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ABSTRACT 

The end-Permian mass extinction of marine invertebrates and 

non-marine tetrapods is examined. Fauna!, lithostratigraphical and 

geochemical data indicate that the mass extinction was a prolonged, 

gradual event, and was not initiated or accelerated by a catastrophic 

mechanism. The cause of the greatest ever reduction in Phanerozoic life is 

not obvious, however, the taxa affected and the timing of their 

extinction, in both realms, suggests that global cooling, with associated 

regressions of warm shallow seas, played a significant role. 

Comparison of six data bases for fossil tetrapods, spanning 100 

years, illustrates the improvements in our knowledge of the tetrapod 

fossil record over that time. Recent improvements have resulted from 

re-evaluations of taxonomy and stratigraphy, and not just from the 

discovery of new fossils. 

The scant information available on the inter-relationships of 

pareiasaurs is reviewed. A cladistic analysis of 12 pareiasaurian taxa 

reveals that Elginia is the most specialised member of the group and is 

most closely related to Scutosaurus, Nanoparia and Pareiasuchus. An 

attempt is made to establish the migration routes of pareiasi.irs, based on 
t 

stratigraphic, fauna! and palaeogeographical data. 

Only two specimens of Elginia are known. A restoration of the skull 

and skeleton of Elginia is attempted, based on the type skull, BGSE 

4783-4788, and the paratype skeleton, RSM 1956. 8.1. The paratype skull is 

figured for the first time, and the paratype skeleton is described and 

figured for the first time. 

Elginia was probably a herbivore, feeding on soft vegetation with 

weak, multi-cusped teeth. The remarkable spinosity of the skull and the 

well-structured body armour may have constituted a defence mechanism 

against predators. 
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CHAPTER 1 

INTRODUCTION 

1 . 1 THE END-PERMIAN MASS EXTINCTION 

The greatest crisis to affect the Earth's biota occurred 

approximately 250 million years ago (Ma) at the end of the Permian period . 

Marine life was devastated with a 54% reduction in the number of families, 

a 78%-84% reduction of marine genera, and an estimated 96% extinction at 

the species level (Raup 1979a; Sepkoski 1989). Terrestrial forms were 

similarly affected with a 56.5% and 75% reduction in the number of 

tetrapod families during the Ufimian and Tatarian respectively (Chapter 

3). The end-Permian marine communities, dominated by sessile, epifaunal 

filter-feeders, such as bryozoans and crinoids, were removed, and replaced 

by highly mobile marine organisms, such as bivalves and gastropods 

(Sepkoski 1984). Permian amphibians, "anapsids", and early synapsids were 

replaced by early diapsids and many new groups of therapsids. 

There has been a constant and understandable expression of doubt 

regarding the scale of the end-Permian extinction . The incomplete 

stratigraphic record across the Permian-Triassic (P-Tr) boundary and its 

affect on the completeness of the fossil record for that time provides 

ample reason for cautious examination of diversity patterns and population 

changes as they are interpreted for the Permian faunal crisis . Many taxa 

which are known for the Late Permian and Middle Triassic have no fossil 

record in the Early Triassic . It seems reasonable to expect that, in a 

number of cases, taxa suspected of extinction during the end-Permian event 

actually spanned the P-Tr boundary and survived into the Triassic. An 

absence of suitable facies in the Early Triassic however means that any 

taxa suffering extinction prior to Middle Triassic times remain unknown 



from the post-Permian . 

Detailed study and documentation of the stratigraphy, biostratigraphy 

and chronostratigraphy of complete boundary sections would be of enormous 

value in resolving this debate. Unfortunately, there are no complete 

marine sequences across the P-Tr boundary, with the possible exception of 

some seemingly conformable sequences in south China (Sun et al. 1984; Xu 

et al. 1985; Zhou and Kyte 1988) and the Carnie Alps of Austria (Holser et 

al. 1989). Complete sequences are reported for Kashmir, the Salt Range and 

Trans-Indus ranges in Pakistan, central and northern Iran, and the Kap 

Stosch area of East Greenland (Fig. 1.1), but a comprehensive review of 

P-Tr boundary sections claims that none of the sequences mentioned above 

is complete (Teichert 1990). P-Tr boundary sections in China were thought 

to be complete because of the presence of a mixed fauna, containing 

Permian and Triassic elements, spanning the boundary, and a lack of 

pronounced discontinuities indicating that deposition was fairly 

continuous (Liao 1980), but all sequences in southern China show evidence 

of emergence and erosion (Teichert 1990). 

Future studies of boundary sections and their faunas are unlikely to 

alter the status of the end-Permian event as the greatest extinction of 

the Phanerozoic; it is at least twice the magnitude of the second most 

severe extinction which occurred at the end of the Ordovician (Erwin 

1990) . The magnitude of the event was recognised as early as the mid-19th 

century and formed the basis for the division of the Palaeozoic and 

Mesozoic eras (Newell 1986). 

A number of geochronological schemes have dated the P-Tr boundary at 

approximately 250 Ma, the estimates ranging between 255 Ma and 245 Ma, 

allowing for experimental error (Fig. 1 .2). Establishing the exact date of 

the boundary, within these limits, is probably impossible, and not 

particularly pertinent to study of the end-Permian extinctions, as the 

boundary is considered to be diachronous (Erwin 1990). 

A much more relevant problem is the confusion generated by the use of 
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different schemes for the stratigraphic stages of the Permian . A number of 

schemes are in use currently, differing in the names of the stages and 

their duration, presenting difficulties with correlation between faunas. 

Of the schemes outlined in Fig. 1 . 3, scheme A is closest to an 

international standard and is used throughout the text . 

Analyses and interpretations of invertebrate and vertebrate diversity 

patterns throughout the Permo-Triassic, or an other period in Earth 

history, are based on the data bases that exist for the groups under 

consideration . Naturally, it is expected that discovery and description of 

new fossil specimens will increase the quality of data bases . This is 

certainly the case, but it has been illustrated recently, through 

examination of two data bases for fossil tetrapods, that much more 

significant improvements in quality have resulted from taxonomic and 

stratigraphic revisions (Maxwell and Benton 1987). Continued improvements 

in taxonomy and the resolution of stratigraphic ranges will enhance the 

quality of data bases, facilitating more accurate examination and 

interpretation of the fossil record and the diversity patterns contained 

therein . 

1.2 ELGINIA MIRABILIS AND THE PAREIASAURS 

Pareiasaurs were a widespread group of reptiles confined 

stratigraphically to the Ufimian, Kazanian and Tatarian (Late Permian). 

Representatives of the group are known from the Late Permian of South 

Africa, the USSR, Brazil, China, Germany and Scotland. A number of 

footprints reported from the middle Permian of north Italy have been 

attributed to pareiasaurs (Leonardi et al. 1974). Pareiasaurs were 

ponderous herbivores varying between approximately O.Sm amd 3m in length. 

Herbivory is suggested by the presence of weak, multi-cusped, leaf-shaped 

teeth, and many specialisations of the post-cranial skeleton associated 

with the development of great bulk. The most abundant pareiasaur remains 

5 
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America, and t he Changxingian or Changhsingian in China. Scheme A is 

employed throughout the text. 
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are recorded from the Karoo Basin of South Africa and the North Dvina 

region of the Russian Platform, USSR. All other localities have yielded 

only one or two incomplete specimens. Pareiasaurs existed in small numbers 

compared to the therapsids of the time, but formed the most important 

element of the non-therapsid fauna. 

Pareiasaurs are not well-known because their remains are 

poorly-preserved and distorted, and there are doubts regarding the 

taxonomic validity of many genera and species. Previous attempts to 

establish pareiasaur inter-relationships have utilised the number and 

pattern of tooth-cusps . A cladistic analysis has not been attempted, 

possibly because there is little interest in the group, and because the 

fossil specimens are so poor. 

The relationships of the pareiasaurs to other reptiles are not 

certain and have recently been reviewed indirectly in broad examinations 

of the Cotylosauria (Heaton 1980), Captorhinomorpha (Heaton and Reisz 

1986), and Amniota (Gauthier et al. 1988). They have traditionally been 

placed in the Cotylosauria (Romer 1966), but a recent study has 

tentatively placed them with millerettids, procolophonians and mesosaurids 

in a clade informally termed the parareptiles (Gauthier et al. 1988). The 

authors state that the parareptile clade may not be valid and requires 

further testing. 

Elginia mirabilis occurs at the summit of the Permian (Benton and 

Walker 1985) and is the latest pareiasaur. The only description of the 

genus is based on the incomplete type skull and a partially-preserved 

sacrum. The skull resembles that of the Russian genus Scutosaurus and the 

South African genus Nanoparia because of the deep pitting of the bones and 

the high degree of spinosity. A second incomplete skull, and assorted 

post-cranial elements, found subsequent to Newton's description of the 

type material, has not been described. 
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1.3 PREVIOUS RESEARCH AND AIMS OF THE PRESENT STUDY 

Previous work on the end-Permian extinction, Elginia, and the 

evolution and ecology of pareiasaurs is considered in the relevant 

chapters that follow. The aims of the present study have been to: 

(i) examine the timing of the end-Permian extinctions and the taxa 

affected in the marine and terrestrial realm, and establish evidence for 

and against various proposed causal mechanisms for the extinctions . 

(ii) compare the data bases available for fossil tetrapods to pinpoint 

inaccuracies and areas of change that may give indicators of future likely 

progress on the road to a more complete knowledge of the fossil record. 

(iii) review the palaeoecology and palaeogeography of the pareiasaurs, 

and attempt a cladistic analysis of the group. 

(iv) describe the osteology of Elginia on the basis of restudy of the 

type material, and study of a second skull, with associated post-cranial 

material, which is described here for the first time. 

(v) draw comparison between Elginia and other pareiasaurs, highlighting 

outstanding differences. 

(vi) attempt a restoration of the skull and skeleton of Elginia. 
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CHAPTER 2 

THE END PERMIAN EXTINCTION OF MARINE INVERTEBRATES 

2.1 INTRODUCTION 

It has already been noted that the end-Permian mass extinction 

eliminated a very substantial portion of invertebrate faunas. Sepkoski 

(1989) estimates that global marine familial diversity declined by 54%. 

His estimate of a 78%-84% reduction in the number of genera is probably 

slightly erroneous because his analysis included genera seen only once in 

the fossil record. Rarefaction analysis suggested a 96% decline in species 

diversity (Raup 1979a), although differential extinction patterns would 

reduce the true species extinction level (McKinney 1985). Nevertheless, 

the end-Permian extinction clearly resulted in an extensive decline in the 

numbers of invertebrate genera and species worldwide. All major groups of 

marine organisms were affected with the crinozoans (98% of families became 

extinct), anthozoans (96%), brachiopods (80%) and bryozoans (79%) 

suffering the greatest extinction (McKinney 1987). Other severely affected 

groups include the cephalopods, corals, ostracodes and foraminiferans 

(Gabbett 1973; Flugel and Stanley 1984). Such comprehensive elimination of 

marine species removed the dominant community assemblages of the 

Palaeozoic leaving enormous areas of vacant, fertile ecospace for the 

subsequent evolution and radiation of the first Mesozoic marine faunas. 

It is difficult to establish valid causal mechanisms for such an 

enormous elimination of taxa. Most of the mechanisms proposed to date have 

some validity but are usually too specific to account for extinctions 

among all the major marine invertebrate groups and many terrestrial 

vertebrate groups. The two main aspects of any mass extinction that should 

be considered before proposing a causal mechanism are the taxa affected 
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and the timing of their extinction. The Late Permian and Early Triassic 

faunas have been extensively documented, revealing that mainly 

warm-adapted pelagic and benthic stenohaline taxa from low latitudes 

suffered the greatest extinction. The timing of their elimination is not 

so well documented and there is dispute regarding the timing of the event 

as a whole. 

2.2 TIMING OF THE EXTINCTION 

The question of a catastrophic or gradual end Permian extinction has 

been considered by a number of workers during the late 1980s. The recent 

interest was generated by the proposed extraterrestrial causes of 

postulated periodic mass extinctions which were revealed by a statistical 

analysis of the marine fossil record (Raup and Sepkoski 1984). The 

extraterrestrial cause, be it a single bolide, cometary phenomenon, 

asteroid shower, or whatever, implies a short-term, catastrophic 

extinction as outlined originally by Alvarez et al. (1980) for the 

Cretaceous-Tertiary (K-T) boundary, and subsequently by numerous other 

authors. 

2.2.1 Geochemical evidence 

The "fingerprint" of any impact, or series of impacts, a 

concentration of iridium in sediments, has been reported from the P-Tr 

boundary in southern China (Sun et al. 1984; Xu et al. 1985). Sun et al. 

report an iridium concentration of 8 parts per billion (ppb) for the 

boundary clay at Meishan, Changxing, China (Fig. 1 .1), while Xu et al. 

detect a 2 ppb concentration for the same clay. Xu et al. 's preliminary 

report gives a detailed account of quantitative variations in 

trace-element concentrations in a continuous marine sequence 4m thick at 

Meishan. Ten samples taken from the sequence and spanning the P-Tr 

boundary were analysed and, in all but one, iridium was found to be 
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absent. The sample which revealed the presence of iridium in detectable 

quantities was that taken from a clay regarded as marking the transition 

from Permian to Triassic times (Xu et al. 1985, fig. 2). This anomalous 

concentration was measured at 2.48 ppb. Samples of the K-T boundary clay 

from western Europe were also examined by Xu et al. (1985) and the results 

concurred. variations noted in the concentration of other members of the 

platinum metal group throughout the section were also compared and their 

pattern of variation was found to be similar to that seen in the K-T clays 

analysed. 

Evidence supporting an extraterrestrial origin for the reported 

iridium is provided by a consideration of the microspherules present in 

the section. A plot of the nickel/iridium (Ni/Ir) ratio as outlined by 

Ganapathy (1983), suggests that the microspherules are of 

extraterrestrial, rather than terrestrial, origin. All in all, evidence 

gathered and presented from the Meishan P-Tr section by these two groups 

of workers appears to support the occurrence of an extraterrestrial event 

at the end of the Permian. 

Clark et al. (1986) carried out analyses of a number of P-Tr sections 

in China, including that at Meishan originally examined by Xu et al. 

(1985). Consideration of trace- element concentrations and conodont faunas 

produced results at variance with those of Sun et al. (1984) and Xu et al. 

(1985). In all the sections examined, no trace of any iridium 

concentration was recorded and indeed, a depletion of iridium (0.002 ppb 

compared with average earth crustal abundances of 0.005 - 0.008 ppb) was 

observed for the boundary clay at Changxing with slightly higher levels 

above and below (0.004 ppb and 0.034 ppb respectively). Hence, Clark et 

al. (1986) found no evidence that would indicate an extraterrestrial event 

at the end of the Permian. 

The elemental abundances in boundary clays across China suggest that 

there is a remote possibility that the predominantly illite boundary clay 

resulted from the alteration of ejecta dust from a comet impact, but the 
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most likely source was ash from a massive volcanic eruption (Clark et al. 

1986; Zhou and Kyte 1988). The trace elements suggest that the dust was 

highly acidic and the ratios of Ti02 and Al203 are low enough to support 

the volcanic dust scenario (Clark et al. 1986). The boundary clay is 

present throughout southern China and is one of several ash deposits that, 

judging by trace-element content, seem to have been derived from a single 

silicic magmatic source (Zhou and Kyte 1988). Evidence derived from 

examination of conodont diversity and abundance across the boundary at 

Meishan, China, also supports rejection of the idea of an extraterrestrial 

event (Clark et al. 1986). 

Carbon-isotope ratios are known to shift at some stratigraphic 

boundaries associated with extinction events, although the connection 

between mass extinctions and carbon-isotope shifts is ambiguous . 

Carbon-isotope data from well-preserved and nearly continuous P-Tr 

sections in the Carnie Alps show a gradual change in the 6 13C content 

across the boundary (Magaritz et al. 1988; Holser et al. 1989) . The 

isotope profiles indicate that worldwide changes in the carbon cycle began 

in the Late Permian and continued smoothly across the P-Tr boundary to 

culminate in the Early Triassic. A similar pattern of gradual decline 

throughout the Late Permian is recorded in the carbon-isotope ratios in 

Diictodon tooth apatite (Thackeray et al. 1990). 

It is estimated that the shift in carbon isotopes occurred over a 

period of several hundred thousand to one million years (Holser et al. 

1989; Oberhansli et al. 1989) and seems to reflect changes in global 

biomass that cannot be related to a catastrophic mass extinction. 

The geochemical evidence pertaining to the latest Permian and the 

P-Tr boundary points to a gradual extinction event leading up to the 

boundary rather than a catastrophic extinction event at the boundary. 

2.2.2 Faunal evidence 

Evidence gleaned from components of Permo-Triassic faunas appears to 
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be accumulating to support a gradual and protracted end-Permian event, 

rather than a cataclysmic end to the Palaeozoic. Examples include the 

foraminifera (Braiser 1988), tabulate and rugose corals (Scrutton 1988), 

and bryozoans (Taylor and Larwood 1988), all of which were in relative 

decline throughout the Permian. 

Late Permian generic extinctions in the sea began to reach 

inordinately high levels in the Leonardian (Kungurian), peaked in the 

Guadalupian (Kazanian), and declined in the Tatarian (Sepkoski 1986) 

(Figure 2.1). However, Sepkoski (1986) proposed that the breadth of the 

Late Permian extinction peak is a result of inadequate sampling, because 

of the virtual absence of complete Late Permian sections and complete 

sections across the P-Tr boundary. Extensive regressions of Late Permian 

seas, recognised from lithostratigraphical studies, resulted in gaps in 

the rock and fossil record which, if misinterpreted, may present a false 

picture of a gradual extinction (Signor and Lipps 1982). 

Lazarus taxa, those that in this case crop up in the Triassic record 

having apparently suffered extinction in the early Late Permian, must have 

extended right up to, and over, the P-Tr boundary. These "false" 

extinctions of the early Late Permian serve to extend the apparent time 

span of the event. There is no doubt that this Lazarus phenomenon is real 

for the Late Permian-Early Triassic interval; Batten (1973) recorded a 

greater number of Palaeozoic gastropod genera in the Middle Triassic than 

in the Late Permian. Similar patterns for other invertebrate groups such 

as bivalves (Nakazawa and Runnegar 1973) and articulate brachiopods 

(Waterhouse and Bonham-Carter 1976) suggest strong preservational biases 

in the Late Permian fossil record. 

There is a very real problem too with the completeness of the fossil 

record in the Late Permian, as outlined above, and there is a possibility 

that the prolonged generic extinction peak is, in part, an artefact 

(Jablonski 1986) and that the end-Permian event was of shorter duration 

than a "blind" examination of the fossil record would suggest. The number 
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of Kungurian and Kazanian generic extinctions, however, appears to be an 

overwhelming testimony to a protracted extinction event, even when the 

biases in the record are considered. 

The faunal evidence harbours an element of ambiguity, because of the 

widespread Late Permian regressions and the interpretational bias they 

introduce to the fossil record, but above-background levels of extinction 

are evident for approximately 15 million years (m.y.) prior to the P-Tr 

boundary (Fig. 2.1). This suggests that the end-Permian extinction was a 

gradual event that took place throughout the Late Permian. When considered 

solely, or in conjunction with the geochemical evidence, the faunal 

evidence points to a gradual extinction event. 

2 . 3 CAUSES OF THE EXTINCTION 

The end-Permian extinction has long been recognised as the most 

comprehensive devastation of Phanerozoic life. Thankfully, however, the 

proposed reasons for such an event are neither as numerous, nor as varied, 

as those that have been constantly put forward for the end-Cretaceous 

extinction. The elimination of the dinosaurs assured the K-T event of a 

place in the public consciousness and there was a knock-on effect that 

produced many research papers, not necessarily by palaeontologists or 

geologists (Benton 1990). The end-Permian event, famed for its reduction 

of the diversity and numbers of marine invertebrate taxa, holds no 

attraction for a public conditioned to marvelling at the dinosaurs. A 

similar, but opposite, knock-on effect restricted research and speculation 

on possible causes of the P-Tr extinction to palaeontologists, geologists 

and geochemists. 

Recent postulqtions of causal mechanisms include reduction in the 

area of shallow epicontinental seas (Newell 1963; Valentine 1973) and, 

hence, reduction of species-habitable area, one cause of which may be 

sea-floor spreading (Schopf 1974); trace-element poisoning (Cloud 1959); 
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increased cosmic radiation (Hatfield and Camp 1970); high temperatures 

(Waterhouse 1973); low temperatures (Stanley 1984, 1988); increased 

salinity (Bowen 1968), and reduced salinity (Beurlen 1956; Fischer 1963; 

Stevens 1977). The notion of sea-level fluctuations, with associated 

climatic instability, appears to have held sway over the past few decades, 

while many workers have considered the possible effects of varying 

temperatures and varying salinity. 

2.3.1 Regression 

By the close of the Early Permian, all major continental blocks 

except North and South China were, more or less, united into Pangaea, thus 

reducing the rate of sea-floor spreading. The cooling sea floor sank close 

to the ridges, which increased the volume of the ocean basins and caused a 

major marine regression (Fortney 1975). At the end of the Early Permian 

the area of shallow seas was approximately 65x10 6 km2
, covering 37% of the 

continents. At the end of the Tatarian, 10-13 m.y. later (Fig. 1 .2), it 

had fallen dramatically to approximately 23x10 6 km2
, covering only 13% of 

the continents (Fortney 1975). The very sharp regression that occurred in 

the latest Permian was probably glacially induced, as this is the only 

mechanism known to produce such a large drop. 

A small decrease in sea level is sufficient to expose large, 

flat-lying, near-shore areas, producing major environmental changes. 

Repeated expansion and contraction of habitats by way of response to 

draining or flooding has been envisaged as having created ecological 

disturbances among offshore and lowland communities, the repercussions of 

which probably extended inland and out to sea. Draining of continents 

reduced or eliminated shallow inland seas with the subsequent loss of 

species-habitable area. Shallow continental shelves were reduced in width 

and limited to continental margins. The near-shore area rich in nutrients, 

over which primary production is highest, was also reduced, causing a 

reduction in food supply and increasing the possibility of the extinction 
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of forms higher up the food chain (Newell 1963; Schopf 1974). Many 

organisms, adapted to the special estuarine conditions of these shallow 

seas of reduced areal extent, failed to survive in more exposed ocean 

margins. The draining of continents throughout the Late Permian and at the 

P-Tr boundary is therefore thought to have induced extinction and enhanced 

levels of natural selection (Newell 1963; Schopf 1974). 

Certain hypotheses for the cause of the end-Permian extinction 

invoked regression with accompanying alterations in climate or oceanic 

circulation, but the mainstay of the regression hypothesis is the dynamic 

equilibrium theory of island biogeography, in which the reduction in 

diversity, with reduction in area, results from decreased population size 

and thus increased vulnerability to stochastic extinction processes 

(MacArthur and Wilson 1967; Simberloff 1972). If this species-area 

hypothesis is valid, it can be regarded as a fundamental ecological rule 

for a particular kind of ecosystem (Stanley 1984). Response to the rule 

should be universal in that every large, sustained, global regression 

should result in the mass extinction of shallow-water benthos, but mass 

extinction has not accompanied every regression (Stanley 1984; Jablonski 

1986) . 

Pleistocene sea-level fluctuations, which were among the largest 

ever, were not accompanied by mass extinctions, but it must be borne in 

mind that in the Pleistocene the continents stood high above sea level. 

The expansion and contraction of shelf seas was minimal and in no way 

comparable to that which occurred in the Late Permian-Early Triassic 

interval (Newell 1963; Jablonski 1985). 

A contraction of habitable area will cause extinction to some extent 

but probably not to the degree that is generally supposed. Data from 

modern molluscan faunas of the Hawaiian Islands and the Panamic-Pacific 

Province suggested that the species-area affect is too weak on the sea 

floor to have resulted in anything more than a slight increase in the 

background extinction rate, as very small areas of shallow sea floor 
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currently support enormous faunas (Stanley 1984). A similar study of 

modern faunas led to the conclusion that the Late Permian extinction is 

much too large to be accounted for by simple area effects due to the 

contraction of shelf seas (Jablonski 1985). A survey of oceanic island 

faunas world-wide revealed that of 267 families considered suitable for 

analysis, only 13% would suffer extinction if the continental shelf biota 

were completely eliminated, the remaining 87% persisting around oceanic 

islands. The modern faunas indicate that most shallow-water families are 

spread over many habitat patches and possess large populations that are 

maintained over many localities, well distributed both longitudinally and 

latitudinally (Jablonski 1985). This suggests that there is no linear 

relationship between species diversity and habitable area, and the 

majority of shallow-marine families would be resistant to even prolonged 

regressions. 

2.3.2 Fluctuations in ocean salinity 

A hypothesis of reduced ocean salinity as the cause of the 

end-Permian marine extinctions (Beurlen 1956) was based on the observation 

that largely stenohaline groups, such as the bryozoans, ostracodes and 

corals, were severely reduced at the end of the Permian, but those which 

were least affected were groups such as gastropods and freshwater fishes, 

which, in Recent faunas, contain many brackish water representatives. He 

postulated that salinity was progressively reduced during the second half 

of the Permian, reaching critically low values at the P-Tr boundary, 

before persisting into the Early Triassic. As noted above, Early Triassic 

marine faunas are sparse with cosmopolitan distribution, and many groups 

that were both diverse and abundant before and after that time are absent. 

Beurlen suggested that this reduced marine fauna was derived from 

brackish-water lagoonal and estuarine faunas of the Permian which could 

exist in an ocean of then greatly reduced salinity. Stenohaline species 

were envisaged as having suffered extinction, except for those existing in 
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a few places where normal salinities were maintained. A return to normal 

salinities world-wide in later Triassic times allowed these few 

stenohaline forms to repopulate the seas and, as a result, crop up once 

more in the fossil record after their temporary absence . 

It is possible to picture small regions of normal salinity surrounded 

by brackish environments, but to suggest that these enclaves between the 

brackish world-ocean reservoir and the hypersaline areas undergoing 

intensive evaporation could support a sufficiently great diversity of 

marine life to account for the survivors which supposedly radiated in the 

Middle Triassic seems somewhat optimistic (Boucot and Gray 1978). A number 

of Fermo-Triassic epicontinental sea habitats were extreme environments 

such as those of high salinity, but they supported relatively few taxa 

(Jablonski 1985). 

If, for whatever reasons, these areas of normal salinity could have 

supported a sufficiently diverse fauna, what mechanism could have removed 

such an enormous quantity of salts from the worlds oceans? Salinity is not 

easily changed dramatically on a world-wide scale (Stanley 1984) and the 

only likely model proposed to date is Fischer's (1963) brine-reflux 

hypothesis in which large-scale evaporite sedimentation was accompanied by 

the formation of large quantities of dense brine which became stored on 

the deep-sea floor. Circulating waters were thus reduced in salinity, 

possibly to a value of 30 parts per thousand. The geological consequences 

of such a process would be the deposition of enormous volumes of 

evaporites including anhydrite, gypsum, and halite. Beurlen (1956) 

estimated the quantity of existing Permian evaporites at 5 x 10 14 tonnes, 

a figure which he doubled to take into account salts lost to subsequent 

erosion. The resulting figure of 10 15 tonnes represents approximately 15% 

of the minimum salt loss required for the hypothesis to work. Fischer 

(1963), who criticised Beurlen's theory, used estimates and assumptions to 

produce a figure of 200,000 km 3
, less than 10% of the quantity of salts 

required. It appeared, therefore, that the Permian evaporite deposits, 
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even when taking erosion into account, were wholly inadequate to have 

lowered oceanic salinities by the required amount. 

Over a decade later, new data revealed that Permian halite deposits 

were of a much greater volume than previously suspected and amounted to at 

least 10% of the volume of salt presently in solution in the oceans 

(Stevens 1977). This is well over one-half of the volume that would result 

in brackish conditions if removed from modern oceans. There may be 

considerably more Permian halite than has yet been discovered or dated as 

Permian, and, taking into account the amounts of halite lost to erosion, 

Stevens (1977) considered it probable that sufficient salt was removed 

from the Permian oceans to produce brackish conditions. 

Evaporation of sea water and the subsequent deposition of salts in 

evaporite basins produced dense brines which sank to the deep-sea floor, 

leaving circulating oceanic waters depleted of salts . Consideration of 

ostracode faunas shows that 75% of known Permian forms became extinct in 

the Late Permian extinction and the survivors can be divided into two 

groups, those whose recent representatives live in freshwater and marginal 

environments, and those whose marine distribution is either very broad or 

typical of the deep-sea (Benson 1984). Constituent genera of the deep-sea 

group such as Cytherella and Paracypris are found in today's oceans at 

depths exceeding 2,000m, and Benson considered it unlikely that this fauna 

could have survived had a salt brine existed at the time. 

The idea of extinction resulting from an increase in salinity was put 

forward by Bowen (1968) . Based on an assumption that the Louann salt mass 

extends below the Gulf of Mexico, Bowen calculated its volume to be 

approximately 4 x 10 6 km 3
• If this amount of salt was added to the present 

ocean water along with other post-Palaeozoic salts of Africa and the 

Middle East, the ocean would be roughly 20% saltier than at present. 

Extrapolating back, Bowen envisaged that the end-Permian oceans were just 

as salty, and the extinction of many forms of marine life was a reflection 

of their inability to survive in such salty waters . The proposed increase 
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in concentration of salts in the oceans would not be considered typical of 

Palaeozoic oceans, but rather a consequence of Permian climatic and 

weathering conditions. A return to normal salinity throughout the course 

of the Triassic resulted from the deposition of the Louann salt mass, 

caused by a prolonged period of highly evaporative conditions. 

2 . 3 . 3 Global cooling 

There is a rough correlation between climatic changes and most, but 

not all, extinction events. Attempts are usually made to tie in periods of 

postulated global cooling with large-scale glaciations but the 

relationship is not so simple. If it were, we could immediately reject a 

global refrigeration scenario for the Late Permian, as most of this 

protracted extinction event corresponds to de-glaciation and approximately 

5-8 m.y. of unglaciated time before the end of the Palaeozoic (Jablonski 

1986). In contrast to this widely held view of a direct link between 

cooling and glaciation, it is probable that cooling can cause mass 

extinctions at low latitudes without also causing glaciation (Stanley 

1984) and, to reverse the implication, polar glaciation does not 

necessarily result in refrigeration and mass extinction of tropical taxa. 

rt appears, however, that global cooling, linked to bipolar glaciation, is 

a valid extinction mechanism that can be utilised to explain the pattern 

of the Late Permian extinction. 

The extensive Fermo-Carboniferous glaciation came to an end in the 

Sakmarian (Veevers and Powell, 1987). Permian climates became 

progressively warmer and drier, resulting in the formation of massive 

evaporites in low latitudes during the Ufimian and Kazanian (Zharkov 

1981). Although Pangaea was moving off the South Pole in Late Permian time 

and glaciation was waning, huge marine dropstones in eastern Australia 

indicate that southernmost Pangaea was still frigid and the Ross Sea area 

c 
of Antartica was glaciated, probably providing the source for sea ice that 

t 

reached regions off the Australian coast (Crowell and Frakes 1971) (Fig. 
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2.2) . Crowley et al. (1989) deduced from simulations of seasonal cycles of 

temperatures on Pangaea (early Late Permian configuration) that low summer 

temperatures in Siberia and eastern Australia would result in conditions 

favourable to glaciation. Further evidence for a continued glacial 

influence on world climate, albeit a weak one, may be suggested by the 

pattern of continued sea-level fluctuations throughout the Permian, with 

an approximately 2 . 5 m.y. cycle. There are a number of mechanisms that 

could have produced the eustatic sea-level changes. One such mechanism is 

continued glacial pulses after the end of the Permo-Carboniferous 

glaciation (Ross and Ross 1985; Sloan 1985) . 

As Pangaea moved off the South Pole and northward it encroached on 

the North Pole . Glacial and glacial-marine deposits are abundant in 

Australia in the south, and Siberia and the Kolyma block in the north. 

Sediments of the Kolyma block, a terrain which was separated from Siberia 

in the Permian, but became sutured to it in the Mesozoic, contain marine 

fossils that indicate a Kazanian age for the glacial interval. The bipolar 

glaciation resulted in a steepening of the latitudinal temperature 

gradient and cool temperatures spread equatorward, inducing extinction 

(Stanley 1988). This bipolar glaciation would have steepened the 

latitudinal temperature gradient and had a much greater effect on global 

climate than the unipolar Permo-Carboniferous glaciation. The period of 

cooling co-incides with the peak of marine invertebrate extinction in the 

upper Guadalupian (late Kazanian) (Fig. 2.1) . 

The Late Permian extinction was a protracted event during which there 

were major declines in tropical marine biotas, and other 

temperature-sensitive groups, including stenothermal calcareous algae. The 

reef community suffered substantial extinction and warm-adapted taxa were 

displaced towards the equator (Stanley 1988). Global cooling, resulting 

from the spread of cool temperatures from high latitudes towards the 

equator, had its greatest impact in the tropics. Severe cooling, which 

eliminated the tropical zone, led to major extinctions of tropical taxa, 
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however, climatic zones in higher latitudes migrated equatorward with 

their constituent nontropical taxa, thus allowing them to survive . There 

appeared to be a progressive contraction of the tropical zone of major 

taxa such as the bryozoans (Ross and Ross 1982), fusulinacean 

foraminiferans (Dagis and Ustritsky 1973), and rugose corals (Gobbett 

1973), with all groups restricted to the Tethyan by the latest Tatarian 

(Stanley 1988). 

A severe global refrigeration would be expected to leave its mark in 

the rock record as a depletion of limestones (a rock of predominantly 

tropical origin), greatly reduced reef growth, and reduced provinciality 

of faunas. Limestones are notably uncommon in the Early Triassic rock 

record (Kummel 1973) and their absence from the tropics reflects global 

cooling (Stanley 1988). The presence of limestones in the P-Tr boundary 

sections of southern China, however, perhaps suggests that the dearth of 

Early Triassic limestones is an effect of the extinction, in that there 

were no organisms to secrete carbonate, rather than a reflection of the 

cause (Erwin 1989). 

Reefs are unknown for the Early Triassic, yet important reef builders 

of the Late Permian, such as sponges and calcareous algae, reappeared and 

expanded to build reefs in the Middle Triassic (Flugel and Stanley 1984). 

The reappearance of these taxa may indicate that reef growth in the Late 

Permian was not halted by extinction alone, but the onset of ecological 

conditions that suppressed reef taxa, and these conditions persisted for 

several million years . There are not many factors other than temperature 

that could limit and suppress organisms as simple as calcareous algae for 

so long, but cool conditions at low latitudes could easily account for the 

pattern (Stanley 1988) . Flugel and Reinhardt (1989) carefully examined 

latest Permian reefs in Skyros, Greece, and Sichuan, southern China, 

concluding that lateral interfingering of reef carbonates with 

dasycladacean algae-bearing shelf limestones contradicts the proposal that 

cooling was the primary cause of extinction of organic communities at the 
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end of the Permian. The location of the Skyros reef, in the Tethyan 

embayment, ensured that it was sheltered from the reduction in 

temperatures, as detailed above, and it is hardly surprising that it was 

unaffected by the global cooling. The Sichuan reef was also buffered from 

the effects of cooling. South China was an isolated tectonic block at low 

latitudes in the latest Permian, and the effects of cooling would have 

been ameliorated here. Both reefs are described by Flugel and Reinhardt 

(1989) as "transgressive reefs" i.e. reef development was controlled by 

sea-level fluctuations. The sea-level fluctuations of the Late Permian may 

have been linked to glacial pulses (see above). 

Early Triassic faunas are markedly cosmopolitan and exhibit unusually 

low taxonomic diversity, but high abundance (Harland et al. 1967; Logan 

and Hills 1973). The greatly reduced diversity was reflected in the low 

Early Triassic provinciality when only 3-6 provinces existed compared with 

12-14 in the Late Permian (Yancey 1979). Reduced provinciality would be 

expected, because taxa surviving a global cooling episode would be adapted 

to a broad thermal tolerance and seasonally cool temperatures should 

extend to low latitudes (Stanley 1988). Deprovincialization could induce 

an extinction (Valentine and Moores 1973), but the number of provinces 

remained high after the formation of Pangaea, suggesting that low Early 

Triassic provinciality was an effect rather than a cause of the extinction 

(Erwin 1990). 

The observed pattern of extinction in terms of the taxa it affected, 

its protracted nature, and its geographical extent, "makes the most 

parsimonious explanation for the mass extinction a simple extrapolation of 

the cooling trend to low latitudes" (Stanley 1988, p. 346). 

There is abundant evidence for continental warming in the Late 

Permian. After its formation, Pangaea moved slowly northward during the 

Late Permian increasing the latitudinal temperature gradient, seasonality 

and climatic instability. A more continental climate resulted (Parrish et 

al. 1986) and global warming in low latitudes is thought to be reflected 
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by the presence of extensive Late Permian evaporites, continental red beds 

(Dickins 1984), and the pattern of floral change (Traverse 1988). 

Evaporites may indicate aridity, rather than warmth, however, and aridity 

may have resulted from the great size of Pangaea and the depression of sea 

level (Stanley 1988), but simulations have estimated maximum mean summer 

temperatures of 38°C and possible daytime highs of 45°C (Crowley et al. 

1989). Despite this, the suggestion that an increase in temperature may 

have caused the extinction (Waterhouse 1973) has received little support. 

With the onset of cooling, it was impossible for tropical taxa to move to 

a warmer environment, but there seems little reason why these taxa could 

not have migrated toward cooler polar regions if temperature increased. 

One possible explanation, which utilises both warming and cooling, is that 

in Late Permian times latitudinal temperature gradients became more gentle 

without net global cooling, and tropical regions may have briefly suffered 

cooling while there was a warming at high latitudes (Stanley 1984). 

2.3.4 Increased cosmic radiation 

There is a crude correlation between the galactic position of the 

solar system and the major faunal extinctions (Hatfield and Camp 1970). 

Our galaxy undergoes one revolution in the vicinity of the Sun around the 

galactic centre once every 200 m.y. and, while this occurs, the Sun 

completes between two and three vibrations perpendicular to the galactic 

plane, that is, once every 80-90 m.y. The most intense lines of force in 

the magnetic field are probably orientated in the galactic plane and this 

maximum magnetic energy density may be coincident with the most intense 

concentration of cosmic radiation within the galaxy. Major magnetic events 

for the earth might be expected as a result of its movement perpendicular 

to the galactic plane, and these events could have produced faunal 

reductions through radiation-induced mutations (Hatfield and Camp 1970). 

The probability of such mutations increases with increased radiation 

dosage and increased time over which a given dose is applied, prompting 
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Hatfield and Camp (1970) to propose that there was an "immensity of time" 

available for the accumulation of lethal genetic changes during the Late 

Permian. 

Newell (1963) effectively dismissed the radiation theory, stating 

that the Late Permian floras were largely unaffected, but Hatfield and 

Camp (1970) cited the experimental work of Platt (1963) which revealed 

that the degree of resistance to radiation damage varies as much as 

100,000-fold from taxon to taxon, although they added that plants are 

generally more susceptible to radiation damage than animals. 

The classic arguement against any theory invoking the effects of 

radiation, from whatever source, upon the Earth's surface, is the 

occurrence of widespread marine extinctions despite the shielding effect 

of the oceans. If the end-Permian marine benthos was protected by the 

water in which it lived, why was it devastated? Hatfield and Camp (1970) 

argued for the elimination of marine plankton, which were not so well 

protected. Their removal from the food chain would result in extinctions 

in the marine benthos. Observed extinction patterns show that the 

foraminiferids were severely, but preferentially, reduced (Brasier 1988), 

but claims that waves of Late Permian extinction were related to the 

extinction of phytoplankton (Tappan 1968) were disputed by Pitrat (1970). 

The radiation theory, as its proposers admit, is based largely on scant 

data and has received little support in recent times. 

2.3.5 Trace element poisoning 

The undeniably high level of marine extinctions and the apparently 

low level of terrestrial extinctions suggested the possibility of a 

chemical causal mechanism in large or interconnected water systems (Cloud 

1959). The introduction of poisonous elements into the world's seas may 

cause extinctions as a result of direct assimilation of the elements in 

lethal quantities, death of essential dietary components, or the intake of 

overdoses via a concentrator dietary component. Permian terrestrial floras 
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and faunas were not significantly affected because there was a slow 

diffusion of lethal substances in the nonmarine environment, especially 

under Late Permian desert conditions (Cloud 1959). 

Poisoning in ancient environments is not unknown, for example, the 

fossil fish of the Kupferschiefer are thought to have been poisoned by an 

influx of copper and silver (Moret 1948). However, the notion that such a 

poisoning could occur on a world-wide scale and be selective in the taxa 

it affected (Cloud 1959) is one that few people could give serious 

consideration . It seems inconceivable that the quantities of metallic 

trace elements, such as copper and vanadium, required to effect a 

world-wide extinction could be circulated throughout the world's oceans 

after initial introduction, before being removed as a result of 

accumulation by organisms, chemical reactions, or depositional processes . 

2.3.6 Decline in origination rates 

A decline in the origination rate for any given period of time will 

result in a greater decline in diversity so long as the background 

extinction rate remains close to its previous level for the duration of 

that period. Hussner (1983) advanced evidence for dominant low origination 

rates in the end-Permian marine environment and concluded that the low 

diversity at the P-Tr boundary did not result from a catastrophic event , 

but from reduced speciation. The formation of Pangaea in Upper Palaeozoic 

times is envisaged as the cause with continental convergence resulting in 

less differentiated environments and a reduction in the possibility of 

allopatric speciation. Lowering of species origination rates is therefore 

seen as the cause of the enormous reduction in marine invertebrate family 

numbers . 

A decrease in the number of environments and habitats, and an 

increased equability of climate, as proposed by Hussner (1983) will cause 

a decrease in speciation, and, hence, a reduction in family numbers if 

extinction rates remain at background levels . However, extinction rates, 
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far from remaining steady in the end-Permian, soared, as shown by numerous 

analyses over the past few decades . The elimination of such a great number 

of families in such a relatively short period of time cannot be attributed 

to very low origination and background extinction, but more likely 

resulted from the pressures exerted by one or more external physical 

factors. 

2 . 4 DISCUSSION 

The enormous reduction in the Palaeozoic biota during the Late 

Permian invites speculation of a catastrophic event, but the geochemical 

and faunal evidence points to a gradual extinction over a considerable 

period of time . There are still some doubts, largely because of the 

incompleteness of the rock record and subsequent difficulties in 

correlating between boundary sections. Sepkoski (1986) proposed that the 

breadth of the Late Permian extinction peak (Fig. 2.1) results from 

inadequate sampling because of the scarcity and incompleteness of P-Tr 

boundary sections. This is, perhaps, an attempt to maintain faith in a 

catastrophic extraterrestrial cause for the end-Permian extinction, as it 

is the first event recognised by Raup and Sepkoski (1984) in their series 

of postulated periodic extinctions, but the proposal is probably valid to 

some extent. Further detailed biostratigraphic studies are necessary to 

resolve some of the doubts. 

Formulating a cause or causes for the end-Permian extinction is 

fraught with difficulty because of the incompleteness of the rock and 

fossil record. Of the various proposed causal mechanisms, global cooling, 

regression, and salinity decrease account for much of the research time 

spent in the pursuit of a satisfactory model for the end-Permian marine 

extinction. The notion of regressions causing a reduction in the area of 

shallow epicontinental seas has attracted most attention (Newell 1963; 

Valentine 1973; Schopf 1974; Simberloff 1974; Boucot and Gray 1978; 
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Jablonski 1985, 1986), while there appears to be compelling evidence for a 

period of bipolar glaciation and global cooling (Stanley 1984, 1988). 

There is no doubt that regressions of the sea, increases in salinity, 

and periods of global refrigeration cause extinctions . The problem with 

applying these processes, as causal mechanisms, to the end-Permian 

extinction is their inability, when considered separately, to explain the 

scale and selectivity of the extinction . The reduced salinity hypothesis 

certainly fits the fauna! data and there appears to be support in the rock 

record with the existence of enormous quantities of Permian halite 

(Stevens 1977), but it seems unlikely that stenohaline forms could have 

survived in considerable but undetected numbers in local pockets of normal 

salinity . It is also significant that the greatest deposition of 

evaporites occurred in the Kungurian, with no apparent mass extinction at 

that time (Zharkov 1981). 

Regression and, hence, reduction of species-habitable area, and 

temperature reduction appear the most valid causal mechanisms. However, 

recent data suggest that the species-area effect would be of relatively 

minor significance because of survival on oceanic islands (Jablonski 1985) 

and it seems unlikely that regression alone could lead to mass extinction 

at the family level (Jablonski and Flessa 1986). The proposal that 

sea-floor spreading caused the end-Permian regression (Schopf 1974; 

Bambach et al. 1980) allows the postulate that a reduction in sea-floor 

spreading rate could, via failure of heat flow and contraction of the 

lithosphere, cause destruction of the photic zone of oceanic islands and 

thus heighten the species-area effect. This concept may be rejected after 

consideration of Late Permian subduction rates and the possibility that 

the regression may have resulted, not from sea-floor spreading, but from 

increased depth and enlarged capacity of the world ocean basin (Jablonski 

1985). 

Regression may have been responsible for the gradual change in 

carbon-isotope ratios in the Late Permian and across the P-Tr boundary as 
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a large drop in sea level would expose large areas of the continental 

shelf, exposing its accumulated organic carbon to erosion and oxidation . A 

subsequent decline in nutrient supply would have restricted marine primary 

production and caused the drop in biomass (Holser et al. 1989 ; Oberhansli 

et al . 1989). Alternatively, isotope studies of a brachiopod fauna in West 

Spitsbergen led Gruszczynski et al . (1989) to suggest that increased 

oxidation of carbon resulted in a decline in atmospheric oxygen and 

oceanic nutrients, with subsequent extinction. The causes and results of 

global carbon cycling are not certain and further work is required. 

Regression alone could not account for the scale of the marine 

extinctions, although elimination of shallow seas may have heightened the 

effects of cooling in the marine realm. A scenario which may satisfy most 

of the data, be it faunal, lithological, or palaeogeographical is one in 

which a period of global refrigeration accompanied by a major regression 

results in the observed marine extinctions, mainly through temperature 

reduction, but also through exposure of continental margins with reduction 

in species-habitable area . The position of Pangaea in the Late Permian 

(Figure 2 . 3) lends itself to the suggestion that the seas of its western 

margin were refrigerated by bipolar cooling, while the Late Permian 

regressions not only accentuated the situation by eliminating warm shallow 

seas in this area, but also reduced the area of warm seas in the Tethyan 

embayment on the eastern margin (Stanley 1988). 

Global cooling, a complex phenomenon which does not affect all 

regions or all marine taxa simultaneously, explains the selective 

extinction of tropical warm-adapted taxa on Pangaea, throughout a 

protracted event. A problem exists with the interpretation of the 

relatively sudden extinctions on South China, an isolated tectonic block, 

situated at fairly low latitudes. The effects of cooling were reduced on 

South China and normal marine faunas were maintained after the extinction 

had begun on Pangaea (Erwin 1990). Subsequent extinctions during the 

latest Permian were attributed to massive silicic vulcanism near South 
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Fig. 2.3. Palaeocontinental reconstruction for the Late Permian. After 

Erwin ( 1990) . 
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China (Erwin 1990), but it now seems more likely that the magnitude of the 

end-Permian eruptions, and their nature, was insufficient to cause the 

extinction (Erwin, pers. comm. 1990). Therefore, it is, as yet, unclear 

what caused the extinctions in South China, preventing the organisms from 

replenishing Pangaea. 

2.5. CONCLUSIONS 

1. Palaeozoic invertebrate faunas were severely reduced during the 

end-Permian mass extinction, allowing highly mobile invertebrates such as 

gastropods and bivalves to radiate and dominate the Mesozoic marine 

communities. 

2. Geochemical and faunal evidence suggests that the end-Permian 

extinction was a prolonged event. 

3. Global climate warmed from the Artinskian onwards, but a brief, 

severe cooling interval occurred when Pangaea encroached on the North 

Pole, resulting in bipolar glaciation. 

4. Global cooling and accompanying regressions appear to provide the 

most parsimonious explanation of the pattern and timing of the mass 

extinction. 

5. Various other causal mechanisms, such as salinity variation, 

increased cosmic radiation and declines in origination rates are either 

unworkable or too specific to explain the observed pattern of extinction. 
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CHAPTER 3 

PERMIAN AND EARLY TRIASSIC EXTINCTION OF NON-MARINE TETRAPODS 

3.1 INTRODUCTION 

The end-Permian extinction is recognised as the most comprehensive 

elimination of species in history because of the effect it had upon the 

invertebrate faunas of that time. All too often the corresponding, but not 

necessarily correlated, elimination of non-marine tetrapods is ignored or 

simply denied. For example, Carroll (1987, p. 589) notes the extinction of 

more than 50% of invertebrate families at the end of the Permian, but 

states "there was not a correspondingly large extinction of either 

terrestrial or aquatic vertebrates". Reasons for this view may include an 

insufficiency of Late Permian sections, difficulties with the correlation 

of continental deposits, a taxonomic inflation of Late Permian groups, and 

the fact that much less work has been done on the analysis of vertebrate 

extinctions because there are fewer vertebrate, than invertebrate 

palaeontologists. 

The Late Permian sequence of marine sediments is incomplete, 

punctuated by regressions of Late Permian seas, but the terrestrial rock 

record is even more incomplete. There are no complete terrestrial sections 

spanning the P-Tr boundary, with the possible exception of Rio Grande du 

Sol, Brazil (Barberena et al. 1985), as, indeed, there are no complete 

marine sections, with the possible exception of some seemingly conformable 

sequences in South China (Section 2.1). The most complete terrestrial 

sequences are found in the Karoo Basin of South Africa (Kitching 1977) and 

Sinkiang Province, China (Cheng 1980). The absence of other continuous 

sections causes problems with the collection and correlation of data, and 

the interpretation of the extinction of non-marine forms, especially 
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during the Tatarian (latest Permian), but there is no justification for 

ignoring the available data . 

The taxonomy of Late Permian groups has been thoroughly revised in 

recent years with the removal of invalid families and synonymous genera . 

There is, however, a need for continual revision and, accordingly, the 

main concern with the type of analysis attempted below is the validity of 

the taxonomic and stratigraphic data. All the conclusions presented here 

regarding the timing of origination and extinction, and the diversity of 

families, are derived from a study of one data base for non-marine 

tetrapods (Benton 1987a) . Benton's data base has been thoroughly examined 

in terms of the taxonomic validity of families and their stratigraphical 

range (Chapter 4). Comparison with several other compilations revealed 

that it is the most accurate and, therefore, most suitable for use here. 

Minor alterations made to the database, subsequent to publication (Benton 

pers. comm. 1990), have been incorporated . 

Analyses of Fermo-Triassic vertebrate extinctions invariably conclude 

that there were four major episodes of non-marine tetrapod extinction, one 

each at the end of the Early Permian (Artinskian), Late Permian 

(Tatarian), Early Triassic (Scythian) and Late Triassic (Carnian)(see, for 

example, Olson 1982; Benton 1989a) . The Late Triassic event has been split 

into two separate events, Carnian and Rhaetian, (Benton 1986; Olsen and 

Sues 1986), but those events are not considered here . A third Permian 

event which occurred during the Ufimian (earliest Late Permian) was of the 

same magnitude as the Artinskian event and of greater magnitude than the 

Scythian event. The character of the Ufimian extinction is considered 

here, together with the Artinskian, Tatarian and Scythian extinctions, and 

possible causal mechanisms for each are considered. 

3.2 PATTERN OF EXTINCTION AND TAXA AFFECTED 

The pattern of the extinction of non-marine tetrapods throughout the 
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Permian and Early Triassic is detailed below. Each specific event is 

considered in terms of the level and rate of extinction, origination, and 

overall diversity. The temporal range of eliminated families is also 

considered. All range data were derived from Benton (1987a) with some 

modifications and the "consensus" timescale used was that of Palmer 

(1983). 

3.2.1 Determining family ranges 

The temporal range of each amphibian and reptile family that existed 

before the Anisian (Middle Triassic) was calculated as follows. For those 

families whose stratigraphic range does not exceed a single stratigraphic 

stage, the range in time is taken as half the length of that stage. For 

example, the Silphestidae are recorded as being confined to the Tatarian. 

Palmer (1983) shows the Tatarian to be of 8 m.y. duration, so the range of 

the Silphestidae is taken as 4 m.y. For those families whose range extends 

beyond a single stratigraphic stage the range in time is taken as the 

interval between the mid-points of the first and last stages. For example, 

the range of the Ophiacodontidae is given as Moscovian (Late 

Carboniferous) to Artinskian (Early Permian). Palmer (1983) shows the 

Moscovian as extending from 307 Ma to 296 Ma, with a mid-point of 301 .5 

Ma, and the Artinskian extending from 268 Ma to 263 Ma, with a mid-point 

of 265.5 Ma. The time interval between the two mid-points, 301 .5 Ma and 

265.5 Ma, is 36 m.y. and this is taken as the range of the 

Ophiacodontidae. 

3.2.2 Major events 

Examination of the level of extinction and extinction rates of 

amphibian and reptile families throughout the Late Permian and Early 

Triassic reveals four major extinction events at stage level. These are 

detailed below in chronological order. 
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Artinskian. The Artinskian extinction event eliminated seven of 15 

amphibian families (46.6%) and seven of ten reptile families (70%) (Fig. 

3.1) resulting in a 56% extinction overall. One amphibian family 

origination and one reptile family origination during the Artinskian 

resulted in an overall decline in diversity of 12 families (48%), the 

greatest decline during any stage of the Permian or Triassic (Fig. 3.2). 

The seven amphibian families eliminated ranged from Serpukhovian 

(Early Carboniferous) to Artinskian (326.5 Ma to 265.5 Ma), spanned, on 

average, 5.7 stages and had a mean duration of 37.1 m.y. One family, the 

Ostodolepidae, was confined to the Artinskian. Three of the families are 

"labyrinthodonts" and the remaining four are "lepospondyls". The seven 

reptile families eliminated ranged from Moscovian to Artinskian (301 .5 Ma 

to 265.5 Ma), spanned, on average, 4.7 stages and had an average duration 

of 27.5 m.y. Two of the seven families are "anapsids", one is diapsid, and 

the remaining four synapsids. All are insectivores or carnivores. 

Ufimian. The Ufimian extinction event eliminated six of 11 amphibian 

families (54.5%) and seven of 12 reptile families (58.3%) (Fig. 3.1) 

resulting in a 56.5% extinction overall. Five amphibian family 

originations and eight reptile family originations during the same time 

resulted in no overall increase or decrease in diversity (Fig. 3.2). 

The six amphibian families eliminated ranged from Kasimovian (Late 

Carboniferous) to Ufimian (293.5 Ma to 257.2 Ma), spanned, on average, 4.8 

stages and had an average duration of 23.8 m.y. One family, the 

Intasuchidae, was confined to the Ufimian. Four of these families are 

temnospondyls and two are batrachosaurs. The seven reptile families 

eliminated ranged from Kungurian (Early Permian) to Ufimian (260.5 Ma to 

257.2 Ma), spanned, on average, 1 .4 stages and had an average duration of 

2.3 m.y. Four of the seven families were confined to the Ufimian. One 

family is "anapsid", the remaining six synapsids, three of which are 

anomodonts. Of the seven families eliminated five are herbivores and two 
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are carnivores. 

Tatarian. The Tatarian event was the most extensive of the four 

events considered here. Six of nine amphibian families (66.6%) and 21 of 

27 reptile families were eliminated (77.7%) (Fig. 3.1) resulting in a 75% 

extinction overall. Four amphibian family originations and 18 reptile 

family originations during the Tatarian resulted in an overall decline in 

diversity of only five families (13.8%), despite the high level of 

extinction (Fig. 3.2). 

The six amphibian families eliminated ranged from Uf imian to Tatarian 

(257.2 Ma to 249 Ma), spanned, on average, 2.5 stages and had an average 

duration of 7.4 m.y. One family, the Chroniosuchidae, was confined to the 

Tatarian. Three of the families are temnospondyls, and three are 

batrachosaurs or seymouriamorphs. The 21 reptile families eliminated 

ranged from Sakmarian (Early Permian) to Tatarian (273.5 Ma to 249 Ma), 

spanned, on average, 1 .6 stages and had an average duration of 5.5 m.y. 

Fourteen families were confined to the Tatarian. Three of the 21 families 

are "anapsids", three are diapsids, and 15 are synapsids, eight of which 

are anomodonts. Twelve families are herbivores and nine are carnivores. 

Scythian. The Scythian extinction event eliminated four of nine 

amphibian families (44.4%) and seven of 17 reptile families (41 .2%) (Fig. 

3.1) resulting in a 42.3% extinction overall. Six amphibian family 

originations and 11 reptile family originations during the Scythian 

resulted in an overall increase in diversity of six families (Fig. 3.2). 

The four amphibian families eliminated ranged from Tatarian to 

Scythian (249 Ma to 242.5 Ma), spanned, on average, 1 .5 stages and had an 

average duration of 4.5 m.y. Two of the families were confined to the 

Scythian. All four are temnospondyls. The seven reptile families 

eliminated ranged from Kazanian (Late Permian) to Scythian (254.7 Ma to 

242.5 Ma), spanned, on average, two stages and had an average duration of 
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6.7 m. y. One family, the Euparkeriidae, was confined to the Scythian . Two 

of the families are carnivorous diapsids, the remaining five, synapsids, 

three of which are carnivores. 

The four stages outlined above and two others, the Kungurian and the 

Kazanian, comprise the last five stages of the Permian and the first stage 

of the Triassic (Fig. 1 .3). The Kungurian and Kazanian were relatively 

stable times for the tetrapods, revealed by relatively low levels of 

extinction and little turnover of families (Figs. 3.1, 3.2), but overall, 

the Late Permian amphibians and reptiles were apparently subjected to a 

period of stressful environmental conditions resulting in considerable 

evolutionary change. 

3.2.3 Taxa affected 

The preceding, brief outline of each event reveals that the majority 

of reptile families eliminated throughout the Permian were therapsids, the 

mammal-like reptiles, which underwent a spectacular radiation throughout 

the latter half of the period. The highly successful Early Permian 

pelycosaurs soon gave way to therapsids in the form of the Late Permian 

dinocephalians, theriodonts, and the extremely abundant and widespread 

dicynodonts (King 1990). The relatively high levels of total and per-taxon 

origination and extinction during most of the Late Permian (Fig. 3.3) can 

be taken, in part, as a reflection of the adaptive radiation of the 

therapsids during this time. 

Padian and Clemens (1985) raised the possibility that changes in 

therapsid diversity throughout the late Early Permian and Late Permian 

could be related to ecological, rather than evolutionary, trends, as a 

differential preservation and sampling of environments may give a 

misleading picture of faunal variation through time. The similarity in 

patterns of faunal replacement in the Permian beds of the USSR and the 

United States may represent evidence of a genuine evolutionary trend, but 
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there is no certainty that this is the case, as worldwide ecological 

trends are possible (Padian and Clemens 1985). The complexities of 

ecological and fauna! change during the Permian cannot be resolved easily 

at present and the difficulties of correlating the deposits and faunas of 

the USSR, the United States and South Africa will hinder further work on 

the subject. 

The therapsid predecessors, the pelycosaurs, were completely dominant 

in the Early Permian. Their success may be related to the development of 

the adductor jaw musculature in the carnivorous forms, enabling them to 

become the first truly carnivorous as opposed to insectivorous reptiles 

(Barghusen 1973; Carroll 1986), and the adaptation of edaphosaurids and 

caseids to a herbivorous mode of life, becoming the first tetrapods to 

invade this particular adaptive zone in any abundance (Kemp 1982, p. 37). 

The pelycosaurs suffered a heavy loss (four of six families) in the 

Artinskian. The remaining two families were eliminated in the Kungurian. 

The first three therapsid families, the Brithopodidae 

(dinocephalians), Phthinosuchidae (eotheriodonts), and the Venjukoviidae 

(anomodonts) originated during the Kungurian. The therapsids radiated to 

dominate the Late Permian, co-existing with a variety of captorhinomorphs, 

procolophonids and early diapsids. 

The pattern of therapsid extinction and radiation has been studied in 

detail, revealing no less than ten separate extinction events, each of 

which removed the largest animals of the time and those with the fewest 

mammalian characters (Sloan 1985). Turnover in the Tatarian was 

particularly high. Sloan records six extinctions and estimates that more 

than 50% of the morphological change from the earliest reptiles to the 

earliest mammals took place during this time. This sequential radiation 

and rapid turnover of groups accounts for much of the family origination 

and extinction data recorded for the Permian, but this alone cannot 

explain the high level of extinction observed among amphibians and 

reptiles throughout the late Early Permian and Late Permian. 
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The first stage of the Early Triassic, the Scythian, is characterised 

by high total and per-taxon origination rates (Fig . 3.3) and faunas of low 

diversity . The low diversity of the faunas is best illustrated by the 

dominance of one dicynodont genus, Lystrosaurus, which comprises 

approximately 90% of all the individual tetrapod specimens collected in 

c 
Antartica and South Africa (Benton 1983). The low diversity is a 

t 
consequence of the preceding Tatarian extinction which, through a 

comprehensive elimination of tetrapod families, produced a vast amount of 

vacant ecospace (Benton 1988). 

3.3 CONSIDERATIONS OF THE DATA AND ITS VALIDITY 

The largest single stage extinction of amphibians and reptiles is 

recorded for the Tatarian, regardless of whether the classes are 

considered separately or together. In such a case the validity of the data 

must be examined to determine whether the perceived increased level of 

extinction is a result of increased total or per-taxon extinction rates 

coupled with reduced origination rates, bias in either the fossil or rock 

record, or a combination of the two. As noted in Section 3.1, the 

completeness of the Tatarian marine sedimentary sequence is compromised by 

gaps that resulted from regression. Restriction or withdrawal of the 

normal depositional environment resulted in a hiatus. Subsequent areal 

erosion removed sediment that had been deposited immediately prior to 

regression, effectively increasing the perceived duration of the gap. Even 

the most conformable P-Tr marine sequences show evidence of emergence and 

erosion (Teichert 1990). The terrestrial sedimentary sequence is usually 

much worse than the corresponding marine sequence for any given time, such 

is the unlikelihood of conformable terrestrial deposition, so a certain 

amount of speculation will always be involved when considering terrestrial 

extinctions . 

The extinction data appear more convincing for the Tatarian, compared 
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with the other three stages considered in detail here, simply by weight of 

numbers . A 50% extinction stands up to scrutiny much better if it 

represents, for example, an elimination of 30 families from a sample of 60 

compared with an elimination of two families from a total sample of four. 

The figure of 27 families eliminated from a total of 36 during the 

Tatarian is more credible, from a simple statistical point of view, 

because of the larger total sample (a total diversity of 36 families for 

the Tatarian compared with 25 for the Artinskian, 23 for the Ufimian, and 

26 for the Scythian). A plot of the numbers of amphibian and reptile 

genera that were eliminated in each stage reveals that the Tatarian 

extinction is rightly considered as the peak of terrestrial vertebrate 

extinction (Fig. 3.4). A total of approximately 118 genera were 

eliminated, compared to the next highest figure of 58 genera eliminated in 

the Artinskian . 

The fact that more tetrapod families are preserved in the Tatarian 

than in the three other stages considered here may lead to an assumption 

that the preservational biases common in the terrestrial rock record are 

manifested in the Late Permian and Early Triassic rock record. This is 

considered later (Section 3 . 5). The Simple Completeness Metric (SCM) for 

each stage (Fig. 3.5) shows that three of the four stages with a high 

level of extinction considered here are 100% complete, while the fourth, 

the Artinskian, is 96% complete. The two stages which make up the 

remainder of the Late Permian, the Kungurian and Kazanian, have lower 

SCMs and a reduced level of extinction. The extinction level in the 

Tatarian, therefore, is not biased at family level by the effect of 

Lazarus taxa, those taxa which disappear, seemingly extinct, but then 

reappear higher in the record. 

Plotting the numbers of families that have been eliminated against a 

time interval, such as a geological stage, provides information on the 

span of any given family and the point in the geological record where it, 

and possibly others, make their last appearance . A problem with this 
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PERIOD EPOCH STAGE SCM 

Middle Ladinian 94. 1 

TRIASSIC Anisian 94. 1 

Early Scythian 100 

Tatarian 100 

Late Kazanian 80 

PERM IAN Ufimian 100 

Kungurian 64.3 

Early Artinskian 96 

Fig. 3.5. Simple Completeness Metric (SCM) for nonmarine tetrapod families 

in each stage from Artinskian to Ladinian (from Benton 1987a). 
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approach is that the simple counting of numbers fails to reveal whether 

the final extinction of a family or group of families was a substantial 

and significant evolutionary event or merely a record of the last 

appearance of already depleted taxa. A better measure of the real effect 

of an extinction event involves consideration of the change in biomass, a 

measure of the numbers or volumes of organisms and their extent (McLaren 

1983). An example given by McLaren is the final extinction of Class 

Trilobita in the Late Permian, a relatively insignificant evolutionary 

event when compared with the widespread extinction of trilobite families 

at the end of the Frasnian (Upper Devonian). 

The significance of a change in biomass is considered by Olson 

(1989) in his evaluation of the problems of Fermo-Triassic terrestrial 

vertebrate extinctions. Olson makes no estimate of the numbers of 

organisms, relying on the assumption that reptiles make up the bulk of the 

biomass because of their greater family diversity. This could be very 

misleading, as the size of an individual is liable to be much more 

important, but Olson (1989) makes what seems to be an acceptable 

assumption, especially when taking into account the respective numbers of 

amphibian and reptile genera (Fig. 3.4). 

3.4 CAUSES OF THE EXTINCTION 

The pattern of tetrapod extinctions throughout the Permian and 

Triassic shows a gradual change in the families eliminated, stage by 

stage, from predominantly amphibians to reptiles (Fig. 3.1). It is 

tempting to try and link this change to some plausible extinction 

mechanism, such as steady climatic deterioration which affected 

terrestrial reptiles more than aquatic or semi-aquatic amphibians, but the 

reason for the change is much more simple. Reptile diversity was low 

throughout the Carboniferous and Early Permian, but amphibian diversity 

was at its highest level for the entire Palaeozoic. Simple evolutionary 
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turnover of the large amphibian population would explain the Late 

Carboniferous extinctions and the greater level of Early Permian amphibian 

extinction, relative to the extinction levels of the much less diverse 

reptiles. After the Artinskian (late Early Permian) amphibian diversity 

remains steady, averaging nine families per Late Permian stage, while 

reptile diversity increases, principally as a result of the radiation of 

therapsids, from six families in the Kungurian to 27 in the Tatarian (Fig. 

3.1). This change is also reflected in the relative proportions of 

amphibian and reptile families eliminated per stage in the Late Permian 

(Fig. 3.1). During the Early Triassic, amphibian diversity is still at a 

lower level than reptile diversity and reptile families make up the bulk 

of those families eliminated in each stage, but not to the same extent as 

in the Late Permian stages. 

Discussion of the pattern of invertebrate extinctions and the 

possible causal mechanisms revealed that the most feasible agent of 

extinction was, seemingly, glacially-induced global cooling accompanied by 

extensive regressions of the seas (Chapter 2). The most obvious first step 

is to examine the terrestrial extinctions with this scenario in mind and 

determine if it could be invoked to explain the observed extinction 

patterns . 

3.4 . 1 Alterations in global climate 

The development of the Permian climate was outlined in Section 2.3.3 . 

The main changes in climate and the factors affecting its development are 

summarized in Fig. 3.6. 

Although Fermo-Carboniferous glaciation had come to an end in the 

Sakmarian, glacial centres continued to migrate across Gondwana, to reach 

India and the western margin of Australia by Artinskian times (Caputo and 

Crowell 1985) . This was not a time of exceptionally high invertebrate 

extinction, although some families were eliminated and most Artinskian 

brachiopod genera failed to survive the stage (Dagis and Ustritsky 1973) . 
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The co-incidental decline in tetrapods during the Artinskian was the first 

major Permian extinction of terrestrial tetrapods, primarily affecting 

members of the Permo- Carboniferous chronofauna which was widespread within 

the tropics of the time (Kemp 1982, p. 66). Gondwana and Laurasia were 

moving toward final union in the Artinskian, and global climates were soon 

to become warmer and drier, with high seasonality, as temperature 

gradients became established across the supercontinent of Pangaea (Dickins 

1983, Parrish et al. 1986). 

During the Artinskian, the Permo-Carboniferous chronof auna was 

abundant in Texas, and other parts of North America, where many lakes, 

streams and swamps existed in a warm and humid climate (Kemp 1982, p. 65). 

An alteration to a drier climate, and eventually very arid conditions, in 

this equatorial region is indicated by the evaporite deposits of the Clear 

Fork in Texas (Kemp 1982, p. 66). The aridity may have resulted from an 

increase in temperature, presaging the warming of global climates, or may 

have resulted from regressions of the mid-continental sea, associated with 

glaciation in the southern hemisphere. Increased aridity may have 

contributed to the extinction of water-dependant members of the 

Permo-Carboniferous chronofauna, such as the pelycosaurs Ophiacodon and 

Edaphosaurus. Warming in the tropics, therefore, may have influenced the 

development of arid conditions that led to Artinskian extinctions, but 

this is not certain. As there were significant rises in sea level every 

2.5 million years throughout the Artinskian, which were presumably under 

glacioeustatic control, the development of aridity may have been linked to 

regression rather than warming. 

Patterns of floral change and the deposition of extensive evaporites 

are consistent with, and reflect a period of, global warming following the 

~ 
Early Permian glaciation (Erwin 1989). The Late Perian-Early Triassic 

I 

interval was a time of global warming, with increasingly inequable 

climates, high seasonality, and high temperatures, briefly interrupted by 

bipol ar cooling near the end of the Permian (Fig . 3.6) . The Ufimian (early 
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Late Permian) would, therefore, appear to have been a time of gradual 

warming with no readily discernible violent fluctuations in climate or 

temperature within any one geographical region . The development of 

seasonality and increasing inequability may have disrupted species' biotic 

environment, playing a role in the tetrapod extinctions, but there is no 

certainty that this was the case. 

The global cooling evident in the Kazanian (Fig . 3 . 6) probably 

continued into the Tatarian, but de-glaciation and warming began in the 

southern hemisphere as Pangaea continued to move northward (Jablonski 

1986). There may be a link between the Tatarian extinctions and the period 

of global cooling and this is considered later. 

3.4.2 Endothermy and competition 

The last pelycosaurs, the Caseidae and Varanopidae, and one family of 

"anapsids", the Captorhinidae, briefly co-existed with the first 

therapsids before the pelycosaurs suffered extinction in the Kungurian. 

The spectacular and sequential radiation of the therapsids into a wide 

variety of large and small terrestrial herbivorous and carnivorous niches 

during the Late Permian has been attributed to the idea that they were 

fully endothermic, and their expansion into all habitats caused the 

extinction of the less efficient ectothermic families through competition 

and predation according to Bakker (1975, 1977). Bakker (1977) uses the 

development of endothermy to explain the change from local faunas of low 

diversity in the Early Permian, a time of ectothermic reptiles, to faunas 

of much increased diversity in the Late Permian, populated primarily by 

fully endothermic therapsids . There are a number of problems associated 

with this kind of macroevolutionary approach, not least of which is the 

difficulty in proving whether the therapsids had made such an evolutionary 

advance, the impossibility of proving the exact timing of such a 

development, and the numerous problems associated with simplistic 

interclade competitive replacement models . 
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The continued presence in the Late Permian faunas of ectothermic 

tetrapods such as temnospondyl amphibians, pareiasaurs, procolophonids, 

lepidosauromorph diapsids, and thecodontians, and their wide geographical 

range is utilised by Colbert (1986) to reject the suggestion by Bakker 

that therapsid enothermy evolved as an adaptation to varied climates in 

Pangaea. Histological studies show no evidence for endothermy in Late 

Permian therapsids (Reid 1984). Reid (1987) also argues that the presence 

of pareiasaurs, large herbivores with the bone of ectothermic reptiles, in 

Late Permian faunas shows that therapsids did not need to be endotherms to 

survive cold Gondwanan winters. Further, the aquisition of one key 

adaptation, such as endothermy, by a particular group is unlikely to 

trigger an adaptive radiation within that group (Kemp 1985), and the data 

from the fossil record do not support the idea of a competitive 

replacement by therapsids. 

Before competition can be considered as a macroevolutionary 

mechanism, a double-wedge pattern, with the shapes of the two clades 

negatively correlated, must be demonstrated from the fossil record (Benton 

1987b, fig. 1) . A plot of the number of families of ectothermic "anapsids" 

and diapsids compared with the possible endotherms, the therapsids, in the 

Permian and Early Triassic does not reveal the double-wedge pattern that 

is necessary before the mechanism of competition can be considered (Fig. 

3.7). Adding the ectothermic, but related, pelycosaurs to the therapsids 

allows a comparison of "anapsids" and early diapsids with all synapsids, 

but the overall pattern changes little from that observed in Fig . 3.7 . 

3.4 . 3 Reduced speciation 

There is an observed synchroneity, throughout the geological record, 

of large-scale tetrapod extinctions and widespread regressions that are 

thought to coincide with periods of reduced orogenic activity. This has 

been termed the Haug Effect (Johnson 1971) and links maximum transgression 

with maximum orogeny and hence a high topographic - geographic diversity 
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of species with high speciation rates and standing diversity. A diminution 

of orogenic activity, especially when accompanied by regression, would 

reduce the number of continental habitats resulting in a decline in the 

speciation rate below the extinction rate, and, hence, a significant 

decrease in species numbers and diversity (Bakker 1977). 

The total and per-taxon extinction rates soared in the Late Permian 

(Fig. 3.3). The elimination of such a large number of families in such a 

relatively short space of time cannot be attributed solely to a very low 

origination rate coupled with normal background extinction or slightly 

increased extinction rates. Reduction of speciation rates in the Late 

Permian may have contributed to the overall loss of families but the 

increased extinction rates more likely reflect the pressure of one or more 

external physical forces. 

3.4.4 Catastrophism 

The geochemical and invertebrate faunal data examined in Sections 

2.2.1 and 2.2.2 provide good reason for concluding that Late Permian 

invertebrate extinctions were gradual, and not initiated or influenced by 

the impact of an extraterrestrial body. The pattern of tetrapod extinction 

outlined here (Section 3.2.2) does not provide any reason for invoking a 

catastrophic extinction mechanism. The effects of catastrophic vulcanism 

have been considered by some workers, largely because analyses of boundary 

sediments have uncovered trace elements and elemental ratios that suggest 

the presence of ash which originated in massive volcanic eruptions (Clark 

et al. 1986; Zhou and Kyte 1988). The expulsion of extensive ash clouds 

into the upper reaches of the Earth's atmosphere would result in climatic 

variations and a reduction in the intensity of light incident upon the 

surface. This may be sufficient to eliminate one or more critical elements 

of the biota and, through an ecological chain reaction, eliminate taxa 

higher in the food chain (Olson 1989). Such a hypothesis may be applied to 

the data with some success, but the timing of the extinctions and the taxa 
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affected do not allow serious consideration of the scenario. 

3.5 TATARIAN DATA: REAL OR BIASED? 

The reliability of the Tatarian extinction data has been considered 

here in terms of the population size and the Simple Completeness Metric, 

but there is one further problem to be borne in mind; the incompleteness 

of the geological record close to the P-Tr boundary. There is a 

possibility that many tetrapods attributed with extinction during the 

Tatarian actually spanned the P-Tr boundary, but were not preserved. The 

first stage of the Early Triassic, the Scythian, has an SCM of 100% and 

the subsequent stages of the Middle Triassic, the Anisian and Ladinian, 

both have an SCM of 94 . 1%. Therefore, it can be stated with reasonable 

certainty that any Lazarus taxa at the genus or species level do not 

manifest themselves at family level. It is also assumed that those 

families whose genera may have spanned the P-Tr boundary were eliminated 

within a few million years during the early Scythian. 

In light of the latter assumption, the survivors of the Tatarian 

extinction are of particular relevance. Of the three amphibian and six 

reptile families that spanned the P-Tr boundary, all but one failed to 

survive the Scythian. The "labyrinthodont" family Brachyopidae spanned a 

further two stages before suffering extinction in the Ladinian. No less 

than seven of the eight families that failed to survive the Scythian 

originated in the Tatarian 

As noted earlier 14 of the 27 families which suffered extinction in 

the Tatarian also had their origin in that stage. When combined with the 

seven families that have a stratigraphic range of Tatarian to Scythian, we 

have, from a total diversity in the Tatarian and Scythian of 53 families, 

a total of 21 amphibian and reptile families originating in the Tatarian 

and becoming extinct later in that stage or during the Scythian. Removing 

amphibian families from the analysis in accordance with the notion that 
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reptiles make a much greater contribution to the biomass, and are 

therefore more accurate indicators of environmental change, results in a 

figure of 18 reptile families, from a total diversity of 38 reptile 

families in the Tatarian and Scythian, whose stratigraphic range was 

Tatarian or Tatarian to Scythian. 

The figures above could be interpreted as indicating a period of 

environmental upheaval, resulting in the extinction of families possessing 

restricted scope for adaptation, or the presence of a severe 

preservational bias in the latest Tatarian and Scythian. Families 

originating in the Tatarian were either unable to survive the 

environmental and evolutionary pressures of the Tatarian and Scythian, or 

were not preserved in the Scythian rock record. Is it reasonable to assume 

that some of the families recorded as being confined to the Tatarian 

survived into the Triassic but were not preserved, with the implication 

that the Tatarian extinction was not so extreme as to eliminate the 

majority of Palaeozoic amphibians and reptiles at that time? 

The elimination of a large number of families that originated in the 

Tatarian may be linked to the bipolar cooling episode that interrupted the 

global warming trend. Throughout the global warming of the late Early 

Permian and early Late Permian, evolutionary adaptations may have resulted 

in the origination of reptile families adapted to increased temperatures. 

The cooling of the global climate that accompanied bipolar glaciation late 

in the Kazanian may have placed reptile genera adapted to warmer 

conditions under environmental stress at this time and throughout the 

Tatarian. 

The 18 reptile families confined to the Tatarian and Scythian are 

detailed in Fig. 3.8. All but three are therapsids and eight of these are 

anomodonts. There are currently 14 families of anomodonts recognised not 

including the monospecific family Otsheriidae. Only one family, the 

Kannemeyeriidae, extends beyond the Scythian before suffering extinction 

in the Carnian. All others become extinct in the Late Permian or Scythian. 
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FAMILY SUBORDER RANGE FAMILY SUBORDER RANGE ---

Younginidae Younginiformes Tat Cistecephal i dae Anomodontia Tat 

Tangasauridae Younginiformes Tat Kingor i idae Anomodontia Tat - Sey 

Proterosuchidae Proterosuchia Tat-Sey Moschorinidae Therocephalia Ta t 

Endothiodontidae Anomodontia Tat Whaits iidae Therocephal i a Tat 

UI Cryptodontidae Anomodontia Tat Scaloposauri dae Therocephalia Tat-Se y 00 

Aulacocephalodontidae Anomodontia Tat Silphestidae Cynodontia Tat 

Dicynodontidae Anomodontia Tat Procynosuchidae Cynodontia Ta t 

Pristerodontidae Anomodontia ·Tat Dviniidae Cynodontia Tat 

Emydopidae Anomodontia Tat - Sey Galesaur idae Cynodont ia Tat - Sey 

Fig. 3 . 8. Reptile families confined to the Tatarian or Tatarian and Scythian stages. Abbreviations: 

Tat . , Tatarian; Sey., Scythian. 



Three of the 18 families listed in Fig . 3.8 are therocephalians and four 

are cynodonts . There are six recognised families of therocephalians and 

all but one died out in the Late Permian or Scythian; the Bauriidae lasted 

from the Scythian to the Anisian . Of the 11 families of cynodonts 

recognised, only those four shown in Fig . 3 . 8 originated before the 

Scythian . The seven remaining cynodont families are all Mesozoic forms. 

The 18 reptilian families detailed above are predominantly members of 

the earliest groups within the mammal-like reptiles . It is possible that 

these early synapsids, many of which had developed into large forms, had 

little tolerance for changes in their environment, and were subsequently 

eliminated within a timespan of a few million years on either side of the 

P-Tr boundary, such was the intensity of climatic variation at that time. 

The development of the Late Permian ecosystem facilitated the evolution 

and diversification of large herbivores and, consequently, large 

carnivores. Large forms tend to be specialised to particular habitats and 

are consequently restricted in their niches and scope for adaptation 

(Benton 1989b). Minor environmental fluctuations have been extremely 

abundant throughout the Phanerozoic (Pearson 1978) and it is envisaged 

that only very small changes are required to reduce the adaptation of a 

species . Such changes may not affect a particular species directly, but 

can have profound effects on that species' biotic environment (Kemp 1982, 

p. 322) . The large size of the major tetrapods would have placed them in 

jeopardy if there were any radical changes in the climate, drastically 

altering the Glossopteris flora which, together with small vertebrates and 

insects, provided the trophic base (Olson 1989). Therefore, it is perhaps 

significant that post-glacial climatic oscillations are envisaged for the 

Tatarian, and that terrestrial tetrapods surviving the Late Palaeozoic 

extinctions tended to be of small body size (Parrington 1948; Bakker 1977; 

Kemp 1982, p . 322 ; Sloan 1985) . 

If this was not the case in the Tatarian and many forms survived into 

the Scythian, why are they not preserved? Global warming began again after 
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the Kazanian/Tatarian cooling episode. An increase in temperature and, 

hence, aridity could only serve to reduce terrestrial deposition and this 

may be reflected by the continental red beds of the Triassic. The 

likelihood of the preservation of terrestrial vertebrates is normally poor 

and a further reduction in the volume of sediment deposited and 

subsequently preserved in the Early Triassic could be utilised to explain 

the absence of possibly many Permian "survivors" from the fossil record. 

However, the continental red beds of the Triassic may represent the large 

land areas in tropical and sub-tropical latitudes (Fig. 2.3) rather than 

reflecting a global trend toward aridity. Most of the data on 

Permo-Triassic tetrapods relates to forms from the Karoo Basin of South 

Africa which was situated approximately 60° south of the equator during 

the Tatarian and Early Triassic and showed no sign of drying up (Hiller 

and Stavrakis 1984). 

It has also been suggested that many large herbivores and carnivores 

crossed the P-Tr boundary in South Africa, but were not preserved because 

they were confined to restricted upland regions after the Early Triassic 

(Parrington 1948; Cox 1967; Pitrat 1973). The occurrence of global marine 

transgressions throughout the Early Triassic led to flooding of low-lying 

terrestrial environments, such as those described for the Karoo, and 

resulted in the formation of, predominantly, semi-aquatic habitats. The 

low-lying swamps and estuaries of the Early Triassic were unsuitable for 

large animals requiring extensive habitats. Preservation of remains is 

more likely in low-lying, semi-aquatic areas, so small "labyrinthodonts", 

cynodonts, and dicynodonts were preserved, but larger dicynodonts and 

other therapsids that may have survived into the Triassic were not, 

because of the relative unlikelihood of deposition in upland areas (Cox 

1967). This could account for a large bias in the tetrapod diversity data, 

but the idea of upland faunas may be open to question. The upland fauna of 

Clear Fork therapsids described by Kemp (1982, p. 74), and referred to 

earlier, consisted of small, not large, animals. It was only upon invading 
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the lowlands that they evolved an increase in size . 

More work is required to establish if such an upland component was 

present in Tatarian faunas and if its absence from Scythian faunas has a 

biasing affect on the data. 

3.6. DISCUSSION 

The analysis of data bases without recourse to the constituent 

fossils, a practice sometimes labelled "taxon counting", has been 

criticised, mainly because all taxa at the same level are given equal 

weight. For example, a family containing many genera is afforded the same 

statistical importance as a family containing, say, two genera, or one 

genus is given the same credibility as another, regardless of the number 

of constituent species (Teichert 1990). This is a valid criticism. All too 

often taxa are counted, diversity patterns are determined, and conclusions 

are arrived at without consideration of the quality of the data. 

Criticisms are also levelled at the use of families, instead of genera or 

species, in determining diversity patterns. 

The family, the taxonomic unit employed in Benton's (1987a) data 

base, is most likely the best measure of the general patterns of change in 

non-marine tetrapod diversity through the Permian and Early Triassic. 

Sources of error affecting the fossil record, such as variation in the 

area of sediment exposed and the estimated volume of rock for each 

stratigraphical period, are of less importance at the family level than at 

the genus or species level (Raup 1979b). The incomplete stratigraphical 

record for the Late Permian prevents accurate determination of the times 

of origination and extinction of genera and species in many cases. Such 

sampling errors and inadequacies are perhaps best countered by considering 

data at the family level. In other words, families correspond in 

coarseness to the stratigraphic precision available at present. 

The radiation of the therapsids (mammal-like reptiles), to dominate 
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terrestrial faunas during the Late Permian, forms a large portion of the 

faunal replacement and diversity data for that time, but there clearly 

were external factors increasing the rate of extinction . The most credible 

factor appears to be alterations of climate related to the waning of 

Fermo-Carboniferous glaciation, subsequent global warming throughout the 

late Early Permian and Late Permian, and a brief period of bipolar 

glaciation. Resulting climatic fluctuations and associated environmental 

perturbations are envisaged as having significant effects on large animals 

that were restricted in their niches and scope for adaptation (Section 

3. 5) . 

There is evidence that increased aridity was a factor in the 

Artinskian extinctions . Analysis of the Ufimian event reveals no 

immediately apparent explanation for the extinction, other than response 

to the development of increasingly inequable climates. The Tatarian 

extinctions may have resulted from the climatic fluctuations that occurred 

when the late Kazanian bipolar glaciation interrupted a global warming 

trend. Sloan (1985) recorded six Tatarian therapsid extinctions with a 

regular cyclic character that suggests response to post-glacial climatic 

oscillations . Unfortunately the detailed chronostratigraphical and faunal 

evidence, doubtless necessary to produce this sort of explicit 

observation, has not been published. 

It would be desirable to test the facts, such are their relevance to 

the debate on the validity of Tatarian data, but this is not possible. It 

would also be desirable to learn the timing of the six extinctions and the 

location of the fossil localities that contributed data to the analysis. 

It would then be possible to lend weight to each proposed extinction, 

depending upon whether it is based on the elimination of all constituent 

genera from one particular horizon or section, or from a variety of 

locations, possibly from different continents. 

The Scythian extinction appears to reflect the adaptive radiation of 

amphibians and reptiles. Global marine transgressions in the Early 
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Triassic, following the extensive regressions of the Late Permian, flooded 

low-lying littoral plains and resulted in the development of new habitats 

in and around estuaries and swamps (Anderson and Cruickshank 1978). 

Subsequent radiation of Scythian tetrapods, mainly "labyrinthodont" 

amphibians and thecodont and cynodont reptiles, is reflected by the high 

total and per-taxon origination rates (Fig. 3.3) and resulted in an 

overall increase in diversity of six families despite the extinction of 11 

families. 

The development of endothermy in the therapsids cannot be proven and 

there is little or no evidence for the decline of "anapsids" and diapsids 

at the expense of competitively superior therapsids. It may be more 

credible to attribute the radiation of therapsids, and the expansion of 

their geographical range, to the opportunistic utilisation of recently 

vacated ecospace, rather than a dominance over their commtemporaries. 

The invertebrate and vertebrate extinctions are difficult to 

correlate because of the various geochronological schemes employed, the 

poor terrestrial record, and the punctuated marine record. However, data 

on the period of most severe extinction in each realm may be real, despite 

preservational biases. Therefore, it would be reasonable to compare the 

extinction peaks. The tetrapod extinction peak occurred in the Tatarian, 

compared with the invertebrate extinction peak in the Kazanian. If the 

information regarding the peaks is a true reflection of the most severe 

period of extinction, and it seems reasonable to assume so, such is the 

difference in magnitude between the generic extinction peaks and the other 

stage extinctions (Figs. 2.1, 3.4), its relevance cannot be ignored. The 

possible presence of biases, however, must be borne in mind. 

The peak of invertebrate extinctions has been related to the Kazanian 

bipolar glaciation, with attendant regressions and frigid global 

temperatures (Section 2.4). The peak of vertebrate extinction has been 

related to the Kazanian cooling interval, and the climatic fluctuations 

that followed it (Section 3.5). It may be that the most significant 
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extinctions in each realm were caused, directly and indirectly, by the 

drop in temperatures that briefly interrupted the global warming trend . 

3.7 . CONCLUSIONS 

1. The Artinskian, Ufimian, Tatarian and Scythian are shown as four 

distinct extinction events amongst non-marine tetrapods during a period of 

high evolutionary turnover and adaptation . The data seem to be valid for 

all but the Tatarian event, a large part of which appears confused and 

biased by an incomplete rock record and possibly by ecological trends. 

2 . The high turnover from Artinskian to Scythian times is, in part, a 

consequence of the rise and radiation of the mammal-like reptiles, but 

upheavals in the environment and frequent climatic fluctuations associated 

with warming and cooling trends played a significant, if not dominant, 

role. 

3. Throughout the Permian, most especially the Late Permian, a new 

clade, the synapsids, radiated into the ecological niches of the late 

Palaeozoic world. Much evidence is available to counter claims of 

competitively superior, endothermic therapsids displacing ectothermic 

reptiles. The pattern of faunal replacement does not support the role of 

competition as a macroevolutionary mechanism, and therapsids and undoubted 

ectotherms co-existed throughout the Late Permian. 

4. The timing and pattern of extinction, combined with the results from 

several geochemical studies, effectively rules out the possibility of a 

catastrophic cause. There is some evidence of massive volcanic explosions 

during the Tatarian, but their size, and nature, was insufficient to cause 

the high level of terrestrial extinctions . 

5 . The extinctions in the marine realm during the Late Permian are most 

readily accredited to the effects of global cooling accompanied by 

regressions of shallow seas. rt seems probable that these factors 

influenced the extinction of non-marine tetrapods during this time. 
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CHAPTER 4 

A COMPARISON OF SIX FOSSIL-TETRAPOD DATA BASES SPANNING 100 YEARS 

4.1. INTRODUCTION 

Information on the two most important aspects of any mass extinction, 

the timing of the event and the taxonomic groups involved, is derived from 

examination and interpretation of the fossil record as it is known for 

that time. Proposed causes of extinction are based on these data, coupled 

with consideration of the stratigraphic and geochemical evidence in the 

rock record. Consequently, it is essential that the fossils which 

constitute the record must be interpreted and documented as completely as 

possible to allow palaeontologists to derive credible information 

regarding diversity patterns. 

Consideration of the end-Permian mass extinction, or any other 

extinction event, involves a detailed analysis of one or more sections of 

the fossil record. The incomplete nature of the fossil record is well 

known and has been extensively documented (Newell 1959; rtaup 1972, 1976; 

Sadler 1981; Paul 1982; Schindel 1982; McKinney 1986). The record for 

terrestrial vertebrates is particularly patchy, compromising the accuracy 

of conclusions derived from the relevant data. There is no way of 

compensating for the gaps in the terrestrial vertebrate record, but it is 

assumed among the scientific community that our understanding of the 

record and diversity patterns will improve with research time as new 

fossils are discovered. 

A comparison of the two most recent data bases for fossil tetrapods 

revealed that our interpretation of the tetrapod record is improving, not 

only as a result of new fossil finds, but also through taxonomic and 

stratigraphic revisions (Maxwell and Benton 1987). That work is expanded 
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on here with a consideration of six data bases dating from 1889 to 1987. 

The questions that will be addressed are: how has our view of overall 

diversity through time changed in 100 years of research time? How have 

extinction and origination rates calculated from the different data bases 

changed? How have familial stratigraphic durations changed? How has the 

intensity of extinction changed at particular postulated mass extinction 

events? Finally, what are the major contributing factors to the patterns 

of change noted in the past 100 years of research? 

4.2 DATA SOURCES 

The earliest of the six data bases considered here was compiled from 

three sources. Data on families of birds were taken from Nicholson and 

Lydekker (1889) and were used to complement the lists of all other 

tetrapod families taken from Zittel (1902, 1925). The other data sources 

were the three editions of Vertebrate Paleontology by A.S. Romer (1933, 

1945, 1966); Benton (1987a); and Carroll (1987). The data bases are 

designated here as Z 1900 for Zittel; the three editions of Vertebrate 

Paleontology as R 1933, R 1945 and R 1966; and the two 1987 data bases as 

B 1987 (Benton) and C 1987 (Carroll). These recent data bases are both in 

need of further revision as a result of changes in mammalian taxonomy in 

particular (e.g., Prothero and Schoch 1989) and in Tertiary stratigraphy 

(e.g., Woodburne 1987). However, only published data bases are used here, 

unaltered despite inadequacies, as test cases so that the tests may be 

repeated readily. Improved data bases in the future will provide further 

tests of the results. 

4.2.1 Means of comparison 

To compare the data bases, ranges of tetrapod families in geological 

time were resolved to epoch level, such as Middle Triassic or Late 

Cretaceous, and wherever possible, sub-epoch level. Ranges in the 
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Mississippian, Pennsylvanian, and Palaeogene are given to sub-epoch level 

in R 1966 and C 1987. Benton's data base is the only one in which tetrapod 

family ranges are given to stratigraphic stage level and his data were 

lumped to allow comparison with the others. For example, the range of the 

Family Teleosauridae is listed in B 1987 as Toarcian to Valanginian, but 

was taken as Early Jurassic to Early Cretaceous in this comparison. 

All the data bases which give ranges to epoch level use the middle 

Permian, middle Cretaceous, middle Palaeocene, and middle Oligocene as 

divisions of the geological timescale, a traditional aspect of vertebrate 

palaeontology. Although the Palmer (1983) timescale used in this study 

does not include these divisions, they were retained for the sake of 

comparison. Lumping Benton's data involved designation of the appropriate 

stratigraphic stages of Palmer's (1983) timescale into each of the 

erroneous time periods, for example, the Berriasian, Valanginian, 

Hauterivian and Barremian comprise the middle Cretaceous. 

The broad stratigraphic ranges employed in these data bases will tend 

to smooth out data representing any periods of rapid extinction, such as a 

large-scale elimination of families confined to one stratigraphic stage, 

so the B 1987 data base, with its finer resolution, should provide more 

precise information regarding the timing of extinction events. 

In the older data bases some family ranges were noted simply as 

Eocene, or Permian-Early Triassic for example. In these cases a 

randomisation of the data was required to produce a family range such as 

Middle-Late Eocene, or Early Permian-Early Triassic in the two examples 

given. This was achieved by listing all ranges which required some 

randomisation and altering them as described below. 

For an Eocene range, for example, the origination was determined by 

randomly selecting one of three counters, the counters having been marked 

E, M and L to represent Early, Middle and Late. When the E counter was 

selected the extinction was determined by the same method using all three 

counters. When the origination was determined as Middle Eocene, only the M 
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and L counters were employed to determine the time of extinction. When the 

origination was determined as Late Eocene, the extinction was 

automatically fixed as Late Eocene. The R 1966 data base required most 

attention in this respect, with 9.7% of the total number of families 

having their ranges randomised in this fashion (Fig . 4.1 ). 

In the most recent data bases, B 1987 and C 1987, randomising of the 

data was confined to the Tertiary and therefore has no effect on the 

interpretation of the Palaeozoic and Mesozoic extinction events. 

The figures in Fig. 4 . 1 for R 1933 do not represent family ranges 

that have been randomised as outlined, but families that have been taken 

from R 1945 of which R 1933 lists only genera; genera attributed to Class 

Aves are not assigned to families in R 1933, and a small number of reptile 

genera are similarly listed unattributed to families. 

4 . 3 CALCULATION OF RATES 

A listing of tetrapod families was compiled from each data base and 

numbers of originations and extinctions were calculated epoch by epoch for 

marine and non-marine tetrapods together. Total extinction (RE) and total 

origination (Rs ) rates were calculated as the number of families that 

disappeared or appeared respectively during an epoch or sub-epoch divided 

by the estimated duration of that interval (t): 

RE = E/t 

Rs = S/t 

( 1 ) 

(2) 

where E is the number of extinctions and S is the number of originations. 

Per-taxon extinction (re ) and origination (rs) rates were calculated by 

dividing the total rates by the end-of-interval familial diversity D 

( Sepkoski 1978) : 

r e = (1/D)E/t 

r s (1/D)S/t 

( 3) 

( 4) 

The Palmer (1983 ) geological timescale was used throughout this project 
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Data base Class Class Class Class All 
Amphibia Reptilia Aves Mammalia Tetrapods 

c 1987 0 4.9 11. 3 2. 1 4.2 

B 1987 0 0 0 0 0 

R 1966 6.3 0 33. 1 2.6 9.7 

R 1945 0 0 0 0 0 

R 1933 0 10.5 100 0 10. 5 

z 1900 46.2 6.8 4.2 0 6.6 

Fig. 4.1. Amount of data randomised for each Class in each data base 

expressed as a percentage. The figures for R 1933 represent the percentage 

of families in each Class that were derived from R 1945 using R 1933 

genera. Abbreviations given in text. 
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for calculating the duration of each time interval, regardless of the data 

base. The choice of this particular timescale from several current 

standards is not crucial to the tests: the intention was simply to remove 

the timescale as a variable or source of error between data bases. 

4.4 DIVERSITIES, RATES, AND MAJOR EVENTS 

4.4 . 1 Diversities 

The numbers of families of amphibians, reptiles, birds and mammals in 

each data base are shown in Fig. 4.2. This initial comparison of data 

shows a steady increase in the total number of families recognised during 

the past 100 years, and the totals in each class, with the exception of 

Aves. The sparse record of fossil birds and the inaccurate interpretation 

of specimens has hindered the compilation of a credible data base for Aves 

throughout the century. In the two most recent data bases, Benton's Aves 

section is inaccurate (discussed below), and Carroll's is incomplete, thus 

reducing the number of tetrapod families overall in C 1987 (Fig. 4.2). 

The same general pattern is retained in the plots of marine and 

non-marine family diversity against time for the six data bases, despite 

an increase in the number of families from 290 (Z 1900) to 807 (C 1987) 

and 915 (B 1987). Diversity declines are consistently recorded for the 

Late Permian-Early Triassic, Late Triassic-Early Jurassic, Late 

Jurassic-Early Cretaceous and Late Cretaceous-Palaeocene although the 

scale of the faunal turnover varies in magnitude. Sudden fluctuations in 

familial diversity can be attributed to a variety of causes. Variations in 

origination and extinction rates may reflect an extinction event, in which 

major physical forces cause an elimination of taxa, or they may result 

from any number of factors inherent in the fossil record. 

4.4 . 2 Origination and extinction rates 

The numbers of originations and extinctions, and the calculated total 
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ALL TETRAPODS 915 

AM P HI B I A 1 0 2 109 

Z 190 0 R 19 33 R 194 5 R 196 6 81987 C19 8 7 

DATA BASE 

Fig. 4. 2 . ~umber of t etrapod families, arranged by class and as a total 

number, as gi·1en by each of s i x cata bases . . ;'\bbrev~at~ons as in text . 
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and per-taxon origination and extinction rates, were used in an 

examination of tetrapod diversity through time as given by each data base. 

Plots of familial diversity derived from each data base show the same 

pattern in the most general sense, with an initial increase in family 

numbers followed by fluctuations in diversity throughout the late 

Palaeozoic and Mesozoic (Fig. 4.3) . In all but z 1900, the Late Cretaceous 

marks a time in which diversity increases markedly above previous levels. 

There is no hint of the Late Cretaceous-Paleocene extinction in R 1933 and 

R 1945, while the other data bases show a significant decline in diversity 

preceding an escalation in numbers throughout the Tertiary. Substantial 

declines in diversity are evident throughout the series of graphs for the 

Late Permian, Late Triassic, Early Cretaceous and Late Cretaceous. The 

declines may reflect extinction events or a much reduced origination rate 

coupled with a normal extinction rate. Other declines are observed, such 

as those in the Tertiary, which have come to light in the three most 

recent compilations (Fig. 4.3), but the four mentioned above are the most 

consistent and of greatest magnitude. To determine whether the declines 

represent extinction events or decreased rates of origination, the numbers 

of extinctions and originations were compiled from each data base and 

examined in this context (Fig. 4.4). 

In examining a diversity decline for, say, the Late Triassic, the 

number of Late Triassic extinctions is considered in tandem with the 

number of Early Jurassic originations to give an overall figure for the 

change in family numbers across the boundary. This accommodates the 

underlying assumption that all the extinctions in an epoch occurred as the 

epoch closed, and all originations in the subsequent epoch occurred as it 

opened, which is the only workable scenario in this type of analysis. Four 

major extinction events are analysed here. 

4.4.3 Major events 

The perceived magnitude of the Late Permian event has increased 
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Cretaceous; P., Permian; T., Tertiary; Tr., Triassic. 
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z 1900 R 1933 R 1945 R 1966 B 1987 c 1987 

0 E OD 0 E OD 0 E OD 0 E OD 0 E OD 0 E OD 

L. Mio.- Plio. 21 12 9 18 12 6 20 16 4 
Mio. - Plio. 18 14 4 14 8 6 21 20 1 26 21 5 43 12 31 62 16 46 
Olig. - Mio . 15 52 -37 27 39 -12 32 52 -20 47 65 -18 40 88 -48 48 98 -50 
E. Olig. - m. Olig. 23 9 1 4 24 17 7 
Eoc. - Olig. 30 35 -5 46 54 -8 56 66 -10 56 63 -7 63 64 -1 79 82 3 
L. Cret. - E. Pal. 1 0 5 5 18 23 -5 37 43 -6 55 22 33 49 21 28 72 11 61 
E. Cret. - m. Cret. 11 1 10 14 1 13 14 0 14 9 19 -10 5 14 -9 27 0 27 
L. Jur. - E. Cret. 8 3 5 14 6 8 17 15 2 20 7 13 21 8 13 24 26 -2 

-.I L. Trias. - E. Jur 1 0 4 6 19 3 16 32 11 21 25 13 12 21 3 18 35 21 14 
U1 E. - M. Trias. 5 3 2 14 15 -1 18 13 5 14 17 -3 14 11 3 25 21 4 

L. Perm. - E. Trias. 10 6 4 14 16 -2 15 20 -5 3 21 -18 45 16 29 58 33 25 
E. Perm. - m. Perm. 6 4 2 21 14 7 29 19 10 32 45 -13 35 3 32 
E. Perm. - L. Perm. 31 46 -15 

Fig. 4.4. Number of extinctions (E), originations (O), and overall decline in diversity (OD), 

recorded in each data base for specified boundaries. Extinction figures are for the epoch or 

sub-epoch below the boundary. Origination figures are for the epoch' or sub-epoch above the 

boundary. Abbreviations: Perm., Permian; Trias., Triassic; Jur., Jurassic; Cret., Cretaceous; 

Pal., Paleocene; Eoc., Eocene; Olig., Oligocene; Mio., Miocene; Plio., Pliocene; E., Early; 

M., Middle; m., middle; L., Late. Others given in text. 



marginally with research time, beginning at a high level in z 1900 in 

which ten of 14 families recorded for the Late Permian (71 .4%) become 

extinct, and ending in C 1987 when 58 of 68 families (85.3%) suffer 

extinction. The percentage of families present in the Late Permian 

suffering extinction, and the actual number of families, increases 

steadily from z 1900 to C 1987. The greatest decline in overall diversity 

is shown in B 1987 because of a reduced number of originations (Fig. 4.4) 

The per-taxon extinction rate for the beginning of the Late Permian and 

for the end of the Permian is very high (Fig. 4.5). This is a consistent 

feature of all the data bases examined here, but the Early Triassic 

per-taxon origination rate calculated for B 1987 is significantly lower 

than that calculated for the other data bases (Fig. 4.5), explaining the 

greater drop in diversity in B 1987. Synonymous genera of mammal-like 

reptiles with origins in the Late Permian and Early Triassic were 

eradicated from B 1987 through taxonomic restructuring, and a large number 

of the spurious originations recorded in R 1966 and C 1987 were 

eliminated. 

The general perception of the Late Triassic event has differed from 

that of the Late Permian. The percentage of families which suffer 

extinction increased initially, and then decreased, while the number of 

families present has increased steadily during the course of research 

time. An exception to this pattern is found in B 1987 which shows a 

reduced number of extinctions relative to R 1966 and C 1987 and a 

significantly smaller number of Early Jurassic originations (Fig. 4.4). 

This trend is borne out by the per-taxon and total extinction rates for 

the Late Triassic (Figs. 4.5, 4.6) and the per-taxon and total origination 

rates for the Early Jurassic (Figs. 4.5, 4.6). This results in a diversity 

decline which does not vary greatly in comparison to the others because 

the reduction in the number of families suffering extinction in the Late 

Triassic is countered by a reduction in the number of Early Jurassic 

originations. 
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The reason for this reduction may be two-fold . Synonymous genera, 

especially of mammal-like reptiles and thecodontians, bolster the number 

of apparent originations and extinctions recorded in R 1966, and their 

subsequent removal by cladistic analysis is reflected in the B 1987 data 

for the Late Triassic. A second source of error in R 1966 has been largely 

excluded from B 1987. Revisions of stratigraphy, coupled with taxonomic 

work, have shown that a number of families, listed in R 1966 as suffering 

extinction in the Late Triassic, actually extended into the Early Jurassic 

(Olsen and Galton 1977, 1984). The eradication of this source of error has 

been assisted by the increasingly successful recovery of tetrapod remains 

from rocks of the Jurassic period, a hitherto notoriously incomplete 

section of the tetrapod fossil record (Romer 1966; Benton 1989a) . 

The number of families in the Early Cretaceous that suffered 

extinction at the end of that epoch increased steadily from ten in 1900 to 

27 in C 1987. When this number is expressed as a percentage of the 

families present in the Early Cretaceous, however, there is an overall 

reduction because the number of families recorded for this epoch has 

increased steadily over the past 100 years, and proportionately faster 

than the increase in the number of families that suffered extinction. This 

illustrates the point that any increase in the number of extinctions must 

be considered, not only in relation to the number of originations, but 

also to the overall number of families. The exception to the general 

pattern is B 1987 in which the lowest number of Early Cretaceous 

extinctions (five) and the highest number of middle Cretaceous 

originations (14) are found, contrasting with a range of 11 to 27 family 

extinctions and zero or one family originations as recorded in the other 

data bases (Fig . 4.4). The five extinctions comprise only 10% of the 

families known for that time , and overall diversity increases. In 

contrast, C 1987 shows a 37 . 5% reduction in families with 27 extinctions 

and zero middle Cretaceous originations. 

A major Late Cretaceous extinction event has been revealed only in 
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the three most recent data bases. Although R 1933 and R 1945 show 

significant familial extinctions, they also show greater numbers of Early 

Palaeocene originations, resulting in an overall increase in diversity 

(Fig. 4.4). The number of Late Cretaceous extinctions has increased from 

ten (1900) to 72 (C 1987), but the number of Early Palaeocene originations 

recorded in R 1966, B 1987 and C 1987 fell markedly, revealing a 

large-scale extinction event and diversity decline . The familial 

extinctions expressed as numbers of families, and as percentages of the 

total number of families, are essentially similar for R 1966 (47, 51 .7%) 

and B 1987 (49, 51 . 9%), but C 1987 differs somewhat. The percentage is 

slightly increased (60.5%) but the number of families becoming extinct is 

much greater (72), resulting in a significantly greater decline in overall 

diversity (Fig. 4.4) . The per-taxon and total extinction rates for the 

Late Cretaceous bear out this pattern (Figs. 4.5, 4 . 6) and the per-taxon 

and total origination rates calculated for B 1987 illustrate why this data 

base records a much reduced decline in diversity. 

4.5 COMPARISON OF TWO 1987 DATA BASES 

The two 1987 data bases, B 1987 and C 1987, were compiled 

independently, and a comparison offers some valuable insights into how 

data bases may differ even when they have been compiled at the same time. 

Five separate extinction events were analysed in detail. All the families 

that died out during each extinction event were listed, and their 

stratigraphic ranges, phylogenetic validity, and constituent genera were 

checked. The results are presented in Fig. 4.7. 

A cursory inspection of the data in Fig . 4.7 reveals that only five 

of Carroll's 217 families considered here are invalid, their constituent 

genera having been reassigned . The five in question are families of 

mammal-like reptiles, a group which has been extensively revised using 

cladistic methodology by Kemp ( 1982) and Hopson and Barghusen (1986). The 
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Number of Monogeneric Reassigned Incorrectly 
families dated 
suffering 
extinction 

BENTON 1987 

L. Cret 36 0 0 

E. Cret. 3 0 0 0 

L. Jur. 19 0 0 0 

L. Trias. 27 0 0 2 

L. Perm. 28 0 0 2 

CARROLL 1987 

L. Cret. 72 15 0 18 

E. Cret. 29 8 0 10 

L. Jur. 23 4 0 7 

L. Trias. 37 9 6 

L. Perm. 56 10 4 20 

Fig. 4 . 7. Number of families suffering extinction, and the errors contained 

therein, for five extinction events as derived from two data bases, Benton 

1987 and Carroll 1987. Abbreviations as in Fig. 4.4. 
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other categories of inaccuracy represented in Fig. 4.7 do not detract from 

the quality of the C 1987 data base. 

A large number of monogeneric or monospecific families are present in 

all major clades, but this is also the case with B 1987. The proportion of 

families in C 1987 which have been listed as incorrectly dated is not 

significant either. For the purposes of this exercise, families which 

suffered extinction in one particular stage were considered. For example 

when considering the Late Cretaceous event (the mass extinction of those 

families whose fossil remains are common in Maastrichtian deposits but 

absent from Danian deposits), two lists were compiled; one from B 1987 

containing all families whose last appearance is recorded in the 

Maastrichtian, and one from C 1987 containing all families whose last 

appearance is recorded in the Late Cretaceous. As noted earlier, C 1987 

gives family ranges to epoch level only, thus C 1987 details all families 

which suffered extinction in the ''Senonian'' (Coniacian, Santonian, 

Campanian and Maastrichtian). In this study those terminating in the 

Coniacian, Santonian and Campanian are designated as incorrectly dated. 

This merely indicates that the family ranges given in C 1987, like those 

of Romer (1933, 1945, 1966), are not to a time scale which is sufficiently 

fine to reveal patterns of change accurately. 

4.6 CHANGES IN FAMILIAL DURATIONS 

Many palaeontologists would expect that the stratigraphic range of a 

family would increase through research time as improved collecting 

techniques uncover new species or genera in new geological formations 

outside the former maximum range. This may be designated the conventional 

view . rt would also seem reasonable, however, to assume that in some cases 

the range would be shortened by the removal of invalid genera or species 

which had extended a family range beyond its true limits. This idea, that 

family ranges will tend to reduce through research time, often as a result 
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of strict phylogenetic analysis, may be termed the cladistic view. How 

have our determinations of family ranges changed in 20 years? Every 

taxonomic group from subfamily to order given in Harland et al. 1967 (H 

1967) was listed and compared with B 1987. The taxonomic validity of the 

units and their stratigraphic ranges were examined. The 1967 and 1987 data 

bases give family ranges to stratigraphic stage level. In H 1967, however, 

subfamilies, superfamilies, suborders, infraorders or orders may be listed 

instead of families. All ranges are recorded to stage level but the 

non-uniform taxonomic assignments throughout are a hindrance. 

Examination of four classes (Amphibia, Reptilia, Aves and Mammalia) 

in H 1967 revealed the following. Of the 72 taxa (family, suborder, etc.) 

listed for the Amphibia, 13 (18.1%) are invalid and have subsequently been 

reassigned. Of the 182 taxa listed for the Reptilia, 32 (17.6%) have been 

reassigned. H 1967 lists 217 families and subfamilies for the Aves, but 

since Benton (1987a) utilized H 1967 in compiling the Aves section of B 

1987 there is little information to be had from a comparison. The only 

change is that a small number of subfamilies present in H 1967 have been 

deleted from B 1987 and incorporated into already existing families. This 

section of Benton's data base will need considerable revision judging by 

the validity of the rest of H 1967. H 1967 lists 129 taxa for the 

Mammalia. Of these, 77 are families while the remaining 52 are 

superfamilies, suborders or orders. All of the 77 families are valid and 

are found in B 1987. Of the 52 other taxa two are invalid, while the other 

50 are valid groupings into which many of Benton's families can be 

slotted. 

A number of the genera that make up the various taxa employed by H 

1967 are invalid and have been rejected or reassigned in the past 20 

years. Many of the families which are regarded as valid, and have 

counterparts in B 1987, may have had a slight rearrangment of genera or 

species since 1967. Genera may be removed, repositioned in other families, 

or simply discarded, their characteristic features having been discounted 
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as irrelevant or incorrect by a strict cladistic analysis. This may affect 

the stratigraphic range of the families, either shortening or lengthening 

them. 

4.6.1 Determining family ranges 

The temporal range of each family given in H 1967 and B 1987 was 

calculated and all the ranges were compiled and compared in order to test 

whether stratigraphic ranges had generally increased or decreased. The 

ranges were calculated as outlined in Section 3.2.1. 

There were some problems in determining comparable families in the H 

1967 and B 1987 data bases, since H 1967 does not always give families. 

Benton's (1987a) list of families was taken as a standard because it 

includes only families. Corresponding groups were established by 

comparison of R 1966 and H 1967 with B 1987. In many cases, direct 

comparison of families is possible, but there are instances when broader 

taxonomic groupings are employed. For example, Benton (1987a) lists the 

Family Taeniolabididae (Santonian to Ypresian). Harland et al. (1967) list 

the suborder Taeniolabidoidea (Campanian to Early Eocene, taken as 

Ypresian using the Palmer [1983] timescale) but do not detail constituent 

families, so in this case we compare family with suborder. 

At first, H 1967 was used to find equivalents for the 915 families of 

marine and non-marine tetrapods listed in B 1987 because most family 

ranges in H 1967 are given to stage level. Not all of the 915 families 

listed in B 1987 are to be found in H 1967, so R 1966 was used to fill any 

gaps where possible. For those families that have been erected over the 

past 20 years, as a result of new discoveries or taxonomic revision, there 

is no corresponding family in either of the two earlier publications. 

These recently erected families were subsequently omitted from B 1987 and 

from the analysis since they can give no information on changing concepts 

of stratigraphic durations . This produced a total of 718 families that are 

represented both in B 1987 and in either H 1967 or R 1966. As discussed 
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above, not all of the family ranges in the two earlier publications are 

given to stage level. Those families which also occur in B 1987 but whose 

range is not given to single stage level were also omitted from the 

analysis initially, leaving a total of 515 families for comparison. 

4.6.2 Comparing two "stage-level" data sets 

A valid statistical comparison of the two data sets proved elusive. 

The most common technique for comparing two data sets is the construction 

of regression lines. However, this technique is often applied to data 

which are not suitable for such an analysis because there is no clear 

independent and dependent variable, or because values for both variables 

are not normally distributed, and the results are largely worthless. Such 

is the case with the data sets considered here. Further common techniques, 

such as the construction of unique major axes, application of the 

Kolmogorov-Smirnov statistic, comparison of standard deviations and other 

such tests, parametric and non-parametric, were all found to be unsuitable 

because of the paired nature of the data and the restrictive way in which 

it is structured. The simplest approach proved to be the most useful. The 

non-parametric Wilcoxon matched-pairs signed-rank test was employed 

(SPSSX . 2 statistical package on a VAX mainframe computer) to determine the 

number of ranges in B 1987 that had increased, decreased, or remained the 

same relative to those in the R 1966/H 1967 combined data base (Fig. 4.8). 

Of the 515 families of tetrapods included in the analysis, 52% have 

equal ranges in both data bases. However, since the Aves section of B 1987 

is derived almost exclusively from H 1967, its inclusion skews the results 

considerably towards a greater proportion of tied ranges simply because 

there are 182 families of birds, 34.6% of the total number of families 

analysed, and of these, 171 have ranges of equal value in both data bases. 

Eliminating the Class Aves from the results reveals a truer pattern of 

change in family ranges between the two data bases (Fig . 4.8) . 

The numbers of increases, decreases, and ties vary slightly for the 
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Increase Decrease Tied 

Amphibia m.y. 1 5 5 1 3 
stages 1 5 5 13 

Reptilia m.y. 40 30 30 
stages 40 26 34 

Aves m.y . 1 0 171 
stages 1 0 171 

Mammalia m.y. 95 52 53 
stages 86 48 66 

All tetrapods m.y. 160 88 267 
stages 1 51 80 284 

All tetrapods m.y. 150 87 96 
excluding Aves stages 1 41 79 11 3 

Fig. 4.8. Number of families in Benton (1987a) whose range has increased, 

decreased, or remained static, in terms of duration in millions of years 

and number of geologic stages spanned, relative to the combined Romer 

(1966 )/Harland et al. (1967) data base. All randomised families excluded. 
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two aspects of the data considered; ranges in millions of years and the 

number of stratigraphical stages spanned . This apparent ambiguity results 

from those families which span an equal number of stages but not the same 

stages. For example, the amphibian family Dissorophidae is recorded as 

spanning ten stages in each data base; Moscovian to Tatarian in H 1967, 

and Bashkirian to Kazanian in B 1987. These ranges calculated as described 

in Section 3.2 . 1, are 52 . 5 m. y. and 58 . 8 m.y. respectively . Therefore, the 

family's range is recorded as having increased from H 1967 to B 1987 

although the number of stratigraphic stages spanned by the family is 

recorded as a tie. This aspect of the data is reflected in the 

consistently greater number of ties for stages spanned, relative to ranges 

in millions of years for the tetrapods as a whole, and each class of 

tetrapods, excluding Class Aves, for the reasons given above. 

Most of the 333 families of amphibians, reptiles, and mammals have 

been updated and their ranges altered in the past 20 years. A total of 236 

families (70.9%) show an increased or decreased range, with the remaining 

97 families (29.1%) unchanged. Of the 236 families exhibiting change, the 

ranges of 149 (44 . 8% of the total) have increased in the past 20 years 

while 87 (26.1% of the total) have experienced a decrease in their range. 

This appears to fit what might be called the conventional view, that most 

families whose range has been altered show an increase. It is probable, 

however, that few would expect so many families (26.1%) to show a 

decreased range. Certainly it may be expected that some families would 

have their span in geological time reduced, because of the removal of 

spurious genera or refinement of the stratigraphic column, but for 87 of 

the 333 families to be thus affected would suggest that taxonomic 

revisions are continuing to play a major role in improving our knowledge 

of the fossil record. 

Inclusion of the randomised families returns the data bases to their 

initial complement of 718 families which are listed in B 1987 and have an 

equivalent in either H 1967 or R 1966 . Analysis of these data sets reveals 
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a greater number of ties and a lesser number of increased ranges (Fig. 

4.9). Removing the biasing influence of Class Aves reveals a lesser number 

of ties, as expected, and a greater number of decreased ranges . The 

inclusion of carefully randomised data supports the supposition that many 

families have had their ranges shortened with continued taxonomic and 

stratigraphic revisions. 

4.7 DISCUSSION 

Many possible sources of error affect the fossil record and 

compromise its usefulness in the studies of macroevolution (Raup 1972, 

1976; Sepkoski 1975, 1978; Signor 1978, 1985; Padian and Clemens 1985; 

Benton 1988, 1989a, c).Well known examples include variation in the area 

of sediment exposed for each stratigraphic period, in the estimated volume 

of rock for that period, and in the number of taxonomists working on a 

given period fauna, termed palaeontologist interest units (Sheehan 1977). 

Most of these factors may be assessed and taken into account when parts of 

the fossil record are being compared. Lazarus taxa (Jablonski 1983, 1986) 

also have a disruptive influence, and the absence of terrestrial deposits 

for certain time spans hinders accurate assessment of times of origination 

and extinction. Sampling errors are of less importance at the family level 

than at the species level (Raup 1979b), but serious sources of error at 

higher taxonomic levels may still arise from inadequate phylogenetic 

analysis. The essence of this study has been to show that detailed 

consideration of the phylogeny and taxonomy of the constituent genera and 

species of any given family is vital in establishing the accuracy of the 

family range, and, hence, of the diversity patterns. 

Taxonomic inadequacy is one inevitability of palaeontology. In its 

early stages, vertebrate palaeontology was a science restricted to those 

with the means to obtain specimens . A lack of communication between 

individuals and between countries, and varying opinions about the features 
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Increase Decrease Tied 

Amphibia m.y. 31 24 16 
stages 30 22 19 

Reptilia m.y. 76 71 35 
stages 71 61 50 

Aves m.y. 1 0 3 186 
stages 1 0 3 186 

Mammalia m.y. 121 80 65 
stages 112 75 79 

All tetrapods m.y. 238 178 302 
stages 223 161 334 

Fig. 4.9. Number of families in Benton (1987a) whose range has increased, 

decreased, or remained static, in terms of duration in millions of years 

and number of geologic stages spanned, relative to the combined Romer 

(1966)/Harland et al. (1967) data base. All randomised families included. 
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that characterise particular taxa, contributed to a false multiplication 

of species and higher taxa . The recent application of cladistics has 

provided a measure of uniformity in vertebrate systematics and removed 

many of the ill-defined genera and families that were erected by early 

workers. 

A comparison of recent analyses of the vertebrate fossil record shows 

the need to revise the data bases. Most recent studies have used data 

bases that do not fully reflect the cladistic analyses. For example, Olson 

(1982, p. 503), in a study of vertebrate extinctions at the 

Permian-Triassic boundary used data derived mostly from Romer (1966) that 

were "modified as deemed appropriate to account for changes since his 

listing was compiled". A similar modification was carried out by Padian 

and Clemens (1985). In a succinct review of the pitfalls common in 

analyses of terrestrial vertebrate diversity, they tackled the problems of 

biases in, and limitations of, stratigraphic and taxonomic data, problems 

also considered by Benton (1985a, 1989a, c) . Although using Romer (1966) 

and Harland et al. (1967) for compilation of systematic diversity, Padian 

and Clemens (1985) corrected for systematic revisions made in the previous 

15 years. They also used Sepkoski's most recent update of his 1982 list of 

vertebrate diversity. 

Such revisions provide much needed improvements but there is always a 

need for further work. Romer (1966) is no longer suitable as a source of 

tetrapod taxonomy and diversity data (Maxwell and Benton 1987). This study 

has shown Harland et al. (1967) to be unreliable, and Sepkoski's (1982) 

compilation, with revisions, still suffers from taxonomic problems (Benton 

1985a, b) . A comprehensive breakdown of the inaccuracies in parts of 

Sepkoski's (1982) data base (Patterson and Smith 1988) shows that the need 

for taxonomic revisions is continual and overwhelming. Even the most 

recent works in this field must therefore be regarded as inaccurate to a 

degree . 

The comparison of the data bases of Benton (19D7a) and Harland et al. 
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(1967) revealed a great many changes in family ranges over the past 20 

years. The change is not systematic, but consists of increased ranges in 

some cases and decreased ranges in others, suggesting the importance of 

taxonomic and stratigraphic reassessments. It is not enough simply to 

modify older data bases by the addition of new fossil finds to already 

existing families. 

A similar study of fossil brachiopod genera (Grant 1980) revealed 

large increases in numbers of genera for certain geological periods. These 

were linked to the actual number of brachiopod workers, and their 

proportion to the percentage of outcrop area per geological period. The 

greater the number of workers per period, the greater the number of genera 

discovered and described. This simple rule applies to all portions of the 

fossil record and undoubtedly affects tetrapod data bases. 

Despite all the negative aspects outlined, there is real value in the 

type of analysis presented here. The notoriously patchy tetrapod record is 

probably better analysed phylogenetically than many more complete 

invertebrate fossil records, and it is worthy of study. We have to 

pinpoint inaccuracies and areas of constant change to facilitate their 

improvement. 

4.8 CONCLUSIONS 

1. The six data bases of fossil tetrapod diversity considered here, 

taken as snapshots of palaeontological knowledge over the past 100 years, 

all show the same general pattern of numbers from Late Devonian to Late 

Cretaceous followed by a rapid increase in the Tertiary. 

2. The most recent data bases, Harland et al. (1967), Benton (1987a) and 

Carroll (1987) reveal, in fine detail, the well established declines in 

tetrapod family diversity throughout the Phanerozoic. 

3. Advances in knowledge over the past 20 years have led to increases in 

the stratigraphic durations of 44.8% of tetrapod families, and decreases 
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in 26.1% of the total. The increases are largely the result of new finds, 

as might have been expected, but the causes of the reductions in ranges 

are less obvious. They result from taxonomic reassignment, particularly of 

early taxa such as amphibians, thecodontians and mammal-like reptiles, but 

also of archosaurs and mammals. 

4. Recent improvements in our knowledge of the tetrapod fossil record 

have resulted from re-evaluations of taxonomy and stratigraphy, and not 

just from the discovery of new fossils. 
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CHAPTER 5 

PAREIASAUR TAXONOMY, EVOLUTION, PALAEOGEOGRAPHY, AND PALAEOECOLOGY 

5 . 1 INTRODUCTION 

The study of pareiasaurs is fraught with difficulty for the 

fundamental reason that most pareiasaur fossils are of such poor quality. 

Complete skeletons are rarely preserved and the majority of known 

pareiasaur skulls and skeletons have suffered distortion as a result of 

forces acting in the rock subsequent to lithification. Most of the 

specimens held in palaeontological institutes today were discovered in the 

early 1900s. Many appear to have been prepared crudely, obscuring the 

finer details of the sutures, palate and braincase. 

Most of the pareiasaur specimens known today were recovered from the 

Karoo system of South Africa around the turn of the century and throughout 

the early decades of the 20th century . During this time, certain workers 

tended to erect new genera and species on the basis of poorly-preserved, 

fragmentary remains. The most famous exponent of this 

taxonomically-inflationary palaeontology was, perhaps, Robert Broom, who 

turned his attention to pareiasaurs on many occasions (see, for example, 

Broom 1912, 1914, 1930, 1935) with the result that many irwo.b:cl and 

synonymous genera were established by the early 1930s. Between 1929 and 

1934, L. D. Boonstra and S . H. Haughton produced an 11-part series of 

papers, entitled Pareiasaurian studies, in which they examined the 

osteology, morphology, and myology of the known genera and species. The 

fact that the authors, both of whom had ready access to, and a 

comprehensive knowledge of, the fossils, continued to describe genera and 

species that are considered invalid today is perhaps indicative of the 

very poor quality of the fossils that where available for study. Some 
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indication of the degree of distortion and poor preservation is provided 

by Boonstra (1934a, pl. VI-XXII). 

The discovery of new fossils and further preparation of existing 

specimens (e.g., Brink 1955) has allowed the false multiplication of 

pareiasaur genera and species that resulted from the work of Broom, and 

others, to be culled in recent years by a number of workers, all operating 

independently of each other. The recent revisions and reviews (Chudinov 

1957; Boonstra 1969; Kuhn 1969; Kitching 1977; Ivachnenko 1987) are of 

great value but by no means definitive. Chudinov (1957) and Ivachnenko 

(1987) give a revised account of Russian pareiasaurs, Boonstra (1969) only 

deals with those forms found in the Tapinocephalus zone of South Africa, 

and Kitching (1977) deals with pareiasaurs as part of a wide-ranging 

review of the entire vertebrate fauna of the Karoo. It is highly probable 

that a comparative review of all South African, European and Asian 

pareiasaur fossils, by one worker, would reveal inaccuracies in the 

taxonomy of pareiasaurs as it stands today. 

5.2 PAREIASAUR EVOLUTION 

5.2.1 Previous work 

There has been little previous work on the inter-relationships of 

pareiasaurs. An early attempt to establish the evolutionary history of the 

pareiasaurs of the Karoo Basin, South Africa, plus Scutosaurus and Elginia 

(Boonstra 1932), utilised a range of characters, such as body size, degree 

of body armour, direction of inclination of the proximal facet of the 

femur, number of tooth-cusps, and many others, combined with the 

stratigraphic position of each genus. The results are summarized in Fig. 

5.1. Groups Y and z are derived from a single non-cusped group, X. Groups 

Y and z are few-cusped groups, but in Z "there is the inherent 

potentiality to give rise to many cusped forms" (Boonstra 1932, p. 483). 

This scheme for pareiasaur evolutionary history, c~mpiled by one of few 
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workers with a detailed knowledge of Karoo pareiasaurs, should provide a 

useful comparison with the results of the cladistic analysis attempted 

here (Section 5.2.2). 

The number of tooth-cusps and the pattern of their arrangement around 

the crown has been used to estimate the relative degree of evolutionary 

development of two Chinese pareiasaurs (Gao 1989). He used the increase in 

the cusp number with an accompanying change in the cusp arrangement, from 

irregular and uneven to regular and even, to illustrate a general trend 

from primitive to derived forms. The results are summarized in Fig. 5.2. 

5.2.2 Validity of pareiasaur genera 

Current opinions of valid genera and species, and their synonyms, are 

summarized by Araujo (1984, table 1). It is highly likely that this list 

is not 100% accurate, principally because it has been compiled from 

various sources in the literature, including those mentioned above, but it 

is the only such list available at present. Accordingly, the genera listed 

as valid by Araujo (1984) were examined to determine their suitability for 

inclusion in a cladistic analysis of the pareiasaurs. Five Chinese genera 

and the German genus Parasaurus, none of which is included in Araujo's 

list, where also examined in this respect (Fig. 5.3). 

The six Chinese genera listed in Fig. 5.3 were excluded from the 

analysis because they are so poorly known. The only cranial material known 

for any of the six is a right lower jaw of Huanghesaurus (Gao 1983), and a 

fragment of the right maxilla of Sanchuansaurus (Gao 1989). One 

poorly-known South African genus, Platyoropha, was also excluded. The 

captorhinomorphs Eocaptorhinus and Procolophon, and the early diapsid 

Prolacerta, were selected for outgroup comparison. The characters used in 

the study are listed in Fig. 5.4 and the distribution of primitive and 

derived states in Fig. 5.5. This latter shows the incompleteness of two 

taxa -fewer than 50% of characters could be determined in Koalemasaurus 

and Parasaurus- but the data matrix is 87% complet9 overall. When 
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Relative 
degree of 

evolutionary 
development 

Advanced 

Primitive 

Scutosaurus (16-17) 

Huanghesaurus (16-17) 

Anthodon (14) 

Pareiasuchus (11-13) 

Nanoparia (11-13) 

Sanchuansaurus (9-11) 

Bradysaurus (>9) 

Koalemasaurus (>9) 

Fig. 5.2. Summary of Gao's (1989) attempt to determine the evolutionary 

position of two Chinese pareiasaurs Sanchuansaurus and Huanghesaurus. The 

number of tooth-cusps is given for each genus. 
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Parasaurus Meyer 1857 

Anthodon Owen 1876 

Pareiasaurus Owen 1876 

Elginia Newton 1893 

Pareiasuchus Broom and Haughton 1913 

Bradysaurus Watson 1914 

Embrithosaurus Watson 1914 

Brachypareia Haughton and Boonstra 1929 

Koalemasaurus Haughton and Boonstra 1929 

Nochelesaurus Haughton and Boonstra 1929 

Platyoropha Haughton and Boonstra 1929 

Scutosaurus Hartmann-Weinberg 1930 

Nanoparia Broom 1936 

Shihtienfenia Young and Yeh 1963 

Honania Young 1979 

Tsiyuania Young 1979 

Shansisaurus Cheng 1980 

Huanghesaurus Gao 1983 

Sanchuansaurus Gao 1989 

Fig. 5.3. Pareiasaur genera that are assumed to be valid, arranged 

chronologically, based on the year of the first description. From 

Araujo (1984), van Wild (1985) and Gao (1989). 
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1. Large antorbital projection on maxilla: absent (0), present (1). 

2. Parietal foramen: far behind (0), inmediately behind (1), frontal-parietal sutures. 

3. Anterior margin of postparietal: not enclosed (0), partially enclosed (1), completely 

enclosed (2), by posterolateral projections of parietals. 

4. Postparietal: forms part of the posterior margin of dorsal table (0), excluded from 

it by paired supernumerary bones (1). 

5. Supratemporal: present (0), absent (1). 

6. Tabular boss/horn: absent (0), small, points dorsally (1), large, projects 

posterolaterally (2). 

7. Supernumerary bones in skull roof: absent (0), one pair (1), two pairs (2). 

8. Postorbital: restricted to posterior margin of orbit (0), forms part of the dorsal 

and posterior margin of orbit (1). 

9. Postorbital-tabular contact: extensive (0), or much reduced (1). 

10. Postorbital~quadratojugal suture: absent (0), present (1). 

11. Size of quadratojugal relative to squamosal and jugal: similar (0), much larger (1). 

12. Ventrolateral margin of the quadratojugal: unornamented (0), with low, rounded 

bosses (1), with well-defined bosses or horns (2). 

13. Bones of skull roof: smooth (0), pitted (1), deeply pitted (2). 

14. Bosses on skull roof bones: absent (0), low, rounded bosses (1), spined (2). 

15. Lateral margin of vomer: formed by maxilla (0), palatine (1). 

16. Basicranium: short (0), elongate (1). 

17. Posttemporal fenestrae: restricted (0), wide-open (1). 

18. Opisthotic bar: curves dorsally (0), extends horizontally (1). 

19. Rib articulation of dorsal vertebrae: vertical, or slightly inclined toward sacrum 

(0), much inclined (1). 

20 . Orientation of femur: horizontal (0), slightly inclined toward vertical (1), 

trending toward vertical (2). 

21. Dermal body armour: absent (0), randomly structured (1) , regularly structured (2). 

22. Tooth-cusps: absent (0), nine or less (1) , ten or more (2). 

Fig. 5.4. Characters used in the cladistic analyses. Primitive states are 

indicated by 0, derived states by 1 and 2. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
Eocaptorhinus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Anthodon 0 0 0 0 1 1 0 0 0 -0 1 1 1 1 0 N N 0 0 2 1 2 
Brachypareia 0 0 0 0 1 1 0 1 0 0 1 1 1 1 0 0 0 0 N 
Bradysaurus 0 0 1 0 1 1 0 0 0 0 1 1 1 1 0 0 0 0 0 1 
Embrithosaurus 0 0 0 0 1 1 0 0 0 0 0 1 1 1 0 0 0 0 0 2 
Koalemasaurus 0 N N N N 1 N N N N N 1 1 1 0 N N N N N 1 1 
Nanoparia 0 0 1 0 1 1 2 0 0 0 1 2 1 1 0 0 1 N N N 2 2 
Pareiasuchus 0 0 0 0 1 1 0 0 0 0 1 2 1 1 0 0 0 0 0 1 1 2 
Scutosaurus 0 0 0 0 1 1 0 0 0 1 1 2 2 1 0 1 0 0 0 1 1 2 
Parasaurus N 0 1 0 0 N 0 0 N 1 0 N N N N N N N N N N 
Pareiasaurus 0 0 1 0 1 1 1 0 0 0 1 1 1 1 0 0 0 0 0 1 1 2 
Elginia 1 1 2 1 1 2 1 1 1 0 0 2 2 2 1 1 1 1 1 2 2 N 

0 Nochelesaurus 0 0 0 0 1 1 0 0 0 0 1 2 1 1 N 0 0 N N 1 N 1 N 

Fig. 5.5. Character state data on 12 pareiasaurian taxa and Eocaptorhinus, the 

designated outgroup. Characters are listed in Fig. 5.4. Abbreviations: 0, primitive 

state; 1, 2, derived states; N, not known. 



Koalemasaurus and Parasaurus are removed the data matrix is 96% complete. 

5.2.3 Cladistic analysis of pareiasaurian taxa 

The analysis was carried out using the PAUP (Phylogenetic Analysis 

Using Parsimony) package (Version 2 . 4.1 .) developed by David L. Swofford 

(1986) on an IBM PS2. The trees were rooted with Eocaptorhinus, one of 

three taxa selected for outgroup comparison, defined as the outgroup. The 

GLOBAL branch-swapping and MULPARS options were invoked and MAXTREE was 

set to 100, the maximum permissible value. The first analysis, with all 13 

taxa included (one outgroup taxon and 12 pareiasaur taxa), yielded 100 

different equally parsimonious trees. The two poorly-represented taxa 

(listed above) were then omitted. The remaining 11 taxa all had more than 

80% complete data, but the program yielded 100 equally parsimonious trees. 

Then, Nochelesaurus and Nanoparia, with 18% and 14% incomplete data 

respectively, were omitted and the remaining nine taxa were arranged in 14 

equally parsimonious trees . Finally, when two more taxa which had one or 

two missing items of data (Anthodon and Brachypareia) were deleted, the 

remaining seven taxa were arranged in two equally parsimonious trees. 

In the analyses described above, the consistency index (CI), a 

measure of the congruence of the data, ranged from 0.738 to 0.857. The 

first three analyses have quite low values (CI= 0.738, 0.775, 0.811 

respectively), probably because the program was unable to produce fully 

resolved trees from the data provided (see below). The consistency index 

of the final analysis, involving seven taxa with 100% complete data, was 

slightly higher (CI= 0.857). 

The multiple most-parsimonious trees were summarized by application 

of the CONTREE program (Swofford 1986). Single trees produced by the 

program take account of the different branching patterns, and thus 

inevitably contain one or more multichotomies. The trees for all 13 taxa 

(Fig. 5.6A), 11 taxa with more than 80% information (Fig. 5.6B), and nine 

taxa with more than 90% information (Fig. 5.6C), show little similarity to 

103 



, 

r+ r+ "O <.n ~ 

::i ::r ::r Ill j , ...., Ill Ill "'\ +> tO 
0 ::i ::i m 
~ 

j , Ill 
IJ:) CD Ill ::i <.n () Ill 0 0 (/) 0.. Eocaptorhinus r+ ;i..!! ;i..!! Ill "' ~ 

j, c <.n 
0 j. "'\ 
::i ::i ::i j , <.n ;u ...., ...., Ill m 

/ Anthodon ~ 0 0 ::i (/) 

r+ ~ ~ 
(/) c 

"'\ r+ c -' 

lE Ill Ill Ill ~ r+ 
r+ . r+ x (/) 

(/) j. j. Ill Ill Eocaptorhinus / / Brachypareia .. 0 0 "'\ 0 
::i ::i ~ j. ...., 

N r+ m - ~ ~ "'\ (/) "U 
r+ r+ lE )> I _Anthodon Eocaptorhinus / // _Bradysaurus b' "'\ "'\ 0 c 
lE lE 

(/) ...., "U 
::i 
(/) (/) (/) 3 ~ 

j. .. .. -' c < 
(/) 0 -' m )" II Brachypareia w / Anthodon / /r Pareiasuchus r+ -' -' 0 r+ "'\ ~ ~ ' m +> 0 - j, (/) 

::i - 0 "O 
0 - b' -' 0 
'< b' m ::i 

II/ / / "' "' "' b' ::i ,Bradysaurus Brachypareia ,Scutosaurus ::i (/) 0 N 
::i (/) ::i ~ 0.. j. (/) (/) (/) 

m (/) j, r+ r+ x r+ (/) m I -' 

I I// ~Embrithosaurus / // ,Bradysaurus 

""" """ 
'Elginia (!) lt ::i "O '-' 

::i 0 Ill 
0 0 ::i '< "'\ 0 

'< 0 (/) g CD '< j, j, 

<.n j, '.:) 0 "O I//// _ Koal emasaurus / /// .Embrithosaurus "' 'Pareiasaurus -..J ::i j, 0.. c 
0 - 0.. ::i (!) ::i r+ 

(!) 0.. x j, m ,,,. (/) x m .. 0 "'\ 
r+ .. x c 

\~ ,Nanoparia < $/~ /Nanoparia 'Embrithosaurus (!) .. 0 (/) Ill 
"O 0 ::i 
(/) a, 0 -..J r+ Ill .. 

~ "'\ -' 
-' -..J lE '< w -' -..J - (/) 

~""'~ I 'Elginia ~~ I 'Elginia <.n - <.n (/) (!) - (/) (/) 
(/) r+ 0-
r+ (/) m '< 0-

m 
(!) r+ "O Ill 

\'\""'"" ~Pareiasaurus 
'\""' "" ~Pareiasuchus "O m (/) c+ (/) 

(/) "O .. ::r ~ .. (/) m 
r+ .. +> 
(!) w N 0 0 x -..J +> '-' 0 ::i ~'I>areiasuchus ~ ~Scutosaurus _Eocaptorhinus r+ '-' 0 ::i 

'-' c+ 0.. ...., rn "'\ Ill 
0 0 - lE r+ 0 
"'\ - ~ Ill 

Scuto£:aurus ~ 

/ , Bradysaurus -' Pareiasaurus ...., <.n 0 "O "O 
c CD "'\ "'\ 

r+ c+ 2 m 
Ill r+ Ill (/) 

x Ill x "'\ (!) \ Parasaurus 'Nochelesaurus / / Pareiasuchus (!) Ill x Ill ~ ::i 
x Ill r+ 

"O ~- :( ~ :( j. 

Ill r+ j . r+ > 'Nochelesaurus < /C ""' 
::i ::r r+ ::r - j, /Scutosaurus Ill ::r ::i 
r+ -' 0 Ill 
j. 0 0 -' ~ 
0 0 "'\ -' j. 

::i N "'\ m tO 

~ ~'Elginia m -' (/) 
N 

Pareiasaurus 

Embrithosaurus 



the single most-parsimonious tree produced from the seven taxa which had 

complete character information (Fig. 5.6D). Eocaptorhinus is the only 

outgroup in all the analyses. The first two analyses each produced a 

single most-parsimonious tree that consists of a largely-unresolved 

multichotomy (Fig. 5.6A, B). Elginia is paired with Nanoparia in both 

cases, and the pair forms a trichotomy with Pareiasaurus in the first 

analysis (Fig. 5.6A). All other pareiasaur taxa are unresolved. 

Nanoparia was excluded from the third analysis, and Elginia is paired 

with Scutosaurus in a trichotomy with Pareiasuchus (Fig. 5.6C). These taxa 

and all others, excluding Embrithosaurus, are included in an otherwise 

unresolved multichotomy. When the remaining taxa with some missing data 

are removed Elginia is once more paired with Scutosaurus in a trichotomy 

with Pareiasuchus (Fig. 5.6D). The relationships of taxa within the crown 

group multichotomy of ten taxa (Fig. 5.6B) cannot be resolved by PAUP with 

the present data set. 

Elginia is the most specialised pareiasaur, judging by the 

apomorphies listed in Fig. 5.5. The small quadratojugal in Elginia 

represents a reversal of character 11. The available evidence suggests 

that Elginia was most closely related to the Russian genus Scutosaurus, 

and the South African genus Nanoparia, largely because of synapomorphies 

relating to increased spinosity of the skull in all three genera, and 

the development of a well-structured dermal armour in Elginia and 

Nanoparia. 

5.3 PAREIASAUR PALAEOGEOGRAPHY AND STRATIGRAPHY 

Pareiasaurs are found in Late Permian terrestrial deposits, ranging 

across four continents (Fig. 5.7). Their stratigraphical distribution is 

summarized in Fig. 5.8. Pareiasaurs and other Late Permian reptiles occur 

in greatest abundance in South Africa and the USSR. Various attempts have 

been made to correlate the Late Permian terrestrial deposits of both 
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Scutosaurus Pareiasaurus Huanghesaurus Elginia 

IV IV Anthodon Pareiasuchus Shihtienfenia 
Anthodon 
Nanoparia P. americanus 

IV(A) CIST. 
III III Pareiasaurus Shansisaurus 

Pareiasuchus Sanchuansaurus 

III TAP. 
Nochelesaurus Honayia 
Bradysaurus Tsiyuana 

II II Koalemasaurus 
Brachypareia 
Embrithosaurus 
Platyoropha 
Pareiasuchus 

I Rhipaeosaurus ECCA Parasaurus 
Leptoropha 

Fig. 5.8. Stratigraphic distribution of pareiasaurs. Data: A, Olson (1957); B, Chudinov (1965); 

Others, Haughton and Brink (1954), Barberena et al. (1985), van Wild (1985), Gao (1983). 

Abbreviations: CIST., Cistecephalus zone; DAPT., Daptocephalus; Scot., Scotland; TAP., 

Tapinocephalus zone. 



continents, with varying results, as illustrated in Fig. 5.8 . There are no 

common marker beds, invertebrate faunas, or microfossils, and the faunal 

zones of each continent can only be compared in terms of their constituent 

vertebrate fauna. As a result, no definitive correlation can be 

established. Similarly, the geochronology of the faunal zones in South 

Africa and Russia, and terrestrial vertebrate faunas elsewhere, cannot be 

established with absolute accuracy. Efremov and Vjushkov (1955) proposed 

two possible geochronological schemes for the Russian and South African 

zones. More recently, King (1986) gave an estimate of the age of the South 

African zones with the Russian zones included for comparison. The authors 

use different stage names for the Upper and Late Permian respectively, and 

it is probably pointless to attempt to correlate the two. Accordingly, the 

timescale used in the next exercise was that of the South African f aunal 

zones. 

5.4 MIGRATION ROUTES 

An attempt was made to estimate the migration routes of pareiasaurs 

across four continents, throughout the Late Permian, from the location of 

the oldest genus, Parasaurus, in Germany, to that of the youngest, 

Elginia, in Scotland. The timescale used was that of the South African 

faunal zones. The old terminology of Tapinocephalus, Cistecephalus, and 

Daptocephalus range zones was retained despite recent advances in the 

interpretation of the stratigraphy and biostratigraphy of the Karoo Basin 

(see, for example, Keyser and Smith 1979; Turner 1981) . A more detailed 

scheme of biozones has been erected for the Beaufort Group in the southern 

Karoo Basin (Keyser and Smith 1979) (Fig. 5.9) . The new biozones are 

essentially assemblage zones, rather than range zones, and have not been 

widely used in the literature. Most authors continue to employ the old 

range-zone terminology (see, for example, Kemp 1982; von Wild 1985; King 

1986, 1990) and, consequently, it is much more convienient to use it here. 
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WEST 

Keyser and Smith 1979 

Dicynodon lacerticeps

Whai tsia 

Aulacephalodon

Cistecephalus 

Tropidostoma

Endothiodon 

Pristerognathus 

Diictodon 

Dinocephalian 

EAST 

Kitching 1977 

Daptocephalus 

Cistecephalus 

Tapinocephal us 

Fig. 5.9. Correlation of biozones established for the west and east 

southern Karoo Basin. From Turner (1981). 
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Information on the inter-relationships of pareiasaurs is pertinent to 

this exercise, but the exclusion of all Chinese genera from the cladistic 

analysis (Section 5.2.2) detracts from the accuracy of the resulting 

phylogenetic scheme, compromising its usefulness here. The stratigraphic 

positions of the Chinese genera are known however (Fig. 5.8), and 

facilitate an estimate of the timing of the initial pareiasaur migration 

to eastern Pangaea. 

It may be that the first pareiasaurs arose in the Karoo Basin during 

Ecca times and migrated north to Russia, and on to China (Fig. 5.10A, B). 

Parasaurus, the oldest pareiasaur known, may be a remanant of this 

migration, but no such remnants have been recorded from Russia. 

Rhipaeosaurus and Leptoropha, found in beds of Ecca age in Russia (Fig. 

5.7), are related to Parasaurus (von Wild 1985), but represent a more 

primitive family, the Rhipaeosauridae, which is close to the ancestry of 

later pareiasaurs (Chudinov 1955). 

The Chinese genera of Cistecephalus-zone age, Shansisaurus and 

Sanchuansaurus, are assumed to have arisen locally from the older Chinese 

genera. Pareiasuchus, found in the Tapinocephalus zone in South Africa, is 

assumed to have migrated north to the Russian Platform (Fig. 5.10C). 

Anthodon is assumed to have originated in the Karoo Basin, and 

expanded its range to Tanganyika and the Russian Platform by the latter 

part of Daptocephalus-zone times. A single most-parsimonious tree for 

seven taxa with 100% complete data reveals a clear pairing of Scutosaurus 

and Elginia, in a trichotomy with Pareiasuchus (Fig. 5.6D). Scutosaurus is 

presumed to have evolved from the Russian Pareiasuchus and, in turn, given 

rise to Elginia (Fig. 5.10D). The Chinese genera Shihtienfenia and 

Huanghesaurus are assumed to have arisen locally from older Chinese 

genera. 
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A) ECCA 

Parasaurus 

Honania 
Tsiyuania 

B) TAPINOCEPHALUS 
ZONE 

Nochelesaurus 
Bradysaurus 
Koalemasaurus 
Brachypareia 
Embrithosaurus 
Platyoropha 
Pareiasuchus 

Fig. 5.10. One suggestion of the possible dispersal patterns of 

pareiasaurs, based on palaeogeographic, stratigraphic and cladistic data 

(continued overleaf). X marks a fossil locality. All genera from each 

locality also listed. 
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Fig. 5.10 continued. 
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ZONE 

Huanghesaurus 
Shih ti enfenia 

Scutosaurus 
Anthodon 

Anthodon 
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5.5 PALAEOECOLOGY OF PAREIASAURS 

Pareiasaurian remains are most common in the Tapinocephalus, 

Cistecephalus, and Daptocephalus zone of the Lower Beaufort Series, Karoo 

t:-
Basin, South Africa. Studies of the sedimentology and deposiional 

t 

environment of the zones suggest that the sediments of the Tapinocephalus 

and Cistecephalus zones represent a system of deltas, with an extensive 

area of very shallow water on the edge of the basin, while the sediments 

of the Daptocephalus zone represent the off-shore facies of a deltaic 

environment (Keyser 1966; Hotton 1967; Hiller and Stavrakis 1984). Hotton 

(1967) states that most of the Beaufort fossil assemblages represent 

washed-in accumulations. A similar conclusion has been drawn regarding the 

fossil assemblages of Tatarian Zone IV of the Cis-Urals and Russian 

Platform, USSR (Chudinov 1965). The sediments of this region represent a 

zone of shifting deltas with an unstable water-current regime. The 

sediments of pareiasaur localities are well sorted and are thought to 

represent lower flood-plain environments. 

The Chinese pareiasaurs were found in Taiyuan and Shanxi Provinces, 

North China (Fig. 5.7), in a sequence of four terrestrial formations 

representing platformal-type sedimentation. The sediments, consisting of 

sandstones, sandy shales and shales, contain elements of a terrestrial 

flora, detailed by Zunyi et al. (1986, p. 118). Pareiasaurus americanus 

from Rio Grande du Sol, Brazil, was found in prograding sediments of a 

deltaic environment. The dicynodont Endothiodon and rhinesuchid amphibians 

are reported from other localities in the same formation (Barberena et al. 

1985). Elginia, from Elgin, Scotland, was found on pebbly sheet flood 

deposits, suggesting that it lived in a near-shore environment. The 

presence of two other herbivorous genera in the Elgin fauna, the 

dicynodonts Gordonia and Geikia, suggests that the animals were feeding 

in, or near, shallow water. Unfortunately, the Tatarian flora of the 

region is not preserved. The oldest pareiasaur, Parasaurus, was found in 
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the Kupferschiefer of Hessen, Germany, a still-water deposit. 

It seems probable that most pareiasaurs lived in lowland, 

semi-aquatic environments, feeding on elements of the worldwide Late 

Permian Glossopteris flora. The flora has been detailed by Haughton (1969, 

p. 394) and Plumstead (1973) and consisted of Glossopteridae, horse-tails, 

lycopods, plants with fern-like fronds, gymnosperms, and large trees with 

annual growth rings. The weak, multi-cusped, laterally compressed teeth of 

pareiasaurs do not show wear, suggesting that they had a soft herbivorous 

diet, and many complete skeletons have been found in the Tapinocephalus 

zone, embedded in mudstone, belly down, with the legs splayed out, 

suggesting that the animals became mired in marshy areas while searching 

for soft vegetation (Haughton 1969, p. 394). 

The Karoo Basin and surrounding lowlands was an area of rich 

vegetation that attracted many herbivorous amphibians and reptiles and, in 

turn, many carnivores. The vertebrate fauna of the Karoo in Late Permian 

times has been detailed by Haughton (1969, pp. 392-397, 503-507) and Kemp 

(1982, pp. 315-317). The fauna was dominated by therapsids, with 

non-therapsids forming a minor part of the fauna. Pareiasaurs were present 

in small numbers, their fossils occuting most often as single specimens or 
I 

isolated bones. Other non-therapsid members of the fauna, such as 

captorhinids, millerettids and procolophonians, and the much more abundant 

therapsids are not usually found in association. This contrasts with the 

usual mode of preservation in the Cis-Urals, USSR, where fossil 

assemblages, rich in pareiasaurs, are usually concentrated in sandstone 

lenses in the bottom waters of deltaic streams (Olson 1957). Olson's 1957 

publication is an English summary of Efremov and Vjushkov (1955), with 

some additional information. 

The fossil-rich sandstone lenses of the Little North Dvina River were 

extensively excavated by Amalitsky and their contents are detailed by 

Olson (1957). The lenses contain remains of the large pareiasaur 

Scutosaurus, with the large gorgonopsid Inostrancevia forming the next 
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most abundant element. Less abundant is a small dicynodont Dicynodon, 

while the therocephalian Annatherapsidus and cynodont Dvinia are rarer 

still. The amphibians Kotlassia and Dvinosaurus are also present. This 

assemblage, except Dvinia, occurs in all known localities in similar 

numbers and volume, from North Dvina to Volga. There are also a number of 

instances of selective preservation of Scutosaurus at Zavrazhe, 

Kotelnichi, and Kamenka (Olson 1957). 

The predominance of Scutosaurus in typical localities and the 

selective preservation of pareiasaurs may be indicative of; 

1. a greater role for pareiasaurs in the Cis-Uralian fauna, compared with 

contemporaneous faunas in South Africa; 

2. the greater numbers of herbivores, relative to the numbers of 

carnivores, or; 

3. the large size of Scutosaurus compared with other herbivores. Judging 

by preservation, Dicynodon was the most abundant genus of the other 

herbivores present. The considerable difference in size between 

Scutosaurus, typically three metres long with a large, heavy skeleton, and 

Dicynodon, typically 1m long with a much lighter skeleton, may have 

resulted in preferential preservation of the heavier skeletons. 

The taphonomic, sedimentological, and faunal evidence from 

pareiasaur-yielding localities worldwide seems to indicate that 

pareiasaurs co-existed with other herbivores such as dicynodonts, 

deinocephalians, and tapinocephalians. All fed on the Glossopteris flora. 

The herbivores were preyed upon by carnivorous therapsids such as 

gorgonopsids, deinocephalians, and whaitsiids. The vertebrate faunas of 

the Late Permian world were dominated by the therapsids which were 

undergoing a spectacular radiation. Non-therapsids comprised a small part 

of the fauna and the most important of these were the pareiasaurs. The 

pareiasaurs of the Tapinocephalus zone of the Karoo Basin (Fig. 5.8) were 

large, and present in greater numbers than at any other time in their 

existence, but the numbers and overall size of individuals declined 
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throughout the Cistecephalus and Daptocephalus zone, before extinction at 

the end of Daptocephalus zone times. Russian pareiasaurs are known only 

from the Tatarian Zone IV of the Russian Platform and Cis-Urals region, 

USSR (Fig. 5.8) and may have been more abundant than the pareiasaurs of 

the correlated Daptocephalus zone of South Africa, but this did not 

prevent them from becoming extinct at the same time as the Karoo forms. 

5.6 DISCUSSION 

Cladistic and morphological analyses of pareiasaurs are hampered by 

the poor preservation and preparation of specimens, and the taxonomic 

inconsistencies at the generic and specific level. Many unprepared Karoo 

specimens are currently held in South African institutions and the careful 

preparation and examination of these specimens may benifit future 

pareiasaurian studies. For the moment, Araujo's (1984) summary of most of 

the recent independent revisions represents the pinnacle of pareiasaurian 

taxonomy. 

The cladistic analyses detailed here (Section 5.2.2) are probably 

inadequate for determining true pareiasaurian inter-relationships because; 

1. the taxonomy of pareiasaurs requires comprehensive revision; 

2. a portion of the data matrix was derived from early 2Qth century 

publications that are in need of revision with reference to fossil 

specimens; 

3. The braincase and post-cranial elements are not well known for all 

pareiasaurs. Accordingly, the characters used in this study mostly pertain 

to the skull and palate; 

4. All known Chinese genera were excluded from the analyses. Their origin 

and the part they play in pareiasaur evolution cannot be determined. 

Despite these drawbacks, the results provide comparison with the only 

attempt that has been made to calculate the phylogenetic history of the 

pareiasaurs. Boonstra's (1932) scheme (Fig. 5.1) and a cladogram of six 
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pareiasaurian taxa with 100% complete data (Fig . 5.60) compare favourably 

in one major respect; the close association of Pareiasuchus, Scutosaurus, 

and Elginia. This association was Boonstra's most tentative grouping, 

based on two specimens of Pareiasuchus that consisted of incomplete pelves 

and hind-tmbs, but it appears to be the most valid grouping today based on r 
the cladistic, geographic, and stratigraphic position of the genera (Figs. 

5.60, 5.7, 5.8). The remainder of the cladogram is not so well resolved, 

preventing further comparisons. 

An increase in the number of tooth-cusps and the regularity of their 

pattern around the crown appears to reflect a genuine evolutionary trend 

from a primitive to a derived condition. The information is of limited 

value because it can only be used to estimate the relative evolutionary 

development of a particular genus, but it is the only means available at 

present for estimating the evolutionary position of two of the six Chinese 

genera. The most notable exception to the general rule is Elginia, 

apparently the most derived pareiasaur, which has approximately ten 

tooth-cusps, although evenly arranged around the crown. 

Walker (1973, p. 181) states that "for various reasons", Elginia is 

unlikely to have descended from the pareiasaurs of Zone IV of Russia, and 

he suggests a possible origin close to Dolichopareia, whose "wide, 

deeply-notched postparietal may include a pair of supernumerary bones 

tending to meet in the mid-line". Dolichopareia is now regarded as invalid 

and the specimen has been referred to the genus Bradysaurus (Kitching 

1977). 

The Chinese pareiasaur fauna is shown here to have remained separate 

from the South African/European fauna throughout the Permian (Fig. 

5.10B-D). The evidence available from palaeogeography and stratigraphy 

suggests that the two stocks arose from a single European genus, 

Parasaurus, but this is considered to be unlikely. The diverse nature of 

the pareiasaur fauna in the Tapinocephalus zone of the Karoo Basin 

suggests that the first pareiasaurs had evolved prior to, or during, Ecca 
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times and had differentiated into a number of different forms before 

Tapinocephalus-zone times. Fossil remains of these early forms and their 

ancestors have not been found, but it is generally accepted that the Ecca 

Group is barren as far as fossils of terrestrial tetrapods are concerned 

(Boonstra 1968; Rubidge and Oelofsen 1981). A migration from South Africa 

to China via Europe could have occurred prior to, or during, Ecca times 

because there were no major zoogeographical barriers on Pangaea and the 

distribution of groups was limited only by local climate and habitat 

(Bakker 1977). 

Alternately, the first pareiasaurs may have arisen in the tropics 

during the early Late Permian. Thereafter, the development of a 

widely-uniform climate allowed Late Permian terrestrial vertebrate faunas 

to expand from a broad band within 20° of the equator to reach South 

Africa, Russia, and China (Sloan 1985; Colbert 1986). Having reached the 

Karoo Basin and north China, the first pareiasaurs could have diversified 

rapidly. More fossils from several localities are required to resolve this 

debate. 

5.7 CONCLUSIONS 

1. The Family Pareiasauridae is in need of comprehensive taxonomic 

revision. 

2. Cladistic analyses are hampered by the poor quality of the data and 

the restricted number of useful characters. 

3. The most valid analysis pairs Elginia, adjudged to be the most 

specialised pareiasaur, with Scutosaurus in a trichotomy with 

Pareiasuchus. 

4. Plotting the early migration routes of pareiasaurs is difficult, 

primarily because the group had diversified considerably before the time 

of the first fossil remains. The group may have originated in the Karoo 

Basin of South Africa, then migrated to Europe and China. 
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5. It is suggested that latest Permian European pareiasaurs originated 

in South Africa. A Pareiasuchus-based element of the Karoo fauna migrated 

north giving rise to Scutosaurus, which gave rise to Elginia. 

6. Pareiasaurs were bulky, clumsy herbivores that fed on the 

Glossopteris flora in lowland, semi-aquatic environments. Although 

important members of the non-therapsid fauna, their numbers were low 

compared to those of the therapsids. 
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CHAPTER 6 

ELGINIA MIRABILIS : THE SKULL 

6 . 1 INTRODUCTION 

Elginia mirabilis was named in 1893 as a new monospecific genus 

(Newton 1893), on the basis of a single, incomplete skull, which lacks 

the lower jaws, collected by the Reverend Dr George Gordon. Newton 

concluded that Elginia was most closely related to the South African 

pareiasaur genus Pareiasaurus, while noting the presence of several 

important lacertilian characters. Comparison was also drawn, on various 

aspects, with Maloch, Phyronosoma, chelonids, and crocodiles. 

A second skull, with associated partial skeleton, was discovered 

subsequent to Newton's description of the type, but it has never been 

described. The second skull is not as complete as the type, although 

badly crushed portions of the lower jaw are preserved. The post-cranial 

material consists of dorsal and caudal vertebrae, ribs, portions of both 

scapulae, a partial pelvic girdle, limb bones, and scutes from the 

dermal body armour . Both specimens of Elginia were collected from the 

Millstone (Cutties Hillock) Quarry, approximately 3km west of Elgin, 

Morayshire, Scotland (National Grid Reference NJ 1844 6375). 

The aims of this study have been to describe the osteology of 

Elginia on the basis of restudy of the type skull, with reference to the 

second skull, and to draw comparison between the skull of Elginia and 

those of other pareiasaurs, highlighting outstanding differences . 

Repository abbreviations are: American Museum of Natural History, 

New York, AMNH; Bernard Price Institute, Johannesburg, BPI; British 

Museum (Natural History), London , BMNH; Elgin Museum, ELGNM; Field 

Museum of Natural History, Chicago, FMNH; Geological Survey, Edinburgh, 
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BGSE; Royal Museum of Scotland, Edinburgh, RSM; Rubidge Collection, 

Wellwood Farm, Graaff Reinet, RC; United States National Museum, 

Washington, USNM; University of California, Museum of Paleontology, 

Berkeley, UCMP. 

6 . 2 MATERIALS 

6.2.1 Mode of preservation 

The material of Elginia consists of a number of rubber casts 

manufactured from natural moulds. Initially, the skull rested on pebbly 

sheet flood deposits before becoming buried by subsequent deposits. 

Burial and lithification was followed by the percolation of hot fluids 

through the porous sandstone causing dissolution of the bones and 

formation of natural moulds. The moulds were preserved and now provide 

an accurate record of the various skeletal elements. Stresses within the 

rock have distorted the elements, but this does not hinder 

interpretation . 

6 . 2.2 Preparation of specimens 

Most of the polyvinylchloride (PVC) casts described here were 

manufactured in 1956, by Dr A. D. Walker, from the original blocks. A 

few additional castings were made by Walker in 1972. All the PVC casts 

manufactured from the type material are held in the Royal Museum of 

Scotland, but the original blocks of the type are held in the Geological 

Survey, Edinburgh, and the Elgin Museum. The original blocks of the 

second specimen, both skull and skeleton, are held in the Royal Museum 

of Scotland. 

The casting medium reproduces the features of the mould in 

excellent detail, despite the friable nature of the coarse-grained 

sandstone, although some of the finer details of the skull, such as 

sutural contacts and foramina, are often obscured. Despite this, the 
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overall level of preservation is excellent. The sandstone is poorly 

cemented and contains abundant clay minerals making it relatively soft. 

As a result, details have been lost during casting. Some of the casts 

made by Walker in 1956 bear quartz grains which have adhered to the PVC 

during casting. It is almost certain that the moulds suffered similar 

damage, with a subsequent loss of detail, when the first gutta percha 

casts were made in 1893, but the extent of any such damage is unknown. 

Taxonomy 

Class Reptilia Laurenti, 1768 

Subclass Anapsida Osborn, 1903 

Order Cotylosauria Cope, 1880 

Suborder Procolophonia Seeley 1888 

Super Family Pareiasauroidea Seeley 1888 

Family Pareiasauridae Lydekker, 1889 

ELGINIA MIRABILIS NEWTON, 1893 

incerta sedis 

"parareptiles" of 

Gauthier et al. 

( 1988) 

Holotype: BGSE 4783-4788, EM 54-58, Permian, Elgin, Morayshire, 

Scotland. Described and figured by Newton (1893). 

Paratype: RSM 1956 8.1-2, Permian, Elgin, Morayshire, Scotland. 

Both skulls are approximately the same size (Fig. 6.1). 

6.3 GENERAL DESCRIPTION 

The skull description and restoration (Fig. 6.2A-D) is based on the 

type skull BGSE 4783-4788 and augmented, where necessary, with reference 

to the second skull RSM 1956 8.2. 

6.3.1 Degree of preservation 

The type skull BGSE 4783-4788 is largely complete with substantial 

preservation of the dermal elements, palate, occiput, and braincase 
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Skull length in mid-line 

Width across posterior 
margin of nares 

Width across posterior 
margin of orbits 

Width between base of 
tabular horns 

Height of orbit 

Width of orbit 

Height between posterior 
margin of quadratojugal 
and base of tabular horn 

BGSE 4783-4788 RSM 1956 8 . 2 

150 160 

60 

90 82 

140 120 

33 35 

32 28 

75 75 

Fig. 6.1. Key measurements for the type skull, BGSE 4738-4788, and the 

paratype skull, RSM 1956 8.2. All measurements in millimetres, most are 

estimates because of distortion and poor preservation. 
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Scm 

PP (' 

Fig . 6.2 . Restoration of the skull of Elginia mirabilis (continued 

overleaf) in A) left lateral, B) dorsal, C) palatal and D) occipital 

views. The lower jaw is not shown. Abbreviat i ons used in figures listed on 

p . 211. 
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Scm 

Fig. 6.2 continued. 
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(Fig . 6 . 3A-D). The lower jaws are absent , but teeth are preserved on the 

premaxillae and maxillae . The second skull RSM 1956. 8 . 2 is less well 

preserved, lacking the nares, premaxillae, maxillae, left narial region , 

a large portion of the dorsal table, and the right tabular (Fig . 

6 . 4A- C) . The palate is not preserved with the exception of the palatal 

flanges of the maxillae and a small portion of the palatal ramus of the 

right pterygoid that bears some evidence of palatal dentition (Fig . 

6.4D). The occiput is not preserved, but the left side of the 

endocranial cavity is present . Preservation of the braincase is 

restricted to the ventral and left lateral surface of the basioccipital 

and parasphenoid. The lower jaws are badly crushed (Fig . 6.4D). The 

right cheek, orbit, and narial region are broken (Fig. 6.4A) and the 

breaks appear to conform to the position of suture lines. Slight 

crushing of the left cheek also appears to follow suture lines (Fig. 

6.48). 

6.3.2 General form 

The skull is roughly triangular when viewed from above (Fig. 6.3b). 

It is 140mm wide at its posterior margin, between the bases of the 

tabular horns, tapering to 60mm at the posterior margin of the nares. 

The form of the distortion gives the appearance that the large horn on 

the left tabular has, in effect, been pulled both anteriorly and 

laterally, primarily causing distortion of the left cheek, although the 

remainder of the left side is clearly affected. The orbits and nares are 

not visible when the skull is viewed from directly above. Preservation 

of the dorsal surface is incomplete, with most of the parietal and right 

tabular missing. Other elements of the skull are missing in part, but no 

single dermal bone is completely obscured. 

In lateral view, the largest horns project posterolaterally and the 

high, pointed snout inclines anteriorly . The right side (Fig. 6.3A) is 

almost complete, with only the dorsal margins of the postorbital, 
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Fig. 6.3. Elginia mirabilis. The type skull BGSE 4783-4788 (continued 

overleaf) in A) right lateral, B) dorsal, C) palatal and, D) occipital 

views. Blank areas not preserved. 
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D) 

Fig. 6.3 continued. 
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A) 

B) 

Fig. 6.4. Elginia mirabilis. The paratype skull RSM 1956 8.2 (continued 

overleaf) in A) right lateral, B) left lateral, C) dorsal and, D) palatal 

views. Blank areas not preserved . 
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5cm 

D) 

Fig. 6.4 continued. 
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squamosal, and tabular obscured, and a small strip of the jugal missing. 

The left side is poorly preserved, with only the distorted narial region 

complete. In occipital view, the skull is low and broad with an 

impressive radiation of 14 horns, all projecting from the dermal bones 

which form the posterior margin of the skull (Fig. 6.3D). Other striking 

features are the wide-open post-temporal fenestrae, extremely thin 

paroccipital processes, and a small occipital condyle. In palatal view 

the most striking features are a rather short, broad palate, the 

anterior position of the quadrate, and an elongate basicranium (Fig. 

6 . 3C). 

Interpretation of the skull pattern was not straightforward. 

Sutures are largely indistinguishable and most have to be inferred. 

Inferred sutures are based on discontinuities or obvious breaks in the 

rugose ornamentation of the bones which are taken to represent the 

junctions between individual elements. The many horns that adorn the 

skull are taken to represent the centre of ossification for any 

particular element from which they project. This is somewhat arbitrary, 

and not applicable in every case, but generally there is a fairly good 

correlation. 

6 . 3.3 Skull openings 

There are five openings: the nares, the orbits, and the parietal 

foramen. 

The nares open anteriorly and are approximately ovate in shape. The 

right naris, which shows least distortion, is 24mm high and 22mm across . 

The left naris is 25mm high and 20mm across. The nares are separated 

medially by a dorsal projection of the premaxillae and are enclosed by 

the premaxilla ventrally, the maxilla and lacrimal laterally, and the 

nasal dorsally . A small septomaxilla is preserved within the medial 

ventral corner of the left naris. 

The orbits open laterally and are sub-rectangular in shape, 
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decreasing in height anteriorly . The right orbit, which is almost fully 

preserved, is 33mm high and 32mm across . The left orbit is approximately 

35mm across, but its height cannot be determined because its ventral 

margin is not preserved. The orbits are enclosed by the prefrontal and 

postfrontal above, the prefrontal and lacrimal anteriorly, the jugal 

below, and the jugal and postorbital behind. 

The parietal foramen is partially preserved, located immediately 

behind the junction of the anterior parietal suture and the median 

suture separating the paired frontals. 

6 . 3 . 4 Skull ornamentation 

All dermal elements except the premaxillae are deeply pitted. All 

except the premaxillae, lacrimals, and postorbitals bear one or more 

horns. There are 35 horns in total, consisting of 17 symmetrical pairs, 

one more than the 16 pairs described by Newton, and one horn in the 

centre of the parietal. In addition, there is a single concave tubercle 

immediately behind the nasal horns, and five small bosses in the 

parietal-supernumerary bone region, four on the left side of the skull 

and one on the right. All of the horns, but most nnticeably those on the 

frontals and prefrontals, are set above the bone surface. All may have 

been striated, but striae are preserved on only a few horns, most 

especially the large horn on the tabulars. 

6.4 DERMAL BONES OF THE SKULL ROOF 

The paired premaxillae are the only dermal bones which are 

completely smooth, showing none of the deep pitting which is 

characteristic of the other elements. The premaxilla is an L-shaped 

element consisting of a sub-rectangular strip which forms the ventral 

margin of the naris, and a thin dorsal projection which forms the median 

separation of the nares (Fig. 6.5). The premaxillae are separated by a 
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1cm 

Fig. 6.5. Elginia mirabilis. Narial view of the premaxilla/narial region 

of BGSE 4783-4788 . 
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clearly visible, straight, vertical suture approximately 38mm long. The 

lateral margin of the left premaxilla is marked by the transition from 

smooth bone to the pitted bone of the left maxilla. The lateral margin 

of the right premaxilla cannot be observed on the dermal surface. The 

left element sits slightly forward of the right reflecting the 

distortion which, in effect, has pushed the left side of the skull 

forward. 

The premaxillae are broken at the base of the dorsal projection 

that separates the nares. The fracture in each is at approximately 90° 

to the suture that separates the two elements and could lead to a 

misinterpretation of the dorsal projection as an anteroventral 

projection of the nasals . However, close examination of the narial 

region reveals that the fracture of the right premaxilla continues 

laterally, from the median suture, to meet the ventral border of the 

right naris. The fracture of the left element continues laterally and 

ventrally to meet the ventral border of the premaxilla. Clearly the 

fractures cannot be interpreted as premaxilla-nasal sutures. All other 

pareiasaur genera examined in the course of this study possess 

premaxillae which project dorsally to separate the nares. 

The maxillae are short and deep with a distinct antorbital 

projection (Figs. 6.2A, 6.6A). The right maxilla is approximately 34mm 

long, and 27mm high across the horn (Fig. 6 . 6A). There is a rapid 

decrease in height from the anterior tip of the antorbital projection to 

the posterior termination of the maxilla below the centre of the ventral 

margin of the orbit. Neither maxilla has a fully preserved dermal 

surface, since the posterior margin of each is obscured. A cast of the 

internal surf ace of the right maxilla and maxillary tooth row shows that 

the maxilla terminates at the anterior rim of the sub-temporal fenestra. 

Comparison of the dermal and palatal casts confirms that the proposed 

position and length of the dermal surface of the maxilla is correct. The 

maxilla meets the premaxilla anteriorly, the lacrimal dorsally, and the 
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Fig. 6 . 6. El gini a mirabilis . Suture pattern of BGSE 4783-4788 (continued 

overl eaf ) i n A ) r i ght lateral, B) dorsal, C) palatal and D) occipital 

views. Observed sutures represented by solid ~ines, inferred sutures by 

broken lines. 
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D) 

Fig. 6.6 continued. 
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jugal posterodorsally, and forms the posteroventral margin of the naris . 

It bears one pointed horn, situated centrally on the antorbital 

projection, behind the lateral margin of the naris. The horn projects 

latera11; y and is 8mm long. 

The maxilla of Sanchuansaurus is like that of Elginia in that it is 

short and deep and bears a robust antorbital process (Gao 1989), but, in 

general, pareiasaur maxillae taper gently from the middle of the 

posterolateral margin of the naris to terminate below the orbit with no 

obvious dorsal projection. 

The paired nasals are small, essentially triangular elements, each 

bearing one horn (Figs. 6.2A, B, 6.6A, B). The dimensions of the nasals 

can be determined despite the particularly heavy pitting of the 

nasal/lacrimal area. The nasal-lacrimal suture is represented on both 

sides of the narial region as a thin break in the bone surface with 

slight discontinuities in the rugose pattern across the break (Fig. 

6.3A). The fracturing of the right narial region on the second skull 

(Fig. 6.4A) appears to follow this suture. The median suture separating 

the nasals on the type skull is not distinct because the rugae of the 

narial region on the dorsal table are orientated parallel to the 

mid-line. The median suture is visible on the second skull, however, 

describing a direct path, approximately parallel to the mid-line, from a 

point close to the junction of the nasal horns to the posterior contact 

with the frontals (Figs. 6.4C, 6.7C). 

Each nasal horn is approximately 12mm long, broadly striated, and 

situated slightly above the surface of the heavily pitted bone, the 

pattern of pitting appearing to radiate from its base. The horns have a 

flattened top and project laterally and forwards over the nares at 

approximately 30° from vertical. A single concave tubercle is situated 

directly behind the nasal horns. The tubercle is situated almost 

entirely upon the right nasal (Fig. 6.3B), even when taking the 

distortion of the skull into account, but appears to cross the medial 
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5cm 

B) 

Fig. 6.7. Elginia mirabilis. Suture pattern of RSM 1956 8.2 (continued 

overleaf) in A) right lateral, B) left lateral, C) dorsal and D) palatal 

views. Observed sutures represented by solid lines, inferred sutures by 

broken lines. 
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Fig. 6.7 continued. 
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suture . In addition to the anteromedial contact with the premaxilla the 

nasal has contact with the lacrimal laterally and the frontal and 

prefrontal behind (Fig. 6.2A, B) . 

The paired frontals are elongate elements (Figs. 6.2B, 6.6B) with 

one centrally situated horn. Referring to the frontals, Newton (1893, p. 

476) states that "with exception of the fronto-nasal suture there is 

nothing to mark them off from surrounding bones". This is not true of 

the casts of the type skull examined here, and the second skull also 

reveals significant details. The fronto-nasal suture is partly visible 

on both skulls . In addition, the posterior portion of the right lateral 

suture is preserved on the type skull (Figs. 6.3B, 6.6B) and the 

anterior portion of the same suture is preserved on the second skull 

(Figs. 6.4C, 6 . 7C). The suture curves laterally from its junction with 

the nasal, at the lateral margin of the dorsal table, to pass close by 

the lateral base of the frontal horn before straightening and turning 

medially to meet the parietal. The exact position of the median suture 

is not clear on the type skull, but a vague fracture line is partially 

visible. The median frontal region is not preserved on the second skull. 

The position of the fronto-parietal suture is vagu~ly discernible on the 

type, marked by a line of discontinuity in the surface pitting of the 

bone. 

The frontal horn sits above the surface of the bone in a more 

conspicuous manner than any other horn of the skull. Again the horn has 

a flattened top and is broadly striated. It projects upwards with a 

slight anterior tilt at approximately 10° from the vertical. In addition 

to the anterior contact with the nasal, the frontal meets the prefrontal 

and postfrontal laterally and the parietal behind (Fig. 6.2B). 

The paired parietals are broad bones which, when considered 

together, form a rather fat U-shape in plan view, and occupy most of the 

middle third of the dorsal table (Fig. 6.2B). Newton found no trace of 

parietal sutures on the dermal surf ace and used an internal cast of the 
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skull roof to determine the extent of the parietals (1893, p. 477) . 

Parietal sutures are visible on the external surface of the type skull 

(Figs. 6.3B, 6.6B) and are also observed on the external surface of the 

second skull (Figs. 6 . 4C, 6.7C). The anterior and lateral margins of the 

parietal are marked on the left side of the type by an obvious 

discontinuity in the pattern of pitting which sweeps laterally, then 

curves around a small parietal horn to run towards the posterior margin 

of the skull. It continues backwards, with a slight lateral curve, to 

sweep around a small rounded boss situated behind the parietal horn, 

then turns anteriorly toward the parietal foramen, forming the 

posteromedial margin of the parietal. The parietal-frontal suture is 

preserved on the right side, but the remainder of the right parietal is 

not preserved. 

The large parietal foramen, estimated to measure 12mm long by 10mm 

wide, is situated immediately behind the parietal-frontal sutures (Figs. 

6.2B, 6.3B). There is no reason to suggest, as Newton does (1893, p. 

477), that the parietal foramen was not entirely surrounded by the 

parietals. The single parietal horn is quite small and was described by 

Newton (1893, p. 473, pl. 38) as one of three small bosses on each side 

of the parietal region. The horn is not well preserved and Newton's 

mistake is understandable, but the horn is well preserved on the second 

skull, clearly sitting above the surface of the bone in the manner of 

all the other horns. There is only one boss on the left parietal of the 

type, located immediately in front of the .posterior margin (Fig. 6.3B). 

Newton's estimate (1893, pl. 38) of the position of the posterior margin 

is incorrect. He shows it enclosing a third boss which actually belongs 

to the supernumerary bone forming the posterior margin of the skull 

roof. Parietal bosses are not present on the second skull. 

The parietals enclose most of the postparietal. In addition, they 

have contact with the frontal and postfrontal anteriorly, the 

postorbital and tabular laterally, and the tabular and supernumerary 
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bone behind (Fig. 6 . 2B). 

The single postparietal is sub-quadratic in shape (Figs. 6.2B, 

6.6B, 6.7C), the anterior margin curving laterally, then posteriorly, 

from its median contact with the median suture of the parietals. The 

anterior half of the postparietal is enclosed by the posterior margins 

of the parietals. This condition is observed in a few other genera, most 

notably Nanoparia (RC 109) (plate 6.1), and Bradysaurus (Boonstra 1934, 

figs. 2, 3), but is generally not as well developed as in Elginia. The 

postparietal rises from its margins to a low, striated, central horn. 

The horn is higher and more markedly pointed on the second skull. There 

are no sutures marking the boundaries of the postparietal on the type 

skull and estimates of the dimensions of the element are based on 

changes in the pattern of surface pitting. A partial suture is visible 

on the second skull and further evidence of the boundary of the 

postparietal is provided by a pronounced break in the pattern of the 

surface pitting (Fig. 6.4C). 

Elginia is unique among pareiasaurs in that the posterior margin of 

the postparietal does not form part of the posterior margin of the 

dorsal table (Fig. 6.2B). Instead it is situated o~ the dorsal surface 

of the skull table, approximately 20mm forward of the posterior margin. 

The posterior margin of the dorsal table consists of two pairs of 

bones; a median pair with a clearly visible medial suture, and a 

slightly smaller pair situated laterally (Figs. 6.2B, 6.6B). Newton 

(1893, pp. 476-477, pl. 37-40) identified the median pair as 

supraoccipitals, the outer pair as epiotics, and the single bone behind 

the parietals as the interparietal or intercalary bone. Epiotic is 

synonomous with tabular and interparietal is synonomous with 

postparietal (Murray 1897, p. 243; Romer 1956, p. 62). Newton's use of 

the term supraoccipitals for the paired median elements relates to 

dorsal extensions of the supraoccipital, and not to the paired dermal 

supraoccipitals (postparietals), because mention is made later of the 
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Pla t e 6.1 . Dorsal v i ew of Nanoparia (RC 109). 
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supraoccipital in relation to the brain case, and "the probability that 

the two median outer plates are expanded portions of the same bone" 

(Newton 1893, p . 481). Newton, therefore, describes the five bones 

occupying the last third of the dorsal table as postparietal, paired 

supraoccipitals, and paired tabulars. 

As stated above, Elginia is unique among pareiasaurs in that the 

posterior margin of the dorsal table is formed by two pairs of bones 

which exclude the postparietal from any part of the margin (Fig. 6.2B). 

The paired bones have been designated as tabulars and supernumerary 

bones (Walker 1973, pp. 180-181, fig. 2a). Paired supernumerary bones 

have also been described in Nanoparia luckhoffi (Broom 1936, p. 350, 

fig . 1), Nanoparia pricei (Broom and Robinson 1948, p. 52, fig. 1), and 

Pareiasaurus serridens (Findlay 1970, p. 17, figs. 1, 2, 4), but in each 

case the postparietal occupies a central position separating the paired 

supernumerary elements; only in Elginia do they meet in the mid-line. 

The origin of the supernumerary bones of Elginia and other 

pareiasaurs is disputed. Two pairs of supernumerary bones, elements A 

and B, are present in Nanoparia luckhoffi (Broom 1936, pp. 350-351, 

fig.1) (Fig. 6.8A). Broom suggests that the bones Here originally nuchal 

ossifications that have fused with the real cranial ossifications. Brink 

(1955) described elements A and B for Nanoparia pricei and, in 

supporting Broom's conclusion, proposed that the A elements represent 

the lateral scutes of a unit in the vertebral series of dermal body 

armour, and the B elements represent the anterior scutes of the proximal 

row of the lateral series. Both Nanoparia and Elginia had extensive, 

well-structured dermal body armour. 

Findlay (1970), describing Pareiasaurus serridens, designates the 

analogue of Broom's element A as the lateral postparietal and element B 

as the supratemporal (Fig . 6.8B), with no suggestion of a dermal origin 

for any of the bones. He suggests that the arrangement of bones in 

pareiasaurs results from a variable degree of separation or fusion of 
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B) C) 

Fig. 6.8. Dermal elements of the posterior dorsal table in A) Nanoparia, 

B) and C) Pareiasaurus serridens. See text for full explanation. 
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the two stegocephalian postparietals, but illustrates a contact between 

element A and a neck scute (Findlay 1970, figs. 1, 2, and 4). Findlay's 

figs.1 and 4 purportedly illustrate the same skull, but are noticeably 

different from each other. 

Parrington (1962) suggests that in pareiasaurs the tabulars have 

slid inward toward the occiput, with some loss in size, and the large 

bones situated laterally are the supratemporals (Fig. 6 . 8B). No 

assimilation of dermal scutes by the cranium is assumed 

It has been suggested (Walker 1973, pp. 180-181, fig. 2a) that the 

supernumerary bones that form the posterior margin in Elginia are 

analogous to the A elements in Nanoparia and represent cervical scutes 

that have been incorporated into the skull forming a protective frill 

over the neck . This appears to be a valid conclusion, considering the 

evidence available from Nanoparia and Pareiasaurus serridens, and the 

position of the postparietal in Elginia. 

The paired supernumerary bones in Elginia cannot be tabulars or 

supratemporals. Tabulars, as part of the temporal series in primitive 

tetrapods, form the posterior edge of the dorsal table and are 

positioned above the otic capsule, never meeting medially. 

Supratemporals also belong to the temporal series and are always located 

forward or laterally of the tabulars, never medially, and they never 

meet medially. The paired median bones cannot be postparietals. Such a 

designation would leave the single bone behind the parietals unnamed, 

with no feasible alternative designation. 

The paired supernumerary bones form the posterior margin of the 

dorsal table (Figs. 6 . 2B, 6.3B, 6.6B). They are clearly united along the 

mid-line by a median suture and extend laterally to the base of the 

large horn on the tabulars. Both bones are well preserved on the type 

skull, although the lateral margin of the right element is missing (Fig. 

6 . 3B) . Each bears a pointed horn, approximately 23mm long and clearly 

striated , projecting dorsolaterally with a slight anterior curvature. 
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The left supernumerary bone also bears four small bosses which are found 

at the base of the horn). The heavy pitting of each bone radiates from 

the base of the horn. The supernumerary bone is bounded laterally by the 

tabular and anteriorly by the parietal and postparietal. 

The tabular is an elongate element which bears one large and one 

small horn (Figs. 6.2A, 8, 6.6A, 6.78, C). Neither tabular is well 

preserved on the type skull (Fig. 6.38). The large, pointed horn is 

clearly striated and projects posterolaterally with a slight posterior 

curvature. The right horn is 63mm long and the left horn, which is not 

fully preserved, is 52mm long. A smaller pointed horn projects dorsally 

from the base of the large horn. It is 15mm long and apparently not 

striated. The most-posterior portion of the tabular-squamosal suture is 

clearly visible on the right side of the type skull (Fig. 6.38). The 

tabular is bound medially by the supernumerary bone, anteromedially by 

the parietal, anteriorly by the postorbital, and by the squamosal 

laterally (Fig. 6.28). 

The lacrimal is a large element (Figs. 6.2A, 8, 6.68) which forms 

part of the margin of the orbit and naris. The contact with the naris is 

restricted by the nasal and maxilla, extending for approximately 6mm 

along the dorsolateral narial margin. The contact with the orbit is much 

greater, extending from the ventral margin of the prefrontal to a point 

approximately one third of the way along the ventral margin of the 

orbit. Here the lacrimal has a visible sutural contact with the jugal 

and is bounded posteriorly by the dorsal margin of the maxilla. The 

right lacrimal is completely preserved on the type, but the 

posteroventral margin of the left lacrimal is missing. The bone does not 

bear any horns or bosses but is heavily pitted. Pits on the right 

lacrimal, measuring up to Smm across, represent some of the coarsest 

ornamentation of the surface of any of the dermal bones. 

Newton (1893, p. 477) was unsure as to the presence of a lacrimal 

suggesting that it possibly occupied the position described above or was 
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overlapped externally by the maxilla. The presence of the 

lacrimal-prefrontal and lacrimal-jugal sutures seems beyond dispute 

(Fig. 6 . 3A), although there is no easily-observed lacrimal-maxilla 

suture. 

The prefrontal is a small element which forms the anterodorsal 

corner of the orbital margin (Figs. 6 . 2A, 6.6A). Its exposure on the 

dorsal table is thin and elongate (Figs. 6.2B, 6.6B). A broader lateral 

portion projects ventrally to meet the lacrimal along a clearly visible 

suture (Fig . 6 . 3A). Sutural contact with the frontal is not seen on the 

type, but is clearly preserved on the right side of the dorsal table on 

the second skull (Figs . 6.4C, 6.7C). The prefrontal-postfrontal contact 

is preserved on the right side of both skulls, running between the two 

anterior-most horns of the three that adorn the dorsal margin of the 

orbit. Accordingly, the prefrontal bears one horn, situated on the 

anterodorsal margin of the orbit, which sits above the surface of the 

bone in the same fashion, but not to the same extent, as those on the 

frontals and nasals. The horn is 8mm long on each skull and bears no 

evidence of having been striated, although preservation is not good. It 

is flat-topped and faces anterolaterally at an ang!e of approximately 

45° from vertical. The pattern of heavy pitting on the bone surface 

radiates from the base of the horn. In addition to contact with the 

lacrimal, frontal, and postfrontal, the prefrontal is bounded anteriorly 

by the nasal (Fig. 6.2B). 

The postfrontal is a small, heavily-pitted element which forms the 

central portion of the dorsal margin of the orbit (Figs. 6.2A, 6.6A). It 

is restricted to the dorsal table and expands laterally from anterior to 

posterior (Figs. 6 . 2B, 6.6B, 6.7C). Neither postfrontal is fully 

preserved on the type although the right element is more complete. It 

bears one laterally-projecting horn which, although not complete, 

appears to be flat-topped. There is no evidence of either postfrontal 

horn having been striated . The right postfrontal-frontal suture is 
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partially visible (Figs. 6.3B, 6.6B). The postfrontal horn, though not 

well preserved on either skull, is approximately 6mm long, projecting 

laterally over the orbit at approximately 45° from vertical. In addition 

to contact with the frontal and prefrontal, the postfrontal is bounded 

posteromedially by the parietal, and by the postparietal behind (Fig. 

6.2B). 

The postorbital forms a small part of the dorsal table and the 

upper anterior portion of the cheek (Fig. 6.2A, B). It also forms the 

posterodorsal margin of the orbit. It is bounded on the dorsal table by 

the parietal medially, and the tabular behind. It is bounded on the 

cheek by the jugal ventrally and the squamosal behind, and forms the 

posterodorsal margin of the orbit. There is partial evidence of the 

postfrontal-postorbital suture on the right side of the type (Figs. 

6.3B, 6.6B). The large postorbital horn occupying the posterodorsal 

corner of the orbital margin is approximately 18mm long, pointed, and 

projects laterally over the back of the orbit at an angle of 

approximately 60° from vertical. Preservation of the dorsal exposure on 

the left side of the second skull includes sutural contact with the 

parietal, tabular, and squamosal (Figs. 6.4C, 6.7C~. Contact with the 

tabular is usually broad in pareiasaurs, but it is restricted to a few 

millimetres in Elginia. 

Newton (1893, pp . 477-478) states that the horn positioned on the 

posterodorsal corner of the orbit belongs to the postfrontal and that 

the upper anterior portion of the cheek, forming the half of the orbit's 

posterior margin, is a separate ossification occupying the position of 

the postorbital. The horn is complete on both sides of the second skull 

and the pattern of surface pitting radiates from the base of the horn in 

typical fashion, showing no evidence of a suture above or below the horn 

that would exclude it from the postorbital. 

The jugal is a large element enclosing the lower half of the 

posterior margin of the orbit and the last two-thirds of the ventral 
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margin (Figs. 6.2a, 6.6A, 6.7A). It extends backwards, in the form of a 

relatively shallow strip, from its anterior contact with the lacrimal 

and maxilla to form the lower anterior portion of the cheek. The right 

jugal of each skull is more or less complete, with only a small anterior 

portion missing from each, and the relationship to surrounding elements 

is clearly distinguishable. The cheek regions on the second skull (Figs. 

6.4A, B, 6.7A, B) are both fractured along the jugal-postorbital and 

jugal-quadratojugal sutures so each suture is easily located. Each jugal 

bears one small, roundly-pointed horn positioned approximately 10mm 

below the posteroventral corner of the orbit. The horn, which is 

approximately 12mm long, sits noticeably above the surface of the jugal, 

projects laterally, and shows no evidence of striae. Typically, the 

jugal forms only a small part of the ventral margin of the skull between 

the maxilla and the broad ventral flange of the quadratojugal. A typical 

pareiasaur arrangement is observed in Scutosaurus (BMNH R4022), and in 

the smallest pareiasaur known, Nanoparia (BPI/1/81) (plates 6.2, 6.3). 

The arrangement in Elginia is noticeably different, with the jugal 

occupying a much greater part of the ventral margin of the skull. 

The quadratojugal is roughly rectangular in shape and forms the 

lower posterior portion of the cheek (Figs. 6.2A, 6.6A). It is bordered 

by the jugal anteriorly and the squamosal above. Neither suture is 

particularly well preserved but some portions are visible and the 

dimensions of the quadratojugal can be estimated with reasonable 

certainty. It bears four horns, all situated on, or near, the 

posteroventral corner. Two are large, two small, and none shows any 

evidence of striations. The more anterior of the two large horns is 26mm 

long, pointed, and projects laterally with a slight posterior curvature. 

The bone surface rises to the base of the horn. The other large horn 

projects posteriorly from the posterior margin with a lateral curvature. 

It is 30mm long, pointed and striated. The two smaller horns, both of 

which appear to be striated, are present on the ventral margin. The most 
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Plate 6.2. Right lateral view of Scutosaurus (BMNH R4022). 
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Plate 6.3. Right lateral view of Nanoparia (BPI/1/81). 
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posterior one is 12mm long and projects ventrally and laterally. The 

other is 9mm long and projects laterally. 

The quadratojugal is proportionately small in Elginia and the 

near-vertical nature of the quadratojugal-jugal suture is unique among 

pareiasaurs. The shallow depth of the ventral, horn-bearing flange, 

projecting a short distance below the plane of the maxillary tooth-row, 

is also an unusual feature contrasting markedly with the condition seen 

in, for example, Scutosaurus and Nanoparia (plates 6.2, 6.3), and 

Pareiasaurus americanus (Araujo 1985, fig. 1). 

The squamosal is large and forms the upper posterior margin of the 

cheek (Figs. 6.2A, 6.6A, 6.7B). It is bordered by the tabular above, the 

quadratojugal below, and anteriorly by the postorbital. Preservation of 

all sutural contacts is reasonable and portions of all are clearly 

visible (Figs. 6.3A, 6.4A, B). The squamosal bears two horns. One is 

very small, only 3mm long, and is situated centrally near the dorsal 

margin. It is pointed, shows no evidence of striae, and projects 

laterally. The coarse pitting of the bone surface appears to radiate 

from its base. The other horn is approximately 26mm long, pointed, and 

shows some evidence of having been striated. It projects 

posterolaterally from the posterior margin of the bone (Fig. 6.3A). 

Newton (1893, pp. 477-478, pl. 37) incorrectly identifies the squamosal 

as the "supra-temporal", stating that the squamosal is probably a small 

ossification wedged between the epiotic (tabular) and parietal. This is, 

in fact, part of the dorsal surface of the tabular. 

6.5 PALATE 

6.5.1 General form 

The shape of the palatal complex (Fig. 6.3C) suggests that it has 

been pulled forwards and outwards, reflecting the distortion of the skull 

detailed in Section 6.3.2. The structure of the palate is well preserved, 
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but no palatal sutures are visible, with the exception of two partial 

traces. It is broad and short, with elongate choanae and sub-temporal 

fenestrae (Fig. 6.2C), and measures 72mm from the inner surface of the 

premaxilla to the anterior margin of the interpterygoid vacuity, 64mm 

across the anterior margin of the sub-temporal fenestrae, and 102mm across 

their posterior margin. The most anterior portion of the palate is not 

preserved. Description of the palatal complex is based on observation of 

the type skull BGSE 4783-4788. 

6.5.2 Dermal bones of the palate 

The posterior portion of the internal surf ace of each premaxilla is 

visible (Figs. 6.3C, 6.6C). The anterior portion of each is covered by 

sandstone, obscuring details of a palatal process, but the premaxillary 

teeth are visible. 

The tooth-bearing portion of each maxilla is preserved (Figs. 6.3C, 

6.6C). The position of the anterior contact with the premaxilla can be 

estimated by observation of the contact on the dermal surface. The 

posterior margin is marked by contact with the anterior rim of the 

sub-temporal fenestra. At this point the maxilla-ec~opterygoid suture is 

preserved giving the appearance that the ectopterygoid overlaps the 

palatal process of the maxilla. 

The vomers are barely distinguishable because of poor preservation in 

this area of the palate (Figs. 6.3C, 6.6C). 

The elongate choanae are crescent-shaped (Figs. 6.2C, 6.3C). The 

right choana is 28mm long and, at most, 8mm across. The left choana, which 

has been compressed by distortion, is 21mm long and 11mm across. 

The dimensions of the palatine cannot be determined with certainty. 

Newton (1893, pl. 39) illustrates a maxilla-palatine suture on the left 

side. The posterior part of this suture represents the junction between 

the maxilla and ectopterygoid (Figs. 6.3C, 6.6C) as described above, but 

the point at which the palatine replaces the ectopterygoid cannot be seen. 
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Evidence that the suture extends anteriorly is unconvincing. It appears 

most likely that it extends anteromedially, as illustrated by Newton, 

largely excluding the maxilla from the lateral margin of the choana, but 

this is not certain. The posteromedial extent of the palatine cannot be 

determined. 

The ectopterygoid forms the anterior and anteromedial margin of the 

sub-temporal fenestra (Figs. 6.2C, 6.6C). Its anterolateral margin 

overlaps the maxilla as described above and the posterolateral junction 

with the pterygoid is clearly preserved on the pterygoid flange (Fig. 

6.3C). The anterior and medial extent of the ectopterygoid cannot be 

determined and there is no preservation of a palatine (or suborbital) 

fenestra between ectopterygoid and palatine. 

The pterygoid region of the palate is reasonably well preserved (Fig. 

6.3C). The horizontal palatal ramus of the pterygoid is broad and short, 

bounded laterally by the median margin of the sub-temporal fenestra. 

Pareiasaur palatal rami are typically fused medially along their length 

with a small, or absent, interpterygoid vacuity. Sutural contact with the 

vomer, choana, or palatine cannot be observed. Laterally, the pterygoid 

forms a slight mound which is concave ventrally and has a high lateral 

ridge. Preservation of both features is more complete on the left side of 

the skull. The lateral ridge, or pterygoid flange, composed of the 

ectopterygoid and pterygoid, forms the median margin of the sub-temporal 

fenestra (Fig. 6.2C). The interpterygoid vacuity is of moderate size, 

measuring 16mm long by 9mm wide. The posterior margin of the palatal 

ramus, extending between the vacuity and the median margin of the 

quadrate, is quite short. 

A thin ridge runs along the median margin of each pterygoid from the 

anterior margin of the interpterygoid vacuity towards the vomers (Fig. 

6.3C). The right ridge doubles just behind the choana, and the left ridge 

appears to do the same, although preservation is poor . The double ridges 

appear to extend anteriorly onto the vomers, although preservation in this 
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region is rather poor. 

A separate ridge runs anterolaterally from the interpterygoid vacuity 

over the central, ventrally-mounded region of the pterygoid. It is 

preserved on both sides of the type (Fig. 6.3C) and the right side of the 

second skull (Fig. 6.4D), but preservation is not good in either skull. 

Newton (1893, p. 480) described the four longitudinal ridges outlined 

above, but made no mention of a fifth, partially-preserved row on the 

lateral rim of the left pterygoid, positioned high on the posterior margin 

of the pterygoid flange (Fig. 6.3C). A corresponding row is not preserved 

on the right pterygoid. 

The quadrate ramus of the pterygoid initially curves dorsolaterally, 

then sweeps ventrally (Fig. 6.2D). Only the right quadrate ramus is 

preserved on the type skull (Fig. 6.3D) and neither ramus is preserved on 

the second skull. The anterolateral surface of the quadrate ramus is 

overlapped laterally by the dorsomedial surface of the quadrate (Figs. 

6.2D, 6.6D), and meets the epipterygoid medially. Typically in 

pareiasaurs, the pterygoid has a firm union with the basipterygoid process 

(Romer 1956, p. 90), and this seems to be the case in Elginia, although 

preservation of this region is not good. Any part played by the pterygoid 

in the basal articulation of the braincase and palate is not visible. The 

quadrate ramus curves posterodorsally towards the paroccipital process but 

appears to terminate short of actual contact. 

Each sub-temporal fenestra is quite large, extending from the 

posterior margin of the maxilla to the anterior-most horn of the 

quadratojugal (Figs. 6.2C, 6.3C). The anterior margins of the fenestrae 

are in the same plane as the posterior margins of the choanae. Typically, 

the sub-temporal fenestrae of pareiasaurs are situated posterolaterally of 

the choanae. The fenestrae are bounded by the ectopterygoid in front, the 

ectopterygoid and pterygoid medially, and the quadrate posteriorly (Figs. 

6.2C, 6.6C). They are bounded externally by the jugal and quadratojugal, 

and internally by the quadrate ramus of the pterygoid. Both sub-temporal 
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fenestrae are well preserved, although the left is clearly distorted and, 

as a result, is slightly broader and shorter than the right (Fig. 6.6C) . 

The posterior margin of the palatal ramus and the sub-temporal 

fenestra, the latter formed by the articulatory surface of the quadrate, 

are firmly united and project posterolaterally from the interpterygoid 

vacuity to a position on the skull margin level with the anterior-most 

horn of the quadratojugal (Figs. 6.2C, 6.3C). This is in contrast to other 

pareiasaurs, such as Pareiasaurus (UCMP V76009/42668) and Nanoparia (RC 

109) (plates 6 . 4, 6.5), in which the structure forms a bar more or less 

perpendicular to the posterior margin of the skull. The left structure is 

fully preserved on the type (Fig. 6.3C) and conforms more closely to the 

typical condition described above, but this is simply because the 

distortion of the skull has pulled the bar forward. 

6.6 Quadrate and epipterygoid 

The quadrate curves dorsally and forwards, then inclines slightly 

backwards (Fig. 6.2C, O), as it ascends from its ventral margin, or 

articulatory surface, towards the tabular. It narrows dorsally from a 

broad ventral margin and becomes completely overgrown by the inner 

anterolateral margin of the quadratojugal and squamosal (Fig. 6 . 60). The 

quadrate overlaps the anterolateral surface of the pterygoid quadrate 

ramus. The quadrate meets the interior of the cheek on the quadratojugal, 

just behind the external position of the jugal-quadratojugal suture. The 

articulatory surface is, therefore, positioned well forward of the occiput 

(Fig. 6.3C), typical of pareiasaurs, but also noted in millerosaurs and 

procolophonids (Carroll 1982, table 2). The quadrate extends dorsally 

towards the opisthotic and tabular, but the extent of the dorsal 

projection cannot be determined because of the overgrowth of the 

quadratojugal and squamosal. A large quadrate foramen, 7mm by 3mm, is 

preserved and clearly visible at the junction of the quadrate, squamosal, 

and quadratojugal (Figs. 6.30, 6.60). 

157 



Plate 6.4. Palatal view of Pareiasaurus (UCMP V76009/42668). 
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Plate 6.5. Palatal view of Nanoparia (RC 109). 
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Newton (1893, p. 478) raised the possibility that the quadrate 

extends backwards to form the most posterior horn on the posteroventral 

margin of the skull. Overgrowth of the quadrate by the quadratojugal 

prevents a definite conclusion being made, but it seems more likely that 

the quadrate does not extend as far back as this and that the horn belongs 

to the quadratojugal 

The epipterygoid is a thin sheet of bone (Fig. 6.20) that arches 

posterodorsally. The extent of its dorsal projection cannot be determined 

because preservation is rather poor, and there is no evidence of the 

slender vertical process that is common in pareiasaurs (Romer 1956, p. 

90) . The epipterygoid meets the quadrate ramus of the pterygoid laterally. 

6 . 7 ENOOCRANIUM 

6.7.1 General form 

The basicranium, between the posterior margin of the pterygoids and 

the basioccipital, is notably elongate (Figs. 6.3C, 6.6C), measuring 

approximately 55mm in length in the plane of the palate. The palate is 

approximately 80mm long . The ratio of basicranium length to palate length 

is even greater in all other pareiasaur genera. The endocranium is 

partially preserved in the type specimen (Fig. 6.9A). Part of the ventral 

surface and most of the right side are present and can be examined easily 

in a number of casts. Only the ventral surface of the 

basioccipital-parasphenoid region is preserved in the second skull (Fig. 

6.40) . No sutures are preserved in the endocranial region so 

identification of individual elements and estimation of their dimensions 

is based on the position of the observed foramina and reference to the 

typical pareiasaurian pattern. 

6.7.2 Ossified elements of the endocranium 

The main body of the occipital condyle appears to be convex, 
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Fig. 6.9. Elginia mirabilis. The braincase of BGSE 4783-4788. A) right 

lateral view, B) identification of constituent elements. 
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although the right dorsolateral margin is slightly concave. The left 

dorsolateral margin is not preserved (Fig. 6.3D). It may be that the 

imperfect preservation of the articulatory surface gives a false 

impression of convexity which, if present, would be in contrast to the 

concavity seen in all other pareiasaur genera. The condyle is small in 

relation to the foramen magnum (Figs. 6.20, 6.3D) and the overall size of 

the skull. In most pareiasaur genera, the condyle is large relative to the 

foramen magnum, as seen in Bradysaurus (USNM 22946) and Pareiasaurus baini 

(BMNH R1971) (plates 6.6, 6.7). Rarely, the condyle is small, as seen in 

Pareiasaurus americanus (Araujo 1985, fig.2). 

Presumably, the main body of the condyle is formed by the 

basioccipital, with the dorsolateral margins formed by the paired 

exoccipitals (Figs. 6.2D, 6.60). The ventral surface of the basioccipital 

is keeled, like a centrum, in the plane of the occiput, then deeply 

grooved longitudinally (Fig. 6.3D). The ventral surface is slightly 

concave (Fig. 6.9A) and extends anterolaterally for about 20mm before 

meeting the posterior margin of the parasphenoid. The paired exoccipitals 

cannot be distinguished from the other elements of the braincase. 

The foramen magnum is twice as broad as it is high, measuring 

approximately 20mm by 10mm (Figs. 6.20, 6.30). The ventral floor of the 

posterior margin is formed by the backward-curling lip of the condyle. The 

thin side walls are presumably formed by the paired exoccipitals. 

The parasphenoid is well preserved for most of its length (Fig. 6.9A, 

B) extending from contact with the basioccipital to overlap the dorsal 

surface of the palatal ramus in the form of a short parasphenoidal rostrum 

(Fig. 6.9A, B). The strongly concave ventral surface of the 

parasphenoid-basisphenoid complex, which runs ventrally between the 

basioccipital and interpterygoid vacuity, bears two prominent basal tubera 

(Fig. 6.2C, D), for the attachment of the subventral muscles, separated by 

a deep groove. The inner margins of the tubera fade as they approach the 

interpterygoid vacuity. Any part played by the parasphenoid in the basal 
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Plate 6.6. Occipital view of Bradysaurus (USNM 22946). 
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Plate 6.7. Occipital view of Pareiasaurus (BMNH R1971). 
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articulation of the palate cannot be observed as this area, in the region 

of the basipterygoid processes, is not well preserved. The parasphenoid is 

reduced in height as it progresses anteriorly . 

Preservation of the otic region of the braincase is relatively good, 

but the difficulty of distinguishing real structures and foramina from 

ridges of sandstone and hollows remains. 

The opisthotic is a rather thin, elongate bone which runs laterally 

from the dorsolateral margin of the foramen magnum. It extends dorsally, 

presumably meeting the paroccipital process, to form the floor of the 

post-temporal fenestra, and laterally, to meet the inner surface of the 

tabular, just below the tabular-supernumerary suture (Figs. 6.2D, 6.3D, 

6 . 6D) . The ventral surface of the lateral margin appears to be overgrown 

by the inner dorsal margin of the squamosal. The opisthotic runs between 

the foramen magnum and tabular in a horizontal plane. In all pareiasaur 

genera, but one, Nanoparia, the opisthotic is a stout bar which must curve 

dorsally to some extent to reach the tabular. Examples are Bradysaurus 

(USNM 22946) and Pareiasaurus (BMNH R1971) (plates 6.6, 6 . 7). The 

horizontal nature of the opisthotic and paroccipital process of Elginia is 

explained by the low position of the tabulars which are, more or less, in 

the same horizontal plane (Fig. 6.2D) and not situated high on the dorsal 

table above the plane of the foramen magnum. The opisthotics of the type 

skull of Nanoparia pricei (BPI/1/81) are not well preserved, but the right 

opisthotic apppears to be essentially horizontal for most of its length 

before curving dorsally near the skull margin to meet the tabular. 

The contact between pro-otic and opisthotic cannot be determined and 

the fenestra ovalis is not visible, but the position of the pro-otic is 

indicated by the presence of a broad notch which marks the point of 

emergence of cranial nerve V (Fig. 6 . 9A, B). This notch marks part of the 

anterior margin of the pro-otic. A small circular depression below the 

notch may represent the point of emergence of cranial nerve VII (Fig. 

6.9A, B) . 
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The basisphenoid is partly obscured and, as stated above, the 

basipterygoid processes are not well preserved. The pituitary fossa, 

situated on the side wall of the basisphenoid, is visible on the lateral 

wall of the braincase (Fig. 6.9A, B), forward of the plane of the 

epipterygoid and quadrate ramus, and immediately behind the posterior 

margin of the sphenethmoid. The basisphenoid is confined to the floor of 

the braincase and a large gap is present between it and the skull roof. 

The basipterygoid processes rise dorsally from the side of the 

interpterygoid vacuity and are fused to the posteroventral surface of the 

epipterygoid and quadrate ramus of the pterygoid. 

The sphenethmoid is short and broad with gently convex lateral 

margins (Fig. 6.9A, B).The ventral margin is deeply grooved and contact 

between this surface and the anterior projection of the parasphenoid is 

made by a thin, vertical interorbital septum. 

The supraoccipital is a thin, vertical sheet of bone which extends 

from the centre of the dorsal surf ace of the foramen magnum to the skull 

roof (Figs. 6.2D, 6.30). It extends anteriorly, separating the 

post-temporal fenestrae, and shows a slight lateral expansion where it 

becomes strongly fused to the underside of the medi~n postparietal. The 

roof of the braincase is completely separated from the skull roof behind 

the posteromedial margin of the parietals by the post-temporal fenestrae. 

6.8 MANDIBLE 

The lower jaws of the type specimen are not preserved. The lower jaws 

of the second skull are preserved, but are badly crushed and cannot be 

restored. The broken pieces of mandible that are present represent the 

posterior end of the right and left lower jaw, the right splenial, 

including part of the symphysis, and the right dentary (Figs. 6.40, 6.70). 

A small portion of the left splenial and part of the symphysis is 

represented by a separate cast. 
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6 . 9 DENTITION 

6.9 . 1 Pterygoidal teeth 

The series of ridges running across the palatal rami of the pterygoid 

has been described in Section 6.5.2. The most notable feature of the 

series is the apparent doubling of two ridges as they approach the vomer. 

The transition from a single to a double ridge is seen on the right 

pterygoid of the second skull (Fig. 6.7A). It seems that the apparent 

doubling of the ridge actually reflects a lateral expansion of the single 

ridge, probably to facilitate the presence of a single row of palatal 

teeth. No palatal teeth are preserved, but the sockets in the ridge may 

indicate their former presence . Similar, although less distinct, evidence 

of this is visible on the right pterygoid of the type skull (Fig. 6.3C). 

The tooth-bearing ridges on the type skull appear to extend anteriorly 

onto the vomers, with some evidence of sockets, but preservation of the 

vomers is poor. 

This interpretation of toothless ridges and single tooth-bearing rows 

contrasts markedly with the palatal dentition prese~t in all other 

pareiasaur genera . The normal pattern generally consists of two ridges on 

the main body of the pterygoid, each bearing a double row of teeth, a 

single tooth-bearing row on, or near, the pterygoid flange, and a single 

tooth-bearing row on each vomer. Such a pattern is observed on many of the 

more-carefully prepared pareiasaur specimens, such as Pareiasaurus 

serridens (BPI/1/4105), Bradysaurus (USNM 22946), and most spectacularly 

on the holotype of Pareiasaurus pinnatus (FMNH UC1562). It is possible 

that the separate ridges running anterolaterally from the interpterygoid 

vacuity over the central, ventrally-mounded region of the pterygoid 

originally held palatal teeth, but the evidence is not convincing. 
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6.9.2 Maxillary and dentary teeth 

Maxillary teeth are preserved on the type specimen. Maxillary and 

dentary teeth are preserved on the second skull. The teeth are small and 

poorly-preserved in both skulls and the numbers given below are estimates . 

The type specimen bears three teeth on the left premaxilla and four 

teeth on the left maxilla. The left maxilla also bears four empty sockets. 

The remains of two teeth are preserved on the right premaxilla. The 

remains of the two most-posterior teeth are preserved on the right maxilla 

which also bears approximately six empty sockets. 

The crown of the tooth can be observed in one or two cases and the 

cusp pattern is faintly visible on two teeth of the left maxilla. 

There are approximately ten cusps arranged evenly around the crown (Fig. 

6. 10). The form of the teeth is typically pareiasaurian. 

The teeth preserved on the second skull are featureless. Three and 

four teeth are preserved in the right and left premaxilla/maxilla region 

respectively. The right dentary bears four teeth and at least three 

sockets. 
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Fig. 6.10. Elginia mirabilis. Tooth from left maxilla 
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CHAPTER 7 

ELGINIA MIRABILIS: THE POST-CRANIAL SKELETON 

7.1 INTRODUCTION 

The only description of post-cranial elements hitherto is Newton's 

(1893) account of two mid-dorsal vertebrae (BGSE 4791), and the last two 

dorsal vertebrae and sacrum of the holotype (ELGNM 54-58). Newton 

concluded from his examination of the type skull (BGSE 4783-4788) that 

Elginia was most closely related to the South African pareiasaur genus 

Pareiasaurus. Newton was not sure that the four dorsal vertebrae and 

sacrum belonged to the same animal as the skull, but despite concluding 

that the sacrum was "quite unlike that of Pareiasaurus" he continues: "the 

differences between this sacrum and that of Pareiasaurus may be consistent 

with the distant relationship, which seems to be indicated by the 

similarities and differences observable in the skulls of these two genera" 

(Newton 1893, p. 493) . The sacrum and four dorsal ve=tebrae are now 

labelled as the only post-cranial remains of the type specimen. 

A second specimen of Elginia recovered from Cutties Hillock Quarry 

consists of a partially-preserved skull (RSM 1956 8.2) and an incomplete 

skeleton (RSM 1956 8.1). The skull is described in Chapter 6. The skeleton 

is described here for the first time, and the post-cranial material of the 

type specimen is re- examined. Dimensions of individual elements are given 

in Fig. 7 . 1 . 

7 . 2 DEGREE OF PRESERVATION 

The type material is poorly preserved and has been distorted in the 

same manner as the type skull (Section 6 . 3.2), giving the appearance that 
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Scapula height 120 

Humerus length 105 

Pubis length 32 

Pubis breadth 52 

Ischium length 50 

Ischium breadth 50 

Ilium blade length 82 

Femur length 115 

Femur, least diameter 
of shaft 22 

Fibula length 78 

Fibula, least diameter 
of shaft 14 

Estimated length of presacral 530 
and sacral vertebral column 

Estimated total length of 
vertebral column 720 

Fig. 7.1. Dimensions of elements of the paratype skeleton, RSM 1956 8.1. 

All measurements in millimetres. 
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the left side has been pulled anterolaterally. 

The skeleton is fossilized flattened in a horizontal plane (Figs. 

7.2, 7.3). The vertebral column, as preserved, is largely intact with only 

the anterior-most presacrals disarticulated. Ribs are usually preserved 

broken but in association. A large part of each scapular blade is present. 

The left blade is preserved resting on the neural spines of anterior 

dorsal vertebrae with the lateral surface facing up. The right blade is 

close by and lies parallel to the left blade with the medial surface 

facing up. The disarticulated vertebrae and scapulae are preserved below 

the horizontal plane of the remainder of the skeleton. The only part of 

the forelimbs preserved is the distal end of the right humerus. The ilia 

are preserved approximately in their life position. The left ilium is 

badly broken. The pubio-ischiadic plate is preserved beneath the sacrum 

and the first caudal vertebrae. It has been sheared in two along a 

slip-plane that also affects the right iliac blade and the caudal 

vertebrae. The right femur is preserved in its original position, dorsal 

surface facing up. A small part of the left femur is present. The right 

fibula and proximal end of the right tibia are in close association with 

the distal end of the right femur. Scutes from the dermal body armour rest 

on the dorsal surface of vertebrae and ribs, the apices directed dorsally. 

Three are preserved in the region of the sacral/caudal vertebrae with the 

apex directed ventrally. 

7.3 THE AXIAL SKELETON 

The vertebral column, as preserved, consists of 14 presacrals, four 

sacrals, and four caudals (Figs. 7.2, 7.3). All but the four anterior-most 

presacrals are in articulation. Movement along a slip-plane, subsequent to 

lithification, has displaced the four caudal vertebrae slightly below and 

to the left of the main column. 

The presacral series in pareiasaurs usually consists of five cervical 
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and 15 dorsal vertebrae (Boonstra 1934b) . If Elginia conforms to this 

general pattern, no cervical vertebrae are preserved. Cervicals differ 

from dorsals in that they bear two separate processes - a diapophysis and 

a parapophysis - for articulation with a deeply-notched dichocephalous 

rib. In the anterior-most dorsals the two processes fuse to form an 

elongated, essentially vertical, transverse process which articulates with 

a stouter, longer, holocephalous rib in typical pareiasaurs (Boonstra 

1934b). It is impossible to determine the configuration of the transverse 

articulatory surface on the first few vertebrae of the dorsal series of 

Elginia, and all the ribs present are holocephalous. It therefore seems 

most likely that no cervical vertebrae are preserved . 

7 . 3.1 Dorsal vertebrae 

The centra are sub-rectangular (Fig. 7.3), deeply indented on the 

lateral surfaces, and keeled on the ventral surface . The ventral surface 

of the two mid-dorsal vertebrae (Fig. 7.4) and the last two dorsals of the 

type (Fig. 7 . 5) is much narrower as a result of distortion. The terminal 

facets are amphicoelous and circular (Fig. 7.3, dorsal 3). The centrum of 

dorsals 3 and 4 is very short. The centrum of dorsal 2 is not fully 

preserved but appears to have the same dimensions as those of dorsals 3 

and 4. Centrum length is increased in dorsal 5 and remains constant 

throughout the remainder of the dorsal series. The mid-centrum width 

remains roughly constant, although the lateral extension of the anterior 

and posterior facets is reduced, moving toward the sacrum (Fig. 7.3). The 

dorsal vertebrae are preserved in such a way that it is not possible to 

obtain a true lateral view of a complete vertebra . This hinders the 

accurate determination of the position and configuration of the transverse 

process and the articular surface that it bears for receiving the head of 

the rib. 

The rib articulation is remote from the centrum, situated on a 

greatly expanded transverse process which projects laterally from the 
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Fig . 7.4. Mid-dorsal vertebrae of the type, BGSE 4791, in ventral view. 
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Fig. 7.5. The sacrum and last two presacral vertebrae of the type, ELGNM 

54-58, in ventral view. 
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ventral surface of the prezygapophysis (Fig . 7.4) . The rib articulations 

are not visible in most cases because the head of the rib is fused to the 

transverse process. The ventral surface of the prezygapophysis or 

transverse process is not visible on dorsals 2-4. The transverse process 

of dorsal 5 is partially visible and the fused rib articulation that it 

bears is inclined toward the sacrum at approximately 60° from vertical . rt 

is inclined at approximately 65° on dorsal 6, then it becomes increasingly 

c '. fficult to view the most lateral portion of the transverse process, and 

the rib articulation, moving back through the dorsal series. The process 

gradually shifts further back along the ventral surface of the 

prezygapophysis, and the rib articulation is never completely preserved in 

the mid- and last dorsals. However, it does appear that the rib 

articulation trends toward horizontal in the mid-dorsals. The rib 

articulation of the dorsal vertebrae is vertical or only slightly inclined 

toward the sacrum in all other pareiasaurs. 

The transverse process is positioned far back on the ventral surface 

of the prezygapophysis of the type dorsals (Figs. 7.4, 7.5) and the rib 

articulation that it bears has the form of a fat "V" that is lying on its 

side. The transverse process is short and V-shaped in section . This is 

only clearly visible on the right side of the last dorsal of the type 

specimen (Fig . 7.6) Presumably the upper branch of the "V" corresponds to 

the diapophysis and the lower to the parapophysis. 

The rib articulation occurs in the same horizontal plane as the upper 

centrum and lower neural arch on the first few dorsals. The 

near-horizontal rib articulation of the mid-dorsals is level with the top 

of the centrum. On dorsals 5-8 the transverse process bearing the 

anterior, parapophysial portion of the rib articulation is clearly below, 

and separated from, the ventral surface of the prezygapophysis. The 

posterior, diapophysial portion of the rib articulation is close to the 

plane of the articular facet of the prezygapophysis and is positioned 

immediately behind it. Passing back through the remainder of the dorsal 
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Fig. 7.6. The sacrum and last two presacral vertebrae of the type, ELGNM 

54-58, in right lateral view. 
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column, toward the sacrum, the transverse process becomes considerably 

smaller, and is positioned closer to the ventral surface of the 

prezygapophysis, reflecting the reduced size of the last dorsal ribs. 

The stout processes bearing the articular facets of the zygapophyses 

show great lateral expansion (Figs. 7.2, 7.3, 7.7, 7.8). The 

prezygapophysis projects slightly forward of the anterior terminal facet 

of the centrum and the postzygapophysis projects well behind the posterior 

facet. Articulation of the oval facets of adjacent pre- and 

postzygapophyses occurs in a horizontal plane, just below the level of the 

hyposphene and hypantrum (Figs. 7.7, 7 . 9). The articular facets are set 

horizontally throughout the dorsal series (Fig. 7.10), implying that 

Elginia was capable of considerable lateral flexure but little vertical 

flexure. The indentation of the lateral wall of the centrum is continuous 

with a groove that runs laterally across the ventral surface of the 

prezygapophysis and transverse process. 

A hyposphene is preserved on the posterior face of the last 

mid-dorsal vertebra of the type (Fig. 7.7). It is situated immediately 

below the neural spine, extending laterally along the posterior margin of 

the process that bears the postzygapophysis. It consists of a 

weakly- developed median wedge whose articular surfaces face diagonally 

upward and out. An extensive but poorly-preserved hyposphene is visible on 

the posterior face of dorsal 6 of the paratype. It has the form of a low 

triangle and extends approximately half-way along the zygapophysial 

process. There is a gap below the base of the hyposphene to accomodate the 

anterior edge of the process bearing the prezagapophysis of the vertebra 

behind. A partial hyposphene is also preserved on dorsal 5. 

A hypantrum is preserved on the anterior face of dorsal 6 and 

consists of a triangular cavity to accomodate the median wedge of the 

hyposphene. Its lateral expansion is less than that of the hyposphene as 

the lateral edge fades into the leading edge of the process bearing the 

prezygapophysis. 
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Fig. 7.7. Mid-dorsal vertebra of the type, BGSE 4791, in posterior view. 
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Fig. 7.8. Penultimate presacral vertebra of the type, ELGNM 54-58, in 

anterior view. 
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Fig. 7.9. Dorsal vertebrae 7-9 of the paratype, RSM 1956 8.1, in left 

lateral view. 
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Fig. 7.10. Dorsal vertebrae 10-15 of the paratype, RSM 1956 8.1, in right 

lateral view. 
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The neural arch is low and massively constructed. The notochordal 

space can only be observed on one mid-dorsal (Fig. 7.7) and the 

penultimate dorsal (Fig. 7.8) of the type, and on dorsals 3, 4 and 15 of 

the paratype. In all examples the diameter of the space is approximately 

half the diameter of a terminal facet of the centrum, although the 

penultimate type dorsal is distorted (Fig. 7.8). In all other pareiasaurs 

the diameter of the notochordal space is much less than that of the 

terminal facets. Each neural arch carries a low, slender, neural spine 

which is inclined posteriorly at about 15° from vertical (Figs. 7.9, 

7.10). The dorsal surface of the spine is inclined slightly below 

horizontal, from anterior to posterior, becoming broader in the same 

direction. The height of the spine decreases steadily moving back through 

the dorsal series. 

7.3.2 Sacrum 

Only the ventral aspect of the paratype sacrum (RSM 1956 8.1) is 

preserved. Information on the lateral and dorsal aspects is derived 

primarily from examination of the rather poorly-preserved type sacrum 

(ELGNM 54-58). 

The sacrum is composed of four vertebrae (Figs. 7.3, 7.5, 7.6). The 

first sacral vertebra is robust with a massively constructed process on 

each side of the neural arch and a large, thick, sacral rib. Sacrals 2-4 

decrease in height and width, but not length, through the series. The 

centrum of sacral 1 is fractionally longer than that of the last presacral 

(dorsal 15) (Fig. 7.3) and is, therefore, the longest centrum in the 

vertebral column. It is low and broad with a rather flattened, circular, 

anterior terminal facet. The centra of sacrals 2-4 are notably shorter. In 

contrast to sacral 1, the centra of sacrals 2-4 are laterally compressed 

with a narrow ventral surface. This condition is observed in both sacra 

and is not the result of a lateral compressive force in the rock. The 

terminal facets of the centra have the shape of an elongate oval with the 
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longest axis orientated vertically. All four sacral centra are coalesced 

to form a rigid structure. 

The prezygapophysis of the first sacral is supported by a stout 

process which projects anteriorly from the lateral wall of the neural 

arch. The articulation with the postzygapophysis of the last presacral is 

tilted slightly forward (Fig. 7.6). There is no postzygapophysis on sacral 

1 (Fig. 7.5). It appears that the rigid, coalesced vertebrae of the sacrum 

did not bear zygapophyses, other than the prezygapophysis of sacral 1, but 

preservation is poor and no definite conclusion can be drawn. 

The construction of the neural arch is less massive in the sacrals. A 

view of the anterior face of a sacral vertebra is not available and the 

only view of a posterior face is that of sacral 4. It appears that the 

notochordal space is small and the neural arch is quite slender, but this 

cannot be stated with certainty because preservation is very poor. The 

neural spines are poorly-preserved (Fig. 7.6) but appear to decrease in 

height and length through the sacral series. All are slender and inclined 

backwards like those of the dorsal series. 

The first sacral rib is much larger than the other sacral ribs (Fig. 

7.5). It arises from the centrum and neural arch, just behind the anterior 

terminal facet (Fig. 7.3), sweeps laterally as a stout process beyond the 

lateral plane of the anterior zygapophysis, then turns posteriorly to form 

a relatively thin, near-vertical plate. The plate, which was attached to 

the inner surface of the ilium in life, is concave when viewed laterally 

and has its greatest height close to the posterior margin. The ventral 

surface of the stout process and anterior portion of the rib are 

distinctly keeled in the type. The keel is less obvious in the paratype 

where the first sacral and its rib are broken. The ribs of sacrals 2-4 are 

stout and short and, in life, were attached to the inner surface of the 

ilium immediately above the attachment of the first sacral rib (Fig. 7.6). 
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7 . 3 . 3 Caudal vertebrae 

The first four caudal vertebrae are preserved in approximate life 

position behind the sacrum (Fig. 7 . 3) . The first caudal centrum is badly 

crushed, incomplete, and slightly displaced to the left of the column . It 

has been sheared in two along a sl i p plane. Caudal 2 is also broken but is 

in articulation with caudal 3 . The ventral surface of caudal 3 is well 

preserved and appears to be complete . The centrum is slightly skewed to 

the right but has the same form as those of the last sacrals, with 

compressed lateral margins and elongate, oval-shaped terminal facets. The 

centrum of caudal 3 is the same length as those of the last sacrals. The 

notochordal space of caudal 3 is visible in anterior view and is 

sub-rectangular with vertical side-walls . The terminal facets of the 

caudal centra cannot be described because only the ventral part of the 

anterior facet of the fourth caudal centrum is preserved. 

The postzygapophysis of caudal 2 is just visible at the base of the 

back of the neural spine. It is inclined laterally and ventrally and 

articulates with the prezygapophysis of caudal 3 in a plane approximately 

20° from vertical . The postzygapophysis is situated on an extremely short 

process that projects laterally from the top of the neural arch. The 

process bearing the prezygapophysis is not fully preserved but must 

project forward from the top of the anterolateral surface of the neural 

arch, crossing the gap between successive neural spines. 

The rib articulation has the same form as that of the last few 

dorsals and sacrals, consisting of a low, V-shaped articular surface 

positioned on a transverse process that projects laterally from the base 

of the neural arch. The transverse process is positioned near the middle 

of the centrum, as seen in the last dorsals and sacrals. The neural arch 

is slender and oval in section . The short, stout, neural spines of all 

four caudals are preserved and are inclined backwards . 
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7 . 3 . 4 Ribs 

Ribs are preserved close to their life position throughout the 

vertebral column, although in a horizontal plane, with the proximal end 

either attached, or close, to the vertebra, and the shaft sweeping 

ventrally (Figs. 7.2, 7 . 3). In most cases the proximal end is firmly 

united with the transverse process of the vertebra and the two cannot be 

identified separately. The shaft is invariably broken close to the 

proximal head. 

All the dorsal vertebrae bear ribs. No single rib is complete because 

the most distal part of the shaft is not preserved in any case, except for 

one caudal rib which is incomplete proximally. In many cases, the distal 

end of the rib has been broken off prior to preservation; in others, it 

extends beyond the limits of the preserved block. The anterior dorsals 

bear the largest ribs of the axial skeleton. They have a relatively 

slender shaft which expands rapidly to form a broad, holocephalous, 

articular surface . This arrangment is clearly visible on the right rib of 

dorsal 5 (Fig. 7 . 3). In this case the proximal part of the rib is not 

broken and is preserved separate from the transverse process . An adequate 

cross-section cannot be seen, but it appears that the articular head of 

the rib is quite slender. The proximal shaft is flattened giving the rib 

the shape of a compressed oval in section. The distal shaft is less 

flattened and more circular in section. 

The ribs become more slender, with a notable reduction in the size of 

the proximal head, as they move toward the sacrum . The head of the rib and 

the corresponding surface of the transverse process is not visible in any 

of the mid- or last dorsals. The last dorsals of the type bear a V-shaped 

articular surface (Fig. 7.6). Presumably the head of the rib was 

holocephalous and similarly shaped. The proximal shaft of the 

more-posterior dorsal ribs is flattened and quite thin, tapering gently 

toward the distal end which is not preserved. The ribs of the last few 

presacrals are very slender. 

188 



The ribs of the four caudal vertebrae are not well preserved. The 

articular surface is V-shaped to fit the similarly-shaped rib articulation 

on the tiny transverse process. A tiny portion of the proximal shaft can 

be seen in section where the left rib of caudal 2 has broken away from the 

transverse process. It is notably flattened in a horizontal plane. The 

caudal ribs are very short and taper rapidly toward their distal 

terminations. 

7.4 APPENDICULAR SKELETON 

7.4.1 Pectoral girdle 

The only element of the pectoral girdle preserved is the scapula. 

Most of the external surf ace of the left scapula and part of the internal 

surface of the right scapula is preserved (Fig. 7.11). The scapular blade 

is tall and thin. The shaft is constricted above the acromial process and 

slender for most of its height, but the dorsal region is expanded 

antero-posteriorly. The blade is much inclined medially and posteriorly. 

There is a slight twisting of the shaft, turning the anterior border 

medially and the posterior border externally. The acromial process is 

directed anterolaterally and inclined posterolaterally. The dorsal border 

of the glenoid cavity is formed by a strong, triangular supraglenoid 

buttress. The supraglenoid foramen is well preserved and located in the 

centre of the supraglenoid buttress, just above the dorsal margin of the 

glenoid cavity. The external surface, between the acromial process and the 

supraglenoid buttress, is srongly concave. 

The scapula varies little between pareiasaur genera, and that of 

Elginia is typically pareiasaurian. 

The cleithrum may be present above the acromial process of the 

scapula, but it cannot be distinguished from the anterior border of the 

scapular blade. 
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Fig. 7.11. Both scapulae and articulated scutes from the dermal body 

armour of the paratype, RSM 1956 8.1, as preserved. Scapulae in left 

lateral view, scutes in dorsal view. 
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7.4.2 Forelimb 

The humerus is the only element of the forelimb that is present. 

Preservation is partial, with only a portion of the dorsal surface of the 

distal end, and part of the shaft, of the right humerus represented (Fig. 

7.12). The entepicondyle is triangular and very deep. The deepest point 

occurs close to the centre of the condyle, and three flat surfaces, one 

from each side of the triangle, slope down to meet at this point. The 

entepicondylar foramen is poorly preserved and just visible. The 

posterior-most portion of the entepicondyle and the surf ace for attachment 

of the flexor muscles are not preserved. The ectepicondyle is quite broad 

and grooved parallel to the supinator process. A supinator process and 

groove are partially preserved on the anterior surface of the 

ectepicondyle. There is no way of determining the length or thickness of 

the shaft as only the anterolateral surface is preserved. 

7.4.3 Pelvic girdle 

Parts of all three elements of the pelvic girdle, the ilium, pubis, 

and ischium, are present in the specimen. All elements, with the exception 

of the right iliac blade, are preserved in a horizontal plane below the 

sacrum (Figs. 7.3, 7.13). The pubio-ischiadic plate has been separated 

into anterior and posterior sections along the slip-plane that separates 

the caudal vertebrae from the sacrum. The posterior tip of the right iliac 

blade has been sheared off along the same plane. The left iliac blade is 

badly broken and offers little information. 

The ilium is a thin plate of bone which becomes slightly thinner 

toward the dorsal margin. Only the iliac blade and a tiny portion of the 

shaft are preserved (Fig. 7.14). It is estimated that the longitudinal 

axis of the ilium was approximately 10° from horizontal, based on the 

orientation of the ischial shaft and the necessity for a sufficient area 

of the internal dorsal surface to be presented parallel to the sacrum for 

the attachment of the sacral ribs. The internal surface bears a 
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Fig. 7.12. Right humerus of the paratype, RSM 1956 8.1. Distal end in 

dorsal view. 

192 



5cm 

Fig. 7.13. First sacral vertebra and the pubio-ischiadic plate of the 

paratype, RSM 1956 8.1, in ventral view. 
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Fig . 7.14. Right ilium of the paratype, RSM 1956 8.1, in right lateral 

view. Slightly restored. 
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longitudinal projection with a rough, irregular surface . This may 

represent a lateral portion of the first sacral rib which is otherwise not 

preserved . The ventral margin of the iliac blade curves laterally . The 

dorsal margin curves medially at first; then, moving antero-posteriorly, 

it straightens, then curves laterally . As a result, a section through the 

anterior portion of the blade is a sinuous S-shape, and a section through 

the posterior portion is convex medially and concave laterally. The 

anterior process is well rounded (Fig. 7.14). The posterior process is 

large and projects far back over the iliac shaft, a small part of which is 

visible. 

Neither pubis is complete, both consisting of only the ventral 

surfaces (Fig. 7.13). This surface is concave and is perforated by one 

large pubic foramen close to the ilia-pubic suture and the lateral margin . 

The suture is easily identified since the ischial portion of the 

pubio-ischial plate has broken away at the junction. The medial edges of 

the pubes curve slightly upwards and meet at the symphysis. No prepubic 

processes are preserved . 

The ischium is a broad, quadrangular element (Figs. 7.3, 7.13). The 

anterior half of the ventral surf ace is concave whereas the posterior half 

is flat. The anterior edge is roughly straight, running at 90° to the 

symphysis, to meet the posterior edge of the pubis. The lateral edge 

projects laterally and behind from the anterolateral corner to form a 

sharp, lateral projection which curves medially, then back, to the 

posterolateral corner . The posterior edge is not complete, but it seems to 

be notched, sweeping forwards from the posterolateral corner to the back 

of the symphysis . The medial edges of the ischia curve gently upward to 

meet at the symphysis and form a carina. The carina is skewed slightly to 

the left, possibly as a result of a vertical compressive force acting in 

the rock. 
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7.4.4 Hind limb 

The femur is a short stout bone with expanded ends twisted on a thick 

shaft (Fig. 7.15A, B, C). The distal end of the right femur is rotated 

through about 20° in a clockwise direction relative to the proximal end. 

The proximal end has an elongate, almost triangular, ventral 

intertrochanteric fossa between two raised flanges. The most anterior of 

these, the proximal anterior branch of the ventral ridge system, or 

internal trochanter, projects markedly over the flat, elongate articular 

surface. There is no evidence of a fourth trochanter. A strong adductor 

ridge runs distally from the internal trochanter to the medial condyle of 

the anterior articular surface for the tibia, forming the anterior margin 

of the popliteal space. The lateral or posterior condyle is not completely 

preserved, but is clearly the largest of the two condyles. The plane of 

the rugose articulatory surface of the condyles is set at a high angle to 

the longitudinal axis of the femur, suggesting that the femur occupied a 

near-vertical position in life. The dorsal surface of the femur is 

partially preserved. The proximal end is essentially flat, consisting of a 

slightly concave posterior region and a slightly convex anterior region. 

The distal surface is represented only by the medial condyle of the 

articular surface. 

The femur of large pareiasaur genera, such as Bradysaurus and 

Embrithosaurus, is massive with expanded ends separated by a short, thick 

shaft (see, for example, Haughton and Boonstra 1930). The femur of Elginia 

is less massive and, in this respect, is similar to that of Anthodon, a 

small pareiasaur, whose limb bones are approximately the same size as 

those of Elginia. Hence, femur shape in pareiasaurs appears to relate in 

part at least to overall body size and scaling to body weight. The limbs 

of the smallest pareiasaur, Nanoparia, are not known. 

The only portion of the tibia present is the partially-preserved 

distal articular surface of the right tibia (Fig. 7.15A). rt is clearly 

divided into two regions for the femoral condyles. 
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Fig. 7. 15. Right femur of the paratype, RSM 1956 8.1, in A) ventral, B) posterior and C) dorsal v i ew. 



The fibula is quite short and relatively slender (Fig. 7.16). The 

distal articular surface is not preserved, but it seems beyond doubt that 

it tilts towards the tibia, as does the proximal articular surface. The 

shaft of the fibula is arched laterally away from the tibia. The proximal 

head is expanded medially and less so laterally. The distal head is also 

expanded medially, but not to the same extent, and shows very little 

lateral expansion. As a result, the medial surface of the fibula shows the 

greater curvature. The ventral surface bears two V-shaped hollows; one 

below the proximal articular surface and the other above the distal 

articular surface. The shaft between them is weakly grooved. The fibula is 

similar to that of Anthodon. 

7.5 DERMAL BODY ARMOUR 

Scutes are present along the preserved length of the skeleton from 

the pectoral girdle to the fourth caudal vertebra. The pattern of 

preservation of scutes suggests that the body armour consisted of five 

longitudinal rows of regularly-shaped scutes embedded in the skin. There 

are three central longitudinal rows and one lateral longitudinal row on 

each side (Fig. 7.17). Walker (1973, p. 181) claims that there are three 

central longitudinal rows, one lateral longitudinal band of 

suturally-united scutes, and at least one additional row on each side 

between the lateral and central zones. There is no evidence that the 

most-lateral scutes are linked suturally or that an additional row is 

present between the lateral and central zones (Fig. 7.17). 

The scutes are much like the cranial bones in that they consist of a 

raised central boss surrounded by ornamented bone, with the pattern of 

ornamentation radiating from the base of the boss. The outer rim of the 

boss is flat but quickly rises to a sharp central point. In three 

examples, the apex of the central point is perforated by a small foramen. 

The scutes exhibit a gradual change in size and shape along the body. The 
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1cm 

Fig. 7.16 . Right fibula of the paratype, RSM 1956 8.1, in posterior 

view. 
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Fig. 7.17. Simplified diagram showing the position of the body armour 

scutes, relative to the vertebral column, in the paratype, RSM 1956 8.1. 

Solid shapes represent neural spines; anteriorly, dorsal vertebrae 6 and 

7, posteriorly, dorsal vertebrae 14 and 15, sacral vertebra 1. 
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most anterior scutes are large, and oval in outline. Moving back along the 

axial skeleton, the scutes of the four dorsal rows become smaller, and 

circular in outline. The lateral scutes are circular and equi-dimensional 

throughout. 

Only the anterior-most scutes, in the region of the pectoral girdle, 

are closely articulated with each other. Three large scutes, possibly from 

the shoulder region, are preserved in close association with one another 

alongside the left scapula (Fig. 7.11). A digitating suture, similar to 

that seen between the supernumerary bones of the skull roof, is clearly 

visible between two of the scutes. The scutes in this region are the 

largest and most anteriorly-situated of those preserved. The many scutes 

positioned along the body between the two limb girdles were not 

articulated, either longitudinally or laterally, and the armour, as a 

whole, is less extensive than that described for Nanoparia (Brink 1955, 

fig. 17) and Pareiasaurus (Findlay 1970, figs. 4 and 5). Elginia's armour 

was probably more like that of Nanoparia, but the two are notably 

different. 

In Nanoparia, each scute is linked suturally with at least one other 

scute and there are at least two lateral rows (Fig. 7.18A). In Elginia, 

only the scutes of the pectoral region are known to have been linked 

suturally. It is likely that the scutes of the pelvic region were also 

articulated, but there is no evidence that the scutes between the limb 

girdles were linked in any way (Fig. 7.18B). There is one lateral row of 

scutes in Elginia, contrasting with the situation observed in Nanoparia. 

201 



A) 

B) 

0 

0 

0 
(-) 

0 

a 

0 

0 

ANT 

~ 
0 [] 0 

Q 0 0 

0 0 Cl 

D 0 0 

CJ 0 0 

/) 0 0 

Cl 0 0 
0 0 () 

0 0 
0 {) 

~ 
0 0 e 

C) 0 0 
0 

0 

POS 

0 

0 

0 

0 

0 

<.J 

0 

Fig. 7.18. Restoration of the dermal body armour of two small 

pareiasaurs; A) Elginia mirabilis, based on RSM 1956 8.1, B) Nanoparia, 

from Brink ( 1955). 
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CHAPTER 8 

PALAEOBIOLOGY AND TAPHONOMY OF ELGINIA 

8.1 INTRODUCTION 

A restoration of the skeleton is attempted below. It is conjectural 

because only a single, incomplete example of the skeleton of Elginia is 

known (RSM 1956 8.1). The assessment of functional morphology is also 

conjectural, because of the mode of preservation. 

8.2 RESTORATION OF THE SKELETON 

In the restoration of the skull (Fig. 8.1), the skull is based 

largely on the type specimen, BGSE 4783-4788 (Chapter 6, Fig. 6.2), and 

the post-cranial skeleton on the paratype, RSM 1956 8.1. The partial skull 

of the paratype, RSM 1956 8.2, measures an estimated 160mm in length and 

the overall length of the skeleton is based on this figure; presacral 

length 450mm, sacrum length 80mm, and the tail length 180mm (total length 

880mm). 

The cervical vertebrae, caudal vertebrae, fore-limb, manus and pes 

have been restored using general information from other pareiasaurs. 

8.3 FUNCTIONAL MORPHOLOGY 

It is virtually impossible to draw valid conclusions regarding the 

functional morphology of Elginia. Preservation of the skeletal elements as 

natural moulds in a coarse-grained sandstone has obliterated the evidence 

of muscle attachments on bone surfaces, and the bones cannot be 

manipulated. Further, the single skeleton is incomplete; most 
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10cm 

Fig. 8.1. Restoration of the skeleton of Elginia mirabilis, based on the 

paratype, RSM 1956 8.1. Shaded areas represent known elements, missing 

elements left blank. 
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significantly, the pectoral girdle is unknown and the pelvic girdle is 

damaged and incomplete. 

It is evident from a cast of the internal surf ace of the right side 

of the skull that there is a large anterior space, surrounded by the 

nasals, maxillae and vomers. This suggests a large nasal capsule and a 

good sense of smell. The orbit is large, relative to the size of the 

skull, suggesting a large eye and probably a good sense of sight. No 

observation can be made regarding the sense of hearing. The stapes is 

poorly-known in pareiasaurs, but is thought to be a short, stout rod 

(Romer 1956, p. 418). There is no evidence of such a structure in Elginia 

and poor preservation prevents location of the fenestra ovalis on the 

lateral wall of the braincase. 

The trophic apparatus is typically pareiasaurian. The jaw 

articulation is positioned far forward of the occiput. The dentition of 

the upper and lower jaws consists of an estimated 36 weak, multi-cusped, 

leaf-shaped teeth, indicating a herbivorous diet of soft vegetation. No 

plant remains have been found in association with either specimen of 

Elginia, but the Cutties Hillock Sandstone Formation is entirely devoid of 

fossils, other than the reptilian remains. 

The remarkable spinosity of the skull and the spined scutes of the 

well-structured dermal body armour probably constituted a defence 

mechanism. The presence of 35 horns or spines on such a small skull would 

have given Elginia a rather startling appearance. The posterior expansion 

of the skull roof and the large posterolaterally-projecting tabular horns 

may have afforded protection to the vulnerable area of the nape of the 

neck. Other vulnerable areas, such as the pectoral and pelvic regions, are 

usually protected in pareiasaurs by a series of articulating scutes. A 

small number of such scutes are preserved in the pectoral region of 

Elginia and, although only a few single scutes are preserved in the pelvic 

region, it may be reasonable to assume that a series of articulating 

scutes was present in life. The scutes are sharply pointed, like the 
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majority of spines on the skull, emphasising their probable defensive 

function. The presence of three central longitudinal rows protecting the 

dorsal region of the body is consistent with this interpretation. 

The joint morphology could not be studied for reasons outlined above. 

The pose (Fig. 8.1) is largely an assumption. The configuration of the 

proximal head of the femur and the relatively slight twisting of the femur 

shaft suggest the hind-limb was relatively upright and, in general, the 

gait was more upright than that envisaged for most other pareiasaurs. 

8.4 ENVIRONMENT AND TAPHONOMY 

8.4.1 Sedimentology 

The remains of Elginia were found in the Cutties Hillock Sandstone 

Formation of Millstone (Cutties Hillock) Quarry, Quarry Wood, 

approximately 3km west of Elgin (Fig. 8.2). The sandstones were quarried 

in the late 19tn century, providing materials for the construction of 

field walls and the manufacture of millstones, and sections were described 

by Judd (1886) and Linn (1886). 

The Cutties Hillock sandstone Formation has a maximum thickness of 

approximately 35m (Benton and Walker 1985). It consists of two main facies 

and rests discordantly on Upper Old Red Sandstone. The lower facies 

consists of a series of pebbly beds, up to 4m thick, containing pebbles of 

white, pink and purple quartz. The upper facies consists of approximately 

30m of light brown/yellow large-scale cross-bedded sandstone. The 

sandstone is coarse-grained mostly, but grain size varies throughout the 

upper facies and small pebbles are present near the base. Joints in the 

sandstone contain barytes and haematite in-fillings. At present, 

approximately 2.Sm of pebbly beds, overlain by 10.5-11m of cross-bedded 

sandstone, is exposed in Millstone Quarry. 

The lower pebbly beds have been interpreted as sheet flood deposits, 

but they contain dreikanter pebbles with rounded edges suggesting that 
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they were subjected to wind erosion before being reworked by water (Watson 

and Hickling 1914). The upper sandstones have been interpreted as fossil 

barchan dunes (Benton and Walker 1985). Large scale cross-beds, 

well-rounded quartz grains and unidirectional foresets suggest aeolian 

conditions of deposition. 

8.4.2 Occurrence of the reptiles 

The specimens of Elginia and the associated fauna were recovered from 

the base of the dune sandstone, just above the pebbly bed. Small pebbles 

are present in a few of the original blocks which contain the natural 

moulds, such as RSM 1956 8.1C and ELGNM 1978 546A. Pebbles are present in 

the matrix of other fossil specimens in the fauna (Newton 1893, pp. 462, 

466). 

8.4.3 Taphonomy 

There is no information about the relative positions of the two 

specimens of Elginia in the field. More significant is the lack of 

information regarding the association of the paratype skull and skeleton. 

The skeleton is fossilized flattened in a horizontal plane (Figs. 

7.2, 7.3). The cervical vertebrae, pectoral girdle and forelimbs are not 

preserved, with the exception of a portion of the right humerus. Only the 

first four caudal vertebrae are preserved. The anterior-most presacral 

vertebrae are badly jumbled, and the scapulae lie side-by-side, so it 

appears that the anterior portion of the skeleton may have been disturbed 

before burial took place. 

It appears most likely that the absence of all but four caudal 

vertebrae, and most of the left hindlimb, is a consequence of incomplete 

preservation. The articulated vertebral column with associated ribs, the 

resting position of the left hindlimb, and the presence of many small 

dermal scutes which fell onto bone surfaces after the flesh had 

decomposed, all suggest that the hinder portion of the skeleton was 
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undisturbed before burial. The jumbled state of the anterior-most 

presacrals and scapulae, absence of cervical vertebrae and forelimbs, and 

disassociation of the skull, all occurring prior to lithification of the 

host rock, may reflect disturbance of some kind. It seems unlikely that a 

predator, or scavenger, would attack the neck region and leave the rest of 

the body undisturbed. Such a scenario is even more unlikely when the 

posterior projection of the skull table and large tabular horns is taken 

into account. 

It is possible that the anterior portion of the skeleton was moved by 

shifting sand or a rivulet of water before burial, or by shifting sediment 

after burial, subsequent to a period of decay that had softened or removed 

the flesh. The ventral portions of the pectoral girdle had no bony 

connection with the vertebral column, being connected only by muscles in 

life, and consequently could have been swept away with relative ease, 

along with the cervical vertebrae and forelimbs, without necessarily 

disturbing the dorsal series. Alternatively, the absence of these elements 

could reflect incomplete preservation, as suggested for the hinder 

portions, with the jumbled state of the anterior dorsals resulting from 

movement of the skull due to desiccation of neck tissue and ligaments. All 

breaks in the post-cranial skeleton, with the exception of the jumbled 

dorsals, are consistent with compression, due to the weight of overburden, 

in a horizontal plane. 

Tectonic damage is reF \ected in the distortion of the holotype 

material and the slip-plane that affects the sacral region of the paratype 

skeleton. 

8.5 ASSOCIATED FAUNA 

The associated fauna, all herbivorous forms, consists of two 

dicynodonts, Gordonia and Geikia, and an unnamed procolophonid. Walker 

(1973) estimates a total of 15 individual specim8ns recovered from Cutties 
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Hillock Quarry, of which 12 are dicynodonts, 2 are specimens of Elginia 

and one procolophonid. Further collecting from the site may reveal the 

presence of less common carnivorous forms. 

The fauna has been tentatively dated as earliest Triassic, based on 

the suggestion that Elginia and Geikia are more advanced than their 

closest relatives in the Late Permian of South Africa and the USSR (wALKER 

1973). Rowe (1983) used similar evidence, with emphasis on the 

relationships of Geikia, to date the fauna as latest Permian. It now seems 

most correct to regard the Cutties Hillock Sandstone Formation and its 

fauna as lying at the extreme summit of the Permian (Benton and Walker 

1985). 
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