain any 

living representatives, though there has been a significant amount of debate about whether 

turtles belong to this group (Reisz & Laurin 1991; Lee 1993, 1995a; deBraga & Rieppel 

1997).   

Research into early amniotes and their interrelationships was spurred in large part 

due to this controversy surrounding understanding the origin of turtles, which appear fully 

formed in the fossil record in the Triassic with seemingly no recognizeable transitional 

forms (Gaffney 1990; Rieppel & Reisz 1999; Li et al. 2008 for discussion). The debate 

about turtle origins reached its zenith in the 1990s, with many different clades having been 

 5



proposed to contain or be most closely related to turtles, and as a result of this debate there 

has been intensified research into some of the amniote groups named in the controversy.  

Parareptilia, which was not even considered to be a monophyletic clade until the late 

1980’s, particularly benefited from this attention.  

 

Parareptiles 

Parareptilia, which can be considered the third major clade of amniotes, was a 

group that was very diverse and widespread throughout the Permian.  The majority of the 

taxa belonging to this clade, however, had disappeared by the end of the Paleozoic.  The 

group is believed to have evolved in the Late Carboniferous, as recognizeable members of 

its sister taxon, Eureptilia, have been found in sediments of this age.  Only one clade of 

parareptiles, the procolophonoids, managed to survive Permian/Triassic extinction, and 

actually became quite diverse and successful in the Early Mesozoic, but even this group 

appears to have gone extinct by the end of the Triassic (Cisneros 2008).  Despite their 

relatively short temporal duration, the parareptiles were very successful and diverse.  

Large body size and herbivory (pareiasaurs), facultative bipedal locomotion (Eudibamus – 

see Berman et al. 2000), burrowing (Procolophon – see deBraga 2003), and aquatic 

lifestyles (mesosaurs, Lanthanosuchus, potentially Barasaurus) are a sample of the 

diversity contained in the clade (Fig. 1.3).   

The remarkable diversity within Parareptilia, and indeed the monophyly of the 

clade as a whole, has only relatively recently become apparent.  In recent years the 

research into this group has been more ardent, spurred in part by the debate surrounding 

the origin of turtles, an issue introduced above.  Lee (1993, 1995a, b, 1997a) advocated the 

idea that turtles were nested within Pareiasauria, an idea first articulated by Gregory 

(1946).  On the other hand Laurin and Reisz proposed another parareptile group, the 

procolophonoids (Reisz & Laurin1991; Laurin & Reisz 1995) as turtle ancestors.   

 6



 

Fig. 1. 3. Cladogram of parareptile relationships, adapted from Modesto et al. (2009), 
showing the diverse forms of its members.  Reconstructions (top to bottom); Scutosaurus 
(from Lee 1997a); Procolophon (from deBraga 2003); Eudibamus (from Berman et al. 
2000); Lanthanosuchus (from deBraga & Reisz 1996); Mesosaurus (from Williston 1914). 
Not to scale. 

 

While the general consensus of morphological and molecular evidence now 

assumes a diapsid origin of turtles (deBraga & Rieppel 1997; Rieppel & Reisz 1999; 

Hedges & Poling 1999; Zardoya & Meyer 2001; Meyer & Zardoya 2003; Müller 2004; 

Hill 2005, others), the attention derived from this debate has resulted in accelerated, and 

now sustained, research on the diverse members of Parareptilia.  In addition, new taxa 

from all over the world continue to be discovered and described, resulting in a far greater 

understanding of the group. 
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The nomen Parareptilia, along with its sister group Eureptilia, was coined by Olson 

in 1947 to subdivide Reptilia into two main lineages (Olson 1947).  The composition of 

this group was remarkably close to the currently accepted classification, but the term was 

not adopted into wider usage at the time.  Names such as Cotylosauria and Anapsida were 

more commonly used for groups that included parareptilian taxa, but these terms were 

simply used as a 'garbage taxon' of sorts, a gathering place for taxa that were not 

recognizeable members of another group, and all too often were a paraphyletic mix of 

basal amniote and anamniote tetrapod taxa (Tsuji & Müller 2009). 

Until fairly recently, and at times even to this day, the term Anapsida is used to 

describe the group whose members are mostly parareptiles, but the most recent definitions 

of the clade prefer the name Parareptilia (Tsuji & Müller 2009).  The name Anapsida, 

meaning ‘without fenestra’, is in fact inappropriate for this group considering that a 

majority of the members of the clade do in fact possess temporal fenestrations, not the 

solid cheek of stem amniotes and some members of Eureptilia and Parareptilia.  This trait 

is actually quite variable within the group and the true anapsid condition involving a solid 

cheek seems only to be true of a minority of its members (Cisneros et al. 2004; Modesto et 

al. 2009a; Tsuji et al. in press). 

Knowledge of parareptiles continues to improve.  Both relatively basal and 

relatively derived forms can be counted among recently named taxa.  Revised descriptions 

are being completed based on newly found specimens, and known taxa are being 

interpreted in a new light based on more complete knowledge of early amniote 

relationships as a whole.  Yet there remains much to be learned about parareptiles, with 

many taxa surprisingly poorly known, not having been reexamined since their initial 

descriptions.  In addition, many members of the clade have not been analysed within a 

phylogenetic framework.  As this group is central to our knowledge of the relationships of 

early amniotes and other aspects of amniote diversification, it is important to acquire a 

greater understanding of the evolutionary relationships between, and evolutionary patterns 

within, Parareptilia. 

 

The nycteroleters 

Among the more derived parareptiles, one group in particular, the ‘nycteroleters’, 

is of late the focus of increased scrutiny.  Though sometimes traditionally allied with the 

stem-amniote seymouriamorphs, it is now generally agreed that the nycteroleters are 

nested well within Parareptilia (Lee 1995b; deBraga & Rieppel 1997; Tsuji 2006).  Their 
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sister-group relationship to the pareiasaurs has only recently been supported by 

phylogenetic analysis (Tsuji 2006; Müller & Tsuji 2007), and closer inspection of their 

cranial anatomy has revealed that they had a functioning tympanic middle ear, the earliest 

example of this morphology found to date (Müller & Tsuji 2007).  The sister group 

relationship of these nycteroleters to the pareiasaurs is intriguing, since the ancestry of the 

latter has always been somewhat of a mystery; pareiasaurs appear fully recognizeable and 

of extremely large body size in the Middle Permian with few suspected precursors.  Until 

recently the nycteroleters were only known from Middle and Late Permian faunas of 

Russia, but recent research has revealed their presence in North America (Reisz & Laurin 

2001) and the Tapinocephalus Assemblage Zone in the Karoo Basin of South Africa 

(Cisneros & Tsuji 2009).  Only one member of the group, Macroleter poezicus has been 

described in detail, however.  A more complete knowledge of nycteroleter anatomy will 

help to better understand the interrelationships of the successful and diverse group of 

derived parareptiles in the Middle and Late Permian, in particular the closely related 

pareiasaurs.  

 

Pareiasaurs 

The pareiasaurs are perhaps the most distinctive of the parareptiles, and played a 

central role in the resurrection of the debate regarding the closest fossil relatives of turtles.  

Known since the first half of the 19th century, pareiasaurs are a largely underappreciated 

group of large herbivorous reptiles that lived from the Middle to the Late Permian, not 

surviving the Permian-Triassic extinction event.  Pareiasaurs are readily recognizeable not 

because they possess a number of unique autapomorphies, but rather because they possess 

a unique and distinct combination of traits (Lee 1995b).  Primary among these traits is the 

possession of leaf-shaped, or labio-lingually flattened teeth, each bearing 5 or more cusps. 

This condition of multiple-cusped flattened teeth evolved independently across a number 

of Permian taxa including the caseids, a group of pelycosaur-grade synapsids (Reisz & 

Sues 2000).  Another characteristic of most pareiasaurs is the presence of a prominent 

boss on the angular of the mandible, which is often elongated into a horn in larger 

individuals of some taxa.  Pareiasaurs also possess a fused astragalus and calcaneum in the 

tarsus, which together form a single block-like complex.  Most pareiasaurs also have 

dermal armour in the form of osteoderms, a trait that ranges in form between a single row 

of isolated osteoderms running along the neural arches of the vertebrae, to a full dorsal 
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carapace composed of partially fused osteoderms with bony studs also present on the 

limbs (Lee 1997b). 

Pareiasauria is a very speciose and diverse clade whose members were a 

characteristic element of Middle and Late Permian faunas.  They achieved this diversity 

over a relatively short period of time, while also becoming one of the few amniote groups 

to attain such a cosmopolitan distribution. In spite of their apparent notoriety, however, 

pareiasaurs are surprisingly poorly known. An improved knowledge of the anatomy and 

phylogeny of the pareiasaurs will help to better understand the evolutionary and 

biogeographic dynamics of vertebrate terrestrial ecosystems shortly before the Permian-

Triassic extinction event.   

 

A brief history of the discovery and study of pareiasaurs 

Andrew Geddes Bain made the first recorded pareiasaur fossil discovery in South 

Africa in 1838, during the construction of a road through Blinkwater, Cape of Good Hope 

(now Cape Province, South Africa).  It was initially nicknamed the "Blinkwater Monster" 

by the local press, and these first fossils were shipped to England, later to be described by 

Sir Richard Owen (Owen 1856, 1862 (incorrectly described as a dicynodont synapsid), 

1876 (Pareiasaurus serridens named)). 

The first pareiasaur ever named in a scientific context was Parasaurus geinitzi 

Meyer, 1857, a specimen of which was first mentioned in a publication in 1848 (Geinitz 

1848), but was most likely present in the collection at Dresden for a number of years 

before this.  The two type fossils (Meyer 1856) were at first believed to be specimens of 

the archosauromorph Protorosaurus, although even after these specimens were assigned 

to a new taxon (Meyer 1857), Parasaurus was not considered a pareiasaur until assigned 

to the group by Kuhn in 1969 (Kuhn 1969).  A redescription of Parasaurus including new 

material follows below in Chapter 3 of this work. 

In the years subsequent to the discovery and description of the first pareiasaurs, a 

large number of new fossils were recovered.  The majority of these fossils were found in 

the productive sediments of the Karoo basin of South Africa.  It was standard practice of 

the time to give practically each new specimen a new name, and an unclear taxonomic 

methodology combined with the poor preservational state of many of the fossils resulted 

in a significant taxic overinflation (Lee 1997b). 

In a crucial step in permitting a more in-depth study of pareiasaurs, Lee completed 

a comprehensive alpha taxonomic overhaul of the group in 1997 (Lee 1997b), and was the 
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first to complete a phylogenetic analysis confirming the monophyly of the clade (Lee 

1995b, 1997a).  Subsequent to these important papers, three new pareiasaurs - Bunostegos 

akokanensis Sidor et al., 2003, Arganaceras vacanti Jalil & Janvier, 2005, and Obirkovia 

gladiator Bulanov & Yashina, 2005 - have been named.  The 22 currently recognized 

taxa, along with their taxonomic authority and locality information are summarized below 

(Fig. 1.4).  

A revision of the biostratigraphic distribution of pareiasaurs and their close relatives 

There are many problems with correlations of terrestrial strata in the Permian.  

Most of the biostratigraphic correlations in this period are based on the relatively 

continuous deposits of the Karoo basin.  Although the sedimentary record of this basin is 

practically continuous from the Middle Permian until the early Middle Triassic (Rubidge 

1995, 2005), there is a lack of absolute dates for the sediments, primarily due to the lack of 

datable ash layers.  As a result, although the fossil record of the Middle and Late Permian 

is most complete and continuous in the Karoo basin, the exact age of the basin and the 

assemblage zones within it are not exactly known (Rubidge 1995, 2005).  The general age 

of divisions in the basin are known from biostratigraphic correlations with other basins 

and assemblages of known ages, with the sediments ranging from Wordian (Middle 

Permian) to Anisian (Middle Triassic) in age (Rubidge 1995; Catuneanu et al. 2005). 
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Fig. 1. 4. List of pareiasaur taxa with locality data. 

 

Other Middle and Late Permian faunas containing parareptiles include the Karoo-

related ones in Zambia and Tanzania, along with other faunas in Morocco, Niger, Russia, 

China, Brazil, and Western Europe (Germany, Scotland).  An approximate correlation of 

the major parareptile-containing faunas of the Middle and Late Permian is summarized 

below (Fig. 1.5).  

Despite their fairly recent alpha taxonomic revision accompanied by a short 

interpretation of the biostratigraphic patterns as understood at the time (Lee 1997a), the 

biostratigraphy of pareiasaurs has yet to be fully reviewed.  The last major biostratigraphic 

revision of the South African Karoo vertebrate fossils was that completed by Rubidge et 

al. in 1995, and at this time, the taxonomy of pareiasaurs was still unrevised, with 

identifications of taxa in this effort based primarily on the work of Kitching (1977).  Since 
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the alpha taxonomic revision of pareiasaurs by Lee (1997b) and the addition of newly 

named taxa, there has been a pressing need for an overall revision of the stratigraphic 

distribution of pareiasaurs, also a  necessity if one is to  include the pareiasaurs in any sort 

of biogeographic study.  The diversity of the pareiasaur fauna in the South African Karoo 

is much higher than any other area – 10 of the 22 currently recognized taxa are found here.   

Yet, despite their taxonomic diversity and their relatively high frequency, the true nature 

of distribution of pareiasaurs within the Assemblage Zones of the Karoo is not understood.  

Below is the most up-to-date revision of pareiasaur distribution in the Karoo of South 

Africa (Fig. 1.6), which forms the basis for work carried out later in this dissertation. 

 

Fig. 1. 5 Stratigraphic correlation of Middle and Late Permian parareptile-bearing 
localities. 
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Fig. 1. 6. Stratigraphic distribution of pareiasaur taxa in the Karoo basin of South Africa. 

 

CONCLUSION AND PREFACE TO THESIS 

The increased focus on parareptiles in recent years along with a more complete 

knowledge of their phylogenetic relationships allows more detailed morphological and 

taxonomic studies that will help to afford a better understanding of the evolutionary trends 

within this important clade of Permian amniotes. 

The recognition of the nycteroleters as the sister group to pareiasaurs (Tsuji 2006; 

Müller & Tsuji 2007) has implications for the polarization of characters in any analysis of 

the ingroup relationships of pareiasaurs.  One taxon in particular, Emeroleter levis is 

described in detail from a number of well-preserved specimens, and includes the first 

description of the postcranial skeleton of a member of this group.  In addition a 

comparative description of the other members of the clade will be completed based on the 

Russian specimens, including a revised alpha-taxonomy, and this information will then be 

included in a phylogenetic analysis of parareptilian relationships (Chapter 2). 

Given the intense debate concerning pareiasaurs and their role, or lack thereof, in 

the origin of turtles, they have been studied surprisingly little.  This thesis aims to 

redescribe the type material and new fossil material of the only German pareiasaur, 

Parasaurus geinitzi (Chapter 3) and also describe in detail the anatomy of Deltavjatia 

vjatkensis, a taxon from the Kotelnich locality in Russia represented by numerous and 

well-preserved material.  Given the favourable preservation, relatively large number, and 
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considerable size variation of the available material of Deltavjatia, it is also possible to 

examine allometric changes in the taxon.  A geometric morphometric analysis of skull 

material is completed, the first time quantitative growth patterns have been examined for a 

parareptile (Chapter 4). 

The new morphological information gained from the study of pareiasaurs will be 

included in a revised phylogenetic analysis of pareiasaurian relationships including the 

first Bayesian analysis of the group.  A brief examination of the stratigraphic record of 

pareiasaurs will be undertaken in addition to a stratocladistic analysis.  Results of this new 

analysis will serve as the basis for an examination of the biostratigraphy and biogeography 

of pareiasaurs, to look at possible methods of dispersal and migration within the group, 

and to see if these mirror those of other clades of the Middle and Late Permian (Chapter 

5). 

This study by no means aims to completely “redo” pareiasaurs as there are far too 

many specimens and taxa from all over the world to be able to see and redescribe them all.  

Instead, as there is in fact very little detailed anatomical information about the majority of 

pareiasaurs, the aim of this study is to redescribe two taxa in detail, and use this 

morphological information, the taxonomic framework established by Michael Lee, as well 

as the increasing well of knowledge regarding closely related parareptiles, to construct a 

phylogeny using both parsimony and Bayesian methods.  Increased knowledge of the 

interrelationships of these animals can help to discern evolutionary trends – both 

morphological and biogeographical – within the group, in addition to understanding their 

role in Late Paleozoic ecosystems. 
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Chapter 2 - Emeroleter levis and the Russian Nycteroleterid Parareptiles 

 

INTRODUCTION 

 

The nycteroleters 

Although the fossil remains of nycteroleters have been known since the early part 

of the 20th century (Efremov 1938), the true diversity, phylogenetic position, and 

importance of the taxa have only lately been elucidated.  Recent studies have shown this 

group to be the sister taxon of the large herbivorous pareiasaurs (Tsuji 2006) along with 

being the first known amniote taxa to have evolved a true impedance-matching (tympanic) 

middle ear (Müller & Tsuji 2007).  Despite this acknowledged importance, however, only 

one taxon belonging to this group, Macroleter poezicus Tverdokhlebova & Ivakhnenko, 

1984, has been described in detail, and the postcranial anatomy of the group remains 

poorly understood.  The clade is currently recognized to contain nine taxa within seven 

genera: Nycteroleter ineptus, Emeroleter levis, Bashkyroleter bashkyricus, Bashkyroleter 

mesensis, Tokosaurus perforatus, Macroleter poezicus, Macroleter agilis and 

Rhipaeosaurus tricuspidens (Reisz & Laurin 2001; Ivakhnenko & Kurochkin 2008).  

There is also an unnamed nycteroleterid recently identified from the Karoo Basin of South 

Africa (Cisneros & Tsuji 2009).  With the exception of this South African individual and 

Macroleter agilis, a taxon consisting of one specimen from the Middle or Lower Permian 

of Oklahoma (see Reisz & Laurin 2001, 2002 and Lucas 2002 for debate regarding this 

matter), all other nycteroleterids are found in the Middle and Upper Permian of Russia 

(Fig. 2.1). 

The first named nycteroleter, Nycteroleter ineptus Efremov, 1938, was discovered 

in the Mezen River Basin in the Arkhangel’sk Province in northern Russia (Efremov 

1938).  Macroleter poezicus and Bashkyroleter mesensis are the two other nycteroleters 

found in this assemblage (Ivakhnenko & Kurochkin 2008).  The age of this locality is not 

well constrained, likely ranging from the Upper Cisuralian to the end of the Guadalupian – 

dates based primarily on biostratigraphic correlation with other Late Permian faunas 

(Golubev 2005).  Three of the Russian nycteroleterids, Bashkyroleter bashkyricus, 

Tokosaurus perforatus, and Rhipaeosaurus tricuspidens belong to the Belebey fauna, 

which dates to the Late Kazanian (upper part of the Roadian) (Modesto & Rybczynski 

2000).  Emeroleter levis is the only nycteroleterid from the Kotel'nich locality, on the 

banks of the Vjatka River, in the Kirov Oblast.  This last taxon is the youngest of the 
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known nycteroleterids, with the sediments from the Kotel'nich locality dating to the 

earliest Lopingian – making it the only known Late Permian nycteroleterid (Fig. 2.2). 

 

Fig. 2. 1. Map of Western Russia showing nycteroleter-bearing localities (indicated by 
circles). Adapted from Modesto & Rybczyinski (2000). 

 
Despite the fairly large number of taxa, it was only recently that most of the 

sufficiently known nycteroleters were included in a phylogenetic analysis (Müller & Tsuji 

2007).  This analysis appeared to confirm their postulated monophyly, however, a 

Bayesian analysis with a related data set showed an alternative topology in which a 

monophyletic group containing the taxa Macroleter poezicus and Tokosaurus perforatus 

were more closely related to pareiasaurs than the other nycteroleters, suggesting that 

nycteroleters in fact grade into pareiasaurs rather than being a monophyletic sister clade 

(Tsuji et al. in press). 

The two non-Russian nycteroleters have either been considered in other works 

(Cisneros & Tsuji 2009) or are currently under study (Macroleter agilis). However, with 

the exception of Macroleter poezicus, the cranial anatomy of which has been reexamined 

(Tsuji 2006), the anatomy of the Russian taxa has not been recently reviewed.  In addition, 

continuing excavations in the Kotel'nich locality in the Kirov Province have unearthed 

well preserved and as of yet undescribed specimens of Emeroleter levis, which include 

postcranial remains.  These new and well-preserved specimens permit for the first time an 

in-depth examination of the postcranial skeleton of a nycteroleterid.  This chapter will 
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describe the complete skeleton of Emeroleter levis from the Kotelnich locality in Kirov 

Province, Russia, and redescribe in a comparative format the other Russian nycteroleter 

taxa.  This new information will then be incorporated into a phylogenetic analysis of 

parareptilian relationships as well as providing a revised taxonomy of the group. 

 

Fig. 2. 2. Stratigraphic distribution of nycteroleter taxa, NM QR3061 is the Karoo 
nycteroleter of Cisneros & Tsuji (2009). Adapted from Cisneros & Tsuji (2009). 

 

Taxonomic history of the nycteroleters 

Nycteroleter ineptus Efremov, 1938 was the first of the nycteroleters to be named 

and was considered to be a member of Family Procolophonidae, Subfamily 

Nyctiphruretinae, with Nyctiphruretus acudens Efremov, 1938.  Efremov (1940a) then 

named two new forms from localities in the area around the town of Belebey – 

Rhipaeosaurus tricuspidens Efremov, 1940a and Nycteroleter (now Bashkyroleter) 

bashkyricus (Efremov, 1940a).  These taxa he included with N. ineptus and Nyctiphruretus 

in the subfamily Nyctiphruretinae.  Chudinov (1955) named Rhipaeosaurus talonorophus 

(now Leptoropha talonophora), Nycteroleter kassini (now Nyctiboetus kassini) and 

Nyctiboetus liteus (now also Nyctiboetus kassini) and included these taxa with those 

already named in a new Family – Rhipaeosauridae, moving the taxa out of the 
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Procolophonidae.  Rhipaeosaurus (Leptoropha), however, was later identified as a 

seymouriamorph (reptiliomorph non-amniote tetrapod) and the other two were 

synonymized to Nyctiboetus kassini and assigned to Anthracosauria (another group of 

reptiliomorph non-amniote tetrapod) (Ivakhnenko et al. 1997). 

Watson (1942) also saw a close similarity between Nyctiphruretus and 

Nycteroleter, but Olson (1947) also emphasized the similarities between Nycteroleter and 

seymouriamorphs.  He placed all of these taxa along with diadectids, procolophonids, and 

pareiasaurs in a new Subclass of Reptilia he coined Parareptilia.  Romer (1956) considered 

Nycteroleter a very primitive procolophonid, with Rhipaeosaurus closely related to 

Nyctiphruretus, all within Procolophonoidea (though within Diadectidae), whereas Kuhn 

(1969), on the basis of the large otic notch, assigned Nycteroleter to the Seymouridae, and 

asserted Rhipaeosaurus’ close association with pareiasaurs. 

It was not until 1984 that more taxonomic work was completed on the 

nycteroleters. Macroleter poezicus and Tokosaurus perforatus were established by 

Tverdokhlebova and Ivakhnenko in 1984 (Tverdokhlebova & Ivakhnenko 1984).  The 

authors placed Macroleter along with Nycteroleter into the Family Nycteroleteridae, and 

placed Tokosaurus in a family of its own – Tokosauridae.  Finally in 1997, the 

nycteroleters Emeroleter levis and Bashkyroleter mesensis were named (Ivakhnenko 

1997).  Ivakhnenko undertook at this point a taxonomic reassessment of the clade, coining 

a new genus – Baskhyroleter for the new taxon Bashkyroleter mesensis, but also moving 

‘Nycteroleter’ bashkyricus into this genus as he felt that these two taxa more closely 

resembled each other than the type species of Nycteroleter.   

In the most recent review of the Russian members of the nycteroleters (Ivakhnenko 

& Kurochkin 2008), they were included in a paraphyletic Nycteroleteroidea along with the 

lanthanosuchids, and a more inclusive group contains the elginiid pareiasaur Obirkovia 

gladiator (Ivakhnenko & Kurochkin 2008).  The names Nycteroleteroidea and 

Nycteroleteridae were attributed in this work to Romer (1956), but Romer himself only 

names Nycteroleterinae as a subfamily of the Procolophonidae, so it is most likely that the 

authors of the later work expanded the initial root name to other ranks. 

The inclusion of nycteroleters in quantitative phylogenetic analysis (Lee 1993, 

1997a, deBraga & Rieppel 1997) confirmed their placement within Parareptilia, closely 

related to procolophonids, with the most recent analyses (Tsuji 2006, Reisz et al. 2007, 

Müller & Tsuji 2007, Tsuji et al. in press) demonstrating a sister-group relationship 

between the nycteroleters and Pareiasauria. 
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The Kotel’nich locality 

Paramount to the redescription of Emeroleter levis in this chapter are the extremely 

well-preserved fossils of the taxon recovered from the Kotel’nich locality.  This locality is 

a practically continuous 18-20 km long exposure of strata running south from the 

Kotel’nich Port along the western bank of the Vjatka River in the Kirov Region in western 

Russia (Fig. 2.3). The fossils are contained in a red mudstone (Coffa 2007). Kotel’nich has 

produced a wide range of Permian amniotes, including the anomodonts Suminia 

getmanovi, Australobarbus kotelnitshi, and Vivaxosaurus permicus, the gorgonopsian 

Viatkogorgon ivakhnenkoi, the therocephalian Vyatkosuchus sumini, Proburnetia 

vyatkensis, and the parareptiles Nyctiphruretus acudens, Deltavjatia vjatkensis (described 

in Chapter 4), and Emeroleter levis (Ivakhnenko et al. 1997).  The Kotel’nich locality 

preserves an interesting parareptilian fauna, with three different groups co-existing – the 

last of the nycteroleters and one of the older pareiasaurs together with the enigmatic 

Nyctiphruretus. This parareptilian fauna is part of a very diverse, herbivore-dominated 

assemblage that included the first-known arboreal amniote (Fröbisch & Reisz 2009). 

 

ANATOMICAL DESCRIPTION OF EMEROLETER LEVIS 

 

SYSTEMATIC PALEONTOLOGY 

 

AMNIOTA Haeckel, 1866 

REPTILIA Laurenti, 1768 

PARAREPTILIA Olson, 1947 

Emeroleter levis Ivakhnenko, 1997 

Revised diagnosis—A medium-sized nycteroleteromorph parareptile possessing 

the following autapomorphies:  presence of unique sculpturing consisting of regularly-

spaced small round pits in an otherwise smooth skull, posteriorly strongly elongated 

supratemporals that form narrow and long horns, enlarged unscultpured otic notch 

extending almost to posterior rim of orbit, posterior end of quadratojugal curves upwards 

forming a small horn, middle pterygoid denticle ridge stretches from area of basipterygoid 

joint to posterior edge of choana and does not adjoin vomeropalatine ridge.  Differentiated 

from other closely related parareptiles in the extremely gracile limb elements and 

sigmoidal curve in the femur. 
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Fig. 2. 3. The Kotel’nich locality; Map (a) showing location of Kotel’nich and the 
Kotel’nich localities, and photograph of Kotel’nich locality (b) alongside the Vyatka River. 
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Holotype—PIN 2212/92 (Fig. 2.4): Isolated skull, dorso-ventrally flattened. 

Referred specimens—PIN 2212/14 (Fig. 2.5): partial skull, PIN 2212/89: 

fragmentary skull, KPM uncat/E1 (Fig. 2.6): complete articulated skeleton prepared in 

situ, KPM uncat/E2 (Figs. 2.7; 2.8; 2.9): mostly complete articulated skeleton and skull, 

part and counter part, KPM uncat/E3 (Fig. 2.10): mostly complete skull and fragmentary 

postcranial remains, KPM uncat/E4: partial articulated postcranial skeleton with partial 

skull prepared in situ. 

Locality and horizon—Vjatka River, Town of Kotel'nich, Kirov Province, Russia. 

late Permian, earliest Lopingian (Lowermost Upper Tatarian (Severodvinskian Gorizont), 

lowermost Wuchiapingian.).  Specimens found in red mudstone in a series of localities 

that stretch around 20km on the western bank of the Vjatka River near the town of 

Kotel’nich.  Roughly correlated with the Pristerognathus Assemblage Zone of the South 

African Karoo Basin. 

 

Cranial anatomy 

The sculpturing of the skull of Emeroleter levis is very distinctive, even among the 

other nycteroleterids.  The circular, round pits are small, and very regular in size and 

distribution and as a result looks very uniform over the entire skull.  The skull itself is 

basically triangular in shape and is quite gracile.  There is a single median embayment of 

the posterior skull table, which is an even more extreme exaggeration of the morphology 

seen in other nycteroleters, a feature emphasized by the ‘horn-like’ morphology of the 

posterolateral corner of the skull table.  All of the available specimens except for one 

partial skull have been dorso-ventrally crushed, making some of the cranial anatomy 

difficult to discern.  There is an extremely sharp delineation between the skull roof and the 

cheek region, defined by a prominent ridge formed by the lateral edges of the postorbital 

and the supratemporal, and a severe undercut, ventral to which lies the otic notch.  Skull 

reconstruction in dorsal and lateral view (Figs. 2.11a, b) is based on all available 

specimens, but primarily PIN 2212/14, KPM uncat/E1, KPM uncat/E2, and PIN 2212/92. 
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Fig. 2. 4. Emeroleter levis PIN 2212/12 (holotype) photographs and drawings of the skull 
in dorsal (a) and ventral (b) views.  Abbreviations; f – frontal, j – jugal, la – lacrimal, la. 
for. – lacrimal foramen, m – maxilla, n – nasal, p – parietal, pbs – parabasisphenoid, pm – 
premaxilla, po – postorbital, pof – postfrontal, prf – prefrontal, pt – pterygoid, qj – 
quadratojugal, st – supratemporal. 
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Fig. 2. 5. Emeroleter levis PIN 2212/14 photographs and drawings of the skull in dorsal 
(a) and right lateral (b) views. Abbreviations; ec – ectopterygoid, f – frontal, j – jugal, la – 
lacrimal, m – maxilla, n – nasal, p – parietal, pal – palatine, pf – postfrontal, pm – 
premaxilla, po – postorbital, prf – prefrontal, pt – pterygoid, qj – quadratojugal, st – 
supratemporal, sub. for. – suborbital foramen. 
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Fig. 2. 6. Emeroleter levis KPM uncat/E1 skeleton in dorsal view. Abbreviations; acr – 
acromion process, as-ca – astragalocalcaneum complex, cle – cleithrum, ect – 
ectepicondyle, ent. for. – entepicodylar foramen, f – frontal, fe – femur, fib – fibia, gast – 
gastralia, hu – humerus, int – intermedium, j – jugal, m – maxilla, n – nasal, p – parietal, 
pbs – parabasisphenoid, pf – postfrontal, pm – premaxilla, po – postorbital, prf – 
prefrontal, pt – pterygoid, qj – quadratojugal, ra – radius, rad – radiale, sca – scapula, st 
– supratemporal, t – tabular, tib – tibia, ul – ulna, uln – ulnare. 
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Fig. 2. 7. Emeroleter levis KPM uncat/E2 photographs and drawings of the skull in dorsal 
(a), ventral (b), and left lateral (c) views. Abbreviations; a – angular, cbl – 
ceratobranchial, cl – clavicle, d – dentary, ec – ectopterygoid, h1 – hyoid, j – jugal, la – 
lacrimal, m – maxilla, n – nasal, p – parietal, pa – palatine, pbs – parabasisphenoid, pf – 
postfrontal, pm – premaxilla, po – postorbital, pra – prearticular, prf – prefrontal, pt – 
pterygoid, qj – quadratojugal, ra – radius, sa – surangular, sq – squamosal, st – 
supratemporal, v – vomer. 
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Fig. 2. 8. Emeroleter levis KPM uncat/E2 photograph and drawing of the atlas-axis 
complex in ventral view. Abbreviations; atn – atlas neural arch, ati – atlantal 
intercentrum, axi – axial intercentrum, pbs – parabasisphenoid. 
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Fig. 2. 9. Emeroleter levis KPM uncat/E2 photograph and drawing of the postcranial 
skeleton. Abbreviations; fe – femur, gast – gastralia, hu – humerus, ra – radius, ul – ulna. 
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Fig. 2. 10. Emeroleter levis KPM uncat/E3 photograph and drawing of the specimen.  
Abbreviations; f – frontal, hu – humerus, n – nasal, pf – postfrontal, pm, premaxilla, po – 
postorbital, prf – prefrontal, qj – quadratojugal, st – supratemporal, ul – ulna. 
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Fig. 2. 11. Reconstruction of the skull of Emeroleter levis in dorsal (a) and lateral (b) 
views. 
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Skull roof 

Premaxilla—(Figs. 2.4a, b; 2.6; 2.7a). The premaxilla is the anteriormost element 

of the skull and is unsculptured.  The bone is basically triradiate in structure, with a dorsal 

process contacting the nasal, a lateral tooth-bearing portion that sutures with the maxilla, 

and a posterior process that forms the contact on the palate with the vomer.  The dorsal 

process is thin and relatively tall, such that the nares point primarily anteriorly.   It is 

noticeably more gracile than the dorsal process of the maxilla seen in Macroleter poezicus 

(Tsuji 2006).  The thinness of the dorsal process relative to the nasal and the maxilla also 

gives the very anterior portion of the skull a pointed aspect in dorsal view (Fig. 2.4a).  

Ventral to the dorsal process of the premaxilla, a lateral process bears the anteriormost 

teeth in the upper jaw.  There appears to be space for a minimum of four, and more likely 

five teeth in the premaxilla, the same number as found in the closely related Macroleter 

and Bashkyroleter mesensis (Ivakhnenko 1997).  The palatal posterior process of the 

premaxilla contacts the vomer, but either this suture is obscured or this area is missing in 

known specimens. 

Maxilla—(Figs. 2.4, 2.5, 2.7).  The maxilla bears the lateral tooth row in 

Emeroleter.  There are 27 tooth positions in the holotype PIN 2212/92, although the 

posterior tip of the maxilla is missing on both sides, so a tooth position or two might be 

missing from this count.  In the isolated skull of KPM uncat/E2 the full tooth row is not 

completely visible to the end of the maxilla and only approximately 22 tooth positions can 

be observed. Unlike the bones of the skull roof, the maxilla of the small specimen of 

Emeroleter (KPM uncat/E2) does not bear the sculpturing diagnostic for the taxon.  

Instead the smooth lateral (external) surface of the maxilla is perforated by a series of 

small foramina, with a series running just above the tooth row and another patch just 

anterior to the suture with the lacrimal (Fig. 2.7c).  In the largest known specimen, PIN 

2212/14, the maxilla is more similar in form to that of Macroleter, in which the ventral 

part of the bone remains unsculptured but the sculpture does appear on the dorsal process.  

The maxilla itself has a relatively tall but wide dorsal process that contacts the nasal, 

excluding the lacrimal from reaching the naris, and forms the entire posterior, and a small 

bit of the dorsal rim of this latter structure (Fig. 2.4a).  The maxilla of Emeroleter has an 

exceptionally long posterior process that extends significantly past the end of the tooth 

row, and forms a relatively long suture with the anterior process of the quadratojugal, 

completely excluding the jugal from the ventral cheek margin (Fig. 2.5b).   
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The teeth themselves are simple, pointed and conical.  The anteriormost teeth on 

the maxilla are slightly recurved.  There is no evidence of defined cutting edges, nor are 

vertical grooves present – a morphology assumed to represent infolding of the enamel 

seen on some specimens of Macroleter (Tsuji 2006).  Some of the maxillary teeth display 

a slight labio-lingual compression in comparison with the premaxillary and more anterior 

maxillary teeth, a feature described by Ivakhnenko (1997) as a “petaliform” expansion of 

the crowns.  

Lacrimal—(Figs. 2.4a; 2.5; 2.7a, c). The lacrimal partially underlaps the dorsal 

process of the maxilla and is at least externally excluded from the naris by the tall and 

wide dorsal process of the latter element (Fig. 2.4a).  The ventral and posterior process of 

the lacrimal forms the anteroventral section of the orbital rim, with its posteriomost limit 

reaching further posteriorly to form a short suture with the anterior process of the jugal.  

Within the orbital rim, the lacrimal bears two small foramina close to the dorsal edge of 

the bone, near its suture with the prefrontal (Fig. 2-4a).  The majority of the lacrimal is 

unsculptured. 

Nasal—(Figs. 2.4a; 2.6; 2.10). The nasal is a rectangular element that forms the 

majority of the dorsal portion of the snout in Emeroleter and is sculptured.  Its 

anteriormost end underlies the thin dorsal process of the premaxilla and forms the dorsal 

border of the naris.  Posteriorly it sutures with the frontal, and on its lateral edge it meets 

the maxilla anteriorly (excluding the lacrimal from the naris) and the lacrimal posteriorly 

(Fig. 2.4a). 

Prefrontal—(Figs. 2.4a; 2.5a, b; 2.6; 2.7a; 2.10). The prefrontal makes up the 

antero-dorsal border of the orbit.  It is a small element that lies lateral to the frontal and 

dorsal and posterior to the lacrimal.  It contacts the nasal anteromedially.  In Emeroleter, 

as in other nycteroleters, the prefrontal does not contact the postfrontal as it does in 

pareiasaurs (Lee et al. 1997).  The prefrontal has a ventrally-directed process that lies 

within the orbital rim, lining the posterior edge of the lacrimal.  This process makes 

contact with the palate, but this contact is not particularly strong (Fig. 2.5b). 

Frontal—(Figs. 2.4a; 2.5a, b; 2.6; 2.7a; 2.10). The frontal is a basically rectangular 

bone that, unlike the condition in pareiasaurs, does form the dorsalmost portion of the 

orbital rim, excluding the prefrontal and frontal from making contact.  It forms a long, 

straight suture with its pair at the midline of the skull.  The regular sculpture of small 

round pits is present throughout the dorsal surface of the bone (Fig. 2.5a).  The anterior 
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suture with the prefrontal is directed anteromedially, so that the frontal tapers to a blunt 

point anteriorly where it forms an interdigitating suture with the nasal. 

Parietal—(Figs. 2.4a; 2.5a; 2.6; 2.7a; 2.10). The parietal makes up the majority of 

the skull table.  The parietal or pineal foramen is contained entirely within the bone.  In 

the smaller skulls of Emeroleter the foramen is relatively small (Fig. 2.6), but in the larger 

specimens it is proportionately larger in comparison (Fig. 2.4a).  The foramen itself is 

almost completely circular, contrasting with the teardrop shape seen in Macroleter (Tsuji 

2006).  Anteriorly the parietal sutures with the frontal and laterally it forms a short suture 

with the postfrontal before forming a longer, posterolaterally-directed suture with the 

postorbital (Fig. 2.5a).  The last section of this lateral suture is made with the 

supratemporal.  The paired parietals meet in a straight median suture, only interrupted by 

the parietal foramen, which is positioned anterior to the midpoint of the midline suture 

(Fig. 2.6).  The parietal forms the majority of the posterior edge of the skull table. The 

edge itself is directed anteromedially such that it forms a wide ‘v’ in dorsal view.  The 

parietal contacts the postparietal and the tabular posteriorly. 

Postparietal—No complete postparietal is preserved in a known specimen of 

Emeroleter. 

Tabular—(Fig. 2.6). The tabular, like that of Macroleter is a small, thin bone that 

is located on the occipital region of the skull and is not integrated into the skull table.  It 

instead runs posterior and slightly ventral to the parietal, making contact with a small 

occipital flange of the supratemporal (Fig. 2.6).  The element does not bear the sculpturing 

seen on the bones of the skull table. 

Supratemporal—(Figs. 2.4a; 2.6; 2.7a). The presence of a large supratemporal is 

characteristic of parareptiles (Laurin & Reisz 1995), and this is no exception in 

Emeroleter, where the bone is even proportionately larger than seen in other nycteroleters.  

As indicated in the definition of the taxon, the supratemporal forms a posterolateral horn 

that curves slightly medially at the tip (Figs. 2.6; 2.7a).  The supratemporal contacts the 

postfrontal anteriorly and the parietal medially.  Posteriorly it appears to make contact 

with a long, thin tabular.  Laterally there is a distinct and severe undercut dorsal to the 

large temporal (or otic) notch below, with the supratemporal forming a prominent, thin, 

and sculptured laterally-projecting ridge, continuing from the postorbital.  An 

unsculptured ventral flange of the supratemporal takes part in the otic notch and forms a 

suture with the squamosal.  
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Postfrontal—(Figs. 2.4a; 2.5a, b; 2.6; 2.7a, c; 2.10). The postfrontal is a triangular 

element that lies posterolateral to the frontal, anterolateral to the parietal, and medial to the 

postorbital, and as stated above, is excluded from contact with the prefrontal by a lateral 

extension of the frontal that forms the orbital rim (Fig. 2.4a).  The postfrontal thus appears 

much broader than the prefrontal (Fig. 2.5a), the opposite of the arrangement seen in 

Macroleter (Tsuji 2006).  The postfrontal of Emeroleter bears the typical sculpturing 

throughout. 

Postorbital—(Figs. 2.4a; 2.5a, b; 2.6; 2.7a, b; 2.10). The postorbital is a prominent 

bone, that, like its name suggests, forms the posterior border of the orbit.  It is 

subrectangular in shape, contacting the supratemporal posteriorly, the parietal and 

postfrontal anterolaterally, and a small part of the jugal and the squamosal ventrally.  The 

majority of the bone lies on the skull roof, but a process continues along the posterior rim 

of the orbit, eventually reaching ventrally to make contact with the thin dorsal process of 

the jugal (Fig. 2.5b).  The postorbital is just excluded from the unsculptured otic notch, but 

does form the anterodorsal limit of this feature.  The bone is also sculptured throughout, 

except along the orbital rim where it is smooth. 

Jugal—(Figs. 2.4a; 2.5a, b; 2.6; 2.7a, c). The jugal is a lunate element that forms 

the posteroventral section of the orbit.  The entire external surface of the bone is 

sculptured.  The long anterior process of the jugal forms a short suture with the posterior 

process of the lacrimal and the former element is underlain by the maxilla for its entire 

length.  In a morphology that differs from other nycteroleters, the jugal is excluded from 

the ventral border of the cheek by an extended suture of the maxilla with the 

quadratojugal.  Dorsally the jugal forms a short but interdigitating suture with the ventral 

process of the postorbital and the bone is thickened in this area.  The dorsal process of the 

jugal is also angled posterodorsally, so that the orbit is emarginated posterodorsally (Fig. 

2.5b).  The quadratojugal forms the ventral and the squamosal forms the dorsal portion of 

the suture with the posterior edge of the jugal. 

Squamosal—(Figs. 2.5b; 2.7c). Whereas the jugal is entirely sculptured, the 

squamosal, contained almost entirely within the otic notch, bears no sculpturing 

whatsoever (Fig. 2.5b).  The element is basically semicircular in shape, suturing with the 

supratemporal dorsally, the postorbital anterodorsally, the jugal anteroventrally and the 

quadratojugal ventrally.  The bone comprises a large plate that is angled medially towards 

the posterior end.  The extent of the otic notch is notable in this taxon, extending almost to 

the orbit anteriorly and far ventrally onto the quadratojugal.  It is much larger in 
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proportion to the size of the skull than that observed in Macroleter (Tsuji 2006), 

suggesting that the hearing of this animal was even more acute than that of its relative, as 

the area of the tympanum is related to the effectiveness of hearing (Müller & Tsuji 2007). 

Quadratojugal—(Figs. 2.5a, b; 2.6; 2.7a, c). The quadratojugal of Emeroleter is 

very distinctive from that of all other nycteroleterids.  Its posteriormost part tapers and 

curves dorsally to form a small horn or spine, an autapomorphy of the taxon (Fig. 2.6).  

Probably in part due to this extension, the quadratojugal is very long in this taxon.  The 

ventral part of the element forms the posteroventral margin of the cheek and does not dip 

below the level of the tooth row, as is the case in Macroleter and the pareiasaurs (Lee 

1997b, Tsuji 2006).  While the anterior and ventralmost portions of the element are 

sculptured, the horn and the dorsal external surface are a part of the smooth otic notch, the 

two sections being separated by a noticeable ridge in addition to the change in texture 

(Fig. 2.5a). 

 

Palate 

The palate of Emeroleter is known only from two imperfectly preserved specimens 

so the detailed anatomy of this part of the skull cannot be fully described.  Although it is 

difficult to tell for sure, it appears that the field of small denticles present on the vomer, 

palatine, and anterior part of the pterygoid in Macroleter are not present in Emeroleter. 

Vomer—(Fig. 2.7b). The vomer is mostly obscured in the specimens currently 

known, but a portion of it can be seen in KPM uncat/E2.  A row of small denticles can be 

seen on the medial edge of the vomer, at the midline suture where the two elements meet. 

Palatine—(Fig. 2.7b). The palatine is also very obscured.  It is apparent that the 

raised row of denticles seen running anterolaterally on the pterygoid continue on the 

palatine. 

Ectopterygoid—Details of the morphology of the ectopterygoid cannot be 

discerned in the available specimens of Emeroleter, although a large suborbital foramen, 

contained between the ectopterygoid, palatine, and jugal can be seen in the dorsal view of 

the palate (Fig. 2.5a). 

Pterygoid—(Figs. 2.4b; 2.7b). Portions of the pterygoid have been preserved in 

KPM uncat/E2 and PIN 2212/92, visible in ventral view, though a lot of the morphology is 

still obscured by matrix.  The lateral flange of the pterygoid is directed almost entirely 

laterally, and a row of sharp denticles or teeth can be seen lining the ventral ridge, similar 

to the condition seen in Macroleter (Tsuji 2006).  A prominent row of denticles can also be 
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seen lining the interpterygoid vacuity.  A portion of the basicranial articulation with the 

parabasisphenoid of the braincase can be seen in PIN 2212/14, and it appears that the two 

elements are solidly sutured such that no movement would have been possible between the 

two elements (Fig. 2.4b).  This morphology is shared with Macroleter and pareiasaurs, and 

differs from that seen in most other parareptiles where the basicranial articulation is 

mobile, or at least not sutured (Lee 1995b). 

Epipterygoids—No epipterygoids are preserved in any of the specimens of 

Emeroleter. 

Quadrate—The pterygoid flange of the quadrate is very long, forming an 

extensive suture with the pterygoid, with the quadrate lying on the anterior surface of this 

latter element.  A small sliver of the quadrate can be seen exposed in posterolateral view, 

however the nature of the condyle for the articulation with the mandible cannot be seen. 

 

Braincase 

Most of the Emeroleter specimens that exist are skulls that lack the braincase or are 

prepared in situ with only the dorsal side exposed.  Of those two with part of the braincase 

preserved, it is not completely exposed, so only a partial description of the braincase 

elements can be completed. 

Parabasisphenoid—(Fig. 2.4b; 2.7b). In parareptiles the parasphenoid and 

basisphenoid often fuse into a single element, termed the parabasisphenoid.  The anterior 

portion of this element has been preserved in the holotype PIN 2212/92.  The general 

shape appears to be that of an hourglass, with the anterior end being flared and a 

constricted middle, a morphology similar to other derived parareptiles (Carroll & Lindsay 

1985; Tsuji 2006).  As far as can be determined from the available specimens, there is no 

evidence of a cultriform process.  A highly reduced or absent cultriform process is a 

condition shared by Macroleter (Tsuji 2006), and there is little evidence for a long 

cultriform process in the other nycteroleters (Ivakhnenko 1997). 

Prootic and Opisthotic—The nature of the paroccipital process, formed by the 

prootic and opisthotic cannot be determined due to the presence of matrix in KPM 

uncat/E2. 

Supraoccipital and Exoccipitals—No supraoccipital or exoccipitals can be seen 

in the available specimens. 

Basioccipital—The basioccipital of KPM uncat/E2 is obscured by elements of the 

atlas-axis complex. 
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Stapes—There is no stapes preserved in the available specimens of Emeroleter, 

and due to this situation, along with a lack of exposure of other key braincase elements, 

little comparison of hearing ability or structures can be made with Macroleter poezicus.  

However the large size of the otic notch and with the tympanic region of the skull and 

most of the other external braincase structures being very similar to Macroleter (Tsuji 

2006), it can be inferred that Emeroleter had a very large tympanum, indicating that it, like 

Macroleter had effective tympanic hearing (Müller & Tsuji 2007). 

 

Mandible 

In all specimens where it is present, the mandible of Emeroleter remains occluded 

to the skull, so it is difficult to see all of the features, especially those elements exposed on 

the internal surface.  The mandible is best preserved in KPM uncat/E2. 

Dentary—(Figs. 2.7b, c). The mandible of Emeroleter is still occluded to the skull, 

and so only the ventral and some of the lateral and medial views of the dentary can be 

seen.  The dentary is the only tooth-bearing bone of the mandible, and like the rest of the 

elements, is unsculptured along its length.  The dentary constitutes the majority of the 

external surface of the mandible, with its posteroventral border formed in a long suture 

with the angular and its posterodorsal border is formed by the surangular.  Interiorly the 

dentary is bounded by the splenial such that it has minimal exposure on the ventral 

surface. 

Splenial—(Fig. 2.7b) Only a sliver of the splenial can be seen in ventral view in 

KPM uncat/E2.  It sutures with the anterior half of the dentary medially.  Matrix and other 

fragments obscure the symphysis of the lower jaw, so it is not possible to discern whether 

this element is excluded from the symphysis as it is in Macroleter (Tsuji 2006). 

Coronoid—The coronoid is not visible in the available specimens of Emeroleter. 

Prearticular—(Fig. 2.7b). A small sliver of the prearticular is exposed in KPM 

uncat/E2 just internal to the angular and immediately anterior to the articular. 

Surangular—(Fig. 2.7c). The surangular is a long element, and it can be estimated 

that it would have extended beyond the coronoid if more of that bone were visible in the 

available specimens, as is the case in Macroleter (Tsuji 2006).  In KPM uncat/E2 it is 

possible to see a small shelf projecting laterally at the dorsal edge of the bone (Fig. 2.7c). 

Angular—(Figs. 2.7b, c). The angular can be seen externally.  It forms most of the 

posterior part of the external side of the mandible.  The dorsal edge of the element is 
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formed by a suture with the surangular, and ventrally (and slightly internally) it meets the 

prearticular.  Posteriorly the bone sutures with the articular (Fig. 2.7b). 

Articular—(Fig. 2.7b). A portion of the articular can be seen in KPM uncat/E2 in 

ventral view (Fig. 2.7b).  The element lies dorsal and posterior to the prearticular on the 

internal surface of the mandible, internal to the surangular and angular.  The bone 

articulates with the quadrate on the skull, however the nature of this articulation cannot be 

discerned.  It is apparent, however, that the jaw articulation would have occurred at least 

as far posterior as the occiput if not further back. 

 

Hyoid apparatus 

In KPM uncat/E2 the hyoid apparatus is preserved in what appears to be close to 

its natural position and mostly articulated (Fig. 2.7b).  This element is also preserved and 

has been described in a number of other parareptilian taxa, including Macroleter poezicus 

(Tsuji 2006), Procolophon trigoniceps (Carroll & Lindsay 1985), Owenetta kitchingorium 

(Reisz & Scott 2002), and some pareiasaurs (Lee 1995b).  The hyoid complex in 

parareptiles consists of three parts, the medial copula or corpus hyoideum, and a pair of 

lateral ceratohyals.  In KPM uncat/E2 the elements are well preserved.  The copula retains 

a bowtie shape, with a constricted middle and ends that flare laterally, but it also has two 

posteriorly directed processes (Fig. 2.7b), a feature not present in the closely related 

Macroleter (Tsuji 2006). 

The lateral ceratohyals are each longer than the copula itself.  They are long and 

thin, with a slightly constricted middle.  They appear to have articulated with the copula at 

its widest lateral section (Fig. 2.7b). 

 

Postcranial 

This is the first time that the postcranial of a nycteroleter is described in any detail, 

with Chudinov’s (1957) description of the partial postcranium of ‘Nycteroleter’ (now 

Bashkyroleter) bashkyricus and Rhipaeosaurus tricuspidens being the only other 

description of nycteroleter postcrania.  The postcranium of Emeroleter is very gracile in 

form, with long slender limb and carpus and tarsus elements. 

 

Axial skeleton 

Vertebral column—(Figs. 2.6; 2.7a; 2.9). The presacral vertebral count is 

approximately 25.  The dorsal vertebrae have the swollen neural arches that are typical for 
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parareptiles, with the postzygapophyses and area around the neural arch being very well 

defined or swollen.  This morphology is very similar to that seen in the seymouriamorphs, 

a group of stem amniotes (Romer 1956), and many researchers included the nycteroleters 

in this group because of such morphological similarities.  The vertebrae of Emeroleter are 

distinct from those of the seymouriamorphs, however, in that they are longer antero-

posteriorly (the width of the neural arch is only about two times the centrum length), with 

the neural arch being positioned further anteriorly in Emeroleter. This results in a greater 

distance between the postzygapophyses of consecutive vertebrae than is seen in 

seymouriamorphs.  The neural spines of the vertebrae appear to be reduced in Emeroleter.  

In the well-preserved specimen KPM uncat/E1, the structure at the top of the neural arches 

can be described as a thin antero-posteriorly-directed ridge with only minimal elevation 

from the body of the neural arch (Fig. 2.6). This condition is also similar to that seen in 

seymouriamorphs, and it is also similar to the condition seen in Macroleter (Tsuji pers. 

obs.). 

The cervical portion of the vertebral column consists of approximately 5 or 6 

vertebrae, which are not particularly elongate, and differ little in form from the rest of the 

dorsal vertebrae.  A few of the elements of the atlas-axis complex are visible in 

posteroventral view in KPM uncat/E2 (Fig. 2.8).  The two atlas neural arches are visible, 

and take the form of a tall ‘neck’, capped with a laterally-projecting flat process.  Slightly 

anterior to this structure is the probable atlantal intercentrum, which is ovoid in ventral 

view.  A small, disarticulated element lying just medial to the atlantal neural arch is 

identified as the axial intercentrum.  The remaining elements of the atlas-axis complex are 

not visible. 

A portion of the dorsal vertebral column can also be seen in lateral and ventral 

view in KPM uncat/E2.  The centra bear a distinctive ventral keel (Fig. 2.9), differing from 

the morphology of the only other nycteroleter of which the vertebral morphology is 

known, Macroleter poezicus (Cisneros & Tsuji 2009; Tsuji pers. obs.), demonstrating that 

the ventral part of the centrum lacking a keel is not a universal character among the 

nycteroleters. 

While the entire tail of Emeroleter is not preserved, in KPM uncat/E1 (Fig. 2.6), 

what looks like the terminal or at least close to the terminal caudal vertebra is preserved.  

The middle section of the tail is missing (and reconstructed in plaster) but the proximal 

and distal ends are preserved seemingly in place.  In an approximate measurement, the tail 

is actually 1/3 longer than the presacral vertebral column, although the length of the 
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missing vertebrae are only estimated, and an assumption has been made that the terminal 

section of the tail did not drift away a considerable amount from the anterior portion.  

However, considering the complete unaltered state of the rest of the skeleton, including the 

complete articulation of the manus and pes, this scenario is unlikely. 

Intercentra—(Fig. 2.9). The ventral aspect of the vertebral column is visible in 

KPM uncat/E2 such that the intercentra are also visible.  These elements are very similar 

in morphology to those of other known nycteroleterids including Macroleter and the 

nycteroleterid from South Africa (Cisneros & Tsuji 2009), and are also very similar to 

those of Procolophon (deBraga 2003).  The intercentrum is an elongated oval with pointed 

corners, and was likely wedge-shaped in lateral view (Fig. 2.9). 

Ribs—(Figs. 2.6; 2.9). The ribs of Emeroleter seem to have a distinct ventral 

sulcus, but are otherwise fairly conservative.  The head of the ribs are broad (tall), and 

appear to bear holocephalus (single-headed) articulations with the vertebrae, and curve 

gently backwards.  The presence of a lumbar region, with posterior dorsal vertebrae 

lacking ribs is a character that has been discussed to be a synapomorphy of nycteroleterids 

(Lee 1995b), and this condition is also confirmed in KPM uncat/E2 and KPM uncat/E2.  

The posterior ribs are significantly shorter and more severely recurved than those around 

the anterior portion of the presacral vertebral column.  There are approximately 7-8 

posterior dorsal vertebrae that do not bear ribs (Figs. 2.6; 2.9) – thus are here termed 

lumbar vertebrae. 

Gastralia—(Fig. 2.9). The preservation and careful preparation of KPM uncat/E2 

in partial ventral view allows for the observation that gastralia are present in Emeroleter, 

and gastralia-like structures can also be seen in KPM uncat/E2 (Fig. 2.9).  Although 

certainly not complete, a series of very thin stick-like structures can be seen lying ventral 

to the ribs very close to the vertebral column.  Although gastralia are common structures in 

many Paleozoic anamniote tetrapods (Romer 1956, Witzmann 2007), they are not present 

as consistently in amniotes of the same time period.  Among parareptiles, gastralia have 

been described in Procolophon (deBraga 2003), but are seemingly absent in pareiasaurs.  

There is also no evidence of their presence in Nyctiphruretus (Tsuji pers. obs.) or 

Macroleter, although as they are such fine structures, they can easily be prepared away if 

careful attention is not paid. 
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Appendicular skeleton 

The appendicular skeletal elements of Emeroleter levis are gracile, but relatively 

long in comparison with the size of the body, especially the manus and the pes.  The lower 

limb is especially atypical for parareptiles in its proportions. 

Scapulocoracoid—(Fig. 2.6) In KPM uncat/E1, an element identified as a 

cleithrum can be seen lying along the anterior edge of the scapular blade (Fig. 2.6).  It is 

prominent but it does not actually cap the scapula anterodorsally as it does in other 

parareptiles in which it is present (Lee 1995b).  The scapula itself is very long and thin, 

consisting of a flat plate of bone that flares only slightly at its dorsal end.  There appears to 

be a small acromion process on the anterior part of the scapular blade, visible in KPM 

uncat/E1 (Fig. 2.6). 

Clavicle—(Fig. 2.7a). Part of the left clavicle can be seen in KPM uncat/E2, 

originating ventral to the vertebral column and then curving upwards and backwards 

where it would have, presumably, attached to the scapula (Fig. 2.7a). 

Interclavicle—The interclavicle is not exposed or preserved in any of the 

specimens of Emeroleter. 

Humerus—(Figs. 2.6; 2.9; 2.10). The humerus of Emeroleter is very gracile in 

form, with the ends only slightly flared in comparison with the length.  The ends appear to 

be twisted at about a 45-degree angle to each other.  The proximal end is flared, and 

appears to be much larger than the distal end (Fig. 2.10). The distal end, as mentioned 

above, is not particularly flared, but the entepicondyle is very much reduced.  There does 

appear to be a groove representing the ectepicondylar foramen seen in KPM uncat/E1, 

though the exact morphology is not clear.  What is likely an entepicondylar foramen can 

be seen on the dorsalmost part of the anterior side of the bone (Fig. 2.6). 

Radius—(Figs. 2.6; 2.9; 2.10). The radius is very long and gracile.  It flares very 

slightly at the proximal end, but otherwise has very few features of note other than its 

extreme thinness. 

Ulna—(Figs. 2.6; 2.9; 2.10). While the ulna cannot be seen from all angles and is 

not completely exposed in any specimen, it is apparent that the olecranon is not 

particularly tall or pronounced, with no noticeable sigmoidal notch (Fig. 2.6), with which 

in other closely related tetrapods it would articulate with the trochlear condyle of the 

humerus.  This articular surface appears to be restricted to the proximal end of the element 

in Emeroleter. 
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Carpus—(Figs. 2.6; 2.7a). The manus is relatively large, but also relatively robust 

in form. The elements of the proximal carpus are relatively large and appear to be fairly 

well defined.  In KPM uncat/E1 there is a proximal element, most likely the ulnare, which 

is almost square in shape.  A smaller more medial element is most likely the intermedium 

(Fig. 2.6).  This and what appears to be most of the other proximal elements are preserved 

in KPM uncat/E2, but the manus and pes are overlapped in this specimen so it is difficult 

to determine which element belongs to which (Fig. 2.7a).  The metacarpals of Emeroleter 

are relatively slender in comparison to the condition seen in other derived parareptiles 

such as Procolophon (deBraga 2003) and even the closely related Macroleter (Tsuji pers. 

obs.), being more than three times as long as wide.  The phalanges are also relatively 

slender, being more than two times as long as wide, a condition that contrasts sharply with 

other derived parareptiles such as Procolophon and the pareiasaurs (Boonstra 1929 

manus).  The probable manual phalangeal formula is 2345(-?)3, which is typical for non-

pareiasaurian parareptiles (Lee 1995b). The terminal phalanx of the manus takes the form 

of a claw and is not specialized in form. 

Femur—(Figs. 2.6; 2.9). The femur of Emeroleter is particularly long and gracile, 

with a slight sigmoidal curve evident in the shaft (Fig. 2.6).  The proximal end is also 

curved noticeably, with the head directioned slightly medially and anteriorly.  The 

morphology of the femur of Emeroleter differs significantly from that of Rhipaeosaurus, 

which has a relatively robust shaft and widely flaring proximal and distal ends (Chudinov 

1957). 

Tibia—(Figs. 2.6; 2.9). The tibia of Emeroleter is extremely long and gracile 

compared to other closely related parareptiles.  There is no evidence of the presence of a 

significant cnemial crest.  The typical flaring of the proximal end of the bone for 

articulation with the femur is also highly reduced (Fig. 2.6). 

Fibula—(Figs. 2.6; 2.9). The fibula is also very slender and elongate, with neither 

the proximal nor the distal ends more than minimally expanded, very different from the 

'primitive' parareptilian form (Romer 1956).  The element is slightly shorter than the tibia 

in length, and only slightly more slender.  The ends of the bone appear to be quite squared 

off, almost similar in form to the diapsid Araeoscelis, which also shares similar 

proportions of the tibia and fibula (Reisz et al. 1984). 

Tarsus—(Figs. 2.6; 2.7a; 2.9). The pes is noticeably larger than the manus.  In 

KPM uncat/E1, it appears that the astragalus and calcaneum are either very closely sutured 

or fused, a condition that exists in Macroleter and also in pareiasaurs (Lee 1995b; Tsuji 
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2006).  The third and fourth distal tarsals are closely sutured and appear to form one larger 

element.  The remaining distal tarsals are sub-oval and smaller.  The metatarsals are 

elongate, and much longer than the phalangeal elements.  The fourth metatarsal is the 

longest.  The phalangeal formula of the pes is 234(?)53, which is the fairly conservative 

pattern among most early amniotes, without the reduction of the elements seen in 

pareiasaurs (Laurin & Reisz 1995).  Digit IV appears to be the longest. The metatarsals are 

extremely long relative to the phalanges. 

 

COMPARATIVE REDESCRIPTION OF OTHER RUSSIAN NYCTEROLETERID 

PARAREPTILES 

 

Only specimens of Macroleter and Rhipaeosaurus, and a badly preserved specimen 

of Bashkyroleter bashkyricus have identifiable, associated postcranial material whose 

whereabouts are currently known and other than Macroleter poezicus, none of the other 

nycteroleteromorph parareptiles have been described in a modern phylogenetic context, 

and have also not been defined autapomorphically.  What follows is a comparative 

description of each of the Russian taxa. 

 

SYSTEMATIC PALEONTOLOGY 

 

AMNIOTA Haeckel, 1866 

REPTILIA Laurenti, 1768 

PARAREPTILIA Olson, 1947 

 

Nycteroleter Efremov, 1938 

Nycteroleter ineptus Efremov, 1938 

Revised diagnosis—Nycteroleter ineptus (Fig. 2.12a) is a parareptile with a low, 

elongate, triangular skull that is slightly wider posteriorly.  It bears concavities along the 

lateral sutures of the parietal.  Sculpturing typified by small, rounded pits, but 

differentiated from Emeroleter by their more inconsistent placement.  Skull table flat in 

lateral view.  Maxilla bears around 30 teeth. 

Holotype—PIN 158/9 – lost (Ivakhnenko 1997). 

Referred specimens—PIN 3706/5 – partial skull; PIN 3706/14 – complete skull 

with lower jaw; PIN 104B/2005 – partial skull. 

 43



 

Fig. 2. 12. Reconstruction of the lateral views of the nycteroleters, Nycteroleter mesensis 
(a), Bashkyroleter bashkyricus (b), Bashkyroleter mesensis (c), and Macroleter poezicus 
(d). Based on Müller & Tsuji 2007. 

 
Locality and horizon—Mezen River Basin, Arkhangel’sk Province, Russia.  

Uppermost Kazanian or Lowermost Tatarian, Middle Permian (Ivakhnenko et al. 1997) 

Notes—Nycteroleter was the first taxon of this group to be named.  As noted above 

the holotype specimen has since been lost. 
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Comparative description—Nycteroleter is known only from the cranium.  The 

skull is sub-triangular, but slightly elongate with a relatively pointed snout and large, 

posteriorly emarginated orbits.  The skull is relatively low in profile.  Sculpturing of the 

dermal skull roof consists of closely spaced round pits with very little flat space in 

between, similar to that of Emeroleter, but the diameter of the pits in Nycteroleter is 

generally larger, and the surface of the skull roof is slightly textured, not smooth and flat 

as it is in Emeroleter.  The temporal area and ventral cheek margin are incompletely 

known, but it appears that the otic notch is large, and the cheek is anapsid.  The taxon has 

a higher number of maxillary teeth than all other nycteroleters except for Emeroleter, with 

the size increasing slightly anteriorly and those anteriormost teeth slightly recurved. 

 

Bashkyroleter Ivakhnenko, 1997 

Bashkyroleter bashkyricus (Efremov, 1940a) 

Revised diagnosis—Bashkyroleter bashkyricus (Fig. 2.12b) is a parareptile with a 

slightly flattened, triangular skull, with a slightly rounded snout.  Lower cheek margin 

extends posterior to skull table.  Tooth number in the maxilla 23-24.  Sculpturing 

consisting of small rounded pits with flat areas in between sometimes raised into small 

bumps, giving the skull an uneven appearance. 

Holotype—PIN 164/3 – skull with lower jaw, disarticulated postcranium 

(whereabouts of postcranium unknown-prepared away from skull). 

Referred specimens—PIN 164/60 – partial skull; PIN 164/4 – partial 

postcranium. 

Locality and horizon—Belebey, Upper Kazanian, Middle Permian, Russia. 

Notes—Bashkyroleter bashkyricus was initially described as a species of the genus 

Nycteroleter (Efremov 1940a) and was assigned to a new genus following the discovery of 

B. mesensis, and the closer relationship between these two taxa was posited (Ivakhnenko 

1997).  In addition to the cranial material, a small amount of postcranial material exists for 

this taxon (Chudinov 1957). 

Comparative description—Bashkyroleter bashkyricus is known from only two 

specimens containing cranial material, one of which is a badly preserved partial skull.  In 

general, the skull is relatively broad posteriorly compared to N. ineptus, and the posterior 

end of the quadratojugal extends posterior to the posteriormost extent of the 

supratemporals, a condition shared only with ‘B.’ mesensis.  The orbits are large, but 

smaller in proportion to the size of the skull than seen in Emeroleter and Nycteroleter.  
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The anterior part of the maxilla retains some of its width in dorsal view, giving a slightly 

rounded appearance to the snout.  Similar to ‘B.’ mesensis, the suture between the maxilla 

and the lacrimal demonstrates a noticeable ‘step’ partway along the suture, increasing 

dramatically in height rather than demonstrating a gradual increase in height.  There is a 

partial postcranium of this taxon preserved, though not much detail can be discerned.  As 

in the other known nycteroleter taxa, there appears to be no ribs attached to the posterior 

dorsal vertebrae, though this condition could also be preservational in this case.  PIN 

164/4 shows that gastralia were present in the taxon. 

 

‘Bashkyroleter’ mesensis Ivakhnenko, 1997 

Revised diagnosis—‘Bashkyroleter’ mesensis (Fig. 2.12c) is a small parareptile 

with a skull that is almost an isosceles triangle.  Sculpturing consists of round pits of 

varying depths and sizes, which are more numerous in the area of the nasal and anterior 

edges of the frontal.  Pits present on the parietal, postfrontal and postorbital.  Differs from 

the type species of this genus in the more circular shape of the parietal foramen, 

possessing larger and more elongated orbits, morphology of sculpturing. 

Holotype—PIN 162/30 – almost complete skull. 

Referred specimens—PIN 3706/5 – partial skull; PIN 3586/17 – partial skull; PIN 

3717/27 – anterior part of juvenile skull; PIN 4541/3 – partial skull; PIN 4541/4 – partial 

skull. 

Locality and horizon— Mezen River Basin, Arkhangel’sk Province, Russia.  

Uppermost Kazanian or Lowermost Tatarian, Middle Permian (Ivakhnenko et al. 1997). 

Notes—The validity of ‘Bashkyroleter mesensis’ has been questioned given the 

first phylogenetic analysis to include the nycteroleters (Müller & Tsuji 2007), supported 

by a second (Tsuji et al. in press), which suggest the pararaphyly of Bashkyroleter.  As B. 

mesensis is the type species of the genus, ‘B’. mesensis is here only provisionally assigned 

to this Bashkyroleter, awaiting further analysis. 

Comparative description—‘B.’ mesensis is known from a number of well-

preserved specimens, though all consisting of cranial material only.  The skull is triangular 

with a slightly rounded snout, slightly ‘swollen’ anterior to the orbits, but the skull itself is 

seemingly higher than that of other nycteroleters.  The orbits are comparatively larger than 

those of B. bashkyricus.  Sculpturing consists of round pits that are in general larger, 

shallower, and more diffuse than those of Emeroleter or Nycteroleter.  The otic notch is 

large, with its anteriormost extent just ventral to the severe undercut of the dermal skull 
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roof, similar to the condition seen in Emeroleter, and contrasting to the condition seen in 

B. bashkyricus, where the otic notch reaches its anteriormost extent midway along the 

cheek.  The maxilla demonstrates the same ‘step’ seen in B. bashkyricus.  As in the 

condition seen in Emeroleter, the maxilla forms all of the posterior and part of the dorsal 

edge of the naris.  The quadratojugal extends slightly posterior to the skull table as it does 

in B. bashkyricus, but to a lesser extent than this latter taxon.  The teeth of ‘B.’ mesensis 

are significantly differentiated in size, and the posterior teeth tend to have slightly 

expanded crowns. 

 

Tokosaurus perforatus Tverdokhlebova & Ivakhnenko, 1984 – made a junior synonym of 

Macroleter poezicus – see below. 

Notes—Tokosaurus perforatus was named by Tverdokhlebova & Ivakhnenko in 

1984 in the same publication as Macroleter poezicus.  Tokosaurus was defined by the 

autapomorphies of a triangular temporal foramen contained between the jugal and 

quadratojugal, a slight difference in the shape and orientation of the otic notch and the 

orientation of the quadrate bone.  Upon recovery of more specimens of Macroleter 

poezicus, it has become clear that this taxon does in fact possess a small temporal foramen 

that sometimes appears triangular in shape that is contained between the jugal and the 

quadratojugal with a small dorsal contribution from the squamosal (Tsuji 2006).  The 

slight differences in the shape and angle of the otic notch can be attributed to 

preservational and ontogenetic factors, and the orientation of the quadrate does not differ 

significantly enough from that of Macroleter to justify its own taxon.  Therefore 

Tokosaurus is here synonymized with Macroleter poezicus.  It is important to note that the 

two taxa are found in different regions – Macroleter in the Mezen basin, while 

‘Tokosaurus’ is found in the Orenburg region, which belongs to the Ocher subassemblage.  

Although this implies that they belong to two different faunas, these faunas can be 

considered contemporaneous (Golubev 2005). 

 

Macroleter poezicus Tverdokhlebova & Ivakhnenko, 1984 

Revised diagnosis—Macroleter poezicus (Fig. 2.12d) is a medium-sized 

parareptile that can be distinguished by the following cranial autapomorphies: basicranial 

articulation involving basipterygoid processes facing directly forward, with pterygoids 

meeting anterior to the articulation; sculptureless round indentation centred just anterior to 
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the fronto-parietal suture; posterior portion of the median suture between the two parietals 

highly depressed, giving the back of the skull roof a v-shape in occipital view. 

Holotype—PIN 3586/1, consisting of an entire skeleton. 

Referred specimens—PIN 4543/3, mostly complete skull and postcranial 

material; UTM/Mezen/2001/1, complete skull and postcranial material; 

UTM/Mezen/2001/2, large skull, some postcranial material; UTM/Mezen/2001/3, skull 

and postcranial material anterior to pelvic girdle. 

Locality and horizon—Mezen River Basin, Arkhangel’sk Province, Russia.  

Uppermost Kazanian or Lowermost Tatarian, Middle Permian (Ivakhnenko et al. 1997). 

Notes—The cranial anatomy of Macroleter poezicus has been described in detail 

(Tsuji 2006), and the description of some specimens containing well-preserved postcranial 

material is currently underway. 

Comparative description—The cranial anatomy of Macroleter is well known, 

and a growth series for the skull of this taxon is in existence (Tsuji pers. obs.), which 

remains undescribed.  Macroleter is larger than any of the nycteroleters described above.  

Overall, the skull is triangular, with a slightly rounded snout.  The sculpturing of the taxon 

also consists of circular pits, though the size and space between them are generally greater 

than other nycteroler taxa.  Macroleter also has small raised bosses present on the 

circumorbital elements of the skull.  It is the only known nycteroleter to possess temporal 

fenestration, in the form of a small, round fenestra contained between the jugal, 

quadratojugal, and squmosal.  Some of the maxillary teeth have grooves running from the 

base of the tooth to towards the crown (Tsuji 2006).  The postcranium is very similar to 

that known for Rhipaeosaurus tricuspidens, however the astragalus and calcaneum have 

fused in largest specimens of Macroleter, and these are separate, though closely-attached 

elements in Rhipaeosaurus (Tsuji, pers. obs.). 

 

Rhipaeosaurus tricuspidens Efremov, 1940a 

Revised diagnosis—A large nycteroleter parareptile.  Distinguished by the 

following autapomorphy; the presence of slightly flattened, tricuspid teeth.  Differentiated 

from other nycteroleters in the larger size and consequent increased robustness of the limb 

elements. 

Holotype—PIN 164/2 mostly complete skeleton with partial skull consisting 

primarily of lower jaw. 

Locality and horizon—Belebey, Upper Kazanian, Middle Permian,  
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Notes—Rhipaeosaurus is the largest of the nycteroleterids, and is known 

exclusively from the holotype specimen, the only one to be assigned to this taxon.  A 

description of this fossil (Chudinov 1957) exists, however, although there is a significant 

amount of material present in the description, the specimen itself has lost many of the 

pieces, including the jaw fragments containing the tricuspid teeth on which the taxon was 

named. 

Comparative description—There is very little of the cranial material known of 

Rhipaeosaurus, but the dimensions of the postcranial elements indicate that it is the largest 

of the nycteroleters.  What little is known of the cranium of the taxon, including its 

autapomorphy consisting of tricuspid teeth cannot be confirmed due to either degredation 

of the specimen, or loss of key elements.  The postcranium appears to be very similar to 

what is known for Macroleter poezicus, and a more detailed comparison of these two taxa 

may reveal a closer relationship between the two.  As described above, the astragalus and 

calcaneum are two separate elements in Rhipaeosaurus, although they are closely sutured. 

 

PHYLOGENETIC ANALYSIS OF THE ‘NYCTEROLETER’ PARAREPTILES 

 

Methods 

Nycteroleters were first included in a phylogenetic analysis by Lee (1993).  Before 

the inclusion of Macroleter in a phylogenetic analysis by deBraga and Rieppel (deBraga & 

Rieppel 1997), only Nycteroleter ineptus was sufficiently known, and the Nycteroleteridae 

was sometimes included as a single taxon, although most of the morphological 

information was based on Nycteroleter.  The first analysis to contain the majority of the 

nycteroleter taxa was completed by Müller & Tsuji (2007), and the first Bayesian analysis 

involved a variation of this matrix (Tsuji et al. in press).  The Bayesian analysis 

interestingly resulted in a slightly different topology than the parsimony tree with regards 

to the interrelationships of the nycteroleterids.  Rather than forming a monophyletic group, 

Macroleter poezicus and Tokosaurus perforatus (now considered to be a single taxon) 

were sister taxa to a monophyletic Pareiasauria, with the other nycteroleters forming a 

monophyletic clade sister to the Macroleter/Tokosaurus-pareiasaur clade.  This result is 

intriguing, and the authors suggest that it might be related to the lack of postcranial 

information for most of the nycteroleters (Tsuji et al. in press), and thus the addition of 

postcranial data from Emeroleter has the potential to influence the results of a 

phylogenetic analysis. 
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With the new information derived from the morphological study of the new fossils 

above, Emeroleter levis was rescored and included in the matrix of Tsuji et al. (in press).  

The other nycteroleter taxa were also reconsidered and rescored where appropriate, and 

Rhipaeosaurus tricuspidens was included for the first time in a phylogenetic analysis 

despite the incompleteness of the material.  As described above, Tokosaurus perforatus is 

now considered to be a juvenile form, and a junior synonym, of Macroleter poezicus. 

The character matrix from Tsuji et al (in press) was used as the basis for the 

reanalysis of parareptilian relationships.  Tokosaurus was removed from the matrix due to 

its synonymy with Macroleter stated above, and Rhipeaosaurus tricuspidens was added.  

Emeroleter levis was rescored based on the new anatomical information gleaned from the 

new and a reexamination of the old specimens.  The matrix consists of 30 taxa (one 

outgroup taxon – Seymouria; and 29 ingroup taxa - Limnoscelidae, Diadectidae, 

Synapsida, Captorhinidae, Paleothyris, Araeoscelidia, “Younginiformes”, Mesosauridae, 

Eunotosaurus, Millerettidae, Australothyris, ‘Fort Sill parareptile’, Nyctiphruretus, 

Eudibamus, Belebey, Acleistorhinus, Lanthanosuchus, Bradysaurus baini, Pareiasuchus 

peringeuyi, Scutosaurus, Procolophon, Owenetta, Barasaurus, Macroleter poezicus, 

Bashkyroleter bashkyricus, 'Bashkyroleter' mesensis, Nycteroleter ineptus, Emeroleter 

levis, Rhipaeosaurus tricuspidens) and 136 parsimony-informative characters (list of 

characters - Appendix A, character matrix – Appendix B) were used in the analysis.  

Mesquite (Maddison & Maddison 2009) was used to modify the matrix and prepare the 

data to be implemented into TNT.  The analysis was completed using TNT (Goloboff et al. 

2008), with 10000 random addition sequences, using a heuristic search with all characters 

weighted equally and all characters unordered.  A bootstrap analysis was run in TNT with 

5000 replicates to get some measure of support for the resulting topology. 

Secondly two Bayesian analyses of the same character matrix (Appendix B) were 

performed using Mr Bayes version 3.2 (Ronquist & Huelsenbeck 2003), both applying the 

Mk model, in accordance with Lewis (2001), consisting of 2 000 000 generations, 

sampled every 100th generation, with a burn-in of 2000 sampled trees, four chains and two 

runs and a temperature of 0.2.  The outgroup taxon was specified as Seymouria.  The first 

Bayesian analysis implemented a gamma-shape parameter, whereas the second did not.  

The Bayes factor for each of these models was calculated using the method described by 

Kass and Raftery (1995) to determine which model of the two best fit the data.  A more 

complete explanation of this methodology appears in Chapter 5 of this work. 
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Results 

Parsimony—Six equally most parsimonious topologies were found in the analysis, 

consisting of 421 steps.  The Consistency Index (CI) is 0.404, and the Retention Index 

(RI) is 0.679.  The nycteroleters remained monophyletic, however there is very little 

resolution within the group, with Macroleter poezicus appearing as the sister taxon to the 

other taxa, which form an unresolved polytomy.  The bootstrap shows very little support 

for the nodes within Parareptilia, with very few branches being recovered in 50% or more 

of the bootstrap replicates (Fig. 2.13). 

A node comprising the ‘nycteroleters’ and pareiasaurs was recovered, which has 

been recovered in all other recent analyses of Parareptilia (Tsuji 2006; Müller & Tsuji 

2007; Tsuji et al. in press).  Here this node is termed “Pareiasauromorpha”. 

Bayesian—The results of each run of the Bayesian analysis is presented as a single 

topology consisting of a summary of the nodes resulting from the search.  Both analyses 

recover the Pareiasauromorpha, a monophyletic clade containing the pareiasaurs and the 

‘nycteroleter’ taxa, but similar to the topology recovered in the previous analysis of 

parareptile relationships using a Bayesian methodology (Tsuji et al. in press), the 

nycteroleters grade into the pareiasaurs rather than forming a monophyletic clade.  

Rhipaeosaurus is the most basal of the group, with ‘B’. mesensis and Emeroleter forming 

a sister group relationship and B. bashkyricus and Nycteroleter forming another, and 

Macroleter comprising the sister taxon to pareiasaurs (Figs. 2.14, 2.15).  The posterior 

probabilities of the clade are also not very high for very many of the nodes.  Although the 

placement of the nycteroleter taxa is consistent between the two analyses, there are 

significant differences in the position of the more basal taxa between the analysis that used 

the gamma parameter (Fig. 2.14) and the one that did not (Fig. 2.15), and also differences 

in the posterior probabilities supporting nodes common between the two.  The log 

harmonic mean of the analysis in which the gamma-shaped parameter was applied is -

1561.85, and -1572.46 with no model.  Two times the difference between the two is 21.22, 

which implies that that the iteration with the gamma parameter applied is strongly 

preferred for the present data set (against chart in Kass & Raftery 1995, see further 

explanation in Chapter 5). 
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Fig. 2. 13. Strict consensus of the six most parsimonious topologies recovered from 
parsimony analysis of parareptilian relationships.  Bootstrap support values above the 
branch leading to the node, listed when value is over 50%. 
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Fig. 2. 14. Cladogram of parareptilian relationships resulting from Bayesian analysis, 
with and the application of a gamma parameter.  Posterior probabilities listed on the 
branch leading to the node when above 0.5. 
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Fig. 2. 15. Cladogram of parareptilian relationships resulting from Bayesian analysis, 
without the application of a gamma parameter.  Posterior probabilities listed on the 
branch leading to the node when above 0.5. 

 

DISCUSSION 

 

Phylogenetic analysis 

The results of the phylogenetic analyses emphasize a lack of resolution, perhaps 

reflective of a lack of knowledge, of the various taxa within Parareptilia.  Whereas the 

addition of poorly-known taxa such as Rhipaeosaurus adds more data into the analysis, 

the condition and the inability to score many important characters for the taxon appears to 

make it ambiguous and also adds more uncertainty into the matrix.  It has been 

documented that a lack of resolution in phylogenetic analysis depends more on the lack of 

complete characters within taxa rather than absolute missing data (Wiens 2003).  In this 

case it is hoped that new material will help to further resolve some of the relationships.  

The larger issue within the analysis is the topologic difference between the maximum 

parsimony and Bayesian analyses, in particular with regards to the relationships within the 

nycteroleters.  The results of the Bayesian analysis in themselves are not particularly 
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surprising as there are certainly clear similarities between Macroleter poezicus and 

pareiasaurs (Tsuji 2006).  Tsuji et al (in press), in the first Bayesian analysis of 

parareptilian relationships, suggested that the lack of availability of information about the 

postcranium of other nycteroleters might have had an effect on the differences in topology, 

with Macroleter affiliating more closely to the pareiasaurs based solely on the presence of 

shared postcranial characters that could not be scored for the other nycteroleters.  The 

addition of postcranial characters of Emeroleter appears, however, not to have affected the 

divergence between the parsimony and Bayesian topologies in the current analysis.  The 

analyses are also on the whole unequivocal about the monophyly of the genus 

Bashkyricus, with the parsimony analysis not resolving any relationships between the 

nycteroleters other than Macroleter, and the Bayesian analysis suggesting only a poorly-

supported paraphyly of the genus.  The only hope to find greater concurrence between the 

two types of analysis is to include more data – both more taxa and more characters in 

addition to finding additional fossil material with more morphological information for 

existing taxa – and to see if the topologies converge. 

A more extensive discussion of the contrast between parsimony and Bayesian 

analysis is conducted in Chapter 5 of this work. 

 

Nomenclatural issues with the nycteroleterids 

This phylogenetic analysis including all adequately known nycteroleterid 

parareptiles using parsimony appears to confirm their monophyly.  The results also seem 

to confirm the results of previous analyses that the species of 'Bashkyroleter' (B. 

bashkyricus and B. mesensis) are paraphyletic, which implies that one of the taxa requires 

a nomenclatural change.  As Bashkyroleter bashkyricus is the type species of the genus, it 

retains the name and a new genus name should be created for ‘Bashkyroleter’ mesensis.  

This result should only be taken as preliminary, however, as these groupings are not very 

well supported, and thus this ambiguity is left standing in this work. 

The conflict in the topologies resulting from the two different methods of analysis 

has definite implications for the taxonomy of this group.  While inclusion of data from one 

taxon not included in the analysis (Macroleter agilis) may yet have a slight effect on the 

overall topology, it is not possible to pick one result over another.  As such it is here 

suggested that the informal grouping, ‘nycteroleters’ be retained to refer to the group of 

animals described herein, with the knowledge that this might refer to a paraphyletic 

assemblage of taxa.  A more inclusive taxon, Pareiasauromorpha, is thus used here for the 
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monophyletic clade including Pareiasauria and the nycteroleters, sister taxon to the 

Procolophonomorpha (Fig). 

 

Locomotion and lifestyle in Emeroleter levis 

Emeroleter levis appears to be a very specialized form postcranially.  The large size 

of the head in relation to the rest of the body, extremely gracile limbs and long tail suggest 

a lifestyle different from many other parareptiles, including those to which it is most 

closely related.  The very robust limbs and probable graviportal posture of pareiasaurs 

suggest a slow-moving habit (Romer 1956), and the Early Triassic procolophonid 

Procolophon has been shown to possess specialized burrowing anatomy (deBraga 2003).  

The femur and humerus of Emeroleter are very gracile, with the femur even being slightly 

sigmoid. It is different from the postcranial skeleton of other known ‘nycteroleters’, 

namely Macroleter and Rhipaeosaurus, which appear to bear a much more robust body 

composition, though this could also be due to scaling – in general larger animals tend to 

have more robust limb elements (Christian & Garland 1996).  The high ratio of the 

epipodial (lower limb segment) to the propodial (upper limb segment) (0.89 front, 1.08 

hind) suggests certain rapidity of movement was present in Emeroleter, with nearly equal 

“moment arms” for acceleration (Moermond 1979), and indeed an increased length in the 

tibia in relation to femur and metatarsal length is correlated with increased sprint speed in 

modern Anolis (Vanhooydonck et al. 2006).  This ratio is higher in Emeroleter than in 

other parareptiles such as Macroleter, pareiasaurs and Procolophon, and is a ratio and 

morphology more similar to Araeoscelis (Reisz et al. 1984).  

The extremely large otic notch implies the presence of a large tympanum in 

Emeroleter, even compared to other nycteroleters such as Macroleter.  This morphology 

indicates an enhanced ability to hear compared to its close relatives, as the effectiveness of 

impedence matching is a relationship between the size of the footplate of the stapes and 

the area of the tympanum (Hemilä et al. 1995; Müller & Tsuji 2007).  Although other 

elements necessary to confirm the presence of impedance-matching hearing cannot be 

directly observed in Emeroleter, the overall similarity of this animal to Macroleter implies 

that these elements were also present in the former taxon.  It has been suggested that the 

origin of the tympanic ear in this group arose out the necessity for hearing prey such as the 

‘buzzing’ of insects (Clack 1997, 2002).  The apparent prominence of a hearing ability in 

Emeroleter combined with other features such as palatal dentition and the possession of 

small, sharp marginal teeth are strong indicators of an insectivorous habit (Modesto et al. 
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2009b).  This lifestyle differs quite considerably from the pareiasaurs, but appears to be 

similar to many other Permian parareptiles (Modesto et al. 2009b).  The lightly-built 

skeleton of Emeroleter that indictates it was capable of relatively high speeds and its 

sensitive hearing combined with the presence of relatively large orbits seem to support the 

inference of a nocturnal habit, a lifestyle already suggested for members of the clade 

(Müller & Tsuji 2007). 

 

CONCLUSION 

 

The nycteroleters are a group of primarily Russian parareptiles that have been 

known for some time, but only recently has their diversity and importance been 

recognized. Emeroleter levis is perhaps the most distinctive of this clade.  New well-

preserved specimens from the Kotel’nich locality, including for the first time postcranial 

material, allow a more complete description of the taxon. Along with its distinctive 

sculpturing and relatively gracile postcranial skeleton, Emeroleter appears to have been a 

relatively fast-moving insectivore, possibly of nocturnal habit.  A comparative 

redescription of the Russian nycteroleterids results in the synonymy of Tokosaurus 

perforatus with Macroleter poezicus.  With all adequately known nycteroleter taxa 

included in a phylogenetic analysis for the first time, resolution among the members of the 

group still remains rather poor and conflicting parsimony and Bayesian topologies only 

add to the ambiguity, with the Bayesian analysis not supporting the monophyly of the 

clade. Despite more intensive research, however, the ‘nycteroleters’ as a whole still remain 

enigmatic, and further study of the postcranial anatomy of Macroleter poezicus and a more 

intensive study of Macroleter agilis from the Permian of Oklahoma can perhaps more 

fully resolve their relationships. 
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Chapter 3 – Anatomical Description of Parasaurus geinitzi 

 

INTRODUCTION 

 

The Kupferschiefer deposits of Central Europe, whose extensive mineral deposits 

have been exploited since medieval times, have yielded, among a large number of marine 

fossils, a number of remarkable tetrapods.  Most notable of these is the early 

archosauromorph Protorosaurus speneri and the gliding reptile Coelurosauravus jaekeli, 

in addition to a number of other terrestrial or semi-terrestrial vertebrate fossils, including 

portions of a dissorophoid temnospondyl (Witzmann 2005; Schaumberg et al. 2007; 

Gottmann-Quesada & Sander 2009). The Kupferschiefer deposits have been dated to the 

Tatarian in the Upper Permian (about the middle of the Wuchapingian), and consist of a 

thin (0.2-1.2m) layer of marine sediments, mostly dark clays. It belongs to the basal 

Zechstein sequence in Germany (at the base of the Upper Zechstein Group (Z1), T1, about 

257 mya), which is correlated with the Marl Slate in England, and was deposited in the 

shallow Zechstein Sea (Haubold and Schaumberg 1985) (see Fig. 1.5). The majority of the 

fossils from these deposits are found on refuse heaps that are the result of deep mining 

operations for mineral deposits in a small set of locations in central Germany (Fig. 3.1). 

Among the tetrapod taxa found in the Kupferschiefer deposits, Parasaurus geinitzi 

von Meyer, 1857 is probably the most enigmatic. For over a hundred years Parasaurus 

was known only from the two specimens, on which von Meyer (1857) had initially based 

the name. It then took almost a century to decipher the pareiasaurian affinities of the taxon 

(see below), and to this day its anatomy has remained obscure. This chapter aims to 

reexamine the original holotype specimens for the first time since their initial description, 

to describe new specimens and to incorporate the morphological data into a taxonomic 

reassessment. 

 

TAXONOMIC HISTORY OF PARASAURUS GEINITZI 

 

The name Parasaurus geinitzi was first applied to two specimens that had in a 

prior publication (von Meyer 1856) been figured, described as, and included among other 

specimens of the archosauromorph Protorosaurus speneri from the Kupferschiefer of 

Germany. In a later correction von Meyer (1857) determined that these two specimens; 

'Jugler'sches Exemplar in Hannover', (now GZG.V.010.101) (Fig. 3.2a), and the 'Exemplar 
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in Dresden', (now ThP 279) (Fig. 3.2b) were in fact not specimens of Protorosaurus.  He 

considered them to belong to a new taxon, to which he applied the name Parasaurus 

geinitzi after Bruno Geinitz, who had illustrated and described the first specimen (ThP 

279) found in the cabinets of the museum in Dresden (Geinitz 1848), and had recovered 

the fossil from the ashes of a fire resulting from the revolutionary activities of 1849 

(Geinitz 1849; von Meyer 1856, 1857).  

 

Fig. 3. 1 Map of Germany showing the localities in which specimens of Parasaurus geinitzi 
have been found. Fossil localities: 1 – GZG.V.010.101; 2 – ThP 279, 3 – IGMLU 
uncatalogued; 4 – GZG.V.010.102; 5 – S 163; 6 – SMNK – po 688. 

 

All the other, often much better-described pareiasaur material from South Africa 

and Russia was named subsequent to the designation of this taxon. Parasaurus itself 

remained unrecognized as pareiasaurian until 1956, when von Huene included Parasaurus 

within Pareiasauria, but as incertae sedis. A drawing of the Hannover specimen was 

included, but no mention was made of the Dresden specimen. In his assessment of the 

pareiasaurs in the Handbook of Palaeoherpetology, Kuhn (1969) placed Parasaurus in the 

Elginiinae within the Pareiasauridae. 
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Fig. 3. 2. Parasaurus geinitzi original drawings reproduced from von Meyer (1856), 
GZG.V.010.101, the holotype (a), and ThP 279, paralectotype (b). 

 

For many years the whereabouts of the Dresden specimen was not known (Wild 

1985), leaving the Hannover specimen as the only existing type. This latter specimen, 

GZG.V.010.101, was designated as the lectotype by Wild (1985). The Dresden specimen 

(ThP 279), initially a member of the type series, has recently been relocated, so this 

specimen is considered the paralectotype of Parasaurus geinitzi. 

In 1985 Wild assigned an isolated, badly preserved partial skull, also from the 

Kupferschiefer, to the taxon (Fig. 3.3), from which he produced a reconstruction with a 
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surprising amount of sutural detail. Lee (1997b), in his reassessment of the alpha-

taxonomy of pareiasaurs, determined that the skull was indeed pareiasaurian and 

considered it to have autapomorphic characters. He was, however, unable to do the same 

with the original holotype postcranial skeletons of Parasaurus geinitzi based on the 

descriptions in the literature. The skull and the holotype postcranial material had no 

common elements, and Lee (1997b) concluded that although Wild's (1985) taxonomic 

identification was a reasonable assumption, the two discrete sets of material could not 

confidently be assigned to the same taxon. He thus declared Parasaurus geinitzi, 

represented by the Dresden and Hannover specimens, nomina vana based on inadequate 

material. GZG.V.010.101 was considered a valid taxon, and he included this specimen, 

with the provisional name "Kupferschiefer pareiasaur," in his analysis of pareiasaurian 

relationships (Lee 1997a, 1997b). 

Additional specimens of Parasaurus have subsequently been recovered from mine 

refuse heaps in central Germany, allowing a more complete description of the taxon. In 

total there are at least five known pareiasaur specimens from the Kupferschiefer of 

Germany, but none of these is a complete skeleton. Although taken together the specimens 

represent most of the animal, each of the specimens include only a portion of the skeleton. 

Most of the specimens comprise a portion of the vertebral column along with some limb 

girdle elements, mostly pelvis. Two of the specimens also have skull material; one a badly 

preserved partial skull, and the other comprising the posterior part of the skull, some 

forelimb and shoulder girdle elements, and the anterior part of the vertebral column. It is a 

difficult to determine with certainty whether these specimens belong to the same taxon. 

The vertebral morphology of the five specimens examined in this study is 

undeniably pareiasaurian, and indeed the vertebrae of each of the specimens are the same 

but differ in size. However, none of the specimens possesses an autapomorphy that would 

group them together to the exclusion of all other pareiasaurs. Each of these specimens is 

considered to be Parasaurus because there are no perceivable differences among the 

specimens that would indicate they belong to different taxa. Furthermore, tetrapod 

diversity of the Kupferschiefer fauna is low, and although many specimens have been 

recovered, each major group is represented by only one species (Haubold and Schaumberg 

1985; Gottmann-Quesada & Sander 2009). 
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Fig. 3. 3. Parasaurus geinitzi GZG.V.010.102, photograph of partial badly preserved skull, 
arrow indicating position of maxillary teeth (a), x-ray (b), and photograph of positive cast 
of multi-cusped maxillary teeth (c). 
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MATERIAL 

 

Holotype 

GZG.V.010.101; (Originally numbered 759); Lectotype (Original syntype) 

(Geowissenschaftliches Zentrum der Georg-August-Universität Göttingen, Göttingen). 

Articulated posterior section of presacral vertebrae with ribs, impression of sacral region, 

impression of right femur. Discussed in v. Meyer (1856, 1857), v. Huene (1956), Kuhn 

(1969). Discovered 1849/01 Oberbergrath Jugler. – Kupferschiefer of Walkenried am Harz 

(Haubold and Schaumberg 1985). 

-"Jugler'sches Exemplar in Hannover" of von Meyer (1857). Declared to be the 

name bearing type of the type series by Wild (1985) as he argued that this fossil was more 

complete and in better condition. It was also not known at the time that the other specimen 

of the type series still existed. 

 

Referred Specimens 

ThP 279— (Original syntype, now paralectotype) This specimen has been 

located in the Dresden collection of the Staatliche Naturhistorische Sammlungen Dresden. 

The specimen consists entirely of postcranial material, and is preserved in ventral view. It 

includes the pelvic girdle, large portions of the hind limb, and a portion of the articulated 

vertebral column. Found near Ilmenau, Thuringia, Germany. – Kupferschiefer Mansfeld 

(Haubold and Schaumberg 1985).  "Exemplar in Dresden" of von Meyer (1857).  This was 

the first described specimen, and was first mentioned in 1848. 

IGMLU uncatalogued—found in the Kupferschieferhalde near Buchholz NE 

Nordhausen, in 1986. Postorbital region of skull, neck, and part of upper body, including 

portions of shoulder girdle and forelimbs, anterior dorsal vertebrae. 

GZG.V.010.102—(formerly numbered 886); Skull missing most of preorbital 

region, save for portion of right maxilla. Badly preserved, a lot of bone surface missing. 

Found in the Kupferschiefer of Richelsdorf (Hessen). Discussed in Wild (1985).  

GZG.V.010.103—silicon cast of above skull. 

S 163—postcranial remains with gut contents, original specimen housed in the 

Naturkunde-Museum, Ottoneum (Kassel). Collected near Bebra-Iba (Sues and Monk 

1993). Most data was collected from SMNS 56840; cast of S 163. 

SMNK – po 688—sacral and abdominal region with portions of lower limbs and 

tarsal elements. This specimen (the original of which is housed in Karlsruhe) is most 
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likely the one referred to by Schaumberg (1977), where he writes that Malzahn informed 

him of a specimen containing parts of the pelvic girdle that was found in the Richelsdorf 

mountains. This specimen was later bought from Malzahn in 1991 and deposited in the 

Karlsruhe museum. Most data was collected from SMNS 59347; cast of SMNK – po 688. 

 

SYSTEMATIC PALEONTOLOGY 

 

REPTILIA Laurenti, 1768 

PARAREPTILIA Olson, 1947 

PAREIASAURIA Seeley, 1888 

Parasaurus geinitzi von Meyer, 1857 

Locality and Horizon—Kupferschiefer of central Germany. Basal member of the 

Zechstein sequence, Middle Wuchapingian, Permian period. 

Diagnosis—A very small pareiasaur with snout-vent length of about 0.5m. Overall 

skull sculpture consisting of round pits with small spike-like horns on the supratemporal 

and quadratojugal. 

 

ANATOMICAL DESCRIPTION 

 

Skull 

There is very little cranial material of Parasaurus geinitzi. Cranial elements are 

represented by two specimens; one is a badly preserved isolated partial skull, 

GZG.V.010.102, (Fig. 3.3) and the other comprises the posterior portion of the skull table 

articulated with the cervical vertebrae and portions of the shoulder girdle (IGMLU uncat.) 

(Fig. 3.4). 

Both skulls preserve the temporal region, at least in part, and it is clear that the 

temporal region was continuous, and that the skull was anapsid. This feature is shared by 

many basal eureptilian amniotes, although is it noted that the presence of a temporal 

fenestra among parareptiles appears to be suprisingly variable (Cisneros et al. 2004; Tsuji 

et al. in press). 

One distinctively pareiasaurian element of the available material is the sculpturing 

seen on IGMLU uncat. The posterior part of the skull table bears sculpturing in the form 

of small rounded pits, with raised ridges and bumps with small pointy processes (Fig. 3.4). 

These could be considered small horns, especially that seen on the left quadratojugal. The 
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portion of sculpturing that can be seen is similar in form to that seen in Elginia (Maxwell, 

1991), though it is lacking the extended conical spikes on the supratemporal, rather having 

smaller pointy knobs (Fig. 3.4). Even though it is just a portion, it can be distinguished 

from the juvenile Elginia of Spencer and Lee (2000), as in this genus, massive horns are 

clearly developed in juveniles. Although some of the nycteroleterids such as Macroleter 

poezicus have sculpturing that consists of pits and also raised tubercles, none have any 

elaborated into what could be considered horns (Müller and Tsuji 2007). 

Specimen GZG.V.010.102 was first described by Wild (1985), and he attributed it 

to Parasaurus as he believed it to be pareiasaurian, and Parasaurus is the only pareiasaur 

known from the Kupferschiefer. This identification, however, can only be seen as 

circumstantial, as there are no common elements between this skull and the postcranial 

material of the holotypes. The specimen itself is badly preserved, and although it can be 

clearly identified as a skull, most of the outer surface of the dermal skull elements is not 

present or is severely damaged, such that sculpturing and many sutures cannot be 

positively identified. The comparatively well-preserved IGMLU uncat. specimen sheds 

new light on the cranial anatomy of Parasaurus and helps to more precisely interpret 

GZG.V.010.102. In IGMLU uncat. the posteroventral cheek region, which is well-

preserved in this specimen, implies that the posteroventral portion of the second skull is 

incomplete, and should bear a spike on the quadratojugal. This also implies that the 

squamosal would not reach the ventral surface of the cheek, one of the described 

autapomorphies of Parasaurus, and a feature quite extraordinary for any pareiasaur, or 

amniote in general. In the majority of amniotes, the quadratojugal forms the posteroventral 

corner of the cheek, a feature elaborated in pareiasaurs with the addition of bosses or 

spikes at the posteroventral tip of this element. Typically in parareptiles, the tall 

quadratojugal forms a portion of the posterior edge of the skull roof, significantly reducing 

the ventral extent of the squamosal (see Lee 1997b).  The large squamosal seen the Wild 

(1985) reconstruction of Parasaurus is in fact more typical of the reconstruction of 

Leptoropha (called Rhipeaosaurus talonophorus in Wild (1985) and at that time 

considered to be a basal pareiasaur), which has since been assigned to the 

Seymouriamorpha (Ivakhnenko 1987).  In particular, a closer inspection of the posterior 

skull table permits a reinterpretation of this area.  What appears in the reconstruction of 

Wild (1985) to be large tabular elements can no longer be interpreted as such. 
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Fig. 3. 4. Photograph (a), x-ray photograph (b), and drawing (c) of Parasaurus geinitzi 
(IGMLU uncat.), showing posterior half of the skull and anterior part of the body in 
dorsal view. Abbreviations: hum – humerus; qj h. – quadratojugal horn; ra – radius; sca – 
scapula; sk – skull; st h. – supratemporal horn; ul – ulna. 

 

Features that assign GZG.V.010.102 to the Pareiasauridae and exclude it from 

being identified as belonging to another group include the labiolingually flattened tooth 

crowns bearing at least nine cusps or serrations (Fig. 3.3c). The teeth also possess a raised 

lingual ridge or cingulum, which is not cusped as in Scutosaurus (Lee 1997b). Tooth 
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crowns are very broad in lingual view, with grooves leading to the serrations beginning 

close to the cingulum, a feature not observed in most other pareiasaurs. In addition, 

although details of the cheek region of the specimen are difficult to interpret, it is clear 

that the skull is anapsid, excluding an association with caseid synapsids, the other clade of 

Permian amniotes with leaf-shaped serrated teeth. 

 

Postcranial Skeleton 

Vertebral Column 

Parareptilian presacral vertebrae typically display swollen neural arches that are 

transversely expanded.  These contrast with those of the contemporaneous captorhinid 

eureptiles, whose vertebrae look superficially similar but have neural arches that are 

almost square in shape. 

Dorsal Region—The fact that each of the specimens (except for the one in which 

only the skull is preserved) display the posterior presacral vertebrae and parts of the 

pelvis, two in ventral and one in dorsal view, make them easy to compare. In ventral view 

specimens SMNS 56840 (Fig. 3.5) and SMNS 59347 (Fig. 3.6) both show a very similar 

vertebral morphology, despite being quite different in size. The neural arches of both are 

transversely expanded, with a definite constriction of the ventral surface of the centrum 

terminating in a defined, yet very well rounded, ventral ridge that extends the entire length 

of the centrum. This constriction is clearly different from the well-defined lateral 

depressions with central furrow seen in procolophonoids such as Procolophon (see 

deBraga 2003). 

There is a prominent, rounded process for articulation with the ribs on the posterior 

surface of the vertebrae, which is typical for pareiasaurs. 

Lumbar Region—most parareptiles, including Rhipaeosaurus (Chudinov 1957) 

and Nyctiphruretus (Lee 1995b; pers. obs.) have ribs associated with the posterior dorsal 

vertebrae (Lee 1995b), except, notably, for the nycteroleterids. In all of the specimens we 

studied that have this region preserved, ribs are present on each of the posterior dorsal 

vertebrae (SMNS 59347, SMNS 56840, GZG.V.010.101, and ThP 279) indicating that 

these specimens are not large members of the Nycteroleteridae. 

Sacral Region—among parareptiles, only pareiasaurs have four or more sacral 

vertebrae and associated ribs (Lee 1997a). SMNS 59347 clearly possesses four sacral ribs, 

of which the first is the largest and is notably wide and horn-shaped (Fig. 3.6), a 

morphology that is apparently typical for pareiasaurs (Boonstra 1930), although as is the 
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case for most pareiasaur morphology, very little additional data can be found in the 

literature. 

 

Fig. 3. 5. Parasaurus geinitzi S 163 (cast of) with gut contents, photograph (a) and 
drawing (b), preserved in ventral view. Abbreviations: fe – femur; g.c. – gut contents; s1 – 
first sacral rib; tib – tibia. 

 

Shoulder Girdle 

The scapular blade of pareiasaurs is distinctively tall and narrow, expanding only slightly 

at the dorsal end. This morphology can also be seen in IGMLU uncat. (Fig. 3.4).  

Preservation of this specimen makes it difficult to see any sutures between elements of the 

shoulder girdle, but it is clear that the scapular blade is at least 3 times at tall as it is wide. 

 

Pelvic Girdle 

Parareptiles typically display a fan-shaped, distally expanded iliac blade (deBraga 

and Rieppel 1997), with pareiasaurs having an extended anterior expansion of the ilium. 

Specimen SMNS 59347 preserves the pelvic area in ventral view. The left ilium clearly 
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demonstrates an expanded iliac blade that is almost identical to that of Pareiasuchus 

peringueyi (figured in Lee 1997a), with a very pronounced anterior expansion of the ilium, 

despite the fact that Pareiasuchus is distinctly larger (Fig. 3.6). Other parareptiles do not 

demonstrate this morphology with the outgroup to pareiasaurs, the nycteroleterids, having 

a much more evenly expanded iliac blade (pers. obs). 

 

Fig. 3. 6. Parasaurus geinitzi SMNK – po 688 (cast of) photograph (a) and drawing (b) of 
postcranial skeleton in ventral view. Abbreviations: as-ca – astragalocalcaneum; fe – 
femur; fib – fibula; il – ilium; isch – ischium; s1 – first sacral rib; tib – tibia. 

 

Metatarsal and Tarsal elements 

Pareiasaurs, some specimens of Barasaurus, and Macroleter show fused 

astragalus–calcaneum complexes (Lee 1997b; Ketchum and Barrett 2004; pers. obs.). A 

single, large, block-like rectangular astragalocalcaneum in the tarsus of SMNS 59347 can 

be seen in dorsal view, and is similar in form to that described for pareiasaurs (Boonstra 

1929) (Fig. 3.6). Also quite distinctive are the metatarsals, which are robust, and about as 

long as they are wide at their greatest width, a character seen within Parareptilia only in 

pareiasaurs (Lee 1997a). 
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Osteoderms 

Referring to the illustration of the Hannover specimen by von Meyer (1856) and 

subsequent reproductions thereof, Lee (1997b) mentions that Parasaurus geinitzi 

possesses osteoderms. However, personal examination of the specimen reveals no 

evidence of osteoderms, though damage to the neural spines of the vertebrae may indicate 

that they were formerly present in the specimen and were subsequently lost (see von 

Meyer 1856). In fact, none of the specimens of Parasaurus so far known show any 

evidence of osteoderms, which is surprising considering that the presence of osteodermal 

ossifications is thought to be a synapomorphy of the clade Pareiasauria (Lee 1997a). In a 

discussion of a juvenile specimen of the taxon Elginia, Spencer and Lee (2000) suggested 

that the absence of scutes in this specimen resulted from the fact that osteoderms most 

likely ossified later in ontogeny. This could be the case in these specimens as most of the 

fossils are quite small in size, although there is no direct evidence that they were juvenile. 

Even in the Elginia specimens in which osteoderms can be seen (Maxwell 1991) they do 

not form a continuous shield over the body, despite some of the scutes being articulated. 

Elginia had armour that was less extensive than either Pareiasaurus or Nanoparia 

(Maxwell 1991), so it is quite possible that Parasaurus exhibited a similar condition. 

 

DISCUSSION 

 

Morphological Implications 

Parasaurus geinitzi appears to have lacked a number of features that are typical for 

pareiasaurs.  Whereas the leaf-shaped, multiple-cusped teeth present in GZG.V.010.102, 

vertebral morphology and anapsid skull are consistent with its placement within 

Pareiasauria, other features typically present in pareiasaurs are missing.  The absence of 

osteoderms in the postcranium combined with a very modestly-sculptured skull are 

morphologies more closely identified with outgroup taxa such as the nycteroleters, 

however this condition could possibly be attributed to the ontogenetic stage of the taxon.  

The pelvic girdle appears to be of a more derived form for pareiasaurs, however, as it the 

small size of the taxon.  Overall Parasaurus shows a mix of primitive and derived 

characters for pareiasaurs, and this combined with the mostly poor preservation of the 

specimens leaves the taxon incompletely known. 
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Other German Pareiasaur Material 

Additional pareiasaur material has also been found in fissure fill deposits near 

Korbach, northwestern Hesse, Germany, consisting of an incomplete maxilla containing 

five teeth and an isolated tooth crown (Sues and Munk 1996). This site has been dated to 

the late Tatarian, early Late Permian, and has been thought roughly equivalent to the 

Dicynodon Assemblage Zone of the Beaufort Series in South Africa due to the presence of 

Procynosuchus (Sues and Monk 1996). A large isolated dentary bearing pareiasaurian-like 

teeth is also known from these fissures, but is not housed in a public collection (H. -D. 

Sues, (personal communication), 2006), and as such has not been examined. The tooth 

crowns of the maxilla fragment contain “8 or 9” cusps, which is approximately the same 

as that of Parasaurus, but a more specific diagnosis cannot be made due to the lack of 

material and poor preservation of skull material of the latter, and the ability to make 

anything more than a general taxonomic assignment based on only the maxilla is doubtful. 

 

CONCLUSIONS 

 

New material of the pareiasaur Parasaurus geinitzi significantly increases the 

knowledge of one of the lesser-known members of this clade. It has been shown that the 

name Parasaurus is valid, and the morphological information derived from this study can 

be used to better define its place within Pareiasauria (see Chapter 5).  Although the mining 

in the Kupferschiefer area is for the most part no longer active, the spoil heaps from these 

mines continue to produce new specimens, implying that further exploration could well 

produce additional material. 
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Chapter 4 – The Pareiasaur Deltavjatia vjatkensis; Osteological 

Description and Geometric Morphometric Analysis of Cranial Ontogeny 

 

INTRODUCTION 

 

Pareiasaurs were conspicuous members of Middle and Late Permian terrestrial 

ecosystems, but despite their ubiquity, their anatomy and relationships are surprisingly 

poorly known.  The majority of the existing research on pareiasaurs concerns those from 

the Karoo deposits in South Africa, and most of this work was done in the first half of the 

20th century.  During this time a large number of species were named, many based on only 

a single specimen.  This rush to name new species resulted in a greatly inflated number of 

taxa, a problem common to most Permian amniote groups found in the Karoo, and a 

classification that badly needed to be refined if any kind of evolutionary study was to be 

completed (Lee 1997a).  Finally Lee (1997a) undertook a complete alpha taxonomic 

revision of all pareiasaurian taxa, and managed to reduce the 49 named species into a 

much more reasonable 17.  Around this time Lee also completed the first phylogenetic 

analysis of the group (Lee 1997a).  Since this analysis, several new pareiasaurs have been 

named (Arganaceras vacanti Jalil & Janvier, 2005, Bunostegos akokanensis Sidor et al., 

2003, and Obirkovia gladiator Bulanov & Yashina, 2005). 

Despite the fact that pareiasaurs are highly morphologically distinct, very few are 

known in particular detail, severely hampering a complete understanding of the anatomy 

and evolutionary trends in the clade (Lee 1997a, Lee et al. 1997).  This lack of knowledge 

is in part due to the confusion over the alpha taxonomy of the group, but it is also due in 

part to preservational factors.  Many of the pareiasaur specimens that have been collected 

come from the Tapinocephalus Assemblage Zone in South Africa, and the combination of 

the matrix being very dense and the skulls themselves being almost metasedimentary in 

nature makes it extremely difficult to discern sutures, and thus detailed research into these 

taxa in particular has been avoided.  The highly ossified, and indeed partially fused nature 

of the skull of mature individuals also contributes to this lack of information.  More 

detailed descriptions do exist for Elginia mirabilis (Maxwell 1991), Pareiasuchus 

nasicornis (Lee et al. 1997), Scutosaurus karpinskii (Lee unpublished phd thesis, Bystrov 

1957), Arganaceras vacanti (Jalil & Janvier 2005), and Parasaurus geinitzi (Chapter 3).  

Each of these descriptions, however, only involves partial skeletons, and primarily cranial 

material, and a complete description – cranial and postcranial – has never been published 
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for a single taxon in modern times.  This situation results from the apparent paucity of 

multiple well-preserved specimens of a single pareiasaur taxon including both cranial and 

postcranial material. 

The South African Karoo Basin contains the most continuous set of Middle and 

Late Permian strata and also holds the greatest taxonomic diversity and absolute 

abundance of pareiasaur fossils.  Correspondingly, most of the existing literature concerns 

these taxa and this basin.  Pareiasaurs, however, were geographically widely distributed in 

the Middle and Late Permian, also being present in faunas of Brazil, China, Germany, 

Morocco, Niger, Russia, Scotland, Tanzania, and Zambia.  After South Africa, the second 

most productive region for pareiasaur fossils is Russia.  Three Russian genera are 

currently recognized, and two of these are represented by a large number of specimens, 

each restricted to one region.  Scutosaurus karpinskii Amalitzky 1922 is the most common 

and is found in the area of North Dvina, considered part of the Vyatskian Gorizont (Upper 

Tatarian) sensu Modesto & Rybczynski (2000).  Obirkovia gladiator Bulanov & Yashina, 

2005 is one of the most recently discovered parieasaurs, and is found in the uppermost 

Scutosaurus karpinskii Russian tetrapod assemblage zone, which roughly correlates with 

the upper part of the Cistecephalus or lower part of the Dicynodon Assemblage Zone of 

the Karoo Basin (Bulanov & Yashina 2005).  Obirkovia is known from only a single 

quadratojugal, an element whose morphology suggests a close relationship to the Scottish 

pareiasaur Elginia. 

Specimens of the third Russian pareiasaur taxon, Deltavjatia vjatkensis 

(Hartmann-Weinberg, 1937), were first found along the Vjatka River in Russia between 

1933 and 1935.  The fossils were initially described as a new species of Pareiasuchus 

(Pareiasuchus vjatkensis) (Hartmann-Weinberg 1937).  As had occurred many times in the 

early descriptions of pareiasaurs, each small variation between specimens was enough to 

justify the naming of a new taxon, and at least two other pareiasaurs were named from this 

locality (Lee 2001).  Currently only one pareiasaur taxon is recognized from the localities 

along the Vjatka River around the town of Kotel’nich, Deltavjatia vjatkensis, a new 

combination proposed by Ivakhnenko (1987).  This locality has been described in more 

detail in Chapter 2. 

The specimens of Deltavjatia found in the Kotel'nich locality are often 

exceptionally preserved.  In addition, in recent years a relatively large number of 

specimens of varying sizes – some of which include postcranial material – have been 

excavated and prepared.  The wide size variation suggests that a number of ontogenetic 
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stages are present among the samples, providing an ideal opportunity to evaluate growth 

patterns within a pareiasaur taxon.  Deltavjatia is ideal for the first attempt at a geometric 

morphometric analysis of parieasaur growth due to the availability of well preserved and 

relatively undistorted specimens of what are presumed to be differing ontogenetic stages.  

Due in part to the good preservation, it is relatively easy to discern sutures in the skull, a 

condition that is atypical for parieasaurs, and which allows for the identification and 

placement of appropriate landmarks for a morphometric analysis. 

This chapter of the dissertation will describe in detail the cranial and postcranial 

anatomy of the pareiasaur Deltavjatia vjatkensis and undertake the first geometric 

morphometric analysis of skull ontogeny in a parareptile. 

 

 

SYSTEMATIC PALAEONTOLOGY 

 

REPTILIA Laurenti, 1768 

PARAREPTILIA Olson, 1947 

PAREIASAURIA Seeley 1888 

DELTAVJATIA VJATKENSIS (Hartmann-Weinberg, 1937) 

 

Holotype—PIN 2212/1 (Fig. 4.1), complete skull and mandible 

Type locality and horizon—Vjatka River, Kotel’nich, Kirov Province, Russia.  

Lowermost Upper Tatarian (Severodvinskian Gorizont), lowermost Wuchiapingian. 

Specimens found in red mudstone in a series of localities that stretch around 20km on the 

western bank of the Vjatka River near the town of Kotel’nich.  Skeletons often preserved 

in upright posture as if mired. Roughly correlated with the Pristerognathus Assemblage 

Zone of the South African Karoo Basin. 

Referred material—KPM 232 (Figs. 4.2-4.6), complete skull and lower jaw; complete 

postcranial missing posterior caudals and right hindlimb (these features are replaced in the 

in-situ mount by elements from another specimen) as well as some phalanges from the 

right manus; KPM 11/94 (Fig.7), some disarticulated skull elements including maxilla and 

quadratojugal; partially articulated dorsal vertebrae with osteoderms; disarticulated limb 

elements and interclavicle; KPM 11/99, partial ‘neonate’ skull; KPM 15/00, left half of 

skull; KPM uncat/P1 (Fig. 4.8), complete skull and lower jaw; vertebral column missing 

posterior dorsal and caudal vertebrae; partial shoulder girdle; ribs; osteoderms; PIN 
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2212/2 (Fig. 4.9), complete skull; PIN 2212/6 (Figs. 4.10-4.17), complete skull and lower 

jaw; PIN 2212/8 (Figs. 4.18; 4.19), complete skull; PMU R1259, complete skeleton 

missing most of tail; ROM 44764 (Fig. 4.20), complete skull and lower jaw; SMNS uncat 

(Figs. 4.21-4.23), complete skull and lower jaw; incomplete postcranial including 

articulated presacral vertebrae, partial shoulder girdle including clavicle, humerus, partial 

pelvic girdle; TMP 95.44.10, complete skull and lower jaw; partially articulated and 

mostly complete postcranial; missing posterior caudals, right and left manus and some 

ribs; UMZC T1321 (Figs. 4.24; 4.25), complete skull and lower jaw; vertebral column 

missing posterior sacrals and caudals; ribs; complete shoulder girdle and both forelimbs; 

partial left hindlimb; osteoderms. 

Diagnosis (Lee 1997b)—Ventrolateral cheek flange terminates in long, flattened 

rectangular boss; occipital condyle projects far behind posterior border of postparietal; 

boss on postfrontal enlarged into a conical horn. 

Revised diagnosis—Medium-sized pareiasaur, with snout-vent length 

approximately 1.5m, distinguished by the presence of three clear autapomorphies: 

ventrolateral cheek flange terminates in a long, flattened rectangular boss; occipital 

condyle projects behind posterior border of the postparietal; distinctive sculpturing 

consisting of lozenge-shaped and inconsistently-placed tubercles interspersed with round 

pits and raised bosses.  Some of the teeth have a cusped cingulum on their lingual surface.  

There appears to be no consistent horn-like boss on the postfrontal, so this has been 

removed as an autapomorphy of the taxon. 

Synonymy—Anthodon rossicus (Hartmann-Weinberg, 1937). 

Nomenclatural notes—The taxonomic history of this taxon is complicated, and 

Lee (2001) undertakes a full discussion of the issue.  Multiple pareiasaur species were 

named from the Kotel’nich locality, but only one, Deltavjatia vjatkensis is currently 

accepted. Ivakhnenko (1987) erected the genus due to doubts about its close relation to 

Parieasuchus, the genus to which it was initially named by Hartmann-Weinberg (1937). 
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Fig. 4. 1. Deltavjatia vjatkensis PIN 2212/1 photograph and outline of the skull in ventral 
view. Abbreviations; a – angular, ar – articular, d – dentary, ec – ectopterygoid, pal – 
palatine, pm – premaxilla, pra – prearticular, pt – pterygoid, q – quadrate, qj – 
quadratojugal, sp – splenial, sq – squamosal, st – supratemporal, v – vomer. 
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Fig. 4. 2. Deltavjatia vjatkensis KPM 232 photograph and drawing of skull in dorsal view. 
Abbreviations; a – angular, f – frontal, j – jugal, la – lacrimal, m – maxilla, n – nasal, p – 
parietal, pal – palatine, pf – postfrontal, pm – premaxilla, po – postorbital, pp – 
postparietal, prf – prefrontal, pt – pterygoid, qj – quadratojugal, sq – squamosal, st – 
supratemporal, t – tabular. 
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Fig. 4. 3. Deltavjatia vjatkensis KPM 232 photograph and drawing of skull in ventral 
view. Abbreviations; a – angular, ar – articular, d – dentary, ec – ectopterygoid, pal – 
palatine, pbs – parabasisphenoid, pm – premaxilla, pra – prearticular, pt – pterygoid, q – 
quadrate, qj – quadratojugal, sp – splenial, sq – squamosal, st – supratemporal, v – 
vomer. 
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Fig. 4. 4. Deltavjatia vjatkensis KPM 232 skull in left lateral (a), and posterior (b), views. 
Abbreviations; a – angular, a. max. for. – anterior maxillary foramen, eo – exoccipital, f – 
frontal, j – jugal, la – lacrimal, m – maxilla, n – nasal, p – parietal, pal – palatine, pf – 
postfrontal, pm – premaxilla, po – postorbital, pop – parocciptal process, pp – 
postparietal, prf – prefrontal, pt – pterygoid, q – quadrate, q. for. – quadrate foramen, qj – 
quadratojugal, sa – surangular, so – supraoccipital, sp – splenial, sq – squamosal, st – 
supratemporal, t – tabular. 
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Fig. 4. 5. Deltavjatia vjatkensis KPM 232 postcranial skeleton in dorsal view.  Grey 
elements belong to another skeleton. Abbreviations; acr – acromion process, as-ca – 
astragalocalcaneum complex, cl – clavicle, cle – cleithrum, fe – femur, fib – fibia, hu – 
humerus, icl – interclavicle, il – ilium, int – intermedium, j – jugal, m – maxilla, n – nasal, 
ost – osteoderms, pu – pubis, ra – radius, rad – radiale, sca – scapula, tib – tibia, ul – 
ulna, uln – ulnare. 
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Fig. 4. 6. Deltavjatia vjatkensis KPM 232 photograph and drawing of astragalocalcaneum 
complex in dorsal (a), and ventral (b), views. Abbreviation; for. perf. art. – foramen for the 
perforating artery. 
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Fig. 4. 7. Deltavjatia vjatkensis KPM 11/94 photograph and drawing of specimen.  
Abbreviations; d – dentary, fe – femur, fib – fibula, icl – interclavicle, m – maxilla, n – 
nasal, qj – quadratojugal. 
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Fig. 4. 8. Deltavjatia vjatkensis KPM uncat P1 photograph and drawing of specimen.  
Abbreviations; cl – clavicle, ost – osteoderm, sk – skull, vert – vertebra. 
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Fig. 4. 9. Deltavjatia vjatkensis PIN 2212/2 skull in dorsal view. Abbreviations; bc – 
braincase, f – frontal, j – jugal, la – lacrimal, m – maxilla, n – nasal, p – parietal, pal – 
palatine, pf – postfrontal, pm – premaxilla, po – postorbital, pp – postparietal, prf – 
prefrontal, pt – pterygoid, qj – quadratojugal, sq – squamosal, st – supratemporal, t – 
tabular. 
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Fig. 4. 10. Deltavjatia vjatkensis PIN 2212/6 skull in dorsal view. Abbreviations; f – 
frontal, j – jugal, la – lacrimal, m – maxilla, n – nasal, p – parietal, pal – palatine, pf – 
postfrontal, pm – premaxilla, po – postorbital, pp – postparietal, prf – prefrontal, pt – 
pterygoid, qj – quadratojugal, sq – squamosal, st – supratemporal, t – tabular. 
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Fig. 4. 11. Deltavjatia vjatkensis PIN 2212/6 skull in ventral view. Abbreviations; art. so. – 
articulation for the supraoccipital, ec – ectopterygoid, for. pp. – foramen palatinum 
posterius, m – maxilla, p – parietal, pal – palatine, pbs – parabasisphenoid, pm – 
premaxilla, pp – postparietal, pt – pterygoid, q – quadrate, qj – quadratojugal, sq – 
squamosal, st – supratemporal, t – tabular, v – vomer. 
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Fig. 4. 12. Deltavjatia vjatkensis PIN 2212/6 skull in left lateral view. Abbreviations; a. 
max. for. – anterior maxillary foramen, f – frontal, j – jugal, la – lacrimal, m – maxilla, n – 
nasal, p – parietal, pf – postfrontal, pm – premaxilla, po – postorbital, prf – prefrontal, pt 
– pterygoid, qj – quadratojugal, sq – squamosal, st – supratemporal. 
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Fig. 4. 13. Deltavjatia vjatkensis PIN 2212/6 photograph and drawing of mandible in 
external (a), and internal (b) views.  Abbreviations; a – angular, add. foss. – adductor 
fossa, ar – articular, co – coronoid, d – dentary, sa – surangular, sp – splenial. 
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Fig. 4. 14. Deltavjatia vjatkensis PIN 2212/6 photograph and drawing of teeth in labial 
(a), and lingual (b), views. Abbreviation; cin – cingular. 
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Fig. 4. 15. Deltavjatia vjatkensis PIN 2212/6 braincase in left (a), and right (b), lateral 
views. Abbreviations; br – basisphenoid rostrum, bo – basioccipital, eo – exoccipital, for. 
j. ant. – foramen jugulare anterius, for. ov. – foramen ovalis, op – opisthotic, pbs – 
parabasisphenoid, pop – paroccipital process, pro – prootic, so – supraoccipital, sta. rec. 
– stapedial recess, vic – vidian canal, I-XII – foramen for cranial nerves I-XII. 
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Fig. 4. 16. Deltavjatia vjatkensis PIN 2212/6 braincase in dorsal (a) and ventral (b) views. 
Abbreviations; ant. for. – anterior foramen, br – basisphenoid rostrum, bo – basioccipital, 
eo – exoccipital, for. j. ant. – foramen jugulare anterius, for. ov. – foramen ovalis, op – 
opisthotic, pbs – parabasisphenoid, pop – paroccipital process, post. for. – posterior 
foramen, pro – prootic, sel – sella turcica, so – supraoccipital, sta. rec. – stapedial recess, 
vic – vidian canal, I-XII – foramen for cranial nerves I-XII. 
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Fig. 4. 17. Deltavjatia vjatkensis PIN 22126/6 photograph and drawing of supraoccipital 
in anterior (a), and posterior (b) views. Abbreviation; art. pp. – articulation for the 
postparietal. 
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Fig. 4. 18. Deltavjatia vjatkensis PIN 2212/8 skull in dorsal view. Abbreviations; f – 
frontal, j – jugal, la – lacrimal, m – maxilla, n – nasal, p – parietal, pf – postfrontal, pm – 
premaxilla, po – postorbital, pp – postparietal, prf – prefrontal, pt – pterygoid, qj – 
quadratojugal, sq – squamosal, st – supratemporal, t – tabular. 
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Fig. 4. 19. Deltavjatia vjatkensis PIN 2212/8 photograph and drawing of skull in right 
lateral view. Abbreviations; a. max. for. – anterior maxillary foramen, f – frontal, j – jugal, 
la – lacrimal, m – maxilla, n – nasal, p – parietal, pf – postfrontal, pm – premaxilla, po – 
postorbital, prf – prefrontal, pt – pterygoid, qj – quadratojugal, sq – squamosal, st – 
supratemporal. 
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Fig. 4. 20. Deltavjatia vjatkensis ROM 44764 skull in dorsal (a), and left lateral (b) views. 
Abbreviations; a – angular, a. max. for. – anterior maxillary foramen, d – dentary, f – 
frontal, j – jugal, la – lacrimal, m – maxilla, n – nasal, p – parietal, pf – postfrontal, pm – 
premaxilla, po – postorbital, prf – prefrontal, pt – pterygoid, qj – quadratojugal, sq – 
squamosal, st – supratemporal. 
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Fig. 4. 21. Deltavjatia vjatkensis SMNS uncat photograph and drawing of stapes in 
ventral (a), anterior (b), and posterior (c) views. Abbreviation; sta. for – stapedial 
foramen. 
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Fig. 4. 22. Deltavjatia vjatkensis SMNS uncat photograph and drawing of mandible in 
external (a), and internal (b), views. Abbreviations; a – angular, add. foss. – adductor 
fossa, ar – articular, co – coronoid, d – dentary, int. for. – intermandibular foramen, sa – 
surangular, sp – splenial. 
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Fig. 4. 23. Deltavjatia vjatkensis SNMS uncat interclavicle in ventral (a), and dorsal (b), 
views. 

 

 

Fig. 4. 24. Deltavjatia vjatkensis UMZC T1321 atlas-axis complex in dorsal (a), and right 
lateral (b), views. Abbreviations; atc – atlas centrum, ati – atlas intercentrum, atn – atlas 
neural arch, axn – axial neural arch, cl – clavicle, ost – osteoderm, proat – proatlas, so – 
supraoccipital. 
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Fig. 4. 25. Deltavjatia vjatkensis UMZC T1321 right manus (inverted) in ventral view. 
Abbreviations; int – intermedium, ra – radius, rad – radiale, ul – ulna, uln- ulnare. 

 

ANATOMICAL DESCRIPTION OF DELTAVJATIA VJATKENSIS 

 

General description 

Deltavjatia vjatkensis is a medium-sized pareiasaur, snout-vent length 

approximately 1.5 m.  It is a sparsely armoured form, with a double row of simple 

osteoderms associated with the neural spines of the vertebrae.  Deltavjatia has a 

moderately sculptured skull, with enlarged bosses on skull roof elements in the larger 

specimens. 

 

Cranial description 

There is ample and well-preserved skull material available for study of Deltavjatia.  

In all aspects of cranial anatomy Deltavjatia is typically pareiasaurian, though all of its 

autapomorphies lie in the cranium.  Skull reconstruction in dorsal, ventral, and lateral 

views (Figs. 4.26a, b, c) are based on all available specimens, but primarily KPM 232, 

PIN 2212/6 and PIN 2212/8 for the dorsal and PIN 2212/1 and PIN 2212/6 for the ventral 

views. 
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Skull roof 

Sculpturing—(Figs. 4.2; 4.4a; 4.9; 4.10; 4.12; 4.18; 4.19; 4.20). The sculpturing 

of Deltavjatia is relatively distinctive for pareiasaurs.  It involves a combination of large, 

rounded bosses interspersed with sparse, relatively randomly distributed pits.  There are no 

consistent raised radiating ridges as can be seen in taxa like Pareiasaurus and 

Pareiasuchus (Bystrov 1957), and unlike in Bradysaurus, there are flat areas in between 

pustules, often with very fine radiating grooves emanating from the centre of the bone, 

which is usually demarcated by a prominent rounded boss on the larger specimens. The 

bosses themselves are not consistently circular in outline as seen in many other pareiasaur 

taxa.  When the braincase is present, Deltavjatia can be clearly identified by the distinct, 

exaggerated emargination of the posterior skull roof such that much of the surface of the 

braincase, including most the supraoccipital is exposed dorsally. 

Premaxilla—(Figs. 4.2; 4.4a; 4.10; 4.11; 4.12). The premaxilla, similar to that of 

most other early amniotes, is basically a triradiate structure, with a dorsal process that 

sutures with the nasal, a lateral process that sutures with the maxilla, and a posterior 

process on the palate that makes contact with the vomer.  It is also forms the anterior edge 

of the skull and bears two teeth (Fig. 4.11).  There is a foramen between the two posterior 

(vomerine) processes.  The dorsal process of the premaxilla is relatively long and thin, so 

that the nares face anteriorly rather than laterally.  The dorsal process meets the nasal, 

slightly overlapping the medial portion of this latter element.  The flat palatal process of 

the premaxilla extends posteriorly to meet the anteriormost portion of the vomer. The 

posterior process of the premaxilla is rod-like, not flat in ventral view.  The prepalatal 

foramen is located posteriorly along the suture between the two premaxillae on the palatal 

surface (Fig. 4.11).  It is located near the confluence of the premaxillae and the vomers as 

it is in other pareiasaurs (Lee et al. 1997). 

Maxilla—(Figs. 4.2; 4.4a; 4.11; 4.12; 4.19). Posterolateral to the premaxilla, the 

maxilla is the tooth-bearing bone of the skull.  The posterior spur of the maxilla and the 

anterior process of the quadratojugal do make a short contact below the jugal, in contrast 

to previous descriptions (Lee 1997b), though the prominence of this feature tends to vary 

between specimens and the contact is sometimes obscured by the ventral extension of the 

jugal. The maxilla of the larger (fully-grown) specimens bears 10 teeth, whereas there are 

fewer in the more juvenile specimens (PIN 2212/6 has 9 teeth in the maxilla).  The maxilla 

itself is relatively short compared to other closely related parareptiles, the latter of which 

possess a maxilla that often extends even past the posterior border of the orbit (see 
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Emeroleter, Chapter 2 of this work).  In contrast, in Deltavjatia the maxilla forms a 

relatively long, upright suture with the jugal, and barely extends posteriorly past the 

anterior border of the orbit.  The maxilla has a series of formen, the largest and most 

prominent of which is the anteriormost (Figs. 4.4a; 4.12), the “anterolateral maxillary 

foramen” (Laurin & Reisz 1995), a feature characteristic of parareptiles.  The bone itself is 

relatively smooth and does not bear the sculpturing seen on the other dermal roof 

elements. 

 

 

Fig. 4. 26. Reconstruction of the skull of Deltavjatia vjatkensis in dorsal (a), ventral (b), 
and right lateral (c), views. 

 
Lacrimal—(Figs. 4.2; 4.4a; 4.10; 4.12; 4.18; 4.20a). In contrast to the more basal 

parareptiles, the lacrimal participates in the external naris, perhaps related to the relatively 

short snout of pareiasaurs.  The majority of the external surface of the lacrimal is 

overlapped by the dorsal process of the maxilla.  In the larger specimens the lacrimal bears 

 101



a very prominent boss just posterior to its contact with the external naris (Fig. 4.18).  The 

dorsal edge of the element is bordered anteriorly by the nasal and posteriorly by the 

prefrontal.  A process of the lacrimal extends posteroventrally, just anterior to the 

ventrally-directed process of the prefrontal.  This process bears at least one lacrimal 

foramen towards the upper half of the orbit (Fig. 4.12).  The ventral process of the 

lacrimal meets the anterior process of the jugal posteriorly. 

Nasal—(Figs. 4.2; 4.4a; 4.9; 4.10; 4.18). The nasal meets its partner in a midline 

suture.  It is a roughly rectangular bone that tapers towards the anterior end, where there is 

a slight medial excavation on the dorsal surface for the reception of the premaxilla.  The 

nasal forms the majority of the dorsal edge of the naris, and posterior to this feature its 

lateral border is formed by a suture with the lacrimal.  The nasal bears a large boss at the 

anterior end of the bone directly dosal to the naris. 

Prefrontal—(Figs. 4.2; 4.4a; 4.9; 4.10; 4.12; 4.18; 4.20). The prefrontal of 

Deltavjatia appears much larger than in the reconstruction of Lee (2000).  The bone forms 

the anterodorsal part of the orbital rim, and along with the nasal forms the dorsal border of 

the lacrimal.  It forms a short contact with the nasal anteromedially, and the rest of its 

medial boundary is formed by a suture with the frontal.  Posteriorly there is a short lateral 

suture with the postfrontal, excluding the frontal from the orbit.  Sculpturing on the bone 

consists primarily of a large boss that lies close to the lateral edge (overtop of the orbit), 

and another, smaller boss close to area where the prefrontal approaches the nasal-frontal 

suture.  The ventral process of the prefrontal forms a solid connection with the palate (Fig. 

4.12). 

Frontal—(Figs. 4.2; 4.9; 4.10; 4.18; 4.20). The frontal is also a roughly 

rectangular bone, meeting its pair in a straight midline suture.  Anteriorly it forms a 

roughly transverse suture with the nasal.  Laterally the element is bounded on its anterior 

half by the prefrontal and posteriorly by the postfrontal.  In contrast to the condition seen 

in other parareptiles such as Procolophon (Laurin & Reisz 1995), the frontal in pareiasaurs 

is excluded from making contact with the orbit.  Posteriorly the frontal appears to 'wrap 

around' the parietal.  The suture of the frontal begins directed laterally, perpendicular to 

midline, but then as it moves laterally, it turns and heads posterolaterally, creating a very 

thin tapering posterior process (Fig. 4.10).  The dorsal surface of the bone is characterized 

by a cluster of bosses towards the centre of the element, in the area where the frontal, 

prefrontal, and postfrontal meet.  The rest of the bone is less sculptured, with the anterior 

portion of the bone bearing only shallow ridges directed antero-posteriorly. 
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Parietal—(Figs. 4.2; 4.9; 4.10; 4.18; 4.20).  The parietal is a large bone that makes 

up most of the posterior section of the skull roof.  The parietal or pineal foramen is 

contained entirely within the parietal and this feature is positioned slightly anterior to the 

midpoint of the full antero-postero length of the bone, closer to the fronto-parietal suture.  

Posterior to its suture with the frontal, the parietal forms a short suture with the 

postfrontal.  It also sutures laterally with the postorbital and posterolaterally with the 

supratemporal.  Posteriorly the element meets the single median postparietal. 

Postparietal—(Figs. 4.2; 4.4b; 4.9; 4.10; 4.18; 4.20). In some specimens the 

postparietal features a small median boss towards the anterior edge of the bone where it 

sutures to the parietal (Fig. 4.10), but the remainder of the element is smooth and does not 

bear the sculpture characteristic of the other skull roof bones.  As in all pareiasaurs, the 

postparietal of Deltavjatia is a single, fused element, and is relatively large, over one-third 

of the length of the parietal itself.  Ventrally the postparietal receives the supraoccipital, 

forming the main dorsal attachment surface of the braincase with the skull roof in the form 

of a ventral process that is diamond-shaped in cross section, which is attached to the dorsal 

process of the supraoccipital (Fig. 4.11).  The postparietal forms a very short lateral suture 

with the large supratemporal, while the rest of the lateral border is formed by the tabular 

or ‘supernumerary element’.  The postparietal is positioned such that its slightly concave 

posterior edge lies almost halfway up the supratemporal so the posterior edge of the skull 

roof is significantly embayed medially.  This feature is so pronounced that in specimens 

where the braincase is present, the posterior part of the basioccipital can be seen poking 

out behind the skull table in dorsal view, an autapomorphy of the taxon. 

Tabular (“supernumerary element”)—(Figs. 4.2; 4.4b; 4.9; 4.10; 4.18; 4.20). 

The tabular can be observed in all specimens of Deltavjatia where this area is preserved, 

although in the larger specimens the suture is more difficult to discern and the element is 

often partially fused with the supratemporal.  In PIN 2212/6, there are clearly two smaller 

elements closely attached, but still separate, located on either side of the postparietal (Fig. 

4.10).  These elements, the postparietal and the tabular are for the most part strictly 

occipital elements in the majority of the less derived parareptiles (see Tsuji 2006), which 

have been 'dragged' up onto, and integrated into the skull roof in pareiasaurs. 

Supratemporal—(Figs. 4.2; 4.4a; 4.9; 4.10; 4.12; 4.18-4.20). The supratemporal 

comprises the posterolateral corner of the skull roof.  It is a prominent element, bearing a 

large single round boss towards the posterior edge of the skull table.  The supratemporal is 

largely excluded from contact with the postparietal in Deltavjatia by the interference of 
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the tabular (supernumerary element) (Fig. 4.2), though a short suture is present in the 

majority of specimens.  Anteriorly the supratemporal forms a small suture with the 

postorbital, and ventrolaterally it sutures with the squamosal.  The element also takes part 

in the attachment of the paroccipital process of the braincase (Fig. 4.4b).  The area of the 

supratemporal posterior to the large boss is for the most part unsculptured, and forms a 

noticeable posteroventrally-directed slope, a feature shared with the postparietal and 

tabular (Fig. 4.2). 

Postfrontal—(Figs. 4.2; 4.4a; 4.9; 4.10; 4.12; 4.18; 4.20). The postfrontal defines 

the dorso-posterior edge of the orbit. It forms a short suture with the prefrontal anteriorly, 

and the majority of the median portion of the bone is delimited by the frontal.  

Posteromedially the bone sutures with the parietal, and it is bounded laterally (and 

ventrally) by the postorbital.  There is a large boss positioned centrally along the edge of 

the orbit, with a number of smaller bosses clustered around the larger one (Fig. 4.18). 

Postorbital—(Figs. 4.2; 4.4a; 4.9; 4.10; 4.12; 4.18; 4.20). The postorbital is 

roughly triangular in shape, with its anterior edge defining the majority of the posterior 

rim of the orbit.  Its ventrolateral edge is formed by a combination of the jugal anteriorly 

and the squamosal posteriorly.  A suture with the postfrontal forms the majority of the 

dorsal limit of the postorbital, but the element also makes contact with the supratemporal, 

though this contact is fairly small.  There is a series of bosses along the orbital rim, with 

ridges and furrows radiating out from this point. 

Jugal—(Figs. 4.2; 4.4a; 4.9; 4.10; 4.12; 4.18; 4.20b). The jugal constitutes the 

majority of the ventral, and half of the posterior margin of the orbit.  It is generally a half-

moon in outline.  The long anterior process thins anteriorly, but it does form a short suture 

with the lacrimal, with the majority of the length of the anterior process bounded ventrally 

by the maxilla.  Posteriorly the ventral edge of the bone forms a gradually curving suture 

with the quadratojugal.  Posterodorsally the jugal contacts the squamosal, and dorsally it 

forms an anteroventrally directed suture with the postorbital (Fig. 4.4a).  There is a cluster 

of bosses located approximately directly under the ventralmost extension of the orbit, a 

character shared with other pareiasaurs and Macroleter (Tsuji 2006).  In Deltavjatia, the 

jugal comprises a small portion of the ventral flange of the cheek, at approximately the 

location where the ventral cheek flange meets the tooth-bearing region of the skull.  This 

implies that the quadratojugal and the maxilla are separated, at least on the external 

surface of the skull.  Internally, however, it does appear that these two latter bones indeed 
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do meet, with the jugal forming a small overhang, obscuring this contact externally (Fig. 

4.4a). 

Squamosal—(Figs. 4.2-4.4; 4.9-4.13; 4.18-4.20). The squamosal is large element, 

suturing dorsally with supratemporal, anteriorly with the postorbital and jugal, and 

ventrally with the quadratojugal.  The bone forms a large part of the cheek, and features a 

large oblong boss on the posterior edge, towards the dorsal portion of the bone where it 

sutures with the supratemporal (Fig. 4.19).  Apart from this large boss, the sculpturing of 

the squamosal consists primarily ridges and furrows radiating outwards from the boss 

towards the edges of the bone.  The squamosal forms the ventral portion of the articulation 

with the paroccipital process of the braincase, and is correspondingly thickened in this 

area, most likely to help to reinforce the cheek.  Although there is no apparent otic notch 

on the lateral (external) surface of the skull in pareiasaurs, in posterior view a small yet 

clear ‘notch’ facing internally can be seen enclosed primarily within the squamosal (Fig. 

4.4b).  This feature appears to be homologous to the otic notch that holds the large 

tympanum of the nycteroleters (Chapter 2, Müller & Tsuji 2007), but corresponding to the 

more heavily ossified condition of the pareiasaur skull, the position has been shifted 

considerably, placing this structure in what would have been a more protected position.  

The relative area occupied by this structure would also have been smaller than the 

condition seen in the nycteroleters.  This otic notch is positioned such that a stapes and 

cartilaginous extrastapes would have been directed slightly dorsolaterally. 

Quadratojugal—(Figs. 4.2-4.4; 4.9-4.13; 4.18-4.20). The quadratojugal forms the 

ventral margin of the cheek.  As in all pareiasaurs, the element extends ventrally well 

below the tooth row, with its anterior edge forming an angle of approximately 60 degrees 

with the tooth row.  The quadratojugal delineates most of the posterior boundary of the 

jugal, and it forms a relatively straight horizonal suture dorsally with the squamosal.  The 

dorsal border of the quadratojugal is approximately even with the ventral rim of the orbit.  

The autapomorphy of a long low boss on the quadratojugal (Lee 1997b) is not consistently 

present, at least in the smaller two specimens. Instead, the quadratojugal ornamentation 

consists of two larger anterior conical spikes, with smaller ones, more resembling bosses 

further posteriorly along the posterior edge of the cheek. 

 

Palate 

The palate of Deltavjatia is fairly conservative and is characterized by tall, 

denticle-bearing ridges and a reduced transverse flange of the pterygoid.  Unlike in the 
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nycteroleters, the palate and especially the transverse flange of the pterygoid are raised 

considerably above the level of the tooth row. 

Vomer—(Figs. 4.1; 4.3; 4.11). The vomer of pareiasaurs is unique, typified by 

what is termed the 'alar flange' (Damiani & Modesto 2001), a rounded lateral process 

defining medial part of the choana, resulting in a jelly-bean shaped choana.  It has been 

suggested that the vomer has a thin medial dorsal flange that forms a bony septum in the 

nasal chamber (Damiani & Modesto 2001), but unfortunately none of the specimens of 

Deltavjatia are preserved in a manner that would preserve this feature.  Anteriorly the 

vomer meets the premaxilla.  The articulating surface of this contact is not 

straightforward, however.  As is described for an unidentified pareiasaur from the 

Tropidostoma Assemblage Zone of the Karoo (Damiani & Modesto 2001), a channel or 

groove separates the two articulating surfaces, with the lateral processes being larger than 

the median ones (Fig. 4.1).  Posterior to the articulation with the premaxilla, a row of 

denticles runs along the median edge of the bone.  The anteriormost denticle is the largest 

and is slightly recurved, and as the row continues posteriorly, it splits into two parallel 

rows at about the level of the anteriormost extension of the vomer-palatine suture (slightly 

anterior to the posterior edge of the choana).  The vomer actually has very little sutural 

contact with the palatine ventrally, with this contact almost precluded by the long 

posterolaterally-directed suture with the pterygoid (Fig. 4.1). 

Palatine—(Figs. 4.1; 4.3; 4.11). The palatine forms the posterolateral, the entire 

posterior edge, and a small portion of the medial edge of the choana.  Laterally the bone 

meets the maxilla in a gently sloping posterolaterally-directed suture.  The posterolateral 

edge of the palatine sutures with the ectopterygoid, but this contact is largely interrupted 

by the presence of a large foramen, the 'foramen palatinum posterius' of Lee (1995).  This 

foramen is entirely contained within the suture between the palatine and the ectopterygoid 

(Fig. 4.1).  The palatine also sutures with the pterygoid posteromedially.  There is a double 

row of denticles, the continuation from the pterygoid, which extend almost to the posterior 

edge of the choana. 

Ectopterygoid—(Figs. 4.1; 4.3; 4.11). The ectopterygoid is a relatively small, 

roughly triangular element.  In ventral view, anteriorly the ectopterygoid sutures with the 

palatine, with the suture interrupted by the foramen palatinum posterious.  It sutures 

laterally with the maxilla, continuing where the palatine ends, and it also forms a short 

suture with the pterygoid posteriorly.  The ventral surface of the bone is smooth and 

featureless.  Dorsally, the bone also forms a short suture with the maxilla. 
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Pterygoid—(Figs. 4.1; 4.3; 4.11). The pterygoid is a large and complex bone, and 

is the dominant element of the palate.  It is basically triangular in shape, with an anterior 

process that terminates in a transverse suture with the vomer.  Multiple rows of denticles 

run across the pterygoid. The double row of denticles continues posteriorly from the 

vomer, and lines the edges of the interpterygoid vacuity.  Another row of denticles begins 

approximately midway along the pterygoid-palatine suture.  This row begins a single row, 

but splits into two rows as it approaches the palatine.  This double row, as with the other 

double rows on the palate of Deltavjatia remain parallel throughout their length.  Posterior 

to the suture with the vomer, the pterygoid forms a posterolaterally-directed suture with 

the palatine. 

The transverse flange of the pterygoid is only slightly recurved, definitely not to 

the extent seen in outgroup parareptilian taxa, where it is generally pointing directly 

laterally and very closely approaches the cheek (Laurin & Reisz 1995, see Macroleter 

Tsuji 2006).  In Deltavjatia, as in other pareiasaurs, the transverse flange is directed 

anterolaterally, and does not closely approach the cheek, a condition shared with the other 

pareiasaurids (Lee 1997).  The transverse flange also bears a row of large denticles on a 

raised ridge on the ventral surface of the structure. 

Epipterygoid—No preserved epipterygoid has been found in any specimen of 

Deltavjatia examined in this study. 

Quadrate—(Figs. 4.1; 4.3; 4.4b; 4.11). The quadrate bone connects the posterior 

portion of the palate with the cheek and forms the upper part of the jaw articulation.  The 

bone is basically triangular in shape and sutures with the pterygoid anteromedially, the 

quadratojugal ventrally, and the squamosal posteriorly.  The quadrate forms an extensive 

suture with the quadrate flange of the pterygoid, a suture that extends dorsally almost to 

the skull roof, with the dorsalmost part of the quadrate extending almost to the articulation 

of the paroccipital process with the squamosal and supratemporal.  The exact delineation 

of the suture between the quadrate and the pterygoid is difficult to trace in most 

specimens, however.  The quadrate sutures with the quadratojugal on its posterior and 

posterolateral margins.  Further dorsally, a small quadrate foramen is found at the 

convergence between the quadrate, squamosal, and quadratojugal (Fig. 4.4b).  The suture 

between the squamosal and quadrate defines the posterior border of the otic notch in 

Deltavjatia. 

The jaw articulation in Deltavjatia is oriented laterally, with a lateral and a medial 

condyle separated by a shallow groove (Fig. 4.11).   The articulation itself occurs well 
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anterior to the occiput and ventral to the tooth row, a condition that is concordant with the 

herbivorous diet of pareiasaurs (Lee et al. 1997). 

 

Braincase 

The relatively well-ossified condition of the pareiasaur skull applies in particular to 

the braincase, making it difficult if not impossible to discern the sutures between the 

different elements.  However, the availability well-preserved juvenile material of 

Deltavjatia allows a closer examination of the individual elements of the braincase.  In 

particular, PIN 2212/6 has an isolated braincase with partially disarticulated exoccipitals, 

providing much insight into the structure of the elements and an ability to describe the 

braincase in detail from all angles, though it is important to note that this specimen is a 

juvenile individual, so certain features seen here may not be visible in fully-grown 

individuals. 

Parabasisphenoid—(Figs. 4.1; 4.3; 4.11; 4.15; 4.16). In pareiasaurs, the 

parasphenoid and the basisphenoid are fused into one indistinguishable element, termed 

the parabasisphenoid, and this also the case in Deltavjatia.  Even in the relatively unfused 

braincase of the juvenile PIN 2212/6 (Figs. 4.15; 4.16), the two elements cannot be 

distinguished from one another, indicating that this fusion probably occurred quite early in 

development.  The overall silhouette of the element is that of an hourglass, with slightly 

flared anterior and posterior ends and a constricted middle, though this constriction is less 

pronounced than those seen in the outgroup taxa (Lee 1997b). 

The basipterygoid processes project anterolaterally, joining with the basipterygoid 

processes of the pterygoid on the palate.  This joint is fused so there is no movement 

possible between the braincase and the palate, with no visible suture between the two.  

This morphology can be seen in all larger specimens of Deltavjatia.  In the more juvenile 

PIN 2212/6, however, this area is not yet fused, and in fact the braincase can been 

removed from the skull, although it appears as though the articulating surfaces do not 

maintain their original morphology.  The ventral surface of the parabasisphenoid is 

relatively smooth, with a noticeable circular indentation centered just posterior to the 

basicranial processes (Fig. 4.3).  Two small foramina can be seen towards the anterior 

portion of this pit, seemingly analogous to the “anterior foramen” identified by Lee et al. 

(1997) on the ventral surface of basisphenoid of Pareiasuchus nasicornis, however the 

authors of this paper could not identify an equivalent in other early amniotes (Fig. 4.16b).  

This feature also appears to be present in well-preserved adult specimens, located very 
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anteriorly on the basisphenoid, close to the cultriform process.  Posteriorly, just anterior to 

the suture with basioccipital, there are two additional foramina placed within very deep, 

posteriorly-directed grooves (Fig. 4.15b), possibly equivalent to the ‘posterior foramen’ of 

Lee et al (1997), but these features do not appear in larger specimens of Deltavjatia. 

Due to the disarticulation of a number of the dorsal elements of the braincase, the 

dorsal surface of the parabasisphenoid is exposed in PIN 2212/6.  Just posterior to the 

basipterygoid processes, the median dorsal body, or parasphenoid rostrum can be seen 

rising dorsally from the base of the parasphenoid, with the base of a very small cultriform 

process projecting anteriorly (Fig. 4.15a, b; 4.16a).  In Deltavjatia the cultriform process 

is present, and extends at least as far anteriorly as the interpterygoid vacuity (Fig. 4.1).  Its 

full anterior extent cannot be assessed from the specimens available, however, and in the 

juvenile braincase (PIN 2212/6), this feature is either very small or has been broken off.  A 

deep pit can be seen immediately posterior to the parasphenoid rostrum, which can be 

identified as the sella turcica, where the pituitary body would have lain (Fig. 4.16a).  Just 

lateral to the sella turcica are the foramen and groove for the vidian canal (Fig. 4.15b; 

4.16a). 

Prootic—(Figs. 4.16; 4.17). The prootic and the opisthotic project dorsolaterally 

from the midline of the braincase and form the paroccipital processes, which connect the 

braincase with the skull roof.  The prootic itself is sutured to the main body of the 

parabasisphenoid just posterior to the sella turcica.  In PIN 2212/6, the morphology is 

quite clear.  Anteriorly the prootic is slightly embayed to accommodate the trigeminal 

nerve (V) (Fig. 4.15a, b).  A small foramen for the facial nerve (VII) is present on the 

prootic just posterior to this embayment (Fig. 4.15b).  The prootic then continues 

posteriorly, forming the anterior portion of the dorsal border of the foramen ovalis.  

Dorsally it appears as if the two prootics meet dorsal to the parabasisphenoid, a 

morphology that differs from the condition portrayed in the procolophonid Leptopleuron, 

where the prootics do not meet and the parabasisphenoid is dorsally exposed (Spencer 

2000).  At its dorsalmost margin the prootic contacts the supraocciptal, although the length 

of this suture is not clear, as the entire suture between the prootic and the opisthotic cannot 

be discerned.  More posteriorly the prootic then merges with the opisthotic to form the 

paroccipital process.  The paroccipital process comprises the articulation of the braincase 

with the skull roof, but the prootic forms only the anteriormost portion of this structure 

and thus does not itself take part in the articulation. 
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Opisthotic—(Figs. 4.3; 4.4b; 4.15; 4.16). The opisthotic originates posteriorly in a 

suture with the exoccipital, and these two bones combine to support the posterior part of 

the supraoccipital.  Posteriorly the opisthotic and the prootic form the paroccipital process, 

but it is the opisthotic alone that comprises the lateral extent of this structure, forming the 

actual articulation with the squamosal and supratemporal in the skull roof. Anteriorly the 

opisthotic bears a ventral projection that contacts the parabasisphenoid, which forms the 

posterior demarcation of the fenestra ovalis, and delineates two large foramina  (Fig. 

4.15b).  The larger, more anterior section can be identified as the fenestra ovalis.  A semi-

circular stapedial recess, which would have accommodated the footplate of the small 

stapes (described below), is present in the posterior edge of this larger fenestra (Fig. 

4.15b), although this feature does not appear in the braincase of Pareiasuchus nasicornis 

(Lee et al. 1997).  The foramen ovalis is very open in the juvenile PIN 2212/6, but in KPM 

232, there is some indication of a further division of the fenestra ovalis into a dorsal and 

ventral section, though they are not fully separate (Fig. 4.27), the lower of which can be 

interpreted as a ‘pressure relief window’ sensu Müller & Tsuji (2007), one of the 

indications of the presence of tympanic hearing, though this feature is not clearly defined 

nor apparently present on both sides of the skull.  Thus the identification of this structure 

here is only provisional. The smaller and more posterior of the two fenestrae is the 

foramen jugulare anterius of Haughton (1929) and Lee et al. (1997), a feature not present 

in the considerably less well-ossified procolophonid Leptopleuron (Spencer 2000). 

 

Fig. 4. 27. Deltavjatia vjatkensis KPM 232 photographs of braincase in left (a), and right 
(b), lateral views. Abbreviations; for. j. ant. – foramen jugulare anterius, for. ov. – foramen 
ovalis, pbs – parabasisphenoid, pop – paroccipital process, sept – bony septum. 
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The internal structure of the opisthotic can be seen in PIN 2212/6, showing a very 

open network of pits (Fig. 4.15a), indicating that the otic capsule was not fully ossified in 

this specimen.  A well-ossified state of the otic capsule is present in Macroleter (Müller & 

Tsuji 2007), and the immaturity of PIN 2212/6 in particular could be the reason this region 

appears to be unossified in this case. 

Supraoccipital—(Figs. 4.4b; 4.17). One of the autapomorphies of Deltavjatia is 

that the supraoccipital is exposed a significant amount dorsally, projecting posterior to the 

skull table, a feature that is not so obviously or consistently present in any other 

pareiasaur.  In PIN 2212/6 the supraoccipital is separated from the rest of the braincase as 

well as the skull roof (Fig. 4.17).  The articular surface of the supraoccipital with the skull 

roof can be seen in this isolated element (Fig. 4.17a).  The contact itself is roughly square, 

with the corners of the square oriented along the axes of the skull.  The dorsal part of the 

supraoccipital then extends downwards as a thick column before it flares to forms the roof 

of the braincase, with a tall, columnar surpaoccipital being one of the synapomorphies of 

pareiasaurs (Lee 1995b, 1997a).  Anteriorly this column has a flattened indentation in 

which is situated an anterior crest (Fig. 4.17a), while it appears that there is a small raised 

ridge or crest on the posterior surface (Fig. 4.17b). 

Exoccipital—(Figs. 4.4b; 4.15; 4.16). The exoccipital is a paired element that 

projects dorsally and slightly laterally from the basioccipital and in pareiasaurs forms the 

dorsal half of the occipital condyle of the braincase articulation with the vertebral column.  

There are two parts to the exoccipital, a basal component that sutures with the 

basioccipital and a dorsal process that connects with the opisthotic anteriorly and helps to 

support the supraoccipital dorsally.  The exoccipitals do not meet dorsally, though they 

have a medial process that forms a significant part of the dorsal border of the foramen 

magnum (Fig. 4.4b). The elements also bear long lateral processes, which underlie the 

paroccipital process for a considerable distance, a character typical for pareiasaurs (Lee 

1995b).  At the base of the dorsal process of the exoccipitals there are a series of foramina 

through which cranial nerve XII (hypoglossal) would have passed (Figs. 4.15a, b).  The 

base of the exocciptal meets its pair medially above the basioccipital and eventually fuses 

with this latter element in larger individuals (Fig. 4.15). 

Basioccipital—(Figs. 4.4b; 4.15; 4.16). The basiocciptial constitutes the ventral 

half of the occipital condyle and the posteriormost part of the ventral surface of the 

braincase.  In the larger specimens of Deltavjatia the basioccipital has fused 

indistinguishably with the parabasisphenoid to form a single solid structure, but in the 
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juvenile PIN 2212/6, the suture between the basioccipital and the parabasisphenoid can be 

discerned (Fig. 4.16b).  The basioccipital makes up slightly more than half of the occipital 

condyle, with the fused exoccipitals forming the dorsal portion. The fusion of the 

exoccipitals excludes the basiocciptal from participation in the foramen magnum.  The 

condyle itself is highly concave, with a relatively sharp (ie not swollen) rim in the 

specimens in which it is adequately preserved. 

Sphenethmoid—The sphenethmoid or interorbital septum is generally 

acknowledged to be present in pareiasaurs (Romer 1956).  Primitively in tetrapods, the 

sphenethmoid is a more complex and larger bone (Clack 2002), but in amniotes it appears 

to be a solid plate-like bone that rises dorsally from the anterior portion of the 

parasphenoid (the cultriform process) to reach the frontal, and divides the anterior section 

of the skull into right and left halves (Romer 1956).  Its presence in the specimens of 

Deltavjatia examined in this study, however, is less than certain.  Very rarely is the area 

above the cultriform process prepared in complete skulls, and in the few specimens in 

which this area is visible, specifically PIN 2212/6, there is little evidence of its presence.  

Furthermore, the short cultriform process in this specimen would not support a 

sphenethmoid that would fully divide the orbital region.  It is certainly reasonable to 

assume, however, that the sphenethmoid of PIN 2212/6 would not yet have ossified, as the 

specimen is juvenile and this structure was certainly preformed in cartilage.  The known 

pareiasaur sphenethmoids indeed come from well-ossified and presumably fully-grown 

individuals, and the sphenethmoid of one such individual of Embrithosaurus from the 

Natural History Museum in London has been partially sectioned (Haughton 1929). 

Stapes—(Fig. 4.21). The stapes of early tetrapods tends to be robust, with a role in 

helping to brace the braincase to the skull roof (Clack 2002).  In fully terrestrial animals 

with an acute sense of hearing, however, the structure of the stapes is quite different, 

instead becoming a small, relatively gracile bone that performs functions related to 

hearing with a tympanic ear (Clack 2002, Müller & Tsuji 2007).  The stapes of pareiasaurs 

has been described and figured in two taxa – Arganaceras vacanti (Jalil & Janvier 2005) 

and Scutosaurus karpinskii (Lee unpublished phd thesis), but the morphology described is 

considerably different between these two accounts, and considering that both elements 

were found in isolation and that both of their morphologies are highly aberrant from the 

morphology seen in other parareptiles (Carroll & Lindsay 1985, Tsuji 2006, Tsuji & 

Müller 2007), it is doubtful that either of these can be definitively identified as a stapes.  
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An element that can be identified as a stapes has been found in a specimen of 

Deltavjatia.  In SMNS uncat, this element is present on both sides of the skull when 

prepared in ventral view, and while the left element has been maintained in place, the right 

has been removed and prepared so that it is visible in multiple views (Fig. 4.21).  The 

element in this case is small, only approximately 1.5 cm in length.  Proximally the bone is 

flared, and there is a large stapedial foramen visible, best seen in ventral view. The 

proximal end, the footplate, appears to possess two articulation surfaces with a sulcus 

separating them.  Distally the stapes tapers to a point so that the element is triangular in 

outline, slightly longer than wide. This basic form of the stapes is very similar to that seen 

in other derived parareptile taxa such as Procolophon trigoniceps (Carroll & Lindsay 

1985) and in particular Macroleter poezicus (Tsuji 2006). 

In addition to looking very similar to the stapes of other closely related parareptile 

groups, the stapes observed in SMNS uncat is in the approximate correct anatomical 

position, in the approximate area of the foramen ovalis (see description above), on both 

sides of the skull, a condition that is also seen when the element is preserved in specimens 

of Macroleter (Tsuji 2006).  It is clear that these structures were only very loosely 

associated with the skull, and would have only been preserved in place in very well-

preserved and undisturbed skeletons. 

 

Mandible 

The mandible or lower jaw of Deltavjatia does not deviate very much from the 

typical pareiasaurian morphology.  It is typified by a prominent angular boss extending 

from the ventral edge of the jaw and by the single row of leaf-shaped teeth that mirror 

those on the maxilla. In the largest specimens of Deltavjatia, the boss is expanded into a 

small pointed horn. The lower jaw does not have the sculpturing typically seen on the 

external surface of the skull roof.  It consists primarily of a number of overlapping sheet-

like bones. 

Dentary—(Figs. 4.4a; 4.13; 4.20b; 4.22b). The dentary is the tooth-bearing bone 

of the mandible and forms majority of the anterolateral margin of the structure. On the 

external surface of the mandible, the dentary meets the surangular posteriorly and forms a 

suture with the angular posteroventrally.  Internally the dentary forms only the upper half 

of the mandibular symphysis.  The splenial and the cornoid overlap the dentary internally, 

ventrally and dorsally respectively.  In the two specimens with isolated mandibles, there 
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are 11 alveoli present in each dentary (Figs. 4.13; 4.22).  The bone has a number of small 

foramina on its external surface, but is otherwise unsculptured. 

Splenial—(Figs. 4.3; 4.4b; 4.13; 4.22). The splenial is a flat platy bone that lines 

the medial surface of the jaw, and unlike in many other parareptiles (Laurin & Reisz 

1995), the element does take part in the symphysis of the mandible (Figs. 4.4b; 4.22b).  

The anterior part of the bone is two-pronged, with the upper and lower prongs forming the 

borders of a large foramen (Fig. 4.4b).  The lower prong is also significantly more robust 

than the upper, and it is this part of the splenial that meets its pair at the midline, taking 

part in the symphysis as it does in stem amniotes such as Diadectes (Laurin & Reisz 

1995). 

Coronoid—(Figs. 4.13; 4.22). Dorsal to the splenial on the internal surface of the 

mandible lies a single coronoid bone, and this element forms the dorsalmost extent of the 

mandible in the form of the relatively low coronoid process, which projects dorsally only 

to the height of the tooth crowns (Figs. 4.13b; 4.22b).  The anterior process of the bone 

does not extend much beyond the 5th tooth position.  The coronoid forms the anterior part 

of the adductor fossa, meeting the surangular on the external side and the prearticular on 

the medial side of this structure.  Anteriorly it meets the posterodorsal part of the dentary 

and the anteriormost process forms a short suture with the splenial. 

Prearticular—(Figs. 4.13; 4.22). The prearticular is also located on the inner 

(internal) surface of the mandible.  The element overlaps the angular ventrally and the 

coronoid dorsally, where it forms the ventral medial border of the adductor fossa.  Because 

the prearticular is very broad dorsoventrally, the adductor fossa faces predominantly 

dorsally.  Anteroventrally the prearticular is overlapped by the splenial. 

Surangular—(Figs. 4.13; 4.22). The surangular, as its name suggests, lies dorsal 

to the angular and forms the majority of the posterodorsal part of the mandible (on the 

external surface).  It lies posterior to the dentary, extending back to cover most of the 

articular laterally.  It does not take part in the retroarticular process. 

Angular—(Figs. 4.3; 4.4; 4.13; 4.20; 4.22). One of the more distinctive 

synapomorphies of pareiasaurs is the prominent boss at the anterior end of the angular, 

which often takes the form of an obvious horn.  In the largest specimens of Deltavjatia the 

boss is large and pointed.  In the smaller specimens, however, the boss is not pointed, but 

is rather a small, low, laterally compressed boss (Figs. 4.13; 4.20b).  The dimensions and 

prominence of the angular boss grows with increasing size and presumably age of the 

individuals (Fig. 4.28, see also discussion below). The element forms the ventralmost part 
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of the mandible, and can be seen in both medial and lateral views.  Medially the majority 

of the dorsal border of the angular is formed by a suture with the prearticular, and it meets 

the splenial anteriorly and the articular posteriorly.  Externally (laterally), the surangular 

forms the majority of its dorsal border, and it meets the dentary anterodorsally. 

Articular—(Figs. 4.3; 4.13b; 4.22b). The articular has very little lateral or medial 

exposure, being overlapped by the prearticular internally and the angular and surangular 

externally.  The majority of the visible part of the bone is exposed in dorsal aspect in the 

form of the glenoid fossa for the articulation with the quadrate of the skull.  This 

articulation surface is concave with a central raised and rounded anteroposteriorly-directed 

ridge dividing the articulation surface into two sections, the more medial of which is more 

concave.  The surface itself also tilts ventrally on its posterior end.  The posterior and 

ventral edge of the articular forms the entirety of the retroarticular process, which in 

Deltavjatia, and indeed in all pareiasaurs, is very small, and bears a small slightly turned 

up flange (termed a 'dorsal lump' by Lee 1995b) at its posteriormost end, considerably 

smaller than in other parareptiles such as bolosaurids (Reisz et al. 2007). 

 

Hyoid  

In general, the hyoid apparatus of parareptiles tends to be preferentially preserved 

in many taxa (Reisz & Scott 2002, Tsuji 2006, Carroll & Lindsay 1985).  It is also known 

from other pareiasaurs (Lee et al. 2007), but there are none preserved in the specimens of 

Deltavjatia available for study. 

 

Dentition 

The teeth of Deltavjatia are typical for pareiasaurs, being leaf shaped; labio-

lingually compressed with a number of rounded cusps evenly distributed across the crown.  

Contrary to what is described by Lee, some of the teeth have a cingulum on the lingual 

surface of the tooth, the largest of which also bear small cusps (Fig. 4.14b).  Lee has 

asserted that the unerupted teeth of pareiasaurs are simple and conical in shape (Lee 

1997), but in examples of Deltavjatia where it is possible to see the barely-erupted teeth, 

they already bear a nearly complete set of cusps and their crowns are still expanded (Fig. 

4.14).  The upper jaw holds approximately 10 teeth (SMNS uncat), while the dentary of 

the mandible holds approximately 11-12 teeth. 
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Fig. 4. 28. The growth and development of the angular boss in Deltavjatia vjatkensis (boss 
indicated by arrow).  Specimens, from top to bottom: ROM 44764, PIN 2212/6, SMNS 
uncat, KPM 232. 

 
Postcranial 

Postcranial material of Deltavjatia is not as common as skull material, but there is 

a considerable amount, in particular material that has recently been excavated and 

prepared.  A number of specimens contain significant amounts of postcranial material: 

UMZC T1321, ROM 44764, TMP 95.44.10, SMNS uncat, PMU R1259, KPM uncat/P1, 
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KPM 11/94, and KPM 232, and for the most part these have been prepared and/or 

mounted in-situ.  It is interesting to note that the majority of the skeletons that include 

postcranial material were prepared as in-situ mounts; most of these preserve the skeleton 

oriented upright as if mired.  This style of preservation reflects the taphonomy observed in 

a number of other pareiasaur taxa (Lee 1997b). 

 

Vertebral column and ribs 

The presacral vertebral count of primitive pareiasaurs is lower than for those that 

are more derived, while the caudal vertebral count is generally higher in primitive forms 

(Lee 1997a).  The presacral vertebral count in KPM 232 appears to be 17.  There are also 

appears to be 4 or 5 sacral vertebrae – those with sacral ribs involved in supporting the 

sacrum.  The last part of the tail in KMP 232 has been grafted on from another specimen, 

so an exact number of caudal vertebrae cannot be determined, but it is obvious that the tail 

is not terribly short.  Although gastralia have been identified in Emeroleter (see Chapter 2 

above), there is no evidence of these structures in specimens of Deltavjatia, nor in the 

nycteroleter Macroleter (Tsuji pers. obs.). 

Atlas and axis—(Fig. 4.24). Whereas they are obscured or absent most specimens 

of Deltavjatia, the elements of the atlas-axis complex can be seen in UMCZ T1321 in 

dorsal and lateral views (Fig. 4.24).  An element identified as the proatlas has drifted 

lateral to its natural position, although this element has not been posited to exist in 

pareiasaurs (Boonstra 1934a), and thus its identity here is provisional.  The two more 

lateral elements are the paired atlas neural arches, which are almost square in outline when 

viewed in dorsal aspect, with their broad flat surfaces tilted laterally such that they form 

long, antero-posteriorly oriented ‘spines’.  In lateral view, a large anterior element is 

identified as the atlantal intercentrum, but presumably most of the dorsal part of this 

structure belongs to the atlantal centrum, which is the condition present in most basal 

amniotes (Sumida et al. 1992), however the bone surface is badly preserved in this area 

and the delineation between these two elements is not clear.  Posterior to the atlantal 

intercentrum, a semi-lunate axial intercentrum can be seen, followed posteriorly by the 

axial (pleuro-)centrum, which appears to be fused with the neural arch of this element 

(Fig. 4.24b).  The axial neural arch is a tall, prominent structure, whose dorsalmost tip 

appears to be slightly broadened, perhaps to accommodate the anteriormost osteoderms 

(Fig. 4.24a).  The bone surface of these elements is not well preserved; therefore it is not 

possible to describe the nature of the rib articulations in this area. 
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Presacral vertebrae—(Figs. 4.5; 4.7; 4.8). The presacral vertebrae of Deltavjatia 

are of a form typical for pareiasaurs.  This morphology is typified by wide, swollen neural 

arches – more specifically the dorsal extent of the postzygopophysis forms a tall, rounded 

arch that adjoins the neural spine.  The presacral vertebrae are much wider than long, a 

condition that differs significantly from the morphology seen in Seymoriamorphs and 

most other basal amniotes (Sumida & Modesto 2001).  The neural arches also posses a 

significant furrow on their posterior limit, delimiting the high swollen arch from a 

surrounding flattened area below which sits the flat, horizontally oriented posterior 

zygopophysis for articulation with the anterior zygapophysis of the succeeding vertebra.  

The neural spines in Deltavjatia are short in comparison with the condition present in 

other pareiasaurs such as Scutosaurus and Bradysaurus, which, in well-preserved 

specimens extend dorsally at a height approaching the height of the centrum and increase 

in height posteriorly (Boonstra 1934a).  In the articulated specimens of Deltavjatia the 

neural spines are often broken, however as evidenced by the presence of semi-articulated 

osteoderms, in many cases the spines are preserved in their entirety.  It is clear that the 

neural spines never approached the height of the centra, increasing to a height of 

approximately 2 cm as they approach the sacrum.  Broken surfaces indicate that the neural 

spines were diamond-shaped in cross section, and were considerably more robust 

posteriorly than anteriorly.  The centra are almost completely circular in shape and 

significantly antero-posteriorly thinner than wide and amphicoelous.  In an isolated 

vertebra preserved in posterior view, it appears that the centra, at least in this immature 

individual were notochordal (Fig. 4.8).  The transverse process of the vertebrae for the 

articulation of the ribs consists of a thin, dorsally oriented flange that approaches the 

height of the centrum and is hosted by both the centrum and neural arch.  The size of 

transverse processes increases considerably in the dorsal vertebrae (Fig. 4.5). 

Dorsal ribs—(Figs. 4.5; 4.7; 4.8). In pareiasaurs the presacral (dorsal) ribs form a 

continuous cage around the torso for the entire length of the presacral vertebral column, 

unlike the condition seen in the closely related nycteroleters, which do not bear ribs on 

their posterior dorsal vertebrae (see Chapter 2).  In Deltavjatia, the presacral ribs are 

slightly flattened and curve forward gently.  The ribs are single-headed (holocephalus), 

and articulate with the extensive transverse processes (rib facets) of the vertebrae.  The 

heads themselves are very broad but antero-posteriorly very restricted, with the heads 

reaching their peak size around midway along the presacral vertebral column.  The main 

bodies of the ribs are long and gently curved in the first two-thirds of the presacral 
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vertebral column, and then decrease in length and curve more strongly ventrally and 

internally as they approach the sacrum.  Overall, the ribs are slightly flattened and often 

possess a median groove on their posterior surface. 

Sacral vertebrae—(Fig. 4.5). The sacral vertebrae in Deltavjatia have fused into a 

single structure, likely composed of four vertebrae, judging from the number of sacral ribs 

involved in the articulation with the sacrum.  The top of the neural spine expands 

significantly in the sacral vertebrae, providing a larger surface of articulation for the 

osteoderms.  Starting with first sacral vertebra, the sacral vertebrae have significantly 

reduced neural arches and the sacral ribs are fused with the body of the vertebrae (Fig. 

4.5). 

Sacral ribs—(Fig. 4.5). The presence of three or more sacral ribs is a 

pareiasaurian autapomorphy, with some taxa in possession of as many as five.  Deltavjatia 

appears to have four, with a fifth that, while it does not make contact with the pelvis itself, 

is curved anteriorly and fused to the rib of the vertebra immediately anterior (4th sacral 

vertebra), making it functionally supportive.  The first two sacral ribs are the most robust, 

with the second slightly more so than the first.  The third is relatively straight, while the 

fourth tapers at the midpoint subsequent to which it flares quite broadly laterally where it 

fuses to the sacrum.  By the size and shape of the third and fourth sacral ribs it can be 

asserted that during the transition to a condition containing more sacral ribs it was the 

caudal vertebrae that were incorporated into the sacral complex rather than the posterior 

dorsals. 

Caudal vertebrae—(Fig. 4.5). There are unfortunately no specimens of 

Deltavjatia available or prepared that preserve the complete set of caudal vertebrae.  Only 

KPM 232 shows what appears to be a long tail.  As is the case for most terrestrial fossil 

vertebrates, especially those of large size, it is very rare that a complete tail is preserved, 

as this part tends to drift away during burial and subsequent fossilization.  Despite the fact 

that the tail of KPM 232 does not belong to this specimen, it can provide some anatomical 

information about the caudal vertebrae of Deltavjatia (Fig. 4.5).   The caudal vertebrae are 

considerably smaller than the presacral vertebrae.  The swelling of the neural arches seen 

in the presacral vertebrae is absent.  In the first few vertebrae after the sacrum the ribs are 

fused to the body of the vertebra and stick straight out laterally.  These vertebrae also 

retain a flattened cap on the top of the neural spine for the articulation of osteoderms, 

though after the first five or so, the neural spine is much reduced.  The more posterior 

caudal vertebrae have definite haemal arches, which articulate with the ventralmost part of 
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the centrum of the vertebra.  The centra themselves appear to be more laterally 

compressed and slightly lengthened, such that the caudal vertebrae are taller than wide. 

 

Pectoral girdle and forelimb 

Scapulocoracoid—(Fig. 4.5). The scapulocoracoid of Deltavjatia is more gracile 

in appearance than that of the more primitive pareiasaurs, but differs significantly from the 

condition seen the derived dwarf taxa (Boonstra 1932a, Lee 1997a).  The scapular blade is 

relatively thin, flaring only slightly at the dorsal end, and it is approximately two times as 

wide at the dorsal end as at the most constricted point.  The end of the blade is still 

flattened, however, unlike the cylindrical form seen among the more derived pareiasaurs 

such as Anthodon (Lee 1997b), yet also contrasting with the relatively rectangular, 

unflaring blade of the more primitive pareiasaurs.  At the ventral extent of the scapular 

blade, a small flat anterolaterally-facing spur can be seen, identified as the acromion 

process (Fig. 4.5).  Only the dorsalmost portion of the glenoid can be seen in the 

specimens, with the majority of the coracoid portion remaining unprepared below the 

matrix of multiple specimens.  In pareiasaurs it is the general condition that the coracoid 

plate of the posterior coracoid would have extended posteriorly well beyond the glenoid 

(Lee 1997a). 

Cleithrum—Although the cleithrum is present in at least one pareiasaur 

(Embrithosaurus schwarzi), it does not appear in any known specimen of Deltavjatia, and 

is assumed to be absent in this taxon. 

Clavicles—(Figs. 4.5; 4.8). The clavicles are relatively thin and blade-like and 

connect the scapulocoracoids on either side of the skeleton with the ventrally-positioned 

interclavicle. These elements are well preserved and in articulation in Cambridge Delta 

and KPM 232, and are very gracile in form (Fig. 4.5).  The clavicle originates in a deep 

dorsally facing facet of the interclavicle, and would have met its pair at the midline.  The 

element then curves posterodorsally and laterally, twisting slightly where it is applied to 

the anterior edge of the scapular blade.  The clavicle then follows the edge of the scapular 

blade dorsally before ending just before the latter structure increases in width – about 

halfway along its length.  The clavicle remains about the same width throughout most of 

its length, tapering slightly as its dorsal end.  The posterior face of the clavicle has a 

groove running along the length of the bone, indicating an area for the origin of the deltoid 

muscle. 
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Interclavicle—(Figs. 4.7; 4.23). The interclavicle of Deltavjatia has a shape that 

clearly places this taxon within the Ankyramorpha – a group of more derived parareptiles.  

The element is vaguely anchor-shaped, with long thin laterally-projecting ‘arms’ that 

curve slightly dorsally at their ends (Fig. 4.23) rather than the diamond-shaped 

interclavicle characteristic of lower tetrapods (deBraga & Reisz 1996).  The interclavicle 

of Deltavjatia would have been oriented primarly posteriorly in life, with the facets for the 

articulation of the interclavicles facing dorsally and slightly anteriorly and with the 

relatively long stem running posteriorly.  The stem also appears to curve slightly dorsally 

(posteriorly) at its pointed tip.  There is a slight ridge running along the ventral face of the 

stem of the interclavicle (Fig. 4.23a), likely related to the attachment of the pectoralis 

muscle.  The bone does not possess any dermal sculpture unlike the condition seen in 

seymouriamorphs (Romer 1956). 

Humerus—(Fig. 4.5). In Deltavjatia the humerus retains a relatively primitive 

form.  Although the element only appears in dorsal view in the specimens in which it is 

present, certain morphologies can still be discerned. Overall the humerus retains the fairly 

robust morphology of earlier pareiasaurs, but compared to the Tapinocephalus Assemblage 

Zone pareiasaurs, there is a definite, relatively gracile shaft (Fig. 4.5).  The proximal end 

of the bone is flat and flared anteroposteriorly, bearing a relatively broad surface for the 

articulation with the glenoid of the scapulocoracoid. The angle between the proximal and 

distal planes of expansion is slightly greater than 45 degrees, which is neither particularly 

basal nor derived, with Bradysaurus seeleyi, a basal pareiasaur having a torsion of 

approximately 60 degrees, and the humeri of the most derived pareiasaurs such as 

Anthodon having an angle of around 20 degrees (Lee 1997a).  The distal end of the bone 

does not flare as widely as the proximal end.  A large entepicondyle foramen is present on 

the moderately-developed entepicondyle.  The end distal end of the humerus bears a broad 

trochlea for the reception of the large olecranon of the ulna.  Although the humeri 

available for study are not ideally preserved, there is no evidence of an ectepicondylar 

foramen. 

Radius—(Fig. 4.5). The radius and ulna are very similar to those of other 

pareiasaurs, and indeed retain a similar morphology across most early amniote groups and 

are easily recognizeable.  The radius is slightly shorter than the ulna.  It is primarily 

columnar in form, with slightly expanded proximal and distal ends.  The proximal end of 

the bone has a slightly concave surface for articulation with the radial condyle of the 

humerus. 
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Ulna—(Fig. 4.5). The ulna has a large expanded head and a tall and robust 

olecranon, but a relatively shallow sigmoidal notch for the reception of the trochlear 

condyle of the humerus.  The head of the ulna is significantly larger than the distal end of 

the bone, and indeed, the radius has a larger distal end than the ulna. 

Carpus—(Figs. 4.5; 4.25). The manus of Deltavjatia also does not differ greatly 

from the general pareiasaurian form.  Although none of the Deltavjatia specimens 

examined retain a complete manus, certain elements can be distinguished.  In UMCZ 

T1321, a large, block-like element in close association with the radius can be identified as 

the radiale, and a slightly smaller element close to the ulna is identified as the ulnare (Fig. 

4.25).  Two additional elements closely associated with the distal end of the ulnare are 

identified as the third and fourth distal carpals.  An incomplete element located in between 

the radiale and ulnare is provisionally identified as an intermedium, which would also 

have articulated primarily with the ulna (Fig. 4.25).  The proximal phalanges are much 

wider than they are long, a very typical pareiasaurian feature.  The terminal phalanx is 

quite robust, and takes the form of a slightly recurved claw. The phalangeal formula of the 

manus appears to be 2,3,3,3,2, which is typical for pareiasaurs (Lee 1997a). 

 

Pelvic girdle and hind limb 

There are no isolated postcranial elements of Deltavjatia, as most of the skeletons 

containing postcranial material have been prepared or mounted in situ.  However, some 

information about the pelvic girdle and hind limb can still be discerned.  The pelvic girdle 

of Deltavjatia is preserved in three specimens, however as they are prepared in situ, it is 

difficult to describe the anatomy of anything other than the ilium, which is the most 

dorsally-projecting element and therefore the most clearly visible. 

Ilium—(Fig. 4.5). The ‘neck’ of the ilium of Deltavjatia is tilted anteriorly, at an 

angle of approximately 60 degrees with the plane of the body of the pelvic girdle and the 

blade is flared and slightly everted.  The anterior end of the iliac blade is longer and more 

pointed than the posterior end.  The posterior margin of the iliac blade is oriented almost 

vertically.  The forward slant of the ‘neck’ of the ilium is typical of the more derived 

pareiasaurs, with a more upright blade typifying the more basal members of the clade (Lee 

1997a). It has been suggested that the anterior and dorsal expansion of the iliac blade is 

related a shift in limb posture indicating a more upright stance of the hind limb, a trend 

which is paralleled by the contemporary synapsids (Romer 1956). 
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Ischium and pubis—(Fig. 4.5). The ischium and pubis, though present in the 

mounted skeleton (KPM 232) are still embedded in matrix and thus features of the 

acetabulum and puboischiadic plate including the obturator foramen cannot be described 

for this taxon.  The lateral portion of the ischium can be seen in dorsal view in KPM 232, 

as can the posterior edge of the pubis, which forms a relatively straight posterior margin. 

Femur—(Fig. 4.5). The femur of Deltavjatia is relatively robust in form (Fig. 4.5).  

The proximal end (or head) of the bone is tilted anteriorly.  It is also quite broad, with a 

visible and relatively large internal trochanter and corresponding adductor ridge for the 

attachment of the adductor musculature that is slightly separated from the main body of 

the bone.  The shaft of the femur is only minimally constricted, and is a flattened oval in 

cross section rather than being particularly rounded.  On the distal end the femur the 

articular condyles for the tibia and fibula are well defined and separated by a significant 

intercondylar fossa. 

Tibia—(Fig. 4.5). The tibia of Deltavjatia is not particularly distinct from the 

pareiasaurian, and indeed, the early amniote condition.  The proximal end of the bone is 

expanded such that it is subtriangular in cross section, and has is divided into two articular 

surfaces which articulate with the two femoral condyles.  There is a particularly evident 

cnemial crest on the dorsal side of the proximal end of the bone bordered anteriorly by a 

significant furrow (Fig. 4.5). 

Fibula—(Fig. 4.5). The fibula is also a fairly primitive-looking bone that is only 

slightly shorter, but significantly more gracile than the tibia.  The distal end is slightly 

expanded and slightly flattened where it articulates with the astragalocalcaneum.  In 

general the shaft of the fibula has a slight curve such that it curves lightly away from the 

tibia (Fig. 4.5). 

Tarsus—(Figs. 4.5; 4.6). The tarsus of pareiasaurs is fairly conservative and 

distinctive.  In adult animals, there is a single element in the proximal tarsus – the 

astragalocalcaneum, a single element composed of fusion of the astragalus and calcaneum.  

This condition is also present in at least one of the nycteroleters (Tsuji 2006), and also in 

some procolophonoids (Ketchum & Barrett 2004).  The astragalocalcaneum is only 

preserved in two known specimens of Deltavjatia, KPM 232 and TMP 95.95.44.10.  The 

outline of the element can be described as sub-triangular or basically house-shaped.  It has 

a relatively flat posterior side with a pointed anterior end, with the point displaced slightly 

laterally, leaving a smaller area for the articulation with the fibula.  A single foramen for 

the perforating artery can be seen penetrating the element.  This foramen is positioned 
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towards the centre of the bone, but displaced slightly posteriorly in one of the specimens.  

The foramen does not appear to run directly through the bone, appearing close to the 

ventral margin on the dorsal surface but emerging more towards the centre on the ventral 

surface (Fig. 4.6a, b).  The dorsal surface of the element consists of two basically flat 

planes that meet at a raised ridge that runs down from the point that divides the two 

articulating surfaces for the tibia and fibula the anterior side.  On the ventral surface there 

is a prominent set of grooves forming an inverted ‘y’ (Fig. 4.6b). 

The distal tarsal elements have been described in other pareiasaurs (Broom 1912 

manus pes), but they are rarely preserved and prepared in situ (Boonstra 1929 pes), so it is 

difficult to determine whether the correct elements are associated.  It is often the case that 

the distal tarsals are missing from specimens, and this appears to be the case also in the 

specimens of Deltavjatia that preserve this area, so that only the large astragalocalcaneum 

complex remains (KPM 232, RTMP) (Fig. 4.5). 

The metatarsals of Deltavjatia are wide and flat as are the phalanges.  The distal 

tarsal elements of Deltavjatia, like those of all parieasaurians, are very robust, with 

laterally expanded, or potentially shortened phalanges, each digit terminating in a robust 

and recurved claw (Boonstra 1929 pes).  The phalangeal formula in the pes appears to be 

2,3,4?,4,3. 

 

Dermal armour 

The relatively large number of articulated specimens of Deltavjatia containing 

postcranial material spanning multiple size classes allows a unique opportunity to examine 

the dermal armour of a pareiasaur.  Deltavjatia appears to have very little dermal armour 

even in the largest specimens, approaching the condition seen in the more primitive and 

oldest members of the clade such as Bradysaurus (Boonstra 1934b).  Although four of the 

specimens examined during this study had significant amounts of articulated postcranial 

material, few osteoderms were found in direct association with the vertebral column. 

Oddly, scutes appear to be more closely associated with each other and more likely to be 

in place in the smaller, juvenile specimens of Deltavjatia (see discussion below). 

The general form of a single scute in a larger individual seems to be midway 

between the condition seen in the oldest, Tapinocephalus Assemblage Zone pareiasaurs, 

and the younger, more derived forms.  Whereas the osteoderms of the basalmost (sensu 

Lee 1997a) pareiasaurs such as Bradysaurus are relatively smooth and convex ovoid 

masses (Boonstra 1934b), the osteoderms of the younger, derived forms possess a raised 
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central boss, sometimes elaborated into a horn or spike, with an extensive, flattened 

surrounding area bearing ridges radiating outwards from the central boss (Boonstra 1934b, 

Maxwell 1991).  In the case of Deltavjatia, the central boss is very rounded and spherical, 

not approaching the horn-like form seen in the more derived pareiasaurs such as 

Scutosaurus and Elginia (Lee 1997a), but the well-developed osteoderms do possess a 

small, flat shelf surrounding the boss that is relatively featureless, with few or only faint 

ridges radiating outwards from the central boss and a slightly crenulated edge in some 

cases (Fig. 4.29c).  In a couple of specimens, the osteoderms associated with the posterior 

dorsal vertebrae consist of small, almost spherical structures with a smooth surface and no 

associated flattened area. 

There are not a high number of osteoderms of Deltavjatia preserved, even in those 

specimens preserved and prepared in situ.  Where scutes are preserved they are usually in 

relatively close association with the neural spines of the vertebrae.  None are found in 

close association with the ribs or limbs.  This pattern of the dermal armour in Deltavjatia 

appears to be more similar to that of the less-armoured forms such as Bradysaurus and 

Embrithosaurus which show only a single or paired row of osteoderms associated with the 

neural spines (Boonstra 1934b).  The scutes do appear to be more closely associated to 

each other more anteriorly, beginning their close association with the neural arch of the 

vertebra immediately following the axis neural arch, and are in close association in 

particular over the cervical area, even forming interdigitating sutures between them in the 

smaller of the specimens, and less so farther posteriorly in the vertebral column.  More 

derived forms such as Pareiasaurus and Anthodon have a pattern of scutes that more 

closely approximates a full dorsal carapace, with rows of articulated osteoderms following 

the ribs and bony studs also over the limbs and limb girdles (Lee 1995a, 1997b). 

 

MORPHOLOGICAL IMPLICATIONS AND ONTOGENETIC CHANGES IN 

DELTAVJATIA VJATKENSIS 

 

Morphology of Deltavjatia 

Although the presence of a ‘pressure relief window’ (sensu Clack 2002) cannot be 

confirmed in the taxon, all of the other structures required for tympanic hearing are 

present in Deltavjatia.  There is no evidence of the presence of tympanic hearing in other 

large herbivores of the Middle and Late Permian such as the dicynodonts, with 

impedance-matching hearing only thought to have evolved in Synapsida in the Mesozoic 
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(Clack 2002).  Nor is there evidence of impedance-matching hearing first evolving in 

animals considered to be slow-moving high fibre herbivores (see Clack 2002, Müller & 

Tsuji 2007), and the more likely explanation of the presence of this feature in pareiasaurs 

is instead that they retained the morphology that first evolved in their closest relatives the 

nycteroleters in a reduced form. 

In general Deltavjatia represents a ‘transitional form’ between the more basal and 

the more derived pareiasaurs.  The osteoderms are more elaborate than those of the 

Tapinocephalus Assemblage Zone pareiasaurs, yet not as elaborate as the pareiasaurs that 

are considered more derived, which often bear spines or extensive sculpturing radiating 

from the central boss.  Osteodermal coverage, on the other hand, appears closer in form to 

the more basal forms.  The pelvic girdle of Deltavjatia shows a more derived condition, 

with an appreciably pointed anterior process and angled iliac shaft, whereas the most basal 

members of the group have a more rounded anterior process and a vertically-oriented shaft 

(Lee 1997a, b).  The humerus also shows a transitional morphology between the basal 

condition with a high angle between the proximal and distal expansions and the more 

derived pareiasaurs with a low angle.  In addition, even the largest-known specimen of 

Deltavjatia is smaller than the Tapinocephalus AZ forms, though it is still larger than 

many of the more derived forms such as Pareiasaurus and the dwarf forms such as 

Pumiliopareia.  The results of previous phylogenetic analyses indicate that there is a 

general trend of reduced size in the more derived taxa (Lee 1997a).  Thus, Deltavjatia 

displays a combination of basal and derived features, suggesting that it represents a 

transitional form. 

 

Ontogenetic changes in Deltavjatia 

In addition to allowing for a more detailed description of the anatomy of 

Deltavjatia, the availability of an abundance of well-preserved material of multiple size 

classes permits the observation of certain ontogenetic changes in the taxon.  Because this 

material often includes both skull and postcranial elements, changes that occur in multiple 

areas of the skeleton can be described. 

The sculpturing of the skull of presumably juvenile individuals of Deltavjatia is 

less ornate than that of the more mature specimens.  In the largest specimens, including 

PIN 2212/8, the bosses on dermal skull roof elements such as the nasal are especially 

globular and show a great deal of relief from the rest of the skull roof.  Such marked 

cranial allometry is present in many other taxa and has been demonstrated in other another 
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pareiasaur, Elginia mirabilis (Spencer & Lee 2000).  Spencer & Lee (2000) also suggest 

that the ‘supernumerary elements’ (tabulars) in Elginia are not present in the smallest 

specimen, and instead were incorporated into the skull roof later on in ontogeny.  Even in 

the smallest specimens of Deltavjatia, the supernumerary elements are present and 

incorporated into the skull roof, suggesting that one of these conditions is taxon rather 

than clade-specific.  Given the presence of the tabulars in successive outgroups to 

pareiasaurs, and the identification of this element as a tabular in pareiasaurs (Tsuji 2006), 

it seems most reasonable to interpret the condition seen in Elginia as either incorrectly 

interpreted or unique to this taxon.  This assertion is also likely because the sutures of the 

posterior skull table in the juvenile specimen of Elginia cannot be discerned, and so the 

absence of the ‘supernumerary elements’ was only an implied and not a certain condition 

(Spencer & Lee 2000).  In addition, in concordance with an increased rugosity of 

sculpturing, the bosses on the ventral edge of the cheek flange (quadratojugal) also 

increase in size and prominence on the larger individuals. 

In addition to the cranial ornament, there is a marked change in the size and shape 

of the angular boss of the mandible that is related to size (Fig. 4.28).  In the smallest 

specimen, PIN 2212/6, the angular forms only a small boss of low relief, whereas in larger 

specimens the boss is extended into a horn (Fig. 4.28).  The function of the angular boss in 

pareiasaurs is not clear.  An analysis of the functional morphology of the skull of 

pareiasaurs has suggested that the angular boss had very little functional import for oral 

processing, and instead suggested that this feature served as protection for the vulnerable 

neck area (Lee et al. 1997).  According to the currently understood phylogenetic 

relationships of the taxa, the angular boss was significantly reduced in some of the most 

derived ‘dwarf’ forms (Lee 1997a), and thus the understanding of the growth of the 

feature suggests that in these taxa a juvenile form was retained in the adults of these taxa.  

This suggestion must be interpreted with caution, however, as these dwarf pareiasaurs 

could potentially simply be juveniles of other, larger taxa.  A more comprehensive 

understanding of pareiasaurian anatomy and ontogeny could help to determine whether 

features interpreted as a retention of juvenile features in the adults of new taxa are in fact 

simply indications that they are juvenile specimens of larger known taxa. 

Because the available specimens of Deltavjatia vary so widely in size, it is also 

possible to look at scute (osteoderm) morphology and placement in multiple stages in the 

development of the dermal armour in Deltavjatia, something that has only been recorded 

to a limited extent in Elginia mirabilis (Spencer & Lee 2000) (Fig. 4.29).  In the smallest, 
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and presumably juvenile specimens of Deltavjatia the scutes are closely associated with 

each other, even forming interdigitating sutures between them, whereas in the adult 

specimens the scutes are widely separated and much more loosely associated with the 

neural spines of the vertebrae (Fig. 4.29).  It appears that during growth the osteoderms 

stay in associated with the flat terminal process of the neural spine, and as the animal gets 

larger, and the neural spines grow farther apart, the osteoderms themselves separate from 

each other while remaining associated with the neural spine.  In addition, the appearance 

of the osteoderms themselves changes considerably from juvenile to adult form (Fig. 

4.29).  The osteoderms of the smallest specimen have a very well defined central boss, 

which almost appears to be a separate ossification from the flat surrounding portion.  The 

central boss is also much more amplified in height in the smallest individual, and the 

apices of the bosses are pointed rather than rounded. The sides of this central boss are also 

ornamented in the form of faint ridges running down from the point (Fig. 4.29).  In the 

larger specimens the boss is much more rounded and spherical, with barely any indication 

of a separate ossification of the boss from the surrounding flat section.  There are still 

slight pits and ridges on the flat area closest to the boss (Fig. 4.29).  On the largest 

specimen, however, the flat area is almost featureless and smooth, and the boss itself is 

very rounded and fully continuous with the flat area.  This condition appears to contrast 

that seen in Elginia, where it is assumed that the osteoderms are less ossified or absent in 

juveniles (Spencer & Lee 2000).  This difference could possibly be explained by 

preservational factors, or possibly that the juvenile specimen of Elginia is of an earlier 

ontogenetic stage than that of the smallest specimen of Deltavjatia. 

These changes seen within the specimens of Deltavjatia elucidate a number of 

ontogenetic trends within pareiasaurs.  The qualitative nature of the description of such 

changes makes a direct comparison between taxa more objective, and the addition of 

quantitative methods can only enhance the results.  A more in-depth and quantitative 

analysis of allometric changes in the skull of Deltavjatia is undertaken below. 

 

 

GEOMETRIC MORPHOMETRIC ANALYSIS OF CRANIAL ONTOGENY IN 

DELTAVJATIA VJATKENSIS 

 

The use of Geometric morphometric methods in analyzing patterns in Permo-

Triassic vertebrates has recently become more common (see Stayton & Ruta 2006, 
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Witzmann et al. 2009).  These methods have very relevant applications for use in early 

amniote groups, and of particular interest to the current work, to pareiasaurs and other 

parareptiles.  As is the case for many other pareiasaurian features, the ontogeny and 

growth of these animals is very poorly known, particularly their quantitative aspects.  This 

situation results in part due to the relatively small number of available specimens of each 

taxon (indeed, at least 3 of the taxa are based on single, or a couple of partial specimens) 

in addition to the extreme ossification and unfavourable preservation and preparation of 

the majority of the specimens.  Juvenile specimens of a number of known parieasaur taxa 

have been reported, including for Elginia (Spencer & Lee 2000) and Bradysaurus, and a 

neonate Deltavjatia consisting of a partial palate has been described (Kordikova & 

Khlyupin 2001), but multiple individuals of widely differing size classes is rare.  It is thus 

extremely advantageous to have access to multiple well-preserved specimens of 

Deltavjatia that are of differing ontogenetic stages.  The availability of well-preserved 

fossils at a number of different ontogenetic stages allows a preliminary analysis of 

changes in skull proportions during growth.  A good understanding of the role of 

ontogenetic stage in relation to skull size and/or shape in Deltavjatia can serve as a base 

for understanding basic growth patterns in pareiasaurs, and has implications for 

determining whether certain 'dwarf' pareiasaurs from the South African Karoo are actually 

only juvenile members of already existing taxa, an issue introduced above. 

As in all methods that use statistics and involve the comparison of multiple 

individuals, it is ideal to use as many specimens as possible in order to try to mitigate the 

influence of individual variation.  As it is quite obvious, however, geometric 

morphometric analysis of fossils is limited by the availability of fossil material.  While the 

number of well-preserved specimens of Deltavjatia and their size range is relatively high 

for pareiasaurs as a whole, the absolute number is very small, and so patterns observed 

here can only be considered preliminary, and are unlikely to be strongly supported 

statistically. 

 

Materials 

The geometric morphometric analysis of the skull table of Deltavjatia was based 

on five skulls of presumably differing ontogenetic stages due to the obvious difference in 

size (ROM 44764, PIN 2212/6, PIN 2212/2, KPM 232, PIN 2212/8).  While there is 

evidence that at least one pareiasaur taxon, Scutosaurus karpinskii displays some degree 

of sexual dimorphism (Lee unpublished PhD thesis), there is no extraordinary variation in 
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the known skulls of Deltavjatia, and sexual dimorphism is difficult to prove in the fossil 

record (see Sullivan et al. 2003 for a well-supported case in the Permian).  As such, the 

variation seen in these skulls is here presumed to be due only to processes related to 

allometry. 

 

Fig. 4. 29. Ontogenetic series of dermal osteoderms with anterior dorsal vertebrae in 
Deltavjatia vjatkensis.  Based on specimens (top to bottom): KPM 11/94, KPM uncat/P1, 
KPM 232. 
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Methods 

Skull selection and reconstruction—While undistorted material would be the 

ideal candidates for analysis, it is rarely the case, especially in fossils as old as the 

Permian, when truly undistorted fossils are available.  Most of the specimens of 

Deltavjatia examined for this study are relatively well preserved and appear to show only 

minimal distortion.  While any distortion of a fossil will almost certainly add error into the 

analysis, it can only be assumed that a reconstruction of a distorted fossil will likely have 

the additional bias of an imprecise method of 2-dimensional reconstruction implemented 

by the researcher.  Experimental tests of the effect of tectonic deformation and the various 

processes of retrodeformation have demonstrated that the ontogentic signal is likely to 

remain, although the variance does increase, when deformation has occurred, and that 

retrodeformation – which would here be applied as an attempt at reconstruction – does not 

significantly improve the results (Angielczyk & Sheets 2007).  As such, for this analysis 

only well-preserved and ostensibly only minimally distorted specimens were used.  In 

addition, only the dorsal view of the skull, consisting primarily of the skull table, has been 

analyzed here. 

In geometric morphometric analysis using two-dimensional data, only points 

within the same plane are used, as three-dimensional data cannot be properly assessed 

using this method (Zelditch et al. 2004).  In pareiasaurs in particular, the flaring cheek 

flanges are especially vulnerable to distortion.  As they are free on their ventral and 

posterior edges, it is almost impossible to reconstruct their position in life, as there is no 

relationship with other elements with which their position can be related.  The fossils used 

in this analysis are seemingly relatively undistorted, but the skulls as a whole are relatively 

deep.  It is sometimes the tendency of pareiasaurs to be preserved in life position as if 

mired (Lee 1997b), and in the specimens of Deltavjatia from the Kotelnich locality it is 

often the case (Hartmann-Weinberg 1937, Coffa 2007).  Thus the skulls are most often 

preserved upright and tend to be dorso-ventrally flattened as opposed to being laterally 

compressed.  This, for the most part, leaves the dorsal skull roof itself relatively 

undistorted. 

 

Landmark selection and digitisation—A set of 20 landmarks that lie basically in 

the same plane on the dermal skull roof were selected (Fig. 4.30).  These landmarks were 

indicated on one side of the skull only.  In most of the cases one side of the skull was 

better preserved than the other.  It is acknowledged that the left and right halves of the 
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skull are rarely exact mirror images of each other due to variation within the individual 

(Stayton & Ruta 2006), and in the particular case of fossils, variation is also due in part to 

distortion or missing data associated with preservational processes.  In the case where a 

landmark could not be located on one side of the skull, the image was reflected across the 

axis and the corresponding point on the other side was used.  When the position of 

landmarks varied widely between the two sides on one specimen, the average position was 

taken as the landmark unless one side showed considerable distortion compared to the 

other.  The selection of the landmarks was made with the hopes that it will capture 

information about ontogenetic change in specific areas of the skull, and the landmarks 

were chosen to try to encapsulate as much information about the shape as possible. 

Most of the landmarks correspond to Type 1 (sensu Bookstein 1991; Zelditch et al. 

2004), and thus are locally defined, meaning that they lie at “discrete juxtapositions of 

tissues”, in this case at suture junctions.  Only two of the landmarks selected in this 

analysis can be classified as Type 2; landmarks 17 and 20 can be defined as points that lie 

at local minima or maxima of curvature. 

Outlines of the skull tables of the specimens specified above were made, and the 

landmarks were digitized using tpsDig2 (Rholf 2006).  Using the program MorphoJ 

(Klingenberg 2008), the data was examined for outliers and any specimens that were 

significant outliers were excluded from the analysis.  The landmarks were then aligned 

with each other using a Procrustes superimposition, which serves to eliminate variation 

not related to shape (ie scale, rotation, position) from the dataset (see Zelditch et al. 2004). 

A principle components analysis of the procrustes coordinates generated by the 

superimposition was then performed also using MorphoJ, and the resulting lollipop graphs 

and transformation grids were prepared with the same program.  These diagrams illustrate 

the shape changes along the principle coordinate axes and within morphospace, with the 

dot representing average location of the landmark between the samples and the line 

representing the direction and magnitude of change with increasing values along the 

principal component (Zelditch et al. 2004).  The relationship between size and shape was 

investigated, by regressing shape (the individual principal components) on size 

(represented by the log-transformed centroid size) using MorphoJ. 
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Fig. 4. 30. Location of landmarks used in the geometric morphometric analysis of 
allometric patterns in the skull table of Deltavjatia vjatkensis. 

 
Results 

Specimen 2212/6 was found to be an outlier to the rest of the data set, differing 

greatly from the average shape, and with the deviation of its landmarks from the average 

shape all indicating that the entire skull table is significantly narrower than the rest of the 

specimens, indicating that it has been laterally compressed.  Therefore this specimen has 

been excluded from the remainder of the analysis. 

The Eigenvalues resulting from the principal components analysis show that the 

the first principal component (hereafter PC1) explains 54% of the shape variation (Fig. 

4.31a), the second principal component (PC2) explains 34% (Fig. 4.31b), and the third 

principal component (PC3) is responsible for 12% of the variation in shape (Fig. 4.31c). 

The results are illustrated in the form of a transformation grid for the three PC axes (Figs. 

4.31a, b, c).  The regression of the principal components (shape vectors) on size revealed 

that only PC1 is correlated with size, with increasing size correlated with increasing PC1 

scores. Thus only changes in PC1 will be discussed here, as the morphological changes 
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along the other two principal component axes are not correlated with size.  It must be 

noted, however, that the significance of this result is only P=0.084, this is value higher 

than the general cutoff of significance of 0.05, indicating some doubt about the 

significance of this correlation, but given the low number of specimens, this result should 

only be taken as preliminary. 

As shown in PC1 (Fig. 4.31a), with increasing size, the snout length increases as 

does the length of the postorbital region, resulting from a corresponding reduction in the 

posterior extent of the orbit.  The width of the posterior skull table is also reduced with 

increasing size, with a decreasing importance or width of the tabular.  There is apparently 

a small decrease in the relative length of the parietal foramen, accompanied by a slight 

posterior displacement of the feature. With increasing size, the anterior extent of the 

medial embayment of the posterior border of the skull table also seems to increase slightly, 

but the overall size of the postparietal decreases as a proportion of the total length of the 

skull, both in its length as well as its width. 

 

Discussion 

It is fairly clear that growth is not isometric in Deltavjatia, with changes in the 

relative proportions of areas of the skull and the displacement of certain features with 

increasing size.  The decrease in the relative size of the orbit with increasing size is not 

unexpected, as the same trend can be seen in other reptiles (Jones 2008, etc).  Also, the 

lengthening of the snout with size appears to be a trend in other reptile taxa (ie 

Rhynchosaurs-Benton & Kirkpatric 1989; general patterns-Emerson & Bramble 1993; 

Triceratops-Horner & Goodwin 2006).  The increase in the proportion of the postorbital 

portion of the skull to total skull length with increased size is a trend opposite to that seen 

in rhynchosaurs (Benton & Kirkpatric 1989), though this could be a functional change in 

the case of rhynchosaurs.  The typically short length of this area in the closest outgroups 

(the nycteroleters) is more similar to the condition seen in the smaller juvenile specimens 

of Deltavjatia.  It has been suggested that the postparietal and tabular of pareiasaurs has 

been ‘dragged up’ onto the skull roof from the occiput (Tsuji 2006), and an increased 

length of the postorbital region of the skull compared to nycteroleters appears to support 

this assertion, and the close relationship of these groups suggests ontogenetic scaling (in 

this case hypermorphosis), though this is a very simplistic treatment (see Emerson & 

Bramble 1993). 
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Fig. 4. 31. Results of the principal components analysis of the procrustes coordinates, 
from the skull of Deltavjatia vjatkensis, PC1 (a), PC2 (b), and PC3 (c). 

 
These trends have particular relevance to the identity of the ‘dwarf pareiasaurs’, 

Nanoparia luckhoffi and Pumiliopariea pricei.  Because the growth patterns of pareiasaurs 
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are not well known, the differing proportions and morphology displayed by these small 

taxa appear to justify their identification as new taxa.  Better knowledge of the allometric 

trends within a pareiasaur taxon could potentially help to determine if these taxa are in fact 

juveniles of another contemporary pareiasaur taxon.  The highly reduced angular boss of 

these taxa already suggests that they are perhaps immature individuals, or possibly 

neotenic (see above), but a knowledge of the changes that occur with skull growth has the 

potential for testing this hypothesis.  Both of these dwarf taxa must also be better 

described, however, in order to complete such an analysis, but it can be presumed that if 

they fall within an ontogenetic trajectory of another contemporaneous pareiasaur taxon, 

they could potentially be declared a junior synonym of this taxon, a line of reasoning used 

for other Permo-Triassic taxa (Abdala & Giannini 2000). 

This geometric morphometric analysis is fairly simplistic in its scope, only seeking 

to explore the changes in allometry in one species of pareiasaur represented by a limited 

number of specimens, but the results lead to many additional avenues of inquiry.  

Although the results of this analysis are not particularly striking, they are of considerable 

interest and relevance to observed patterns within the pareiasauromorphs.  An interesting 

future study would be to test if the observed allometric changes seen in these specimens of 

Deltavjatia are consistent with those of other pareiasaurs, and also to compare these 

patterns with other closely related taxa such as the nycteroleters.  There are other 

pareiasaur taxa with individuals that range across multiple size classes, including some of 

the Tapinocephalus Assemblage Zone taxa and Scutosaurus, the other Russian pareiasaur 

that is represented by a large number of specimens (Lee 2000), and there is also a growth 

series of Macroleter (Tsuji, pers. obs.).  It must be noted, however, that most of the 

pareiasaur material is not as well preserved as the Deltavjatia specimens herein, with the 

identification of skull sutures severely limited, so the ability to produce Type 1 landmarks 

(sensu Bookstein 1991) in most pareiasaurs is severely impaired. 

 

CONCLUSION 

 

This comprehensive redescription of Deltavjatia vjatkensis represents one of the 

most complete descriptions of a pareiasaur.  The relatively unadorned skull and the 

morphology and placement of the osteoderms suggest that Deltavjatia shares some 

features with the more basal Tapinocephalus Assemblage Zone pareiasaurs, yet features of 

the ilium and humerus are shared with the more derived members of the clade.  A 
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geometric morphometric analysis of the skull roof of the taxon demonstrates that growth is 

not allometric, instead showing a reduction in the width of the posterior skull table and a 

reduction in the proportional length of the snout coupled with a broadening of the snout in 

the larger specimens. The potential for additional study, perhaps with an eye on variation 

within Pareiasauromorpha should be considered.  As more pareiasaurs become better 

known, this data can be used to better understand the relationships between the taxa. 

Deltavjatia has been shown to possess features that are characteristic of other 

pareiasaurs that are believed to be more basal as well as sharing features with pareiasaurs 

that are more derived (sensu Lee 1997a, Chapter 5).  The taxon is not a highly 

autapomorphic form, suggesting that some of the observed features are useful for 

examining clade-wide patterns.  This quality, along with the availability of abundant and 

well-preserved material makes Deltavjatia an ideal taxon for studying patterns within 

Pareiasauria.  Annual fieldwork is carried out by the Kotel'nich Museum of Paleontology 

in localities along the Vjatka River, and more skeletons of Deltavjatia are found and 

collected each year, with many awaiting preparation at the museum.  Additional 

information from well-preserved new specimens could add further statistical support to the 

current data, or potentially reveal new patterns. 
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Chapter 5 - Pareiasaurian Phylogeny and Biogeography 

 

PAREIASAURIAN PHYLOGENY 

 

Background 

Early speculations about the relationships of pareiasaurs recognized that those 

found in the Tapinocephalus and Pristerognathus assemblage zones of the South African 

Karoo appeared more ‘primitive’ than those forms from the more recent strata in the 

Karoo and the faunas of Russia and Europe (Haughton & Boonstra 1929; Boonstra 1932a; 

Hartmann-Weinberg 1933).  These hypotheses of relationships were based on qualitative 

observations such as tooth cusp number and skull shape and proportion as well as the 

extent of osteodermal coverage in the postcranium, but after a review of pareiasaur taxa in 

1969 (Kuhn 1969), no published attempts at a complete classification or analysis of the 

ingroup relationships was attempted for nearly 30 years, due in large part to a taxonomic 

mess involving a clearly inflated number of taxa.  Before a modern phylogenetic analysis 

could be undertaken, an alpha-taxonomic review of pareiasaurs was needed.  After 

carrying out one of the first analyses of the relationships among parareptiles (Lee 1995b), 

Lee revised the alpha taxonomy of pareiasaurs (Lee 1997b), and subsequently completed 

the first phylogenetic analysis to determine relationships within Pareiasauria (Lee 1997a).  

This study has served as the basis for every subsequent analysis, with all papers discussing 

pareiasaurian phylogeny adding to or only slightly modifying this first matrix (Jalil & 

Janvier 2005).  In the succeeding decade since its publication, however, there have been 

considerable advances in the knowledge of parareptilian anatomy, phylogeny and 

systematics, necessitating a new look at the interrelationships of pareiasaurs. 

 

The analysis 

This phylogenetic analysis aims to incorporate new morphological information 

from detailed study of pareiasaurs (Chapter 3 and Chapter 4) and their close relatives 

(Chapter 2), secondarily assessing if the absence of turtles and characters related to turtle 

evolution have an affect on the overall topology.  New characters have been selected with 

the intention of describing the variation within pareiasaurs, yet the analysis is still based 

largely on the work of Lee (1995a, b, 1997a), a modification of his basic matrix by Jalil & 

Janvier (2005), and the incorporation of data from new fossils and the redescriptions of 

Parasaurus geinitzi and Deltavjatia vjatkensis (Chapters 3 and 4 respectively). 

 138



 

Excluded taxa 

In particular, the anatomy and phylogenetic position of many of the outgroup taxa 

used by Lee (1995b, 1997a) has been considerably revised since his analysis.  Certain taxa 

have been excluded from the present analysis, listed, along with justification for their 

exclusion, below. 

Sclerosaurus armatus—Sclerosaurus was found to be the sister taxon to 

Pareiasauria by Lee (1995b, 1997a) but a recent revision of the taxon revealed that it is 

actually nested well within leptopleurinine procolophonids (Sues & Reisz 2008), a 

position that is much more stratigraphically consistent given this taxon’s Early Triassic 

age.  Sclerosaurus has been excluded from the analysis because other closely related 

procolophonids – the Leptopleurinae – are not included. 

Lanthanosuchus watsoni—Lanthanosuchus has an elaborately sculptured and 

highly dorso-ventrally compressed skull, with an altogether aberrant morphology.  The 

taxon was found by Lee to have close affinities to pareiasaurs based primarily on 

characters relating to the palate and braincase (Lee 1995b, 1997a).  However, a revision of 

the taxon and further phylogenetic analysis showed that Lanthanosuchus was in fact most 

closely related to the Early Permian Oklahoman parareptile Acleistorhinus pteroticus 

(deBraga & Reisz 1996), with this group nesting more basally within Parareptilia (Figs. 

2.13-15, deBraga & Reisz 1996).  Thus, it appears that Lanthanosuchus shares a number 

of convergent features with pareiasaurs, as it is in fact many nodes removed from this 

latter group.  Since the analysis in this chapter only includes pareiasaurs and their closest 

outgroups, and also due to its extremely derived morphology, Lanthanosuchus watsoni 

was not included in this analysis and eliminated as an outgroup taxon. 

Turtles—In another major change from Lee (1995b, 1997a), this analysis excludes 

turtles as a terminal taxon.  A general consensus regarding the phylogenetic placement of 

turtles has emerged in the last few years (eg. deBraga & Rieppel 1997; Hedges & Poling 

1999; Rieppel & Reisz 1999; Zardoya & Meyer 2001; Meyer & Zardoya 2003; Müller 

2004; Hill 2005; others), which places them well within Eureptilia.  Including turtles in an 

analysis without other suspected relatives would not properly assess their position within 

early amniotes, so no turtles were included in this study.  The elimination of turtles 

resulted in a number of characters becoming phylogenetically uninformative, because a 

number of characters were solely synapomorphies uniting Anthodon with turtles or 

became autapomorphic for turtles upon the exclusion of other taxa. 
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Additional included taxa 

Additional taxa were also included in the analysis.  As determined in Chapter 2 of 

this work in addition to other recent studies (Tsuji 2006, Müller & Tsuji 2007, Tsuji et al. 

in press), the nycteroleters are now considered to be the closest outgroup taxa to the 

Pareiasauridae, and may even grade into pareiasaurs, a position that could have an effect 

on character evolution within the clade.  It is reasonable to include these taxa in order to 

help to determine the identification and polarity of characters within Pareiasauria as well 

as within the nycteroleters themselves, so Macroleter poezicus, Emeroleter levis, 

Rhipaeosaurus tricuspidens, Bashkyroleter mesensis, Bashkyroleter bashkyricus, and 

Nycteroleter ineptus were also included in the matrix.  Millerettidae and Owenetta were 

also included as outgroup taxa for the analysis, and were rescored based on new data 

(Reisz & Scott 2002, Cisneros et al. 2008). 

 

Pareiasaur selection 

The selection of pareiasaurs for inclusion in the ingroup has also been carefully 

considered.  As noted by Lee (1997a) and Jalil & Janvier (2005), considerable uncertainty 

(in the form of unresolved nodes) is found in the topologies resulting from the analysis, in 

particular associated with a small number of poorly known taxa.  Thus, only named and 

currently accepted pareiasaurs were included in the analysis (those listed in Fig. 1.4).  As a 

result, three pareiasaur taxa have been excluded from analysis, namely the ‘Welgevonden 

pareiasaur’, Argana 1 and Argana 2.  The first of these, the ‘Wegevonden pareiasaur’ from 

the Karoo basin consists of only a single partial skeleton, and in previous analyses (Lee 

1997a; Jalil & Janvier 2005) has had a large number of most parsimonious placements on 

the tree. It has been excluded along with the two unnamed Argana pareiasaurs, which 

consist only of partial postcrania. 

 

Analysis of relationships and phylogenetic methods 

Previous analyses of pareiasaurian relationships (Lee 1997a; Jalil & Janvier 2005) 

have used the initial Lee (1997a) character matrix as their basis, and have all used a 

parsimony algorithm to analyze the data.  New information about pareiasaur anatomy 

discussed previously in this work, along with new information about close relatives within 

Parareptilia and the interrelationships between these and pareiasaurs have the potential to 

add further to knowledge of the phylogenetic relationships amongst these derived 

parareptiles.  In addition, the increased use and acceptance of Bayesian inference using 
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morphological characters provides a novel method of producing a phylogeny – perhaps 

not as an alternative, but rather as a complement or contrast to parsimony.  A comparison 

of the methods and results of the parsimony and Bayesian analyses is made and the results 

discussed below. 

 

Parsimony 

The use of a parsimony algorithm has been the traditional method of phylogenetic 

inference using morphological characters.  All previous analyses of pareiasaur 

relationships have used parsimony, as have the majority of analyses of parareptilian 

relationships.  A parsimony analysis uses an algorithm to find the most parsimonious 

topology from a given data matrix (the topology that results from the least number of 

steps), with each transition in character state counting as a step (Wiley et al. 1991).  Using 

different types of character ordering and weighting of characters, depending on the 

researcher’s philosophy, can recover slightly different results. 

 

Methods 

The character matrix was constructed using Mesquite 2.72 (Maddison & Maddison 

2009) and consisted of 126 informative characters (character list – Appendix C, character 

matrix – Appendix D), and included the following 29 taxa; Millerettidae (outgroup), 

Owenetta, Bashkyroleter bashkyricus, ‘Bashkyroleter’ mesensis, Rhipaeosaurus 

tricuspidens, Nycteroleter ineptus, Emeroleter levis, Macroleter poezicus, Bradysaurus 

baini, ‘Bradysaurus’ seeleyi, Nocheleosaurus alexanderi, Embrithosaurus schwarzi, 

Deltavjatia vjatkensis, Shansisaurus xuecunensis, Shihtienfenia permica, Pareiasuchus 

peringueyi, Pareiasuchus nasicornis, Pareisaurus serridens, Scutosaurus karpinskii, 

Sanchuansaurus pygmaeus, Parasaurus geinitzi, Elginia mirabilis, Provelosaurus 

americanus, Anthodon serrarius, Pumiliopareia pricei, Nanoparia luckhoffi, Bunostegos 

akokanensis, Arganaceras vacanti, and Obirkovia gladiator.  The definitions for these 

taxa can be found in Lee (1997b), Sidor et al (2003), Jalil & Janvier (2005), Bulanov & 

Yashina (2005), and chapters 2, 3 and 4 above. 

The analysis was run using TNT (Goloboff et al. 2008), with all characters 

weighted equally and left unordered.  Each analysis was run using the Traditional search 

TBR (Tree Bisection Reconnection) algorithm with 10000 addition sequences and 10 trees 

per replication.  A bootstrap resampling consisting of 5000 replicates was also run, and the 
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Bremer decay index for each of the branches was calculated (both with TNT) to determine 

support for each of the nodes. 

 

Results 

In the analysis 20 most parsimonious topologies were recovered each consisting of 

208 steps, a strict consensus of which can be found in Figure 5.1.  The Consistency Index 

(CI) is 0.78, the Retention Index (RI) is 0.89, and the Rescaled Consistency Index (RC) is 

0.69.  As in previous assessments, there is no support for the monophyly of the genus 

Bradysaurus, nor for the monophyly of Bashkyroleter.  Also, as is seen in the Bayesian 

analysis of the nycteroleters from Chapter 2 of this work, there is no support for a 

monophyletic nycteroleter clade, with these taxa rather grading into pareiasaurs, and 

Macroleter the closest sister taxon to the clade.  The large Middle Permian 

Tapinocephalus Assemblage Zone pareiasaurs fall out basally, with ‘Bradysaurus’ seeleyi 

the most basal pareiasaur, followed by a polytomy of Bradysaurus baini and 

Nochelesaurus, and then Embrithosaurus in successive steps crownward. Parasaurus, 

Deltavjatia, and Bunostegos – the enigmatic pareiasaur from Niger – follow, grouping in 

an unresolved polytomy.  The clade of the more derived pareiasaurs consists of three 

major groups, one involving Nanoparia, Provelosaurus, Pumiliopareia, and Anthodon, 

with this clade sister to a group that is broken down into two additional clades – one with 

the Chinese pareiasaurs Shansisaurus and Shihtienfenia and the two Pareiasuchus species, 

and the other consisting of a polytomy of the remaining six taxa (Obirkovia, Arganaceras, 

Elginia, Sanchuansaurus, Scutosaurus, and Pareiasaurus). 

Although the tree itself is relatively well resolved, very few of the nodes in this 

cladogram are well supported.  Only five internal nodes in the cladogram are supported by 

unambiguous autapomorphies (characters correspond to Appendix C):  Node F 

(Macroleter + pareiasaurs) – 74(0->1), 87(0->1), 103(0->1); Node G (Pareiasauria)– 3(1-

>2), 6(0->1), 7(0->1), 8(0->1), 14(0->1), 16(1->2), 18(0->1), 21(0->2), 22(0->1), 23(0-

>1), 24(0->1), 27(1->0), 30(1->0), 32(0->1), 43(0->1), 44(0->1), 46(0->1), 47(0->2), 

48(0->1), 52(0->1), 54(0->1), 58(0->1), 59(0->1), 60(0->1), 63(1->2), 68(0->1), 83(0->1), 

101(0->1), 105(0->1), 114(0->1), 116(0->1), 119(0->1), 123(0->1); Node P (group 

including Shasisaurus and Obirkovia)– 56(0->1), 88(1->2); Node Q (clade including 

Shansisaurus and P. nasicornis)– 69(1->2); Node R (clade including Shihtienfenia and P. 

nasicornis)– 76(0->1); and Node S (Pareiasuchus)– 73(1->0), 78(0->1), 84(0->1), 86(1-

>2), 91(0->1).  Only three nodes are retained in over 50% of bootstrap replicates (nodes G, 

 142



N, and S), with only the monophyly of pareiasaurs showing strong support of 86% (Fig.).  

Two nodes – Node F (that supporting the grouping of Macroleter with pareiasaurs) and 

Node G (Pareiasauria) are supported by a Bremer index two, and are in fact the only nodes 

with an index higher than one (Fig. 5.1), meaning that the majority of the nodes are not 

supported when the tree length is increased by one. 

 

Parsimony – discussion of results 

The addition of morphological information from Parasaurus geinitzi and 

Deltavjatia vjatkensis, the addition of the nycteroleters, and the elimination of outgroup 

taxa that have been revised has had a definite influence on the final topology under a 

parsimony algorithm.  This analysis strove to include as many taxa as possible and still 

maintain a reasonable number of most parsimonious solutions, rather than eliminating 

somewhat problematic taxa.  The integration of the new morphological information from 

the nycteroleters resulted in them becoming the closest sister taxa to Pareiasauria, which 

differs from other analyses in which the procolophonomorphs hold this position (outside 

of the two other outgroups eliminated for the reasons stated above) (Lee 1997a, Jalil & 

Janvier 2005).  The genus ‘Bradysaurus’ remains paraphyletic as it has in all other 

analyses, with ‘Bradysaurus’ seeleyi retaining its basalmost position among the 

pareiasaurs.  Indeed, the topology recovered in this analysis is broadly similar to that 

recovered by Lee (1997a) and Jalil & Janvier (2005), a fact not surprising given the fact 

that the basis of the three analyses is the same. 

The main differences within Pareiasauria between this analysis and the others 

include the more basal position of Parasaurus geinitzi (referred to in previous analyses as 

“the Kupferschiefer pareiasaur”).  The additional morphological information, and the 

reinterpretation of the bones of the skull roof from the state implied by the original skull 

description by Wild (1985) appear to indicate a less derived morphology, although this 

position is equivocal, with placements among the more derived taxa also being among the 

most parsimonious topologies.  More complete specimens, especially those with well-

preserved cranial material would help to further support one of these positions.  The 

phylogenetic position of Deltavjatia vjatkensis, on the other hand, does not appear to be 

considerably altered.  It remains a relatively basal taxon amongst those pareiasaurs not 

present in the Tapinocephalus and Pristerognathus assemblage zones, as would be 

expected from it possessing a mix of basal and derived characters (Chapter 4). 
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The parsimony analysis has resulted in a relatively poorly-resolved cladogram with 

relatively poor support for the majority of the nodes, including those within Pareiasauria.  

This state is similar to other analyses of pareiasaurian relationships (Lee 1997a, Jalil & 

Janvier 2005), suggesting that more information is needed for many of the taxa.  In 

particular there is poor resolution amongst the basal members of the clade, and these 

Tapinocephalus and Pristerognathus assemblage zone taxa require more taxonomic as 

well as anatomical research, though due to the high degree of ossification and poor 

preservation and preparation of the fossils, their anatomy is notoriously difficult to 

discern.  While there are some informative postcranial characters amongst the pareiasaurs, 

and more information can certainly be gleaned from these elements should they be 

adequately preserved, it appears as though there is more potential to find new and 

informative characters in the skull, given the sutures here can be accurately discerned. 

One difference between the present analysis and that of Lee (1997a) is the 

exclusion in the current character matrix of ordered characters, a practice that imposes 

additional cost for transitions between character states that are not consecutive.  The 

ordering of characters can in some cases be justified; certain continuous morphological 

characters (those that show quantitative variation along a single axis) are delimited based 

on the fact that the similarity between the states is informative (Wiens et al. 2005), and not 

ordering these types of characters implies that the character itself is not informative and 

thus should otherwise be excluded from the analysis.  While this is true for these types of 

characters, for most other discrete characters the direction of evolution is not as clear.  

What constitutes “a clear morphocline” is also not always the same to every observer, 

particularly when the justification is based on changes in character states that are, directly 

or indirectly, based on presumed phylogenetic trajectory (and hence circular reasoning), 

and thus the more conservative practice is to use the ordered characters only minimally 

(Hauser & Presch 1991, Slowinski 1993). 
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Fig. 5. 1. Strict consensus of the 20 most parsimonious topologies recovered from 
parsimony analysis of pareiasauromorph data.  Support values listed on branch leading to 
the node; Bremer decay indices above and bootstrap percentages below, listed when 
values are one or more and over 50% respectively. 
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Lee (1997a) also uses an all-zero ancestor (a combination of eureptiles and 

millerettids were used to infer the ‘primitive’ state of the ingroup) as the outgroup, a 

practice which polarizes the character states ‘a priori’.  It is the opinion of the author that 

the polarization of these characters is better implied by the states possessed by the 

outgroup.  Despite the elimination of the ordering of characters and the use of a real 

terminal taxon as the outgroup in this analysis, however, these changes have not 

significantly affected the topology recovered, nor have they had a significant effect on the 

CI or RI that result from them.  Apart from the removal from the character matrix of a 

number of characters shared by only turtles and Pumiliopareia, there was little effect on 

the analysis that resulted from the removal of turtles.  A proper test of the relationships of 

early turtles, and therefore their origin, requires the inclusion of a wide range of terminal 

taxa, in particular those of suspected eureptilian relatives, a task outside the scope of this 

analysis. 

 

Bayesian inference 

Initially used only for analysis of molecular (sequence) data, the Bayesian method 

of maximum likelihood has recently been adopted for use with analyses involving 

morphological characters (Lewis 2001). The use of Bayesian analysis for exclusively 

fossil taxa has become increasingly common (Snively et al. 2004, Müller & Reisz 2006, 

Tsuji et al. in press, Chapter 2), as an alternative, or contrast to, the more standard 

parsimony analysis.  Very basically, the method uses one of a choice of models of 

character evolution and uses the Markov chain Monte Carlo procedure to sample the 

posterior probabilities of the range of possible topologies and find the most probable trees 

consistent with the model in an efficient manner (Holder & Lewis 2003, others). 

Bayesian inference of phylogenies has only recently been applied to the analysis of 

parareptilian relationships (Tsuji et al. in press, Chapter 2), and in general, the behaviour 

of Bayesian inference with strictly discrete morphological characters is not completely 

understood (Müller & Reisz 2006).  The parsimony analysis of pareiasaurian relationships 

above recovers a topology that is not particularly well supported, and it is interesting to 

test whether the application of an alternative method of evaluation produces an obviously 

different topology, or whether it largely conforms to that generated by parsimony. 
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Methods 

All analyses were run using MrBayes 3.2 (Ronquist & Huelsenbeck 2003) and 

were based on the character matrix used in the parsimony analysis above (126 characters, 

Appendix D), which was constructed using Mesquite (Maddison & Maddison 2009), and 

modified for input in MrBayes using a text editing program. The Mk model, whereby 

coding was set to variable, was implemented, as recommended by Lewis (2001) for use 

with morphological characters. Each Bayesian run consisted of 2 000 000 generations, 

sampled every 100th generation, with a burn-in of 2000 sampled trees, four chains and two 

runs, and a temperature of 0.2.  Millerettidae was specified as the outgroup taxon. 

In total four different Bayesian analyses of the Pareiasauromorpha were run.  Two 

different data sets were analysed, one that used the character matrix from the parsimony 

analysis (Appendix D), and a second matrix that also included 72 known autapomorphies 

for the included taxa (list of autapomorphies Appendix E, added to character matrix 

Appendix D).  In order to test the effect of application of different rate parameters, each 

analysis was run twice, once implementing a gamma-shaped parameter allowing rates to 

vary, and once without this application where character rates are equal, for a total of four 

separate analyses. 

Within each analysis, the runs of the differing models were compared for fit to the 

data by comparing the Bayes factor of the individual runs.  The Bayes factor is a means of 

calculating the posterior probability that one of two theories is preferred given the data 

(Kass & Rafferty 1995), and is a generally accepted method of choosing between two 

models used in a Bayesian analysis.  Though a number of methods have been developed 

for the calculation of the Bayes factor, some quite complex (Wasserman 2000, Lartillot & 

Philippe 2006), the calculation of the Bayes factor is most often done using the marginal 

likelihood estimation procedure, which involves comparing the estimation of the harmonic 

means of the two analyses.  The difference between the log of the harmonic means of the 

analyses in question is then compared to a chart (found in Kass & Raftery 1995) that 

assesses the probability of the data providing evidence against the null hypothesis (that no 

one method better explains the data than the other) (Kass & Raftery 1995).  

 

Results 

There was no difference in topology between the two analyses that included 

autapomorphies (Fig. 5.2), the log harmonic mean of the one with a gamma-shaped 

parameter implemented is -1240.33, and the one that did not use gamma was -1238.90, 
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resulting in a Bayes factor (two times the difference between the two) of 2.86.  This 

implies that one model was not preferred over the other.  There were only slight 

differences in the posterior probabilities of certain nodes (Fig. 5.2).  There is also no 

topological difference between the analyses that did not implement the gamma parameter 

(Fig. 5.3); the log harmonic mean of the analysis that implemented gamma was -828.83, 

and the run without a gamma-shaped parameter was -826.26, resulting in a Bayes factor of 

5.14, also a relatively low value implying that the run without the gamma-shaped 

parameter was only slightly preferred over that with gamma implemented.  When 

discussing posterior probabilities of the respective topologies, the values from the analysis 

that was preferred (including gamma in all cases), however slightly, are referred to.  The 

difference in magnitude of the posterior probabilities between the implementation of 

gamma or not on any given node was never more than 0.02. 

There is, however, a significant difference in topology between the two sets of 

data, though admittedly the differences lie in clades that are not strongly supported.  In the 

analysis that did not include autapomorphies (Fig 5.3), Rhipaeosaurus was present as the 

sister taxon to all other pareiasauromorphs, and the rest of these taxa, with the exception 

of Macroleter, formed a monophyletic clade, with Macroleter constituting the first 

outgroup to Pareiasauria.  Interestingly, this analysis also shows a monophyletic 

Bradysaurus, with the two species grouped in a small clade with Nochelesaurus.  This 

topology is unique in that all other analyses have place ‘Bradysaurus’ seeleyi as the most 

basal pareiasaur followed by a paraphyletic Bradysaurus baini. There is a fairly strongly 

supported clade within pareiasaurs consisting of the more derived, all non-Tapinocephalus 

and Pristerognathus Assemblage Zone taxa (posterior probability, hereafter pp = 0.83).  

Bunostegos, Parasaurus, and Deltavjatia were proceeding outgroups to a clade of more 

derived pareiasaurs.  Within this later clade (pp = 0.77), an interesting (though poorly-

supported) sister-group of two of the Chinese pareiasaurs, Shansisaurus and Shihtienfenia 

was produced.  Also, a well-supported group consisting of Provelosaurus, Nanoparia, 

Anthodon, and Pumiliopareia was recovered (pp = 0.90).  The relationships among the 

more derived pareiasaurs were otherwise poorly supported. 
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Fig. 5. 2. Cladogram of pareiasauromorph relationships resulting from Bayesian analysis 
including autapomorphic characters, both with and without the application of a gamma 
parameter.  Posterior probabilities listed on the branch leading to the node, values the 
same for both parameters, when they differ, value from analysis with gamma above the 
node, value without gamma below. 

 

 149



 

Fig. 5. 3. Cladogram of pareiasauromorph relationships resulting from Bayesian analysis 
without autapomorphic characters, both with and without the application of a gamma 
parameter. Posterior probabilities listed on the branch leading to the node, values the 
same for both parameters, when they differ, value from analysis with gamma above the 
node, value without gamma below. 

 
In the analysis that did include autapomorphies (Fig 5.2), Rhipaeosaurus is again 

the most basal taxon within Pareiasauromorpha, and Macroleter is the taxon most closely 

related to Pareiasauria.  Pareiasauria is well supported (pp = 1.00), as is a clade of the non-

Tapinocephalus Assemblage Zone pareiasaurs (pp = 0.97).  The Provelosaurus-Anthodon-

Nanoparia-Pumiliopareia clade is again strongly supported (pp = 0.89).  Among the more 

derived pareiasaurs, there is not very strong support for the nodes, however one clade 

appears grouping Shansisaurus with a monophyletic Pareiasuchus and the two other 
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Chinese pareiasaurs amongst a group of the more derived pareiasaurs including Elginia, 

Arganaceras, and Obirkovia. 

The branch lengths, representing the expected number of changes per character 

across the branch (Lewis 2001), vary significantly between the trees.  The topologies 

containing autapomorphies tend to have longer terminal branch lengths and shorter 

internal lengths, with the opposite situation for the topologies without (Fig. 5.4).  Between 

those topologies in which gamma was implemented and those where it was not, the 

topologies that have implemented gamma tend to have a slightly higher branch length for 

the nodes that are consistent between the different topologies than those that did not 

implement gamma. 

 

Bayesian – discussion of results 

Although the basic phylogenetic signal remained the same, the considerable 

difference found between the Bayesian analyses–that including autapomorphies and that 

without–indicates that autapomorphies have a definite effect on the analysis under a 

Bayesian framework.  In its traditional use in molecular estimations of phylogeny, 

autapomorphies are naturally included in the data set along with constant characters.  

However, in an analysis of morphological characters under a parsimony algorithm, these 

characters are traditionally excluded because only shared derived characters are 

informative in determining the most parsimonious topology.  Using maximum likelihood 

methods, however, autapomorphies are phylogenetically informative because they 

influence branch lengths of terminal taxa, affecting the likelihood of a given tree and thus 

should be included in a Bayesian analysis when possible (Lewis 2001).  Autapomorphies 

made up a high proportion of the total number of characters used in the analysis – 72 out 

of 198 characters (36%).  It is also interesting to note that the analysis that included 

autapomorphies in many ways more closely approximates the parsimony tree than that 

without.  This result appears to suggest that the inclusion of autapomorphies does indeed 

have a significant, and possibly positive, effect on the topology recovered in a Bayesian 

analysis.  However, there is no standardized technique for the identification of 

autapomorphies in fossil taxa, and readily available autapomorphy lists exist only for taxa 

that have been defined using autapomorphies, a practice that is relatively new, and by no 

means exhaustive.  Many of the taxa that lack autapomorphies in this analysis are those 

that are poorly known or have not been reexamined in many years. 
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Fig. 5. 4. Topologies resulting from Bayesian analysis of pareiasauromorph relationships 
showing branch lengths of the respective analyses.  

 

Branch lengths, as was found by Müller & Reisz (2006) are not directly correlated 

with the posterior probability of the branch.  Differences in branch lengths between the 

models were minimal, while between the different data sets, the internal branch lengths of 
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the analysis that did not include autapomorphies were often noticeably longer than the 

same branches in the analysis without, which is a considerable change from the findings of 

Müller & Reisz (2006), perhaps relating to the greater proportion of autapomorphic 

characters in the present analysis (0.57 vs. 0.47). 

The Bayes factor seems to indicate that in the present analysis, there is little to 

choose between the gamma and not gamma parameters, which is interesting, because in 

other cases, including Chapter 2 of this work, and the paper of Müller & Reisz (2006), 

there was a significant and obvious preference for the implementation of the gamma 

parameter.  This appears to indicate that for this data set in particular, there is no influence, 

which could possibly be related to the poor support for the majority of the nodes. 

Currently Bayesian analysis using morphological characters uses the most 

simplistic form of character change – the Mk model, which assumes that a character can 

change its state at any time with equal probability for all instantaneous time intervals 

along the branch (Lewis 2001).  Whether more sophisticated models of character rate 

substitution would have a significant effect on topologies recovered in Bayesian analysis 

remains to be seen.  In addition, it is an interesting question whether the types or definition 

of morphological characters that are currently used in analysis using parsimony are the 

most appropriate way of defining characters for Bayesian methods.  This model of 

character evolution, although the most simplistic one available, was designed to model the 

changes in molecular characters- those related to base substitutions.  The transitions 

between discrete morphological characters such as those involving presence/absence can 

be assumed to proceed differently from continuous characters such as vertebral number, 

which are related to changes in serial homology.  Thus using the same type of model to 

represent them may not model their changes realistically.  However the use of this 

simplistic model seems to give relatively similar results to parsimony so these 

speculations are at this time only academic in nature. 

 

 

Discussion of both parsimony and Bayesian 

Comparison 

There is a basic agreement between the Bayesian and parsimony topologies.  The 

differences observed appear to be on a similar scale to those seen in other analyses where 

the two methods were compared (Müller & Reisz 2006, Tsuji et al. in press), these 

differences may in part be due to the fact that the data set itself is not particularly clear on 
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the issue.  None of the recovered topologies results in a large number of nodes that are 

particularly well supported.  Those that are well supported in one analysis are also present 

and are relatively well supported in another, whether Bayesian or parsimony, appearing to 

indicate that nodes supported by a lot of characters are reproduced by either method. The 

most problematic taxa in terms of the congruence between the two types of analysis are 

Rhipaeosaurus and Shihtienfenia.  Rhipaeosaurus appears as a relatively derived 

nycteroleterid in the parsimony analysis, whereas in both Bayesian analyses it is the 

basalmost.  Shihtienfenia is closely related to Shansisaurus and Pareiasuchus in the 

parsimony analysis and the Bayesian analysis ignoring autapomorphies, while in the 

Bayesian analysis involving autapomorphies it is among the most derived pareiasaurs.  

These two taxa in particular are afflicted by a lack of data – Rhipaeosaurus can be scored 

for almost no cranial characters and is only 30% complete and Shihtienfenia can only be 

scored for 17.5% of the characters.  This suggests that in these specific cases, the missing 

data is significant, but it must be noted that other taxa missing significant amounts of data 

are not so variable within or between analyses (Shansisaurus, Obirkovia), and also that 

some taxa that are much more complete show variability of placement (B. baini).  This 

result reflects, in part, the fact that incomplete taxa (those with many missing data) are not 

necessarily to blame for uncertainty (Wiens 2003, Wiens & Moen 2008), and in parallel, 

that being well-known does not necessarily mean that a taxon’s position is well resolved.  

In the case of Bradysaurus baini, the taxon appears to possess a mix of homoplastic 

characters that make its position variable. 

 

Stratigraphic consistency 

The occurrence of taxa in the fossil record should agree roughly with estimates of 

their phylogenetic relationships (Norell & Novacek 1992), though this agreement varies 

widely between fossil clades (Benton et al. 1999).  Given the variance between the 

topologies recovered in the Bayesian and parsimony analyses of pareiasaur relationships, 

it is of considerable interest to determine which, if any, are more consistent with the 

stratigraphic position of the taxa.  There are three metrics commonly used to assess the fit 

of a given cladogram to the stratigraphic record; the Stratigraphic Consistency Index (SCI) 

(Huelsenbeck 1994), the Relative Completeness Index (RCI) (Benton 1994), and the Gap 

Excess Ratio (GER) (Wills 1999).  The SCI is a ratio of the number of stratigraphically 

consistent nodes to the total number of nodes in a cladogram, and therefore a phylogeny 

with a higher SCI is more consistent with the stratigraphic record.  The GER is expressed 
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as the difference between the minimum implied gap (the total of the ghost ranges on a 

given tree, MIG) and the minimum possible ghost range on any tree (Gmin) as a fraction 

of the range of values possible for those stratigraphic data on any tree.  This metric is 

indicative of congruence of the topology rather than reflecting the inferred completeness 

of the fossil record like the RCI (Wills 1999).  Finally, the RCI can be expressed as [1 – 

the minimum implied gap divided by the sum of the range lengths (SRL – total observed 

stratigraphic ranges for all taxa in the cladogram) X 100 (Benton 1994; Cisneros & Ruta 

in press). 

 

Methods 

In order to determine these metrics, the stratigraphic information for each of the 

taxa was compiled from sources cited in Chapter 1 (pareiasaurs) and Chapter 2 

(nycteroleters) of this work.  Seven non-overlapping stratigraphic units were created and 

the age of their lower boundary was dated as accurately as possible based on Figure 1.5 

and the references therein (data used is listed in Appendix F).  A data file was then created 

that included, in Venn diagram form, the 20 different most parsimonious topologies and 

the two Bayesian topologies resulting from the analyses above.  The program Ghosts 2.3 

(Wills 1999) was then used to compute the three metrics (RCI, GER, SCI) for each of the 

topologies.  A randomization of the stratigraphic data was also performed (1000 iterations) 

to test if the RCI and SCI values for the original data differed significantly from a random 

distribution. 

 

Results 

The sum of all of the range lengths (SRL) is 1824.  In the various topologies, 17, 

18, and 19 out of a total of 27 nodes were stratigraphically consistent (SCI of 0.63, 0.67 

and 0.70 respectively), with the two Bayesian topologies scoring among the lowest.  The 

RCI values fell between 94.2 and 92.4, with the Bayesian topologies falling within the 

range of the most parsimonious trees.  The GER values ranged from 0.66 to 0.52, with the 

Bayesian trees also within the range of the MPTs of the parsimony analysis.  The 

probability that the SCI deviates from random is 0.1% to 0.5% (any value less than 5% 

indicates significance), and the probability that the RCI deviates from random is 0.1% and 

0.2%, indicating that the observed values do deviate significantly from random in all 

cases. 
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Discussion 

It is important to note that these metrics do not give any preference for one 

topology over another or indicate that one is more valid than another; they simply indicate 

which are more congruent with the given stratigraphic data.  Overall, this data set 

compares favourably with that of other terrestrial tetrapods (Benton et al. 1999).  The RCI 

scores for the pareiasauromorphs are especially high among tetrapods, demonstrating very 

short ghost lineages for pareiasaur taxa, with the values for the other metrics ranking fairly 

high in comparison to a data set consisting of all ‘Reptilia’ (Benton et al. 1999).  The 

values are within the range observed in procolophonid parareptiles (Cisneros & Ruta in 

press), again with the RCI showing a considerably higher value (42.1 calculated for 

procolophonids). 

 It should be noted, however, that some of the stratigraphic ranges of the 

pareiasaurs, especially those from isolated faunas such as China and Niger, are based on 

biostratigraphic correlations, some of which are based at least in part on pareiasaur faunas.  

Thus, the values may be inflated due to this method of correlation, and it also implies that 

a certain amount of circularity is involved.  Ideally, the ranges of the taxa are based on 

dates calculated by independent means, namely absolute dating methods, but all too often 

in the Permian, a lack of volcanic material makes absolute dating of the sediments 

difficult.  In addition, the small area of exposure and seeming isolation of a number of 

localities (Niger, Morocco, Elgin) leaves little basis for correlation other than an 

approximate biostratigraphic correlation based on a few distantly-related taxa (Jalil 1999; 

Cisneros et al. 2005; Sidor et al. 2005). 

 

STRATOCLADISTICS 

 

The phylogeny of pareiasaurs corresponds relatively well to the stratigraphic 

record given the metrics calculated above, however the integration of stratigraphic data 

with morphological characters in the evaluation of phylogenetic relationships is heavily 

debated among those working with exclusively fossil clades (see below).  Simulations 

appear to support the relevance of stratigraphic data to phylogeny reconstruction (Fox et 

al. 1999; Bodenbender & Fisher 2001; Finarelli & Clyde 2004), and other studies have 

been positive about the effectiveness of these methods (Marcot & Fox 2008; Pardo et al. 

2008), but some question the accuracy of these studies and their applicability to questions 
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of phylogenetic relationships, in addition to questioning how and if temporal data and 

morphological data should be combined (Smith 2000; Sumrall & Brochu 2003). 

Notwithstanding the fact that taxa that are directly ancestral to other taxa must 

inevitably be preserved in the fossil record, the identification of direct ancestors is not 

straightforward.  Even in the case of entirely concurrent taxa, an ancestor can still coexist 

with its descendent, and in the fossil record the probability of the presence of direct 

ancestors increases, as often taxa included in a phylogenetic analysis do not overlap 

temporally.  It has been shown that at least 1-10% of known fossil species are direct 

ancestors of other known fossil species (Foote 1996), but their identification is difficult to 

confirm and therefore their presence is often ignored.  Whereas in a phylogenetic analysis 

using only morphological characters and excluding autapomorphies (using only shared 

derived characters) placing one taxon as an ancestor to another will have no effect on the 

total length of the tree (and therefore an ancestor cannot be discerned), the inclusion of an 

ordered stratigraphic character along with known autapomorphies for the included taxa 

can result in a more parsimonious placement of one taxon as ancestral to another.  

The development of StrataPhy (Marcot & Fox 2008) now allows for a 

straightforward method to integrate stratigraphic and morphologic data in a single 

analysis.  This program, along with integrating the stratigraphic data, allows for a search 

for ancestors among the included taxa. 

 

Methods 

The stratocladistic study used the character matrix created for the parsimony and 

Bayesian analysis above.  The single stratigraphic character was based on the stratigraphic 

information about the nycteroleters taken from Chapter 2 (see Fig. 2.2) and the 

information about the distribution of pareiasaurs taken from Chapter 1 (Figs. 1.4; 1.5; 1.6), 

and is the same as that used in the test for stratigraphic consistency above.  When taxa 

spanned more than one stratigraphic interval, they were scored as polymorphic for the 

stratigraphic character.  The scoring and the character states of the character can be seen in 

Appendix G.  The stratigraphic character in a stratocladistic analysis is necessarily ordered 

and irreversible. 

Two analyses were conducted using StrataPhy 0.3.5a (Marcot & Fox 2008), the 

first integrated the stratigraphic character without undergoing a search for ancestors (29 

taxa and 127 characters; character matrix – Appendix D + stratigraphic character – 

Appendix G), with 10 000 random taxon addition sequence replicates.  A second analysis 
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did include a search for ancestors, and included known autapomorphies for the taxa (29 

taxa and 199 characters; character matrix – Appendix D + autapomorphies Appendix E + 

stratigraphic character – Appendix G).  Ten random taxon addition sequence replicates 

were completed with a single heuristic ancestral search per replicate. 

 

Results 

In the analysis that incorporated only the stratigraphic character and did not search 

for ancestors, four MPTs were recovered, with a CI of 0.74, RI 0.88, RC 0.65 (each of 

these values excludes the stratigraphic character) (Figure 5.5).  The topologies consisted of 

252 steps, 44 steps longer than the 20 MPTs of the parsimony analysis (above), with 29-30 

(depending on the topology) of these steps belonging to the stratigraphic character.  When 

the topologies retrieved from the stratocladistic search are applied to the original, strictly 

morphology matrix, they result in seven (2) or eight (2) steps more.  The topologies 

recovered in the stratocladistic analysis were largely congruent to that found by TNT using 

only morphological character data, but none have the same topology as any of the 20 

MPTs found in the strictly cladistic analysis.  

The differences result primarily from a few taxa that have very different most 

parsimonious placements between the most parsimonious trees.  In particular, 

Rhipaeosaurus, Bunostegos and Parasaurus, each of them containing a high percentage of 

missing data, can differ widely in placement depending between the topologies.  One of 

these includes the placement of Bunostegos as the basalmost pareiasaur.  

In the more extensive search for ancestors, 360 MPTs were recovered, each with a 

length of 323 steps.  If all taxa were considered terminal, these 360 MPTs represent 30 

different cladistic topologies, and the rest of the variation is explained by the differential 

identification of ancestors within these 30 topologies.  The topologies are similar to those 

found in the parsimony analysis, with the only differences being a consistent clade of 

Rhipaeosaurus with B. bashkyricus and ‘B.’ mesensis, and the occasional placement of 

Parasaurus amongst the group of more derived pareiasaurs as seen in the stratocladistic 

analysis above (Fig. 5.5).  The rest of the nodes are consistent with one or more of the 

MPTs found in the parsimony analysis.  Five different taxa are construed as possible 

ancestors in these various most parsimonious trees; Millerettidae, Nycteroleter ineptus, 

Bashkyroleter mesensis, Bradysaurus seeleyi, Shansisaurus xuecunensis, and Elginia 

mirabilis.  Nycteroleter and ‘Bashkyroleter’ mesensis are ancestral in all topologies, with 

Nycteroleter the direct ancestor of Emeroleter and ‘B.’ mesensis the direct ancestor of 
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Rhipaeosaurus.  Of these five potentially ancestral taxa, all except for Elginia have no 

known autapomorphies, which obviously has a significant effect on the identification of 

ancestors. 

 

Discussion 

One thing that must be noted about this analysis, as noted in the stratigraphic 

consistency analysis above, involves the stratigraphic correlations of the taxa.  As much as 

the stratigraphic correlations used in this analysis are based on the latest knowledge 

regarding the stratigraphy of the terrestrial sediments in the Permian, the correlations 

themselves are not as accurate or precise as they are in more recent time periods and for 

the most part are not based on absolute dating methods.  In addition, if a fossil is found 

anywhere in a stratigraphic interval, it is marked as present for the entire interval, as there 

is more detailed knowledge only in a small number of cases.  This introduces even more 

potential error into the work.  There is also an issue of possible circularity involved in 

using some of this stratigraphic data in the program, where the correlation of the 

stratigraphic units are based on biostratigraphic correlations using some of these fossils. 

In undergoing a search for ancestors, the results of this analysis demonstrate that 

those taxa displaying a large number of autapomorphies are far less likely to be construed 

as ancestors than those exhibiting none, even when the stratigraphic distribution of the 

taxa is taken into account.  This fact is the result of a taxon with fewer identified 

autapomorphies resulting in a lower ‘cost’ (in terms of steps) required to assign it as an 

ancestor, as these autapomorphic characters belonging to an ancestor must again be lost in 

a descendent (incurring additional steps).  Thus the identification of ancestors is fully 

dependent on the proper identification of autapomorphies for all taxa in the analysis.  The 

identification of autapomorphies for the majority of fossil taxa is only completed for the 

most part in the definition of the taxon, so for many taxa there are no identified 

autapomorphies (see further discussion above).  Although there is definitely a theoretical 

basis for the desire to identify ancestors in the fossil record, it seems as if a data set 

specifically designed with that intention, ie, a more systematic identification of 

morphologic autapomorphies is necessary to make an analysis like this more effective. 

 159



 

Fig. 5. 5. The four most parsimonious topologies recovered from the stratocladistic 
analysis. This analysis did not include a search for ancestors or autapomorphic 
characters. 
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In general, the philosophical issue still remains as to whether it is a sound practice 

to integrate morphological and stratigraphic characters in the same data set.  A true 

cladistic (as opposed to stratocladistic) analysis deals with ‘morphologic debt’, and creates 

a hypothesis of relationships based exclusively on hypotheses of homology, which ideally 

reflect phylogeny.  It is therefore debatable if a stratigraphic character can simply be 

integrated into a morphologic data set.  Although the stratigraphic debt – in the form of 

hypotheses of non-preservation – can in practice simply be added to the total ‘debt’ 

incurred in a cladistic analysis, and the shortest topology of this combined data set 

recovered, these two types of characters are based on two fundamentally different types of 

data.  While one type of data reflects phylogeny, the other is subject to, and is a result of, 

external factors such as taphonomic, tectonic, and environmental processes (Sumrall & 

Brochu 2003).  The combination of these two types of data in a single character matrix 

calls into question the true meaning of the trees by obscuring the information content of 

the data (Benton et al. 1999).  That being said, in an ideal world stratigraphy and 

phylogeny should be consistent, but how these two sets of data can or should be integrated 

is still up for debate. 

 

BIOGEOGRAPHY 

 

Introduction and background 

The widespread spatial distribution of pareiasaurs by the Middle and Late Permian 

would superficially appear to indicate a cosmopolitan fauna, but a closer examination 

reveals that none of the individual taxa are themselves widely distributed.  When 

examined within a phylogenetic context, the distribution of pareiasaurs indicates, as might 

be expected, that multiple incidences of dispersal (range expansion) and speciation within 

the clade are necessary to explain the observed pattern (Lee 1997b, Modesto 2000, 

Rubidge 2005).  The patterns of distribution of fossils when considered in a phylogenetic 

context also suggest that a pattern of multiple episodes of dispersal occurred in other 

Permian terrestrial clades (Milner 1993).  

Understanding biogeographical patterns must take into account the fact that the 

distributions of species are influenced by a number of different factors including methods 

of speciation and dispersal, in addition to geological and climate processes (Lieberman 

2000).  Traditionally the manner of speciation through general patterns of vicariance – the 

erection of a geologic or climatic barrier in the range of a widespread species – has been 
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emphasized, with other processes including dispersal only secondary to this.  Lately, 

however, the importance of dispersal has been increasingly acknowledged, particularly in 

the form of taxon pulses – large-scale dispersal events affecting multiple clades 

(Lieberman 2000, 2003; Halas et al. 2005).  Thus many researchers assert that it is 

primarily a combination of vicariance and taxon-pulses (or geodispersal, sensu 

Lieberman) that is responsible for the general patterns of distribution, and that smaller-

scale processes such as extinction and small-scale dispersal are the result of clade-specific 

events (Lieberman 2000, 2003; Halas et al. 2005). 

Because biogeography examines the association of the distribution of the members 

of a clade and their phylogenetic relationships, both of which can be determined in fossil 

taxa, biogeographic methods can also be applied to extinct clades (see Lieberman 2000; 

Folinsbee & Brooks 2007).  In order to begin to explore the meanings of the patterns of 

distribution of a set of fossil taxa, it is necessary to have a hypothesis of relationship 

between them.  Once the phylogenetic relationships of the taxa in question have been 

hypothesized, the next step in a historical biogeographic analysis is to reconstruct the 

ancestral areas of the taxa – reconstructing the areas of distribution of the nodes 

(hypothetical ancestral taxa).  There are a number of different approaches to evaluating 

biogeographic patterns and reconstructing ancestral areas in clades.  The majority of these 

are model-based, a priori methods of the reconstruction of ancestral areas, applying a 

model to assign the ancestral area reconstructions and the transitions between them 

(Ronquist 1997; Lieberman 2003).  This section will look at the results of two different 

types of paleobiogeographic analysis, one very simple model-based method – DIVA 

(Ronquist 1997), and the other, PACT (Wojcicki & Brooks 2005), an a posteriori method 

of comparing multiple clades to look for general patterns in the distribution of taxa. 

 

Topology selection 

It is not possible to deem the end product of one method of phylogenetic inference 

superior over another, but considering that the other cladograms used for comparison in 

the PACT analysis were constructed using parsimony, in this case I have chosen to use the 

results of the parsimony analysis above.  For the purposes of simplicity, only taxa at the 

generic level were used, which resulted in the collapse of Pareiasuchus peringueyi and 

Pareiasuchus nasicornis into a single taxon.  The distribution of these two species is the 

same, so there was no cost to this action.  Other ‘congeneric’ taxa that were found to be 

 162



paraphyletic in the analysis (‘Bradysaurus’ seeleyi and Bradysaurus baini, ‘Baskhyroleter’ 

mesensis and Bashkyroleter bashkyricus) were left as unique terminal taxa. 

 

Area assignments 

A comparison of two different biogeographical methods was attempted, and so a 

uniform assignment of areas was made.  The classification of geographical areas in 

biogeography is not as straightforward as it might seem.  The methods are based on the 

assumption that all of the defined areas are geographically separate, but determining 

separate areas in the distant past is not as obvious as it is for more recent faunas where the 

distribution can be directly observed rather than implied.  The designated areas were based 

largely on a continental scale, as these areas were most likely separate faunal provinces in 

the Middle and Late Permian.  The African continent, however, was divided into two 

separate geographical areas for the purpose of this study.  The Karoo Basin in southern 

Africa contains faunas of Tanzania and Zambia as well as the South African Karoo, while 

the faunas of Niger and Morocco were considered together as a separate Northern African 

area.  This decision was made because there were obvious geographic impediments to 

migration between these two areas, particularly in the Late Permian (Sidor et al. 2005), 

justifying a separation from the Karoo faunas, which were within the same basin system.  

In all nine separate geographical areas are represented: Antarctica, China, Western Europe, 

India, Madagascar, Northern Africa, Russia, Southern Africa (Karoo), South America, and 

The United Kingdom.  These areas were used for each analysis, although members of 

certain clades are not found in all areas. 

 

DIVA analysis 

The DIVA (dispersal-vicariance) program was designed by Frederik Ronquist 

(Ronquist 1997).  It uses an a priori method of reconstructing ancestral area distributions 

using a biogeographic model as implemented by a three-dimensional cost matrix 

(Ronquist 1997).  The algorithm applies increased cost for dispersal and extinction events 

than events that are vicariant, and thus differs from the optimization of ancestral areas on a 

cladistic topology by a simple parsimony method such as a Fitch (1971) optimization, 

which allows for each type of transition between nodes (areas) to be equally likely (a 

modification of this latter type of optimization can be seen in Lieberman 2000). 
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Methods 

DIVA only allows for the input of a fully resolved topology, so one of the 20 MPTs 

found in the parsimony analysis was used (Fig. 5.6).  This topology was chosen at random 

from the available topologies, as the biogeographic scenarios predicted from each 

individual cladistic topology are by definition equally likely.  The input file for DIVA 

consists of a nexus file containing a tree topology (in the form of a venn diagram) with the 

terminal taxa scored for presence (1) and absence (0) in a particular area (Appendix H).  

And the output consists of a list of ancestral area reconstructions for the specified nodes. 

 

Results 

The output of from DIVA has been mapped onto the selected fully resolved 

topology (Fig. 5.6).  The pattern suggests the ancestor of pareiasaurs and Macroleter had a 

distribution that included Russia and South Africa (Fig. 5.6, Node E), and the presence of 

an unidentified nycteroleter in South Africa (Cisneros & Tsuji 2009) supports this 

prediction.  Within Pareiasauria, there is a dispersal event at the node uniting 

Embrithosaurus and Bunostegos (Fig 5.6, Node J).  Then the ancestor of the more derived 

group of pareiasaurs (Node P, “Clade D” of Lee (1997a)) appears to have an exclusively 

South African origin, with one clade within that remaining Gondwanan (Node M) and the 

other clade with some members remaining in Southern Africa, but other members 

radiating into Laurasian areas (Node S). 

The results indicate two separate radiations to Russia from South Africa and also 

two separate expansions into China. Only one clade does not include any South African 

members and is the result of a radiation from an ancestor endemic to Russia (Node U). 
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Fig. 5. 6. Results of DIVA biogeographic analysis of pareiasauromorphs, mapped onto 
randomly selected topology of the 20 mpt’s from the parsimony analysis of 
pareiasauromorph relationships. Areas associated with the node represent ancestral area 
reconstructions of theoretical ancestor represented by the node.  Multiple areas on the 
same line joined by a ‘+’ indicate ancestor distributed in multiple areas, multiple sets for 
a single node indicate equally likely optimizations for the same node. Nodes discussed in 
text. Abbreviations: Eur – Continental Western Europe; N.Afr – Northern Africa (Morocco 
and Niger); S.Afr – Southern Africa (Karoo); S.Am – South America; UK – United 
Kingdom. 
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PACT analysis 

PACT (phylogenetic analysis for comparing trees) is an historical biogeographic 

method developed by Wojcicki and Brooks (2005), and similar to BPA (Brooks Parsimony 

Analysis), which compares the geographic distribution of at least three different co-

occurring clades, using these clades to generate a general area cladogram.  Events 

common to the majority of clades are considered to be universal patterns. Geodispersal 

(sensu Lieberman 2000), a general pattern also known as taxon pulses (sensu Erwin 1979) 

or episodes of biotic expansion (sensu Brooks 2005, Halas et al. 2005, Folinsbee & 

Brooks 2007) can, with this technique, be distinguished from clade-specific patterns of 

dispersal.  Likewise patterns of general vicariance can be distinguished from clade-

specific extinction and other types of speciation, such as peripheral isolates, whereby a 

small number of members of a species disperse across a barrier and then speciate; these 

patterns deviate from the general vicariance of the general pattern.  Divergences from the 

general area cladogram within each clade are attributed to unique patterns within that one 

clade.  It can be classified as an a posteriori method of biogeographical analysis, with no 

model being applied favouring vicariance over other processes as seen in DIVA 

(Lieberman 2000).  The final area cladogram is logically consistent with all of the input 

cladograms, so none of the information from these individual taxon area cladograms is 

excluded, satisfying Assumption 0 of Wiley (1988a,b) and Zandee & Roos (1987).  PACT 

allows for recovery of complex and reticulated patterns and area relationships. 

 

Methods 

A minimum of three different clades is required to complete a PACT analysis.  

These clades should be roughly temporally and spatially consistent – the groups involved 

should have been influenced in part by the same historical events.  Thus the selection of 

the input clades is a significant factor in a PACT analysis.  For the purposes of examining 

the patterns seen within pareiasaurs, anomodont synapsids (a group that includes the 

dicynodonts) and therocephalian therapsids were selected.  These two clades, the 

anomodonts in particular, were diverse and widespread in the Late Permian, and fossils 

from both clades are often found in the same localities as pareiasaurs (Kitching 1977). In 

addition to an overlapping distribution, the groups used to reconstruct a common pattern 

must have an up-to-date taxonomy and a reasonably recently completed analysis of 

phylogenetic relationships.  Unfortunately, many groups of Permian terrestrial vertebrates 

remain incompletely revised, so some clades such as the gorgonopsians, though also 
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spatially and temporally appropriate, lack decent phylogenies, excluding them from 

consideration at this time. 

The most common of all Late Permian amniotes are the anomodonts, which are 

ubiquitous throughout Late Permian sediments.  The most recent and most complete 

phylogenetic analysis of the anomodonts that also includes Permian dicynodonts is that of 

Fröbisch (2007).  This analysis includes 28 anomodont taxa, including six non-dicynodont 

anomodonts and 32 dicynodonts, the majority of which are Permian taxa, though some 

Triassic taxa are present.  The topology of this cladogram is found in Figure 5.7.  The 

ubiquity of anomodonts in the Middle and Late Permian make them an ideal selection for 

this analysis. 

The second group selected for this analysis was the therocephalians, a clade that 

appears in the fossil record in the Middle Permian, and which persisted until the end of the 

Lower Triassic, though most of the members date to the Middle and Upper Permian 

(Rubidge 1995).  The therocephalians have recently been demonstrated to be the 

monophyletic sister group to the cynodonts (Huttenlocker 2009), the latter of which is 

closely associated with the origin of mammals (Kemp 2005).  The most recent and most 

inclusive analysis of relationships was completed by Huttenlocker (2009), and includes 23 

ingroup therocephalian taxa (Fig. 5.8).  Unfortunately the therocephalians, despite being 

quite common in the Karoo basin, are not as widely distributed as some other clades, but 

they remain one of the best known of the terrestrial vertebrate groups in the Middle and 

Late Permian. 

Although the PACT algorithm does allow for polytomies, for purposes of 

comparison with the DIVA results, I decided it would be best in the case of this direct 

comparison to compare the results based on the same topology, though by default the strict 

consensus tree is logically consistent with the General Area Cladogram generated from 

any one of the most parsimonious topologies.  Therefore the same pareiasaur topology 

used in the DIVA analysis was used here (Fig. 5.9). 

A general area cladogram was generated using the method described by Wojcicki 

& Brooks (2005).  When there was an ambiguous placement for nodes, the placement was 

optimized by the temporal concurrence of the fossils, based on their first appearance dates, 

for example an entirely Permian clade was preferentially combined with another Permian 

clade rather than a radiation containing primarily Triassic taxa, though the default of the 

PACT algorithm places ambiguous nodes higher up on the tree.  The ancestral areas were 

optimized onto the nodes of the general area cladogram using the first two steps of the 
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parsimony method described by Fitch (1971), where one pass from the tips down to the 

nodes, and then a second pass upwards from the base to the tips are used to predict the 

ancestral areas.  This algorithm allows unordered transformation between character states 

(in this case representing areas), and thus all types of events are equally likely.  The 

method described by Lieberman (2000, 2003) was used to identify nodes that represent 

general patterns of biotic expansion (taxon pulses or geodispersal events) or vicariance 

(see also Halas et al. 2005), whereby nodes showing an increase in the number of areas or 

a shift in areas is attributed to a biotic expansion event, and the nodes that are the result of 

a reduction in number of areas are attributed to a vicariant event. 

 

Results 

The PACT algorithm produced a general area cladogram from the three taxon area 

cladograms, seen in Figure 5.10 (taxon area cladograms for anomodonts, 

pareiasauromorphs and therocephalians 5.11, 5.12, and 5.13, respectively). 

As would be predicted for data spanning such a broad spatial and temporal scale, 

there are very complicated and reticulated relationships between areas and clades, with 

very few events being attributed to general patterns. As in the DIVA analysis, most of the 

speciation seen is ascribed to within-area speciation, but a few nodes can be attributed to 

broader patterns of vicariance and biotic expansion.  Seventeen of the nodes can be 

attributed to general patterns, with two or more clades participating in the event (Fig 5.14).  

Fourteen of these general nodes are cases of within-area speciation.  Of the other three, 

two are events of biotic expansion (node I and Q in Fig 5.14), one representing a radiation 

of the therocephalians and anomodonts from Russia into South Africa and the other 

representing a radiation of all three clades from Russia into South Africa.  The other event 

is a vicariant node (node CC in Fig 5.14) also involving the therocephalians and 

anomodonts from a widespread ancestor present in Russia and South Africa.  The 

pareiasauromorph clade does not participate in these general events, instead showing 

several independent events, but the clade does participate in the majority of the general 

nodes corresponding to within-area speciation events. 
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Fig. 5. 7. Anomodont synapsid phylogeny used in PACT analysis, redrawn from Fröbisch 
2007.  Branches numbered for purposes identification on final general area cladogram, 
with areas of distribution of terminal taxa. Abbreviations: Ant – Antarctica; Ind – India; 
Mad – Madagascar; S.Afr – Southern Africa (Karoo); S.Am – South America; UK – 
United Kingdom. 
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Fig. 5. 8. Therocephalian synapsid phylogeny used in PACT analysis, redrawn from 
Huttenlocker 2009. Branches numbered for purposes identification on final general area 
cladogram, with areas of distribution of terminal taxa. Abbreviations: Ant – Antarctica; 
S.Afr – Southern Africa (Karoo). 

 

 170



 

Fig. 5. 9. Pareiasauromorph phylogeny, randomly selected most parsimonious topology 
from parsimony analysis in the current work, same topology as used in DIVA analysis. 
Branches numbered for purposes identification on final general area cladogram, with 
areas of distribution of terminal taxa. Abbreviations: Eur – Continental Western Europe; 
N.Afr – Northern Africa (Morocco and Niger); S.Afr – Southern Africa (Karoo); S.Am – 
South America; UK – United Kingdom. 
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Fig. 5. 10. General area cladogram showing the area relationships of the three input 
cladograms (anomodont, therocephalian and pareiasauromorph). Abbreviations: Ant – 
Antarctica; Eur – Continental Western Europe; Ind – India; Mad – Madagascar; N.Afr; 
S.Afr – Southern Africa (Karoo); S.Am – South America; UK – United Kingdom. 
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Fig. 5. 11. Genereal area cladogram with anomodont taxa optimized (bold).  Numbers 
correspond to taxa in Fig. 5.7. Abbreviations: Ant – Antarctica; Eur – Continental Western 
Europe; Ind – India; Mad – Madagascar; N.Afr; S.Afr – Southern Africa (Karoo); S.Am – 
South America; UK – United Kingdom. 
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Fig. 5. 12. Genereal area cladogram with pareiasauromorph taxa optimized (bold).  
Numbers correspond to taxa in Fig. 5.9. Abbreviations: Ant – Antarctica; Eur – 
Continental Western Europe; Ind – India; Mad – Madagascar; N.Afr; S.Afr – Southern 
Africa (Karoo); S.Am – South America; UK – United Kingdom. 
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Fig. 5. 13. Genereal area cladogram with therocephalian taxa optimized (bold).  Numbers 
correspond to taxa in Fig. 5.8. Abbreviations: Ant – Antarctica; Eur – Continental Western 
Europe; Ind – India; Mad – Madagascar; N.Afr; S.Afr – Southern Africa (Karoo); S.Am – 
South America; UK – United Kingdom. 
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Fig. 5. 14. General area cladogram generated from PACT analysis, showing general 
events common to two or more of the taxon area cladograms.  ‘w’ refers to within area 
speciation events, ‘be’ refers to biotic expansion events, ‘v’ refers to vicariance events.  
Nodes discussed in text.  Abbreviations: Ant – Antarctica; Eur – Continental Western 
Europe; Ind – India; Mad – Madagascar; N.Afr; S.Afr – Southern Africa (Karoo); S.Am – 
South America; UK – United Kingdom. 
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Biogeographical analysis – discussion 

Comparison of overall patterns 

Overall, the majority of the historical biogeography of pareiasauromorphs is 

primarily attributed to clade-specific events.  The dispersal of the pareiasaurs and the 

anomodonts to China appear to be multiple independent events and there is evidence of 

many incidences of faunal interchange between Russia and South Africa rather than single 

episodes of colonization and radiation, the former having been suggested previously for 

Permian tetrapods (Milner 1993, Modesto & Rybczynski 2000, Rubidge 2005, Sidor et al. 

2005, others).  Even relatively restricted areas such as North Africa have complex 

histories; the results of the DIVA optimization suggest the possibility of an early migration 

of pareiasaurs north through Africa and Western Europe to Russia, while another derived 

clade appears to have originated in Russia and then dispersed southward to North Africa 

and Western Europe.  This complex pattern also conforms to the general trends 

hypothesized in earlier simplistic analyses of pareiasaur biogeography based on other 

methods (Lee 1997b, Modesto 2000). 

 

Biogeography with DIVA 

With regards to the topology seen in pareiasaurs, it must be noted that t a vicariant 

event will always be indicated at the nodes uniting terminal taxa due to the singular 

distribution of the terminal taxa.  In this case DIVA will not recover any episodes of 

dispersal of a terminal taxon from the node because all of the terminal taxa are distributed 

only in a single area.  Thus, the nodes will always be optimized as a combination of the 

two terminal areas, as this is a more parsimonious optimization in the DIVA algorithm 

than a within-area speciation event followed by a case of peripheral isolates speciation of 

one of the clades. Therefore, the optimization will always show a vicariant event having 

resulted in the pattern of these two taxa and there is nothing to distinguish these areas 

from a single dispersal event.  So at these terminal nodes, it is interpreted as being 

equivocal whether it is a vicariant event or a dispersal event, and no method, apart from 

the addition of more taxa can further resolve the issue. 

Despite its widespread use, criticisms of the DIVA method include the inability of 

the relatively simplistic model to recover more complex and reticulate patterns that are not 

based primarily on vicariance (Kodandaramaiah 2010).  The model also cannot 

differentiate between dispersal and geodispersal sensu Lieberman (2000, 2003) (=biotic 

expansion sensu Brooks 2005), however its relative simplicity (making a minimum of 
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assumptions – more complicated models are not necessarily more accurate) and the ability 

to reconstruct biogeographic patterns based on a single cladogram of a group provide an 

effective method for the examination of biogeographical patterns, as long as its strengths 

and weaknesses are understood. 

 

Biogeography with PACT 

There are significant problems constructing the general area cladogram and 

optimizing nodes in PACT, in part because of the singular distribution of the majority of 

terminal taxa and the frequent repetition of areas. The general area cladogram that results 

from three complex and populous clades with taxa with primarily single-area distributions 

is very complex and reticulate, and very few general nodes are recovered.  Perhaps the 

spatial scale of the individual areas is too large, or the taxon sampling too small (ie more 

clades are needed) to recover general patterns in this case. One can also speculate that the 

taxon sampling within the clades is too broad to recover shared or reticulate patterns.  

Other analyses using PACT have sampled multiple genera at species level (Lim 2008), 

which resulted in several overlapping clades with fewer members.  It can be speculated 

that the selection of a larger number of clades of smaller size would help to identify 

reticulate patterns seen in more inclusive clades. 

 

Problems with biogeography – topologies and the fossil record 

It must be noted that these analyses utilized only a single cladistic topology of the 

twenty most parsimonious cladograms retrieved from the parsimony analysis.  

Biogeographic analyses are completely dependent on topology, though in the case of the 

PACT analysis, the strict consensus tree is also necessarily logically consistent with the 

analysis.  All of the cladograms of pareiasaur relationships are poorly supported, and the 

topologic position some of the biogeographically important taxa such as Parasaurus and 

the Chinese pareiasaurs can vary widely between the different topologies, which has a 

major effect on the biostratigraphic interpretation. Given the low support values for most 

of the clades in the analysis, there is a good probability that the relationships will change, 

and thus also the biogeographic explanations of this new topology.  Upon recovery of a 

different topology, the analysis must be redone, and perhaps a new biogeographic scenario 

will be revealed.  One potential remedy is to perform a separate analysis for each of the 

different cladistic topologies recovered and to determine which patterns are congruent 

with all of them, a potential upcoming feature in DIVA (Ronquist 1997). 
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In addition, reconstructing biogeographic scenarios with strict consensus trees, 

while possible with PACT, will recover potential scenarios different from a fully resolved 

topology.  While the algorithm can take into account polytomies, there is a significant 

difference between potentially ‘real’ polytomies representing a real event in which three or 

more descendent taxa more or less simultaneously evolve from an ancestor, and those that 

are just the conglomeration of many different possible cladistic positions of taxa, and these 

situations have very different implications in a biogeographic analysis. 

In general, deficiencies in the fossil record affect historical biogeographic analysis 

of fossil taxa in the same way that extinctions affect these analyses in modern taxa 

(Lieberman 2003).  Also, as in all paleobiogeographic studies, the completeness of the 

fossil record and the topology of the input phylogenies are extremely important.  It has 

been shown that incomplete sampling of taxa and incomplete sampling within areas 

increases the chances that an incorrect or incomplete biogeographic signal is recovered, 

(Turner et al. 2009) so careful consideration about clade and taxon selection must be 

made, although it is obviously more difficult to be so selective in the Permian. 

 

Area selection and its effect 

In most paleontological/historical biogeographical analyses, there is an emphasis 

on the origin of species through a process favouring a vicariant explanation of speciation 

(Mayr 1942; Brooks & McLennan 2002; review in Lieberman 2000).  This process is 

viewed by most biogeographers as the primary means of speciation, with vicariance 

defined as the development of geological or climatic barriers dividing an ancestral 

population and the creation of two sister species with allopatric distribution (Lieberman 

2000).  Geodispersal or taxon pulses are also considered to be major modes of speciation, 

and the relative importance in species creation assigned to them has increased in recent 

years, such that these two processes are though to account for the majority of the 

speciation events (ie Hovenkamp 1997; Ronquist 1998; Lieberman 2000; Brooks 2005; 

Halas et al. 2005).  But the results of the biogeographic analysis in the present study 

recovers a sympatric, or within-area speciation as the primary mode of speciation within 

the pareiasauromorphs, a process which most biogeographers agree occurs only rarely in 

nature (Lieberman 2000).  Thus the repeated episodes of within-area speciation observed 

in this study seem to differ from the normal pattern.  There are a number of potential 

explanations for this.  The first of these is the fact that the biogeographic areas selected for 

this analysis are too broad in scope to recover the actual patterns.  Smaller and subtler 
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variations within areas are not possible to discern at this scale, a reflection of the fact that 

there are, especially in Russia, a number of isolated localities that may or may not have, in 

reality, been geographically isolated and could have been more finely split.  Repeated 

what appear to be within-area speciation events are generally attributed to the division of 

large areas on smaller spatial scales, but additional information about these areas is 

required in order to make such distinctions (Brooks & McLennan 2002; Folinsbee & 

Brooks 2007), and information of this scale is extremely difficult to obtain for areas so 

long in the past.  It has also been noted that areas themselves generally display a pattern of 

common descent (de Queiroz & Donoghue 1990; Lieberman 2000), but there remains no 

completely objective way of defining them (Lieberman 2000).  Potential future remedies 

include breaking the large-scale areas into smaller pieces and seeing if more detailed 

patterns are recovered. 

 

CONCLUSION/SUMMARY 

 

Considering the prominence of pareiasaurs and their relatives in the fossil record of 

the Middle and Late Permian, their role and relevance in the biota has rarely been 

considered.  This reassessment of relationships confirms the presence of a basal group of 

pareiasaurs of large size from the Tapinocephalus and Pristerognathus assemblage zones 

of South Africa, but is equivocal about the exact relationships.  Deltavjatia and 

Parasaurus, described in earlier chapters, are both relatively basal, with a more derived 

group of primarily younger and smaller pareiasaurs and for the most part more highly 

armoured forms.  Differences between the parsimony and Bayesian analysis are mostly 

minor, though the topologies recovered in the Bayesian analysis that included 

autapomorphies more closely approximated the results of parsimony. 

The phylogenetic relationships of the various pareiasaur taxa conforms relatively 

well to their stratigraphic record, though the methods of stratigraphic correlation utilized 

for the Middle and Late Permian must be minded.  A stratocladistic analysis finds a similar 

topology to those of the strictly morphological analyses, but postulates ancestral taxa as 

those that are identified by few or no autapomorphies. 

The broad geographic distribution of pareiasaurs in the Middle and Late Permian 

and a reevaluation of the historical biogeography of the group reveal a complex pattern of 

colonization and speciation within the clade, one that shows little similarity to other 

contemporaneous groups.  Further investigation of the phylogeny of the clade could reveal 
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new biogeographical patterns.  Whereas these results are preliminary and additional study 

of many pareiasaur taxa, in particular those of the Tapinocephalus Assemblage Zone, is 

required to help fully understand their relationships, it is clear that this distinctive group 

has relevance to understanding Permian terrestrial ecosystems and patterns therein. 
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APPENDIX A: List of characters used in the phylogenetic analysis in Chapter 2.  
 
1. Narial shelf:  absent (0); present (1). (Laurin & Reisz 1995 #1)  
2. Frontal orbital contact: absent (0); present (1). (Laurin & Reisz 1995 #2)  
3. Frontal lateral lappet: absent (0); large, occupies at least one-third of the dorsal margin 

of the orbit (1). (deBraga & Reisz 1996 #7)  
4. Pineal foramen position: in the middle of the body of the parietal (0); displaced 

posteriorly (1); displaced anteriorly and reaches level of orbit (2); absent (3). 
(Modified from deBraga & Rieppel 1997 #49)  

5. Postparietal: paired (0); median (1); greatly reduced or absent (2). (Modified from 
Laurin & Reisz 1995 #4)  

6. Postparietal position: dorsally exposed, integrated into skull table (0); occipital (1). 
(Laurin & Reisz 1995 #5)  

7. Prefrontal-palatal contact: absent (0); weak (1); strong (2). (Laurin & Reisz 1995 #6)  
8. Prefrontal medial flange: narrow (0); wide (1). (Laurin & Reisz 1995 #7)  
9. Bulbous medial process of prefrontal: absent (0); present (1). (Laurin & Reisz 1995 #8)  
10. Lacrimal narial contact: present (0); absent (1). (Laurin & Reisz 1995 #9)  
11. Foramen orbitonasale: absent (0); represented by a medial indentation on the lacrimal 

and a dorsal indentation on the palatine (1); enclosed between prefrontal, lacrimal 
and palatine (2). (Laurin & Reisz 1995 #10)  

12. Jugal anterior process: does not extend to anterior orbital rim (0); extends at least to 
level of anterior orbital rim (1). (Laurin & Reisz 1995 #11)  

13. Postorbital posterior process shape: slender, half as wide as it is long (0); increased 
width, parallelogram outline in lateral aspect (1). (deBraga & Reisz 1996 #14)  

14. Squamosal-parietal contact: present (0); absent (1). (Modified from Laurin & Reisz 
1995 #12)  

15. Posterolateral corner of skull roof; formed by tabular (0); formed mostly by 
supratemporal (1); formed by parietal and small supratemporal or parietal alone (2). 
(Laurin & Reisz 1995 #15)  

16. Tabular size: large and part of skull table (0); small and largely occipital (1); absent 
(2). (Laurin & Reisz 1995 #17)  

17. Supratemporal size: large (0); small (1); absent (2). (Laurin & Reisz 1995 #18)  
18. Premaxillary dorsal process: broad, narial opening faces predominantly laterally (0); 

narrow, narial opening faces anteriorly (1). (deBraga & Reisz 1996 #1)  
19. Anterodorsal process of the maxilla: absent (0); present (1). (Modified from Laurin & 

Reisz 1995 #19)  
20. Anterior lateral maxillary foramen: equal in size to other maxillary foramina (0); 

larger than other foramina (1); the lateral surface of the maxilla lacks large foramina 
(2). (Laurin & Reisz 1995 #20)  

21. Maxilla and quadratojugal: in contact (0); separated (1). (Laurin & Reisz 1995 #22)  
22. Quadratojugal anterior extent: reaches posterior border of orbit (0); does not reach 

level of posterior border of orbit (1). (Modified from Laurin & Reisz 1995 #23)  
23. Caniniform region: present (0); absent (1). (Laurin & Reisz 1995 #24)  
24. Single caniniform maxillary tooth: absent (0); present (1). (Laurin & Reisz 1995 #25)  
25. Squamosal and post-temporal fenestra: separated (0); in contact (1). (Laurin & Reisz 

1995 #26)  
26. Quadratojugal shape: does not reach beyond the level of the ventral orbital margin (0); 

extends dorsally beyond the level of ventral orbital margin (1). (Modified from 
Laurin & Reisz 1995 #28) 

27. Quadratojugal ornamentation: confluent with the cheek and not ornate in any manner 
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(0); ornamented, dermal protuberances project from its surface (1). (deBraga & 
Rieppel 1997 #43) 

28. Upper temporal fenestra: absent (0); present (1). (Laurin & Reisz 1995 #29)  
29. Ventral temporal emargination: absent (0); present and bounded ventrally, forming a 

lower temporal fenestra (1); present and open ventrally (2). (Modified from Laurin 
& Reisz 1995 #30) 

30. Postorbital contribution to lateral temporal fenestra: bordered by jugal, quadratojugal, 
squamosal, postorbital (0); no contribution by postorbital (1). (deBraga & Reisz 
1996 #20) 

31. Quadratojugal-lateral temporal fenestra contribution: quadratojugal excluded from 
posterior border (0); quadratojugal contributes to lateral temporal fenestra (1). 
(deBraga & Reisz 1996 #16) 

32. Postorbital region of skull: length at least equals anteroposterior extension of orbit (0); 
postorbital region shorter than anteroposterior extension of orbit (1). (Modified 
from Laurin & Reisz 1995 #32) 

33. Ventral margin of postorbital skull region: expanded below ventral extent of maxilla 
(0); rectilinear (1); emarginated (2). (Modified from Laurin & Reisz 1995 #33) 

34. Quadrate lateral exposure: absent (0); present (1). (Laurin & Reisz 1995 #34) 
35. Quadrate anterior process: long (0); short (1). (Laurin & Reisz 1995 #35) 
36. Jaw articulation position: posterior to occiput (0); even with occiput (1); anterior to 

occiput (2). (Laurin & Reisz 1995 #36) 
37. Posterior extension of orbit: absent (0); present (1). (Laurin & Reisz 1995 #37)  
38. Dermal sculpturing: absent (0); tuberosities (1); tuberosities and pits (2); honeycomb 

pattern of ridges and pits (3). (Laurin & Reisz 1995 #38)  
39. Sculpturing involving circumorbital bumps: no distinctive ornamentation (0); 

circumorbital tubercles (1). (Tsuji 2006 #45)  
40. Posterior margin of skull roof: roughly straight (0); with a single, median embayment 

(1); embayed bilaterally (2). (Modesto 1999 #125)  
41. Interpterygoid vacuity anterior extent: absent (0): reaches beyond posterior border of 

palatine (1); reaches level of palatine or less (2). (Reisz et al. 2007)  
42. Choana: parallel to maxilla; palatine forms its posterior edge only (0); curved 

posteromedially; palatine forms its posterior and part of its lateral edge (1). (Laurin 
& Reisz 1995 #40)  

43. Alar flange of the vomer: absent (0); present (1). (Tsuji 2006 #50)  
44. Arcuate flange of pterygoid: present (0); absent (1). (Laurin & Reisz 1995 #42)  
45. Cranio-quadrate space: small, quadrate ramus of pterygoid and paraoccipital process 

of opisthotic converge posterolaterally (0); large, quadrate ramus of pterygoid and 
paraoccipital process of opisthotic are parallel to each other (1). (Laurin & Reisz 
1995 #43)  

46. Pterygoid anterior extent: reaches level of posterior end of choana (0); posterior to 
choana (1). (Laurin & Reisz 1995 #44)  

47. Transverse flange of the pterygoid: large, approaches cheek, a noticeable lateral 
projection (0); small, does not approach cheek (1). (Modified from Lee 1997 #19)  

48. Transverse flange of pterygoid orientation: directed posterolaterally or transversely 
(0); directed anterolaterally (1); directed anteriorly (2). (Modified from Laurin & 
Reisz 1995 #45)  

49. Transverse flange of pterygoid dentition: shagreen of denticles, no ventral ridge (0); 
single row of large teeth, no ventral ridge (1); edentulous with ventral ridge (2). 
(Laurin & Reisz 1995 #46)  

50. Quadrate ramus of pterygoid: merges smoothly into transverse flange without 
distinctive excavation (0); deep excavation on posterolateral surface (1). (deBraga 
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& Reisz 1996 #29)  
51. Ectopterygoid dentition: present (0); absent (1). (Laurin & Reisz 1995 #48)  
52. Ectopterygoid relationship to transverse flange: ectopterygoid distal to transverse 

flange, does not contribute to flange (0); ectopterygoid makes contact with 
transverse flange (1). (deBraga & Reisz 1996 #33)  

53. Suborbital foramen: absent (0); present (1); fenestra present (2). (Laurin & Reisz 1995 
#49)  

54. Basicranial articulation: kinetic/synovial (0); sutured and/or immobile (1). (Modified 
from Lee 1997 #2)  

55. Length of basicranial articulation: restricted to anterolateral margin of the 
parasphenoid (0); extends over much of length of main body of parasphenoid (1). 
(deBraga & Reisz 1996 #36)  

56. Parasphenoid pocket for cervical musculature: present (0); absent (1). (Laurin & Reisz 
1995 #50)  

57. Parasphenoid wings; present, parasphenoid broader posteriorly than long (0); absent, 
parasphenoid narrower posteriorly than long (1). (Modified Laurin & Reisz 1995 
#51)  

58. Cultriform process: longer than the body of the parasphenoid (0); shorter than the 
body of the parasphenoid (1); absent (2). (Laurin & Reisz 1995 #52)  

59. Parasphenoid teeth: absent (0); present (1). (Laurin & Reisz 1995 #53)  
60. Supraoccipital: absent (0); plate-like, no saggital crest (1); body constricted at midline, 

forming saggital crest (2). (Modified from deBraga & Rieppel 1997 #56)  
61. Paroccipital process: vertically broad (0); antero-posteriorly expanded (1); narrow (2); 

tubular, composed of opisthotic (3). (Laurin & Reisz 1995 #56)  
62. Paraoccipital process orientation: directed primarily laterally (0); oriented obliquely, at 

an angle of at least 45 degrees from the horizontal plane of the skull (1). (deBraga 
& Reisz 1996 #44)  

63. Sutural contact between paroccipital process and dermatocranium: absent (0); present 
(1). (Modified Laurin & Reisz 1995 #57)  

64. Otic trough in ventral flange of opisthotic: absent (0); present (1). (Laurin & Reisz 
1995 #58)  

65. Medial wall of inner ear (made of prootic): unossified (0); ossified with acoustic nerve 
foramina (1). (Laurin & Reisz 1995 #59)  

66. Post-temporal fenestra: absent (0); small, diameter less than half the diameter of 
foramen magnum (1); large, diameter at least equal to foramen magnum (2). 
(deBraga & Rieppel 1997 #59)  

67. Osseous contact between basioccipital and basisphenoid: present (0); absent (1). (Lee 
1993 #A3, scored as per Laurin & Reisz 1995 #61)  

68. Occipital condyle shape: transversely broad (0); reniform to circular (1). (Laurin & 
Reisz 1995 #62)  

69. Ventral exposure of basioccipital: contributes extensively to ventral surface of the 
braincase (0); restricted to condylar region (1). (deBraga & Reisz 1996 #37)  

70. Ventral braincase tubera: absent (0); present and restricted to basioccipital (1); present, 
very large and restricted to basisphenoid (2); median (3). (Modified from Laurin & 
Reisz 1995 #63, and deBraga & Rieppel 1996 #65)  

71. Lateral flange of exoccipital: absent (0); present (1). (Laurin & Reisz 1995 #64)  
72. Quadrate condyle articular surfaces: strongly convex, antero-posteriorly longer than 

they are wide (0); nearly flat, antero-posteriorly shorter than they are wide (1). 
(Modified  from Laurin & Reisz 1995 #65)  

73. Stapes: robust, greatest depth exceeding one-third of total length (0); slender, length at 
least four times depth (1); slender but short (2). (Modified from deBraga & Rieppel 
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1997 #45)  
74. Stapedial dorsal process: ossified (0); unossified (1). (Laurin & Reisz 1995 #67)   
75. Labyrinthodont infolding: present (0); absent (1). (Laurin & Reisz 1995 #68)  
76. Morphology of marginal dentition: single cusp (0); two to seven cusps (1); more than 

seven cusps (2). (Modified from Lee 1997 #59)  
77. Foramen intermandibularis: anterior symphysial foramen (0); two foramina, a 

symphysial and a posterior foramen located anterior to coronoid process (1); two 
foramina, a symphysial and a posterior foramen located located posterior to or at 
level of coronoid process (2). (Laurin & Reisz 1995 #69)  

78. Meckelian fossa orientation: faces mediodorsally, prearticular narrow (0) faces 
dorsally, prearticular broad (1). (Laurin & Reisz 1995 #70)  

79. Fossal meckelii: long, occupies at least 20% of lower jaw length (0); short, occupies 
less than 20% of lower jaw length (1). (Laurin & Reisz 1995 #71)  

80. Surangular length: extends beyond coronoid eminence (0); does not extend beyond 
coronoid eminence (1). (Laurin & Reisz 1995 #72)  

81. Accessory lateral shelf on surangular anterior to articular region: absent (0); present 
(1). (Laurin & Reisz 1995 #73)  

82. Coronoid number: two or three (0); one (1).  (Laurin & Reisz 1995 #74)  
83. Prearticular extends: beyond the coronoid eminence (0); does not extend beyond 

coronoid eminence (1). (Modified from Laurin & Reisz 1995 #75)  
84. Retroarticular process: absent or small and narrow (0); transversely broad, dorsally 

concave (1). (Laurin & Reisz 1995 #76)  
85. Retroarticular process composition: articular body (0); three or more elements 

(articular, prearticular, angular and surangular) (1). (Laurin & Reisz 1995 #77)  
86. Lateral shelf on articular region: absent (0); on articular (1); on surangular (2). (Laurin 

& Reisz 1995 #78)  
87. Coronoid process: small or absent, composed of several elements (0); high process 

composed of coronoid only (1); high, composed primarily of dentary (2).  
(Modified from Laurin & Reisz 1995 #79)   

88. Splenial: contributes to symphysis (0); excluded from symphysis (1). (Laurin & Reisz 
1995 #80)  

89. Presacral vertebral count: more than twenty (0); twenty or less (1). (Laurin & Reisz 
1995 #81)  

90. Axial centrum orientation: in plane of axial skeleton (0); sloping anterodorsally (1). 
(Laurin & Reisz 1995 #82)  

91. Atlantal neural arch: possesses epipophysis (0); lacks epipophysis (1). (Lee 1995, 
scored as per Modesto 1999 #126)  

92. Axial intercentrum: with rounded anteroventral edge (0); with strong anterior process 
(1). (Laurin & Reisz 1995 #84)  

93. Atlantal pleurocentrum and axial intercentrum: separate elements (0); attached or 
fused (1). (Laurin & Reisz 1995 #85)  

94. Trunk neural arches: swollen (0); narrow (1). (Modified from Laurin & Reisz 1995 
#86)  

95. Ventral surface of anterior pleurocentra: ventral surface of vertebral centra uniform 
(0); ventral surface of vertebral centra bearing an exavation on either side of the 
midline, coupled with a flattened median crest between them (1). (Modified from 
Laurin & Reisz 1995 #87)  

96. Number of sacral vertebrae: one (0); two (1); three or more (2).  (Laurin & Reisz 1995 
#88)   

97. Sacral rib distal overlap: broad with narrow gap between ribs (0); small or absent with 
wide gap between ribs (1). (Laurin & Reisz 1995 #89)  
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98. Transverse process or ribs: present only on a few anterior caudals (0); present on at 
least thirteen caudals (1). (Laurin & Reisz 1995 #90)  

99. Caudal hemal arches: wedged between centra (0); attached to anterior centrum (1). 
(Laurin & Reisz 1995 #91)  

100. Interclavicle: diamond-shaped (0); T-shaped, with long, slender lateral processes (1). 
(Laurin & Reisz 1995 #92)  

101. Interclavicle attachment for clavicle: ventral sutural area (0); anteriorly directed 
groove (1); tightly sutured into plastron (2). (Laurin & Reisz 1995 #93)  

102. Cleithrum: caps scapula anterodorsally (0); does not cap scapula at all (1); absent (2). 
(Laurin & Reisz 1995 #94)  

103. Scapula: broad (0); narrow, thin (1).  (Laurin & Reisz 1995 #96)  
104. Supraglenoid foramen: present (0); absent (1). (Laurin & Reisz 1995 #97)  
105. Glenoid: anteroposteriorly long, helical (0); short, bipartite (1).  (Laurin & Reisz 

1995 #98)  
106. Acromion: absent (0); present (1). (Laurin & Reisz 1995 #99)  
107. Sternum: not mineralized (0); mineralized (1). (Laurin & Reisz 1995 #100)  
108. Supinator process: strongly angled relative to shaft, separated from it by groove (0); 

parallel to shaft, separated from it by groove (1); parallel to shaft, not separated 
from shaft (2). (Laurin & Reisz 1995 #101)  

109. Ectepicondylar foramen: only groove present (0); groove and foramen present (1); 
only foramen present (2); both absent (3). (Laurin & Reisz 1995 #102)  

110. Entepicondylar foramen: present (0); absent or not fully enclosed (1). (Laurin & 
Reisz 1995 #103)  

111. Humerus: with robust heads and a short shaft (0); short and robust, without a distinct 
shaft (1); slender with long shaft (2). (Laurin & Reisz 1995 #104)  

112. Olecranon process: large, proximal articular facet of ulna faces medially (0); small or 
absent (1). (Modified from Laurin & Reisz 1995 #105)  

113. Manual phalangeal formula: 2 3 4 5 3 (0); 2 3 4 4 3 (1); 2 3 3 3 3 or less (2). (Laurin 
& Reisz 1995 #106)  

114. Dorsolateral shelf on iliac blade: absent (0); present (1). (Laurin & Reisz 1995 #107)  
115. Iliac blade: low, with long posterior process (0); dorsally expanded, distally flaring 

(1). (Laurin & Reisz 1995 #108)  
116. Acetabular buttress: small, overhangs acetabulum only moderately (0); large, 

overhangs acetabulum strongly (1). (Laurin & Reisz 1995 #109)  
117. Oblique ventral ridge of femur (adductor crest): present (0); absent (1). (Laurin & 

Reisz 1995 #110)  
118. Femoral proximal articulation: antero-posteriorly long (0); round (1). (Laurin & 

Reisz 1995 #111)  
119. Greater trochanter of femur; absent (0); present on posterior edge of femur (1). 

(Laurin & Reisz 1995 #112)  
120. Femoral shaft: short and broad (0); long and slender (1). (Laurin & Reisz 1995 #113)  
121. Carpus and tarsus: short and broad (0); long and slender (1). (Laurin & Reisz 1995 

#114)  
122. Astragalus: absent (0); incorporates incompletely fused tibiale, intermedium, and 

perhaps centrale 4 (1); without traces of compound origin (2). (Laurin & Reisz 1995 
#115)  

123. Tibio-astragalar joint: flat (0); tibial ridge fits into astragalar groove (1). (Laurin & 
Reisz 1995 #116)  

124. Astragalus and calcaneum: separate (0); sutured or fused (1). (Laurin & Reisz 1995 
#117)  

125. Medial pedal centrale: present (0); absent (1). (Laurin & Reisz 1995 #118)  
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126. Number of distal tarsals: five (0); four or less (1). (Laurin & Reisz 1995 #119)  
127. Metapodials: not overlapping (0); overlapping (1). (Laurin & Reisz, 1995 #121)  
128. Pedal phalangeal formula: 2 3 4 5 4 or 3 (0); 2 3 4 4 3 (1); 2 3 3 4 3 or less (2). 

(Laurin & Reisz 1995 #122)  
129. Ratio between length of metatarsal one to length of metatarsal four: at least 0.5 (0); 

less than 0.5 (1). (Laurin & Reisz 1995 #123)  
130. Dorsal dermal ossifications: absent (0); present (1). (Laurin & Reisz, 1995 #124)  
131. Subtemporal process of jugal: present (0): absent (1). (Müller & Tsuji 2007) 
132. Suture between jugal and maxilla: straight, jugal thins out smoothly towards anterior 

direction (0); “stepped”, anterior most tip of jugal very narrow but expands broadly 
posteriorly along with a dramatic thinning of the posterior process of the maxilla 
(1).  

133. Temporal notch: present (0); absent (1). (Müller & Tsuji 2007) 
134. Temporal depression associated with posterolateral excavation: restricted to the 

posterior half of the cheek (0); closely approaches the orbital margin (1). (Müller & 
Tsuji 2007) 

135. Contact between maxilla and prefrontal: absent (0); present (1). (Müller & Tsuji 
2007) 

136. Contribution of maxilla to external naris: maxilla is either excluded from naris or 
forms only its ventral/posterior edge (0); maxilla extends also to the posterodorsal 
margin of naris (1). (Müller & Tsuji 2007)



APPENDIX B: Character matrix for Chapter 2 phylogenetic analysis. 
 
            1          2          3          4          5          6          7 
Taxon   1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 
_____________________________________________________________________________________________  
Seymouria  0000001000 0A00000000 000000000? ?000000300 0001000000 0000010000 3100000000 
Limnoscelidae 0000110000 0111100000 010001000? ?000010001 1000000010 0000000011 0001?00000 
Diadectidae 0000111000 ?0?1100000 011001000? ?001110102 1100000100 00000?0001 0001100000 
Synapsida    A10B010000 0011100000 1A01000010 00A0010002 1000000010 00000A00A1 000A01010C 
Captorhinidae   010C011000 1110221000 110110000? ?010110302 1001000000 ??100110A1 2000?20100 
Paleothyris      0101010000 ?0?0211000 010110000? ?010110002 10?1000010 00?0001011 000??2?100 
Araeoscelidia   0100010000 0A00211?00 0A01A00110 1010110002 10?10001A0 00200110A1 0000?2?100 
Younginiformes   0100010001 0100211?10 0100100110 1011110001 1001000010 1120011001 2000?2?100 
Mesosauridae    0100010001 ?0?0110000 001010000? ?110010001 1001?00010 ???0000001 000??2?100 
Eunotosaurus     ?10201???? ?001110?1? 111011000? ?121020101 1?????001? ???0010001 100?????0? 
Millerettidae   0101011001 2001110001 11A00100A0 0111020101 1000000010 1010011011 0000021100 
Australothyris   ?1?E01F00? 2001110??1 0010?10010 1110120100 2000010011 10?0010111 0000?1?000 
‘Fort Sill par.’ 1100111100 ?0011?0?11 1110?10020 1120?20300 ?0?0??01?1 ???00????? 00???????? 
Nyctiphruretus  0101112101 2011110111 0010010021 1110021100 1110100010 0010011101 10???2?100 
Eudibamus      010???210? ?01?2?210? ?0101?00?1 11?000?000 ??????1221 1??0001?0? ?0?????01? 
Belebey         0101212100 2010202101 0010100011 1100011000 2000?11221 100000100? ?00???0??? 
Acleistorhinus  011011???1 ?011110111 0101110011 1010020101 1000100011 1111101111 0110?20010 
Lanthanosuchus  0110211001 ?01111011? 1110111011 1010000201 1000100011 1101111112 0110?1?01? 
Bradysaurus     0002101000 ?111120111 101000100? ?000020211 2110110111 1011011102 1010120100 
Pareiasuchus   0002101000 ?111110111 101000100? ?000020211 211011011? 1A11011102 1010?2?100 
Scutosaurus   0002101000 ?111110111 001000100? ?000020211 2110110111 1011011102 1010120100 
Procolophon   11022?2111 2111110111 101001002? ?120021000 1000110121 1110010102 1010021101 
Owenetta        1102002111 ?111120111 100001002? ?120021000 1000110121 1110011102 1010?2?101 
Barasaurus       110200?110 ?011120111 101001002? ?120021001 100011012? 1110011102 101??2?101 
Macroleter       0102A12101 2111110111 0100001011 1000011211 2110100010 1011001202 1010120100 
'Ba.' mesensis  0100112101 2A11110111 110001100? ?0100?1201 2110100010 10?101120? ?01??2???? 
Ba. bashkyricus  0102?12101 2011110?1? ????0?100? ?000??1200 2?101?0011 ??110?120? ?01??????? 
Nycteroleter   0100012101 2011110111 11100??0?? ?000011201 2??0?00011 ??1101120? ?????????0 
Emeroleter  0102212101 2011110111 0110?1100? ?010011201 2??0??0010 ??1101120? ???????1?0 
Rhipaeosaurus   ?????????? ?????????? ?????????? ?????????? ??????0010 ??1?011?0? ????????00 
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                                  1          1          1          1      1 
            8          9          0          1          2          3      3 
   1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 123456 
_________________________________________________________________________________________   
  
Seymouria  0001000000 0000000000 0000000000 0000000000 0100000000 ?0?????000 000000 
Limnoscelidae 00??001100 0000000000 01100100?0 0000000000 1001000000 01??0??000 001?00 
Diadectidae 000000100? 0100000000 0110010??0 0000000000 1001100000 01?A0?0000 000000 
Synapsida    000010D00A A000?00001 00A1010000 0100000000 000000000A A200000000 001?00 
Captorhinidae   0000101000 0100?00001 0010010000 0B00000230 0000000000 0200100000 001?00 
Paleothyris  ?00010??00 01?0??0001 1011010000 0100000100 2000000001 1200101000 001?00 
Araeoscelidia  000010?000 0100?00A01 0010010000 0100001BA0 2000001001 1210101010 001?00 
Younginiformes 001110??0? 01?0?000?? 00?1010101 01010011A0 0100111001 12101A1010 001?10 
Mesosauridae ?00010??00 01?1000?01 1010010010 01010001A0 2100001101 0200100000 101?00 
Eunotosaurus   ??0110???0 ???0??0?1? ???1011??0 0?11000110 0?0010?000 0200100000 ?????0 
Millerettidae   000110?000 0100?00001 0011011??0 0101000110 0?001??001 120010?010 101?00 
Australothyris  010010??00 0?1000?0?? ?????????0 0????????? ?????????? ?????????? ?0000? 
‘Fort Sill par.’ ?0??10?001 0?00000??? ?????????? ?????????? ?????????? ?????????? 100000 
Nyctiphruretus  01??10??11 010110010? ???01211?1 1?10000100 00?0101001 0210000?00 101?10 
Eudibamus     ????102??? ??10??200? ??0000?0?1 1?01?00131 2??1010111 1200100010 ?????? 
Belebey  00??102011 0110?021?? ???00????? ??0????1?? ???00????1 ?????????0 101?00 
Acleistorhinus  010010???1 0110?0?1?? ?????????? ?????????? ?????????? ?????????? 101?10 
Lanthanosuchus  11??10???? ?????????? ???0?????1 1?0??????? ?????????? ?????????? 101?00 
Bradysaurus    11?011?111 0111?1101? 1000021111 1111?10220 1120110000 020111?201 1?1000 
Pareiasuchus   11??122111 0111?1101? ???002???1 ?211110?21 1120110010 02011????1 1?1000 
Scutosaurus    1101122111 0111?1101? 10000?11?1 ?211110220 1120110010 020111?201 101000 
Procolophon   01111021?1 1111101101 10?0121001 1211100200 0100110?01 020011?100 110000 
Owenetta     00??102111 011110110? ?0?01210?1 ?111?001?1 01?011??01 0?0?1????0 100000 
Barasaurus     00??10???? ????????01 10?01210?1 1111100101 01001?0001 0??11??000 100000 
Macroleter    1?21102111 1110?0?101 1010021??1 1111?00120 01?0110001 0201110?00 100000 
'Ba.' mesensis   ?1??10?111 1110?????? ?????????? ?????????? ?????????? ?????????? 010101 
Ba. bashkyricus ?1??10?111 1110?????? ?????????? ?????????? ?????????? ?????????? 0101?0 
Nycteroleter     ?1??10??11 1??0???1?? ?????????? ?????????? ?????????? ?????????? 000100 
Emeroleter  11??10???1 1??0????0? ???002???? ?11??10?00 21001???01 1201011000 100101 
Rhipaeosaurus   ????11???1 1??00???0? ???0011??? ?21?10?100 00?0111001 020101000? ?????? 
 
Note: polymorphism is indicated by letters, such that A=0&1, B=1&2, C=0&2, D=0&1&2, E=0/1, F=1/2. 
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APPENDIX C:  List of characters used in the phylogenetic analysis in Chapter 5. 
 
1. Basicranial articulation:  Pterygoid and/or epipterygoid for a mobile articulation with the 

basipterygoid process (0); articulation is immobile (1). (Lee 1997a #2; de Braga & 
Rieppel 1997 #72; Jalil & Janvier 2005 #1) 

2. Sphenethmoid ossification: absent (0); present (1). (Modified from Lee 1995a #10; Lee 
1997a #3; de Braga & Rieppel 1997 – see discussion about sphenethmoid vs. 
pleurosphenoid therein; Jalil & Janvier 2005 #2) 

3. Ossified medial wall of the prootic: absent (0): present (1). (Lee 1993 A6; Lee 1995a #1; 
Lee 1997a #4; de Braga & Rieppel 1997 #68; Jalil & Janvier 2005 #3) 

4. Lateral flange of the exoccipital: absent (0); small flange present (1); lateral flange of the 
exoccipital well-developed and extends well along the paroccipital process of the 
opisthotic (2). (Lee 1993 #A4; Lee 1995a #2; Lee 1997a #5; Laurin & Reisz 1995 #64; 
Jalil & Janvier 2005 #4) 

5. Paroccipital process suture: not sutured to the squamosal and supratemporal (0); 
paroccipital process of the opisthotic is antero-posteriorly expanded and sutured to 
ventrally-directed flange from the squamosal and supratemporal (1).  (Modified from 
Lee 1993 #A3; Lee 1995a #4; Lee 1997a #6; de Braga and Rieppel 1997 #61&66; Jalil 
& Janvier 2005 #5) 

6. Paroccipital process direction and orientation: projects laterally from the neurocranium (0); 
is U-shaped in occipital view (1).  (Lee 1997a #7; Jalil & Janvier 2005 #6) 

7. Ventral otic fissure: present (0); absent (1). (Lee 1993 #A5; Lee 1995a #5; Lee 1997aa #8; 
deBraga & Rieppel 1997 #63; Jalil & Janvier 2005 #7) 

8. Floor of the braincase formed by the parabasisphenoid and basioccipital: not thickened (0); 
thickened (1). (Lee 1995a #6; Lee 1997a #9; Jalil & Janvier 2005 #8) 

9. Cultriform process length: relatively long, more than the half of the distance between the 
anterior extent of the rostrum of the basipterygoid tubercles (0); short, less than a third 
of this distance (1). (Lee 1993 #C2; Lee 1995a #7; Lee 1997a #10; Jalil & Janvier 2005 
#9) 

10. Tip of cultriform process: pointed (0); blunt (1). (Lee 199aa #8; Lee 1997a #11; Jalil & 
Janvier 2005 #10) 

11. Body of the basisphenoid: strongly constricted, giving it an hourglass shape in ventral 
view (0); body of the basisphenoid not strongly laterally constricted (1). (Lee 1997a 
#12; de Braga & Rieppel #64; Jalil & Janvier 2005 #11) 

12. Ventral surface of the basisphenoid: featureless, lacking tubercles (0); tubercles present on 
the ventral surface of the neurocranium just behind the basipterygoid processes (1). 
(Lee 1997a #13; Jalil & Janvier 2005 #12) 

13. Ventral surface of the basioccipital: absence of a central boss (0); presence of a boss on 
the ventral surface of the basioccipital (1). (Jalil & Janvier 2005 #13) 

14. Hemispherical basal tubera: absent (0); present (1).  (Lee 1995a #9; Lee 1997a #14; Jalil 
& Janvier 2005 #14) 

15. Basal tubera position: situated posteriorly, closer to the occipital condyle than the 
basipterygoid process (0); basal tubercles situated approximately midway between the 
occipital condyle and the basipterygoid processes, or even further anteriorly (1). (Lee 
1997a #15; Jalil & Janvier 2005 #15) 

16. Choana shape: situated in a lateral position, bounded laterally by the maxilla, diverge 
posteriorly, parallel to tooth row throughout (0); parallel, positioned more medially, 
delimited posterolaterally by the palatine (1); choanae even more medially positioned, 
with the palatine constituting more than 50% of the lateral border, medial border formed 
entirely by the vomer (2). (Modifed from Lee 1993 #A1; Lee 1995a #11; Lee 1997a 
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#16; Laurin & Reisz 1995 #40; de Braga & Rieppel 1997 #8; Jalil & Janvier 2005 #16) 
17. Alar flange of the vomer: lateral flange of the vomer (alar flange) absent (0); present (1).  

(Modified from Damiani & Modesto 2001; Jalil & Janvier  2005 #17) 
18. Foramen palatinum posterius size: small or absent and delineated by the bones of the 

skull roof (?) (0); large, medially positioned and defined by the palatine and the 
ectopterygoid without participation of the bones of the skull roof (1). (Modified from 
Lee 1993 #A2; Lee 1995a #12; Lee 1997a #17; Laurin & Reisz 1995 #41; de Braga & 
Reisz 1996 # 74; Jalil & Janvier 2005 #18) 

19. Medial prepalatal foramen bordered by the premaxillary and the vomer: absent (0); 
present (1). (Jalil & Janvier 2005 #19)  

20. Interpterygoid vacuity: long, at least 15% of skull length (0) short, less than 15% of skull 
length (1).  (Laurin & Reisz 1995 #39) 

21. Interpterygoid vacuity shape: extends far anteriorly and is V-shaped (0); anterior border is 
U-shaped (1); no vacuity, or very small, pterygoids are sutured along their entire length 
closing the interpterygoid vacuity (2). (Lee 1997a #18; de Braga & Rieppel 1997 #73; 
Jalil & Janvier 2005 #20) 

22. Transverse flange of the pterygoid shape: large and directed laterally (0); reduced, 
directed more anteriorly than laterally, without contact with the cheek (1). (Modified 
from Lee 1993 # A7; Lee 1995a #13; Lee 1997a #19; deBraga & Rieppel 1997 # 80; 
Jalil & Janvier 2005 #21) 

23. Transverse flange of the pterygoid orientation: extends ventrally below the level of the 
alveolar ridge (0); oriented primarily horizontally, so the level of the palate is higher, 
not reaching the level of the alveolar ridge (1). (Lee 1993 #A9; Lee 1995a #14; Lee 
1997a #20; Jalil & Janvier 2005 #22) 

24. Supraoccipital: large, with longitudinal contact with the postparietal (0); high and narrow, 
forming along all of its length a solid sagittal suture with a ventral projection of the 
postparietal (1). (Modified from Lee 1993 # A8; Lee 1995a #3; Lee 1997a #21; Jalil & 
Janvier 2005 #23) 

25. External nares: round and small (0); very anteroposteriorly elongate (1). (Lee 1995a #16; 
Lee 1997a #23; Jalil & Janvier 2005 #25) 

26. Maxillary boss: a boss or horn on the maxilla immediately behind the external naris 
feebly developed or absent (0); prominent boss or horn present (1). (Lee 1997a #25; 
deBraga & Rieppel 1997 #12; Jalil & Janvier 2005 #27) 

27. Dorsal process of the maxilla: reduced, not reaching the nasal with a contribution of the 
lacrimal to the ventral border of the naris (0); large anterodorsal extension of the 
maxilla, excluding the lacrimal from the external naris (1).  (Modified from Laurin & 
Reisz 1995 #19; Lee 1997a #26; deBraga & Rieppel 1997 #17; Jalil & Janvier 2005 
#28) 

28. Snout dimensions (anteriorly): broader than high (0); as high as wide (1). (Lee 1997a #30; 
Jalil & Janvier 2005 #31) 

29. Postfrontal shape: narrow, more than 2 times as long as wide, contributes to the orbital 
margin (0); widened mediolaterally, around 2 times as wide as long or less, no or only 
feeble contribution to the orbital rim (1).  (Modified from Lee 1995a #25; Lee 1997a 
#31; Jalil & Janvier 2005 #32). Modified. 

30. Orbit shape: circular, no posterior emargination (0); posterior emargination of orbits (1). 
(Lee 1995a #23; Lee 1997a #32; Jalil & Janvier 2005 #33) 

31. Pineal foramen position: pineal foramen situated about halfway along the interparietal 
suture (0); placed more anteriorly, close to the frontal-parietal suture (1). (Modified, 
combined 2 characters from Lee; Lee 1995a #17; Lee 1997a #33; Lee 1993 #C2; Lee 
1995a #18; Lee 1997a #34; Laurin & Reisz 1995 #3; Jalil & Janvier 2005 #34&35) 
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32. Supernumerary elements: 'supernumerary elements' (tabular): small, largely an occipital 
element (0); absent (1); integrated into skull table (2). (Modified from Lee 1997a #36; 
Jalil & Janvier 2005 #37) 

33. Supernumerary element (tabular) contact: do not contact each other posteriorly (0); very 
well-developed, make contact posteriorly, excluding the postparietals from the posterior 
edge of the skull table (1). (Modified from Jalil & Janvier 2005 #38) 

34. Postparietal morphology: small, largely an occipital element (0); absent (1); integrated 
into skull table (2). (Modified from Lee 1995a #20; Lee 1997a #37; Jalil & Janvier 
2005 #39) 

35. Postparietal form: paired (0); fused into a single element and exposed well dorsally (1). 
(Modified from Laurin & Reisz 1995 #4 and 5; Lee 1997a # 38; deBraga & Rieppel 
1997 #52; Jalil & Janvier 2005 #40) 

36. Junction of skull table and cheek: both flat surfaces, form a distinct angle where they 
meet, particularly behind the orbits (0); postorbital portion of this junction is rounded, 
no clear edge between these two surface behind the orbit (1). (Lee 1997a #41; Jalil & 
Janvier 2005 #43) 

37. Temporal emargination (otic notch): absent, or very small (0); emargination present on 
the posterior border of the cheek, formed by the squamosal and the quadratojugal (1). 
(Lee 1995a #29; Lee 1997a #43; Jalil & Janvier 2005 #45) 

38. Jugal flange: no flange present on the jugal, the ventral surface of the cheek is continuous 
with that of the maxilla (0); jugal flange present, extends below the level of the 
maxillary teeth (1); jugal flange well-developed, forms an angle of greater than or equal 
to 140 degrees with the ventral surface of the cheek (2). (Lee 1997a #45; Jalil & Janvier 
2005 #46) 

39. Cheek ornamentation: no ornamentation on the ventral surface of the cheek (0); cheek 
ornamentation present in the form of low rounded bosses (1); cheek bosses well-
developed with well-defined tubercles (2); cheek ornamentation in the form of 
prominent conical horns (3). (Modified from Lee 1995a #27; Lee 1997a #46; deBraga 
& Rieppel 1997 #43; Jalil & Janvier 2005 #47) 

40. Quadratojugal ornamentation: no ornamentation, continuous with the jugal (0); dermal 
ornamentation and bosses present also on the posteroventral surface of the 
quadratojugal (1). (Lee 1997a #47; Jalil & Janvier 2005 #48) 

41. Ventral temporal emargination: absent (0); present and bounded ventrally, forming a 
lower temporal fenestra (1); present and open ventrally (2). (Modified from Laurin and 
Reisz 1995 #30) 

42. Postorbital region of skull: length at least equals anteroposterior extension of orbit (0); 
postorbital region shorter than anteroposterior extension of orbit (1). (Modified from 
Laurin and Reisz 1995 #32) 

43. Frontal contribution to the orbit: present (0); frontals excluded from the orbit by contact 
between the prefrontal and postfrontal (1). (Laurin & Reisz 1995 #2; modified from Lee 
1997a #48; de Braga & Rieppel 1997 #22; Jalil & Janvier 2005 #49) 

44. Frontal shape: slim and long, four times as long as wide (0); frontals short, with a length 
not more than two time the width (1). (Lee 1995a #24; Lee 1997a #49; deBraga & 
Rieppel 1997 #26; Jalil & Janvier 2005 #50)     

45. Boss ornamentation: dermal bosses of skull bones have no central pointed horn (0); 
dermal bosses of cranial bones have a central long, pointed horn (1). (Jalil & Janvier 
2005 #51) 

46. Mandibular symphysis: splenial is excluded from the mandibular symphysis (0); splenial 
forms the ventral portion of the mandibular symphysis (1). (Lee 1997a #51; Jalil & 
Janvier 2005 #52) 
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47. Angular boss: ventral surface of the angular smooth, no boss present (0); low, rounded 
boss present (1); boss present and well developed, forms a prominent, pointed tubercle 
(2). (Lee 1997a #52; Jalil & Janvier 2005 #53) 

48. Retroarticular process dorsal projection: without a projection, tapers gradually to end (0); 
small projection (“dorsal lump” of Lee 1997a) present at the very posterior end of the 
retroarticular process (1). (Lee 1997a #54; Jalil & Janvier 2005 #55) 

49. Lateral shelf of the articular region: absent, the lateral surface of the articular region is 
smooth (0); present, there is a lateral extension of the surangular or articular, the lateral 
surface of the effected element extends dorsolaterally (1) (Laurin & Reisz 1995 #78) – 
(Modified slightly from Jalil & Janvier 2005  #56). 

50. Maxillary dentition orientation: maxillary teeth oriented vertically, teeth point directly 
downwards (0); alveolar ridge inflected towards the palate, teeth oriented 
ventromedially (1). (Lee 1997a #27; Jalil & Janvier 2005 #57) 

51. Number of maxillary teeth in each maxilla: more than or equal to 10 (0); less than or 
equal to 9 (1). (Modified from Lee 1997a #55; Jalil & Janvier 2005 #58) 

52. Teeth labiolingually compressed: teeth not labio-lingually compressed (0); teeth labio-
lingually compressed, leaf-shaped, with small denticles on the tooth crown (1); labio-
lingual compression very pronounced, giving the marginal teeth a fan shape (2). 
(Modified from Lee 1997a #58; Jalil & Janvier 2005 #60) 

53. Cusp arrangement: three central cusps close together, more lateral cusps farther apart and 
spaced farther apart from each other than these central 3 (0); cusps regularly spaced 
along the tooth crown (1). (Lee 1997a #61; Jalil & Janvier 2005 #61) 

54. Maxillary tooth cusp number: maxillary teeth conical, single cusp (0); 2-7 cusps on each 
maxillary tooth (1); 7-9 cusps (2); 9-11 cusps (3); more than 11 cusps (4). (Lee 1997a 
#59; Jalil & Janvier 2005 #62) 

55. Mandibular tooth cusp number: conical, without cusps (0); 2-7 cusps on each mandibular 
tooth (1); 7-9 cusps (2); 9-11 cusps (3); more than 11 cusps (4). (Modified from Lee 
1997a #60; Jalil & Janvier 2005 #63) 

56. Shape of lingual surface of mandibular teeth: smooth (0); has a distinct, triangular ridge, 
narrowing towards the crown of the tooth (1). (Lee 1997a #63; Jalil & Janvier 2005 
#64) 

57. Cingulum: no cingulum on the lingual surface of the marginal teeth (0); cingulum present, 
with small cuspules (1). (Lee 1997a #64; Jalil & Janvier 2005 #65) 

58. Pterygoid transverse flange dentition: teeth present on the transverse flange of the 
pterygoid (0); no dentition on the transverse flange of the pterygoid (1). (Lee 1997a 
#65; Jalil & Janvier 2005 #66) 

59. Palatal teeth: medial rows of palatal denticles parallel and close together and to the medial 
axis of the skull (0); medial rows of palatal denticles widely separated, converging 
anteriorly (1). (Modified from Lee 1997a #66; Jalil & Janvier 2005 #67) 

60. Presacral vertebral count: more than 20 presacral vertebrae (0); 20 presacral vertebrae (1); 
19 or fewer presacral vertebrae (2). (Modified from Lee 1993 #B1; Lee 1995a #35; Lee 
1997a #67; Laurin & Reisz 1995 #81; de Braga & Rieppel 1997 #97; Jalil & Janvier 
2005 #68) 

61. Atlas-axis fusion: pleurocentrum of the atlas and axial intercentrum fused (0); altas 
pleurocentrum separate from the axial intercentrum (1). (Laurin & Reisz 1995 #85; Jalil 
& Janvier 2005 #69) 

62. Lumbar vertebrae: absent (0); present (1). (Lee 1995a #36; Lee 1997a #68; Jalil & Janvier 
2005 #70) 

63. Sacral vertebrae number: two (0); three (1); four (2); five (3). (Lee 1997a #93; Jalil & 
Janvier 2005 #71) 
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64. Tail length: long, with more than 25 caudal vertebrae (0); short, less than 25 caudal 
vertebrae (1). (Lee 1997a #70; Jalil & Janvier 2005 #73) 

65. Lateral projections (“transverse processes”) of anterior caudal vertebrae: generally 
present on the first five but never on more than 9 of the first (most anterior) caudal 
vertebrae (0); prominent lateral projections on at least the first 9 caudal vertebrae (1). 
(Modified from Lee 1993 #A10; Lee 1995a #37; Lee 1997a #71; Laurin & Reisz 1995 
#90; de Braga & Rieppel 1997 #110; Jalil & Janvier 2005 #74) 

66. Shape of lateral projections ('caudal ribs'): projections form an 'L', as their distal portions 
are recurved posteriorly parallel to the axis of the body (0); projections almost straight 
and directed laterally (1). (Lee 1997a #72; de Braga & Rieppel 1997 #111; Jalil & 
Janvier 2005 #75) 

67. Haemal arch insertion: between two caudal vertebrae (0); articulate with only one 
centrum via a facet of articulation found on posteroventral projections of the centra (1). 
(Lee 1993 #A11; Lee 1995a #39; Lee 1997a #73; Laurin & Reisz 1995 #91; deBraga & 
Rieppel 1997 #112; Jalil & Janvier 2005 #76) 

68. Acromion process of the scapula: absent (0); acromion process present on the anterior 
surface of the scapula (1). (Lee 1993 #A12; Lee 1995a #40; Lee 1997a #74; Laurin & 
Reisz 1995 #91; deBraga & Rieppel 1997 #112; Jalil & Janvier 2005 #77) 

69. Scapular blade length: short, with a length less than two times the diameter of the glenoid 
fossa (0); long, with a length at least two times longer than the maximum diameter of 
the glenoid fossa (1); very long, with a length at least three times the diameter of the 
glenoid fossa (2). (Lee 1993 #B2; Lee 1995a #41; Lee 1997a #75; Laurin & Reisz 1995 
#96; Jalil & Janvier 2005 #78) 

70. Dorsal edge of posterior coracoid: almost horizontal, meets the posterior border of the 
scapula at an angle of less than 135 degrees (0); dorsal edge of the posterior coracoid is 
oriented posteroventrally, forms an angle of more than 135 degrees with the posterior 
border of the scapula (1). (Lee 1997a #77; Jalil & Janvier 2005 #80) 

71. Cleithrum: present (0); absent (1). (Laurin & Reisz 1995 #94; de Braga & Rieppel 1997 
#113; Lee 1997a #79; Jalil & Janvier 2005 #81) 

72. Torsion of the humerus: the plane of proximal expansion makes an angle of 60 degrees or 
more with the plane of proximal expansion (0); the two planes form an angle of less 
than or about equal to 45 degrees (1); the two planes form an angle less than or equal to 
20 degrees (2). (Lee 1997a #81; de Braga & Rieppel 1997 #123; Jalil & Janvier 2005 
#83) 

73. Ectepicondyle: ectepicondyle narrow and rounded (0); expanded, forming a wide 
rectangular flange that projects in front (preaxially) of the radial condyle (1). (Lee 
1997a #82; Jalil & Janvier 2005 #84) 

74. Ectepicondylar foramen: absent (0); present (1). (Modified from Lee 1993 #A13; Lee 
1995a #43; Lee 1997a #83; Laurin & Reisz 1995 #102; de Braga & Rieppel 1997 #127; 
Jalil & Janvier 2005 #85) 

75. Entepicondyle: forms a wide, rectangular flange that projects posteriorly behind 
(postaxially) the radial condyle (0); rounded, narrower, with a very reduced distal 
expansion (1). (Lee 1997a #84; Jalil & Janvier 2005 #86) 

76. Entepicondylar foramen: present and completely enclosed (0); present in the form of an 
'open groove' (1); absent, no foramen or groove (2). (Lee 1995a #44; Lee 1997a #85; 
Jalil & Janvier 2005 #87) 

77. Entepicondylar foramen position: exposed in dorsal view (when distal expansion of the 
humerus is viewed dorsally) (0); situated on the side of the epicondyle and feebly 
exposed in dorsal view, foramen has migrated around the edge of the humerus (1). (Lee 
1997a #86; Jalil & Janvier 2005 #88) 
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78. Ent- and Ectepicondyle projection: entepicondyle and ectepicondyle do not project 
distally beyond the epicondylar region (0); project beyond the epicondylar region, distal 
end of the humerus appears 'forked' (1). (Lee 1997a #87; Jalil & Janvier 2005 #89) 

79. Intercondylar depression on the dorsal surface of the distal end of the humerus: without a 
transverse ridge (0); transverse ridge present on the intercondylar depression, it is found 
on the distal surface of the intercondylar depression and is defined dorsally by the ulnar 
articular surface (1). (Lee 1997a #88; Jalil & Janvier 2005 #90) 

80. Ulnar articulation surface of the humerus: takes the form of a groove bordered posteriorly 
by a faint ridge (0); this postaxial ridge is elaborated into a prominent tubercle (1). (Lee 
1997a #89; Jalil & Janvier 2005 #91) 

81. Radial condyle of the humerus: hemispherical, located entirely on the ventral surface of 
the humerus (0); condyle positioned more terminally, encroaches onto the distal end of 
the humerus (1). (Lee 1997a #90; Jalil & Janvier 2005 #92) 

82. Olecranon process of the ulna: well-developed, articulation surface for the humerus 
oriented medially (0); olecranon process very reduced, articular surface for the humerus 
faces terminally, trochlea on the humerus lies on the ventral surface (1). (Lee 1997a 
#91; Jalil & Janvier 2005 #93) 

83. Manual phalangeal formula: 23452, not reduced (0); 23332 reduced (1). (Lee 199 #B5; 
Lee 1995a #45; Lee 1997a #92; Laurin & Reisz 1995 #106; Jalil & Janvier 2005 #94) 

84. Morphology of the 2nd and 3rd sacral ribs: only slight dorsoventral compression of the 
second and third sacral ribs (0); significant dorsoventral compression of the second and 
third sacral ribs, which take on a thin sheet-like appearance (1). (Lee 1997a #94; Jalil & 
Janvier 2005 #95) 

85. Crista sacralis of the ilium: weak ridge on the medial surface of the iliac blade for 
articulation with the first sacral rib weakly developed (0); ridge well developed (1). 
(Lee 1997a #95; Jalil & Janvier 2005 #96) 

86. Iliac shaft: vertical or oriented posterodorsally (0); inclined anterodorsally, forming an 
angle with the vertical of more than 20 degrees (1); inclined even further anteriorly, 
forming an angle of more than 45 degrees with the vertical (2). (Lee 1997a #96; Jalil & 
Janvier 2005 #97) 

87. Iliac blade: not or only very slightly expanded in front of the iliac shaft (0); expanded 
well anterior of the iliac shaft (1). (Lee 1997a #97; Jalil & Janvier 2005 #98) 

88. Eversion of anterior extent of the ilium: the lateral surface of the anterior expansion of the 
iliac blade almost completely flat (0); this surface concave along the vertical dimension, 
anteroventral margin slightly everted (1); surface strongly everted, even pointed 
looking, oriented almost horizontal (2). (Lee 1997a #98; Jalil & Janvier 2005 #99) 

89. Posterior process of the ilium: long, extending the blade of the ilium posteriorly (0); 
strongly reduced (1). (Lee 1995a #48; Lee 1997a #99; Jalil & Janvier 2005 #100). 

90. Dorsal buttress on the acetabulum: not well developed (0); strongly developed (1). (Lee 
1993 #A16; Lee 1995a #47; Lee 1997a #100; Laurin & Reisz 1995 #109; Jalil & 
Janvier 2005 #101) 

91. Acetabular shape: edge of the acetabulum anteriorly rounded or slightly oval (0); presence 
of a distinct notch in the anterior rim of the acetabulum (1). (Lee 1997a #101; Jalil & 
Janvier 2005 #102) 

92. Pelvic symphisis: long and thin (0); shorter and thick (1). (Lee 1997a #103; Jalil & 
Janvier 2005 #104) 

93. Anterior border of the pubis: smooth, without a ventral process (0); ventrally oriented 
process present on the anterior of the pubic plate ('lateral pubic process' of Walker 1973, 
Gaffney 1990) (1). (Lee 1997a #104; Jalil & Janvier 2005 #105) 

94. Median pubic process: anterior margin of the pubis smooth edge (0); medial process on 
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the anterior margin of the pubis (1). (Lee 1997a #105; Jalil & Janvier 2005 #106) 
95. Preaxial curvature of the femoral head: no curvature (0); proximal head of the femur 

curved slightly anteriorly (preaxially) (1); strong curvature preaxially, giving the bone a 
boomerang shape in dorsal or ventral view (2). (Lee 1997a #107; Jalil & Janvier 2005 
#107) 

 96. Trochanter major: no major trochanter present on the posterior (postaxial) side of the 
femur (0); major trochanter present but small, forms a slight thickening of the postaxial 
edge of the femur (1); major trochanter present and large, a distinct thickening on the 
postaxial edge of the femur (2). (Lee 1993 #A14; Lee 1995a #50; Lee 1997a #109; Jalil 
& Janvier 2005 #109) 

97. Postaxial flange of the femur size: reduced, limited to the proximal region of the femur 
(0); present, extends the entire length of the femur, but is narrower in the middle, so 
femur looks concave in dorsal or ventral view (1); well-developed, runs the entire 
length of the femur, keeping the same length for its entire length, so femur appears 
extremely wide with postaxial border appearing a straight edge (2). (Lee 1997a #112; 
Jalil & Janvier 2005 #112) 

98. Minor (internal) trochanter shape: long and straight in ventral view (0); long and curved 
on its proximal region in ventral view, preaxial (anterior) side concave and postaxial 
(posterior) being convex (1). (Lee 1997a #114; Jalil & Janvier 2005 #114) 

99. Cnemial crest: cnemial crest of the tibia (longitudinal ridge on the dorsal (lateral or 
external) surface of the tibia) well developed and prominent (0); ridge and 
accompanying groove much reduced (1). (Lee 1997a #115; Jalil & Janvier 2005 #115) 

100. Astragalus and calcanium: separate or sutured (0); fused, with the presence of the 
obturator foramen (1). (Modified from Lee 1993 #B6; Lee 1995a #51; Lee 1997a #116; 
Laurin & Reisz 1995 #117; de Braga & Rieppel 1997 #149; Jalil & Janvier 2005 #116) 

101. Pedal phalangeal formula: 23454 or 23453 (0); 23343 (1). (Lee 1993 #B7; Lee 1995a 
#53; Lee 1997a #118; Laurin & Reisz 1995 #122; de Braga & Rieppel 1997 #161; Jalil 
& Janvier 2005 #118) 

102. Fifth pedal digit: large, always longer than the first pedal digit (0); reduced, slender, 
shorter than the first pedal digit (1). (Lee 1993 #A15; Lee 1995a #54; Lee 1997a #119; 
Laurin & Riesz 1995 #120; de Braga & Rieppel 1997 #159; Jalil & Janvier 2005 #119) 

103. Metapodial (metacarpal and metatarsal) shape: slender, close to two times as long as 
wide (0); robust, approximately as wide as long (1). (Lee 1997a #120; Jalil & Janvier 
2005 #120) 

104. Non-terminal phalanges shape: slender, 50% longer than wide (0); short, as long as wide 
(1); even shorter and more massive, about two times as wide as long (2). (Lee 1995a 
#46; Lee 1997a #121; Jalil & Janvier 2005 #121) 

105. Osteoderms on the body: absent (0); present, forming only a longitudinal band closely 
overlying the vertebral column (1); present over the entire dorsal surface of the body 
including the flanks (2). (Lee 1997a 122; de Braga & Rieppel 1997 #165; Jalil & 
Janvier 2005 #122) 

106. Osteoderm boss appearance: dorsal surface of the osteoderms smooth, convex, without a 
central boss (0); possess a distinct rounded central boss (1); central boss on osteoderm 
capped by a small conical spine (2). (Lee 1997a #123; Jalil & Janvier 2005 #123) 

107. Osteoderm ornamentation: external surface of the osteoderms smooth and without 
ornamentation (0); osteoderms ornamented with fine, straight, regularly spaced ridges 
radiating out from a central boss to the edge (1); ridges fewer, larger, lumpier, and less 
regularly spaced (2). (Lee 1997a #124; de Braga  &  Rieppel 1997 #166; Jalil & Janvier 
2005 #124) 

108. Osteoderm dimension: round and small, with a dimension no larger than diameter of the 
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centra of the dorsal vertebrae (0); osteoderms large, with a maximal length the same as 
or larger than the dorsal vertebral centra (1). (Lee 1997a #125; Jalil & Janvier 2005 
#125) 

109. Osteoderm position: osteoderms do not touch, separated by a space (0); osteoderms 
more densely packed, often touching one another, but touching only on the shoulder and 
pelvic regions, never sutured or articulated over the trunk (1); osteoderms overlapping, 
articulated or sutured, forming a continuous layer on the dorsal surface of the body (2). 
(Modified from Lee 1997a #126; Jalil & Janvier 2005 #126) 

110. Osteoderms on appendages: no osteoderms over the appendages (0); fore and hind limbs 
covered with numerous conical osteoderms (1). (Lee 1997a #127; de Braga & Rieppel 
1997 #167; Jalil & Janvier 2005 #127) 

111. Gastralia: present (0); absent (1). (Lee 1995a #56; Lee 1997a #128; de Braga & Rieppel 
1997 #168; Jalil & Janvier 2005 #128) 

112. Fully enclosed lateral temporal fenestra: absent (0); present (1).  
113. Postorbital region of skull: short, shorter than the anteroposterior extension of orbit (0); 

long, the length of postorbital region of skull at least length of the anteroposterior 
extension of the orbit (1). (Modified from Laurin & Reisz 1995 #32) 

114. Pterygoid anterior extent: reaches level of choana (0); posterior to choana (1). (Laurin & 
Reisz 1995 #44) 

115. Circumorbial tuberocities: circumorbital skull elements lacking tubercles or bosses (0); 
circumorbital tubercles present (1). (Modified from Tsuji 2006 #45) 

116. Radiating ridges: dermal sculpturing in the form of relatively straight ridges radiating 
from the centre of dermal skull roof bones absent (0); regular ridges present (1). 

117. Circular pits: cranial sculpture in the form of circular pits absent (0); present (1). 
118. Jugal anterior process: does not extend to anterior orbital rim (0); extends at least to 

level of orbital rim (1). (Laurin & Reisz 1995 #11) 
119. Quadratojugal anterior extent: does not reach level of posterior border of orbit (0); 

reaches posterior border of orbit (1). (Modified from Laurin & Reisz 1995 #23) 
120. Caniniform region: present (0); absent (1). (Laurin & Reisz 1995 #24) 
121. Jaw articulation position: anterior to occiput (0); even with occiput (1). (Laurin & Reisz 

1995 #36) 
122. Posterior margin of skull roof: with single, median embayment (0); roughly straight (1). 

(Modesto 1999 #125) 
123. Quadrate ramus of pterygoid: merges smoothly into transverse flange without distinctive 

excavation (0); deep excavation on posterolateral surface (1). (deBraga & Reisz 
1996#33) 

124. Suture between jugal and maxilla: straight, jugal thins out smoothly towards anterior, or 
upright, but no dramatic vertical 'step' (0); “stepped”, anteriormost tip of jugal very 
narrow but expands broadly posteriorly along with a dramatic thinning of the posterior 
process of the maxilla (1).  (Modified from Müller & Tsuji 2007 #133) 

125. Temporal (otic)  notch morphology: restricted to posterior half of cheek (0); closely 
approaches the orbital margin (1). (Müller & Tsuji 2007 #135) 

126. Contribution of maxilla to external naris: maxilla either excluded from naris or forms 
only its ventral/posterior edge (0); maxilla extends also to the posterodorsal margin of 
naris (1). (Müller & Tsuji 2007 #137). 

 



APPENDIX D: Character matrix for Chapter 5 phylogenetic analysis. 
 
            1          2          3          4          5          6          7 
Taxon   1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 
_____________________________________________________________________________________________ 
Millerettidae   0?0?000000 0000?00000 0000000000 0000000000 D000??0000 00?00000?0 00000?0000  
Owenetta        0?0000??10 0001000000 0000001001 11?0000000 2000?000?0 00?00000?0 1?10000000  
Ba. bashkyricus 1????0??20 0000?110?1 000?1010?1 100??01010 0100?????0 00???000?? ??????????  
‘Ba.’ mesensis  1???????2? 0000?110?1 000?101011 000??01010 0100?????0 00?0?0000? ??????????  
Rhipaeosaurus   ?????????? 0000?????? ?00??????? ?????????? ???????0?? ?00?1?00?0 ???????0?0  
Nycteroleter    1???????2? 0000?11001 000?101011 100000101? 0100?00??0 00000000?? ??????????  
Emeroleter      1?1?????2? 0000?110?1 000?101011 000??01010 0100??0??0 0000000000 ?110???11?  
Macroleter      101110002? 0000?110?1 0000101011 1002101010 1100000000 00?0000000 011????000  
B. baini        1121111111 0001021111 2111000010 ???2101210 0111012111 0101100111 ?020101110  
‘B.’_seeleyi    112?111111 000102?111 2111000010 1102101110 01110121?0 0101100111 0020101110  
Nochelesaurus   11??111111 000102?1?1 2111000010 1????01220 01110121?0 01011??11? ???????110  
Embrithosaurus  11?1111111 000102?1?1 2111000010 1102101210 0111012110 0102200111 0020111110  
Deltavjatia     1?2?101111 1001121111 1111000010 1202101221 0111012110 0113301102 ?020?11111  
Shansisaurus    ?????????? ?????????? ?????????? ?????????? ????????1? ?11?410??? ???????121  
Shihtienfenia   ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?03????121  
P. peringueyi   112?10??11 1001121111 1111000010 1202111221 0111012110 1113410102 ?021???121  
P. nasicornis   112?10??11 1001121111 1111000010 1202111221 0111012111 111341010? ??2????1??  
Pareiasaurus    112?10??11 11?11211?1 1111010110 1?02111221 0111012110 11134??10? 002????111  
Scutosaurus     1121101111 1111121111 1111010110 1202111221 0111012110 1113411102 ?0?1111111  
Sanchuansaurus  ?????????? ?????????? ??1?01???? ?????????? ?????????0 11134?1??? ??????????  
Parasaurus      ?????????? ?????????? 11???????0 1??2??12?0 01???????? ?113?01??? ?02????11?  
Elginia         11??10??1? ?????21?1? 111101?1?0 1212111231 01111????0 1113????0? ?0???1?1?1  
Provelosaurus   ????10??1? ?????????? ???1000010 ???2111221 01110????0 1113?????? ?02??1?11?  
Anthodon        1???????11 10?1121111 0111000010 1??2111221 0111011110 12144?0102 ?03??1?111  
Pumiliopareia   1???????11 10?112?1?1 01110000?0 1??2111221 0111011??0 121440??0? ?0????????  
Nanoparia       1???????11 10?11211?1 0111000010 1202111??? 01110????0 11????010? ??????????  
Bunostegos      ????11???? 0????21??? 11??0???10 02?210???? 01110????? ?????????? ??????????  
Arganaceras     ??2??0111? ?11112?1?1 ???10?0110 1212111231 01111???10 1113??1??? ??????????  
Obirkovia       ?????????? ?????????? ?????????? ????????31 ?????????? ?????????? ??????????  
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                                  1          1          1      1 
            8          9          0          1          2      2 
   1234567890 1234567890 1234567890 1234567890 1234567890 123456 
_____________________________________________________________________________ 
Millerettidae  0000000000 0000000?00 0000000000 00000????0 0A0000000A 0000?0 
Owenetta   000012?00? ?000000110 ?0??100??0 ??000????0 ?001000010 001100 
Ba. bashkyricus ?????????? ?????????? ?????????? ?????????? ?010001??? ?11110 
‘Ba.’ mesensis ?????????? ?????????? ?????????? ?????????? ?010001A00 ?00111 
Rhipaeosaurus ?010?00?00 ?0??000100 0?0?100001 0000?????? ?????????? ??0??? 
Nycteroleter ?????????? ?????????? ?????????? ?????????? ?000001001 101010 
Emeroleter   0??0?0???? ?100?0???? ????10??10 0000?????? 001?001001 100011 
Macroleter  00?1?00000 0?00?01??? 0???1???01 0?110????0 1110101100 100000 
‘Br.’ baini  0?11000000 00?0101111 0011112?01 ??12100000 1011111111 001000 
Br. seeleyi  0011000000 0010101111 0000112001 1112100000 1011111111 001000 
Nochelesaurus  0111000000 00???????? ????11200? ????100000 1011111111 00?000 
Embrithosaurus  0111000000 0010101011 0111121101 1112110000 ?011111111 00?000 
Deltavjatia  11110000?0 0010?11111 ????122001 1012110000 1011101111 001000 
Shansisaurus  1111?00??? ?0???????? ????1?1??? ?????????? ?????????? ?????? 
Shihtienfenia  1111?10010 0??0?11211 0????????? ?????????? ?????????? ?????? 
P. peringueyi  1101110110 00?1121211 111122110? ??12212111 1011101111 001000 
P. nasicornis ?10?1??1?0 0011121211 11112?1101 ??12212111 1011101111 001000 
Pareiasaurus  1111000010 0010111211 0111121101 ????212111 ?011101111 00?000 
Scutosaurus  1111000010 0010111211 0111121101 ??12222111 1011111111 001000 
Sanchuansaurus ?????????? ?????????? ?????????? ?????????? ?????????? ?????? 
Parasaurus  ?????????? ???0?11?11 1?1?12??01 ??11?????? 10???01??? ?0??0? 
Elginia   1??1?0001? ????111211 ????1?110? ??12222111 101?101111 00??00 
Provelosaurus  120??01??1 10?0?0011? ????1?1?0? ????21111? ?01?111111 00?000 
Anthodon   1201001011 11?0100111 011102011? ????21112? 1011101111 00?000 
Pumiliopareia ?????????? ?????????? ?????????? ????21112? 1011100111 00?000 
Nanoparia  ?????????? ?????????? ?????????? ?????????? ?011101111 001000 
Bunostegos  ?????????? ?????????? ?????????? ?????????? ?011101?11 00??00 
Arganaceras ?????????? ?????????? ?????????? ?????????? ?011101111 00?000 
Obirkovia  ?????????? ?????????? ?????????? ?????????? ?????01??? ?????? 
 
 
Note: polymorphism is indicated by letters, such that A=0&1, B=1&2, C=0&2, D=0&1&2, E=0/1, F=1/2. 
 
 



APPENDIX E: List of autapomorphic characters for taxa involved in phylogenetic 
analysis in Chapter 5. 
 
Millerettidae 
-no known autapomorphies 
 
Bashkyroleter bashkyricus 
-no known autapomorphies 
 
‘Bashkyroleter’ mesensis 
-no known autapomorphies 
 
Rhipaeosaurus tricuspidens 

1. Tricuspid teeth 
 

Nycteroleter ineptus 
-no known autapomorphies 
 
Emeroleter levis 

2. Closely-spaced small round pits on otherwise smooth skull 
3. Posteriorly strongly elongated supratemporals that form narrow and long horns 
4. Englarged unsculptured otic notch that reaches anteriorly almost to orbit 
5. Posterior end of quadratojugal curves upward forming small horn 
6. Middle pterygoid denticle ridge stretches from area of basipterygoid joint to 

posterior edge of choana and does not adjoin vomeropalatine ridge 
 
Macroleter poezicus 

7. Maxilla vomer anterior contact 
8. Basicranial articulation and basipterygoid processes facing anteriorly 
9. Pterygoids meeting anterior to basipterygoid articulation 
10. Sculptureless indentation just anterior to fronto-parietal suture 
11. Skull roof v-shaped in posterior view 

 
Bradysaurus seeleyi 
-no known autapomorphies 
 
Bradysaurus baini 

12. Distal portion of paroccipital process greatly swollen 
13. Huge, rounded lump on the maxilla immediately behid the naris 

 
Nochelesaurus alexanderi 

14. Groove on internal surface of scapulocoracoid located very close to the anterior 
margin of the scapula blade 

15. Distinct tubercle on centre of dorsal surface of entepicondyle 
16. Flange on the dorsal surface of the femur that projects distally beyond the postaxial 

tibial facet 
 
Embrithosaurus schwarzi 

17. Anterior expansion of the iliac blade is flat rather than everted 
18. Two iliac blades not parallel but diverge anteriorly (making an angle of 

approximately 40 degrees with the sagittal plane) 
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19. Pelvic symphysis extremely thick, almost half as deep as long 
 
Deltavjatia vjatkensis 

20. Occipital condyle projects far behind posterior border of postparietal 
21. Sculpturing consists of irregular ‘pustule-like’ bosses scattered among circular pits 

 
Shansisaurus xuecunenesis 
-no known autapomorphies 
 
Shihtienfenia permica 

22. Rounded expansion on the anterior margin of the scapular blade near the dorsal 
end 

23. Acromion process is a smoothly-contoured, semi-circular flange 
 
Pareiasuchus peringueyi 

24. Lateral flange of the exoccipital forms a distinct, dorsally-oriented crest along the 
posterior margin of the paroccipital process 

25. Small median tubercle on the internal surface of the mandible immediately above 
the symphyseal ‘hook’ 

26. Angular boss is a large, blunt knob 
 
Pareiasuchus nasicornis 

27. Boss on nasal a discrete ossification 
28. Cultriform process extremely wide, occupying entire width of interpterygoid 

vacuity 
29. Large descending cheek flanges project backwards, making the skull appear ‘delta-

shaped’ in dorsal view 
 
Pareiasaurus serridens 

30. Cranial sculpturing consists of a reticulate network of very fine pits and grooves, 
no boss on centre of each element 

31. Dorsal flange on the anterior margin of the proximal end of the paroccipital 
process 

32. Large descending cheek flanges project ventrally (doubtful) 
 
Scutosaurus karpinskii 

33. Small median boss on the basioccipital between the basal tubera 
34. Teeth on upper jaw point slightly outwards 
35. Radiating ridges covering skull very coarse 

 
Sanchuansaurus pygmaeus 

36. Two exits for infraorbital canal further apart than in any other pareiasaurs 
37. The marginal surface of every tooth has a cusped cingulum 

 
Parasaurus geintizi 

38. Reduced small spike-like horns on the quadratojugal and supratemporal 
 
Elginia mirabilis 

39. Long conical horns present over the skull and cheek margins 
40. Distinct median “crater-like” depression just behind the nasal bosses 
41. Posteroventral embayment of the orbital margin 
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Provelosaurus americanus 

42. Quadratojugal with long smooth ventrolateral surface with two prominent 
cylindrical bosses located distally 

43. Squamosal dorsoventrally expanded 
 
Anthodon serrarius 

44. Marginal teeth separated by small gaps –no continuous cutting surface 
45. Olecranon process lost 
46. Capitellum of femur extends onto dorsal surface 
47. Proximal end of tibia bears huge ridge 
48. Large dorsally-projecting flange on posterolateral corner of ischium 

 
Pumiliopareia pricei 

49. Skull table and cheeks completely covered in densely-spaced, conical bosses 
50. Orbits perfectly round 
51. Only 9 teeth on upper jaw, 7 on lower jaw 
52. Ribs very wide, no intercostal spaces 

 
Nanoparia luckhoffi 

53. Snout very pointed in dorsal view 
54. Small, superficial element between squamosal and quadratojugal 
55. External nares proportionately larger than any other pareiasaur taxon 

 
Bunostegos akokanensis 

56. Three hemispherical processes at the anterior end of the snout 
57. Elongate, laterally-projecting bosses overhanging orbit 
58. Hemispherical boss at posterolateral corner of skull roof 
59. Postfrontal and supratemporal bosses with neck separating globular head from 

skull roof 
 
Arganaceras vacanti  

60. Anterior process of maxilla inclined posteriorly (ventral surface of the naris 
horizontal) 

61. Well-developed S.E. (tabular), with a large flange applied to the internal side of the 
supratemporal 

62. Internal flange of the supernumerary element continues dorsally the internal flange 
of the squamosal and supratemporal, so probably made contact with the 
paroccipital process of the braincase 

63. The medial process of the exoccipital meets it pair at the midline, excluding the 
supraoccipital from the foramen magnum 

64. Neurocranium extremely elongated with a lateral constriction of the 
parabasisphenoid 

65. Basipterygoid processes laterally restricted and very elongate 
66. Sella turcica 
67. Two additional lateral tubercles present in addition to the single median tubercle on 

the ventral surface of the basioccipital 
68. Articular and angular form a large retroarticular process 
69. Prominent bony flange formed by the articular defines the medial edge of the 

glenoid fossa? 
70. Maxillary teeth point forwards 
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Obirkovia gladiator 

71. Quadratojugal with three osteoderms on occipital flank 
72. Anterior projection of quadratojugal with three osteoderms 
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APPENDIX F: Input topologies and stratigraphic data for Ghosts analysis. 
 
 
Input Topologies (20 MPT from parsimony analysis + two Bayesian topologies): 
 
(a(b(f(c((dg)(e(h(j(i(k(l(@(u(m(((n(o(pq)))(r((st)($(v?)))))(w(z(xy)))))))))))))))))) 
(a(b(f(c((dg)(e(h(j(i(k(l(@(u(m(((n(o(pq)))(r(s(t($(v?))))))(w(z(xy)))))))))))))))))) 
(a(b(f(c((dg)(e(h(j(i(k(l(@(u(m(((n(o(pq)))(t(r(s($(v?))))))(w(z(xy)))))))))))))))))) 
(a(b(f(c((dg)(e(h(j(i(k(l(@(u(m(((n(o(pq)))(r(t(s($(v?))))))(w(z(xy)))))))))))))))))) 
(a(b(f(c((dg)(e(h(j(i(k(l(@(u(m(((n(o(pq)))(r(s($(t(v?))))))(w(z(xy)))))))))))))))))) 
(a(b(f(c((dg)(e(h(j(i(k(l(@((mu)(((n(o(pq)))(r((st)($(v?)))))(w(z(xy))))))))))))))))) 
(a(b(f(c((dg)(e(h(j(i(k(l(@((mu)(((n(o(pq)))(r(s(t($(v?))))))(w(z(xy))))))))))))))))) 
(a(b(f(c((dg)(e(h(j(i(k(l(@((mu)(((n(o(pq)))(t(r(s($(v?))))))(w(z(xy))))))))))))))))) 
(a(b(f(c((dg)(e(h(j(i(k(l(@((mu)(((n(o(pq)))(r(t(s($(v?))))))(w(z(xy))))))))))))))))) 
(a(b(f(c((dg)(e(h(j(i(k(l(@((mu)(((n(o(pq)))(r(s($(t(v?))))))(w(z(xy))))))))))))))))) 
(a(b(((cf)(dg))(e(h(j(k(i(l((m(((n(o(pq)))(t(r(s(v($?))))))(z(w(xy)))))(u@))))))))))) 
(a(b(((cf)(dg))(e(h(j(k(i(l((m(((n(o(pq)))(r(t(s(v($?))))))(z(w(xy)))))(u@))))))))))) 
(a(b(((cf)(dg))(e(h(j(k(i(l((m(((n(o(pq)))(r(s(t(v($?))))))(z(w(xy)))))(u@))))))))))) 
(a(b(((cf)(dg))(e(h(j(k(i(l((m(((n(o(pq)))(r((st)(v($?)))))(z(w(xy)))))(u@))))))))))) 
(a(b(((cf)(dg))(e(h(j(k(i(l((m(((n(o(pq)))(r(s(v(t($?))))))(z(w(xy)))))(u@))))))))))) 
(a(b(((cf)(dg))(e(h(j(k(i(l(@((mu)(((n(o(pq)))(t(r(s(v($?))))))(z(w(xy))))))))))))))) 
(a(b(((cf)(dg))(e(h(j(k(i(l(@((mu)(((n(o(pq)))(r(t(s(v($?))))))(z(w(xy))))))))))))))) 
(a(b(((cf)(dg))(e(h(j(k(i(l(@((mu)(((n(o(pq)))(r(s(t(v($?))))))(z(w(xy))))))))))))))) 
(a(b(((cf)(dg))(e(h(j(k(i(l(@((mu)(((n(o(pq)))(r((st)(v($?)))))(z(w(xy))))))))))))))) 
(a(b(((cf)(dg))(e(h(j(k(i(l(@((mu)(((n(o(pq)))(r(s(v(t($?))))))(z(w(xy))))))))))))))) 
(ab(e(((dg)(cf))(h((k(ji))(l(@(u(m((w(z(xy)))((pq)((no)(r(s(t(?(v$))))))))))))))))) 
(ab(e((dg)((cf)(h(j(i(k(l(@(u(m((w(z(xy)))((n(pq))(r(s(v($(t(o?)))))))))))))))))))) 
 
Taxon Distribution (taxon,firstappearance,lastappearance): 
a,tap,dic 
b,dic,dic 
c,eod,eod 
d,roa,tap 
e,eod,eod 
f,roa,tap 
g,pri,pri 
h,roa,tap 
i,tap,pri 
j,tap,pri 
k,tap,tap 
l,tap,tap 
m,pri,pri 
n,tap,tap 
o,tap,tap 
p,cis,cis 
q,cis,cis 
r,tro,dic 
s,dic,dic 
t,tap,tap 
u,tro,tro 
v,dic,dic 
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w,tap,tap 
x,cis,cis 
y,cis,cis 
z,cis,cis 
@,pri,dic 
$,pri,tro 
?,dic,dic 
 
Dates for stratigraphy (lower bound): 
tap=266 
roa=271 
eod=268 
pri=261 
tro=257 
cis=255 
dic=253 
 
Taxon Legend: 
a=Millerettidae 
b=Owenetta 
c=Ba. bashkyricus 
d=‘Ba’. mesensis 
e=Rhipaeosaurus 
f=Nycteroleter  
g=Emeroleter 
h=Macroleter 
i=B. baini 
j=‘B’. seeleyi 
k=Nochelesaurus 
l=Embrithosaurus 
m=Deltavjatia 
n=Shansisaurus 
o=Shihtienfenia 
p=P. peringueyi 
q=P. nasicornis 
r=Pareiasaurus 
s=Scutosaurus 
t=Sanchuansaurus 
u=Parasaurus 
v=Elginia 
w=Provelosaurus 
x=Anthodon 
y=Pumiliopareia 
z=Nanoparia 
@=Bunostegos 
#=Arganaceras 
?=Obirkovia 
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APPENDIX G: Definition and scoring of the stratigraphic character for stratocladistic 
analysis. 
 
Stratigraphic Character States: 
 

(1) Roadian (pre-Eodicynodon AZ) 
(2) Eodicynodon AZ and equivalent 
(3) Tapinocephalus AZ and equivalent 
(4) Pristerognathus AZ and equivalent 
(5) Tropidostoma AZ and equivalent 
(6) Cistecephalus AZ and equivalent 
(7) Dicynodon AZ and equivalent 

 
 
Stratigraphic Character scoring: 
 
Millerettidae  3&7 
Owenetta  7 
Ba. bahskyricus 2 
‘Ba’. mesensis  1&2&3 
Rhipaeosaurus 2 
Nycteroleter  1&2&3 
Emeroleter  4 
Macroleter  1&2&3 
Br. baini  3&4 
‘Br’. seeleyi  3&4 
Nochelesaurus 3 
Embrithosaurus 3 
Deltavjatia  4 
Shansisaurus  3   
Shihtienfenia  3  
P. peringueyi  6 
P. nasicornis  6 
Pareiasaurus  5&6&7 
Scutosaurus  7 
Sanchuansaurus 3 
Parasaurus  5 
Elginia  7 
Provelosaurus  3 
Anthodon  6 
Pumiliopareia  6 
Nanoparia  6 
Bunostegos  4&5&6&7 
Arganaceras  4&5 
Obirkovia  7 
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APPENDIX H: Input matrix for DIVA analysis, Chapter 5. 
 
Taxon   123456  
 
------------------------ 
Nycteroleter  000100 
Ba. bashkyricus 000100 
Emeroleter       000100 
‘Ba.’mesensis    000100 
Rhipaeosaurus    000100 
Macroleter       000100 
Br. seeleyi      000010 
Br._baini        000010 
Nochelesaurus    000010 
Embrithosaurus   000010 
Bunostegos       001000 
Parasaurus       010000 
Deltavjatia      000100 
Provelosaurus    000001 
Nanoparia        000010 
Pumiliopareia    000010 
Anthodon         000010 
Shansisaurus     100000 
Shihtienfenia    100000 
Pareiasuchus     000010 
Pareiasaurus     000010 
Sanchuansaurus   100000 
Scutosaurus      000100 
Arganaceras      001000 
Obirkovia        000100 
Elginia          010000 
 
Areas: 1=China; 2=Western Europe; 3=North Africa; 4=Russia; 5=South Africa; 6=South 
America 
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