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Abstract 

The End-Permian mass extinction was the single largest extinction event in 

history. The effect of this event on shark faunas is examined herein. 

Several new specimens of hybodont are described. Polyacrodus twitchetti n. sp. 

and Lissodus angulatus are described from the Lower Triassic of Greenland. Several 

specimens assigned to Lissodus aff. cassagnesis and Hybodontiformes indet. are 

described from the Lower Triassic of Madagascar. Additional specimens are described 

from the Lower Triassic of the Wapiti Lake area of British Columbia and are assigned to 

Wapitiodus wapitiensis n. gen., n. sp., Contrariodus wapitiensis, n. gen, n. sp., 

Polyacrodus sp. and Hybodontiformes indet. 

In order to more accurately examine the effects of the event on sharks the genera 

of the Superfamily Hybodontoidea that occur in the Permian and Triassic are reviewed 

and the currently accepted diagnostic characteristics are given for each genus. The 

Family Polyacrodontidae is reviewed in more detail and specimens previously assigned 

to Polyacrodus are re-assigned to either Polyacrodus, Lissodus or one of three new 

genera Aconcinnodus, n. gen., Pseudohybodus, n. gen. and Contrariodus n. gen. 

The fossil record of all shark specimens found in the Upper Permian and Lower 

Triassic is reviewed as is the stratigraphic position of all specimens. Countries from 

which specimens have been found include the USA, Canada, Brail, Greenland, 

Spitzbergen, Germany, Turkey, Angola, Madagascar, South Africa, Russia, India, 
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Pakistan, China and Japan. The taxonomic assignment of various specimens is discussed 

and several are reassigned. 

The effect of the extinction event on various aspects of shark ecology and 

morphology (including diversity, diet, size variation and habitat) is examined. While not 

always conclusive, several trends emerge. The survivorship of sharks over the P-Tr 

boundary is relatively high in comparison to the published figures for other groups. In 

addition to this, the rapid diversification of the surviving genera in the Olenekian shows 

that detrimental effects of the event on shark diversity were relatively short lived. The 

post-extinction fauna consists mainly of sharks with generalist feeding strategies but the 

presence of specialised taxa in the Olenekian indicates a relatively rapid recovery period. 

The available evidence suggests that sharks did undergo a substantial reduction in body 

size from the Permian to the Triassic. Hybodonts returned to pre-extinction sizes by the 

Olenekian, while eugeneodonts remained smaller in the Olenekian and became extinct 

immediately thereafter. There is insufficient evidence to suggest whether either marine or 

freshwater sharks were preferentially selected for in the P-Tr extinction event. 
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Chapter 1. 

Chapter 1 

1.0 Introduction 

1.1 General Introduction 

Of the so-called "Big Five" mass extinction events the end-Permian event was by 

far the greatest. Terrestrial life was devastated, with an estimated 70% of terrestrial 

vertebrate families being wiped out (Maxwell 1989). Marine species extinctions over the 

end-Permian event were no less impressive, with estimates ranging from a conservative 

75% (Hoffman 1986) to 96% (Raup 1979), with the majority of recent workers tending 

towards the higher estimate. 

A great deal of work has been done on the effects of the Permian extinction event 

on invertebrate families, which suffered to various degrees. Some of the worst-hit groups 

include bryozoans that suffered only slightly less than corals and echinoderms which 

were almost completely exterminated. Other groups were less affected by the extinction 

event. These include species of foraminifera and ostracods whose ability to tolerate low 

oxygen conditions favoured them. Yet other groups, such as bivalves, were able to fill 

niches left by other harder-hit groups such as gastropods and actually profit from the 

extinction event. 

Little work has been done, however, on the effects of the Permian mass extinction on 

marine vertebrates including sharks due to the lack of material and the apparent lack of 

complete boundary sections. In recent years however, several Lower Triassic sharks have 
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Chapter 1. 

come to light, most notably those in Canada and Greenland, as well as a number from 

Madagascar., lt was generally assumed (Scaheffer 1973) that fish groups crossed the 

Permo-Triassic boundary relatively unscathed and that the Early Triassic saw a radiation 

of many fish groups. This work will examine the extent of the effect of the end-Permian 

extinction event on sharks in more detail in order to discover if they were indeed as 

unaffected as previously thought. 

1.2 Studied Groups 

This work will concentrate on the major groups of Permian and Triassic 

elasmobranchs without examining other chondrichthyan groups. The major shark groups 

within the Upper Permian include the eugeneodonts and the xenacanths. Hybodonts were 

the dominant Triassic shark group and while these compose the bulk of the fossil finds 

from the study period, ctenacnath and neoseachians as well as other more enigmatic taxa 

will also be mentioned. 

Many of the sharks examined in this work are considered by many to be 

predominately Palaeozoic despite the fact that they cross the P-Tr boundary (Maisey et 

al. 2004). The first of these groups is the Eugeneodontiformes. First described in 1844, 

these sharks ranged from the Mississippian to the Triassic and were characterised by 

amongst other things a dentition of pavement-like teeth with a symphyseal tooth whorl 

and broadened neurapophysial and haernapophysial elements (with little fusion) in the 

dorsal lobe of the caudal fin (Schultze and West 1996). The best known eugeneodont 
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from the Permian is Helicoprion found from the USA and Eurasia. Other eugeneodonts 

considered include Fadenia and Erikodus from Greenland as well as a number of thus far 

undescribed specimens from the Wapiti lake area of British Columbia. 

The second group of predominantly Palaeozoic sharks studied herein are the 

Xenacanthiformes. Xenacanths are characterised by, amongst other things, a single spine 

primitively associated with one expanded dorsal fin. Tooth shape is tricuspid with two 

lateral main cusps and a more reduced central cusp (Zangerl 1981). The base is drawn out 

ligually and has "a coronal button on its top and a basal tubercule at its bottom side" 

(Hampe 1991). These are a group of sharks that has been studied since the mid 1800s by 

amongst others Agassiz (1833) and Woodward (1889) and that range from the Early 

Devonian to the Upper Triassic. These sharks have been found in environments ranging 

from freshwater lakes, through brackish into full marine conditions. Distribution of these 

animals was widespread with fossils having been found from the USA, South America, 

Europe, Australia and Asia. Genera of xenacanths studied in this work include 

Orthacanthus from the USA, Triodus from India and an unidentified xenacanth from 

Russia. 

The ctenacanths were most widespread in the Carboniferous and while present 

from the Upper Devonian to the Triassic, they were already in decline during the period 

under study here, with only very few persisting after the P-Tr event. Again having been 

studied since the early 1800s (Agassiz 1833) the majority of ctenacanth finds consist of 

isolated fin spines and teeth. Although relatively primitive (characters include a cleaver- 
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shaped palatoquadrate, cladodont dentition and absence of calcified ribs) ctenacanths 

were the first sharks to display certain characters associated with modem forms including 

the shape of the tribasal pectoral and dorsal fins with basal cartilages (Zangerl 198 1). The 

only ctenacanths considered in this work were found in the Lower Triassic of China and 

have not been assigned to a genus. 

The first of the predominantly Mesozoic shark groups is the Hybodontiformes. 

Having also been studied since the mid 1800's (Agassiz 1833) these sharks comprise the 

majority of the fossils considered in this work. Hybodonts were the dominant shark group 

for much of the Triassic and Jurassic (ranging from the Missisipian to the Cretaceous) 

and, while they were present in the Palaeozoic, it was only after the P-Tr event that they 

began to diversify rapidly. Hybodonts had a wide array of tooth morphologies adapted to 

various diets and behaviours. Characters associated with hybodonts (although not 

necessarily diagnostic of the group) include teeth with low wide crowns, two dorsal fins 

supported by spines and basal cartilages and large recurved cephalic spines on males 

(Cappetta 1987). Hybodonts have been found in a variety of environments both marine 

and freshwater and on all five continents. Hybodont genera considered include Hybodus, 

Acrodus, Lissodus, Palaeobates and Polyacrodus, as well as a number of newly 

described and unidentified genera. 

Neoselachians (the group that contains all modem sharks), while present possibly 

as far back as the Lower Carboniferous, only became truly widespread and dominant in 

the Bathonian (Chris Duffin pers. comm. 2005). Neoselachians did experience a 
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diversification in the Upper Triassic (Cuny and Benton 1999), but their occurrence in the 

Lower Triassic is sparse with only one confirmed find. Neoselachians are a sister group 

to hybodonts and are characterised mainly by a triple layered enameloid in their teeth. 

Specimens have been found in both marine and freshwater conditions, though no 

freshwater finds have been uncovered in the Triassic or Jurassic, neoselachians probably 

not diverisifying into these habitats until the Cretaceous (Maisey et al. 2004). The only 

confirmed neoselachian mentioned in this work is Synechodus sp. from the Lower 

Triassic of Turkey. 

1.3 New material 

The main obstacles to the accurate examination of the effects of the P-Tr event on 

sharks are a general disagreement over the systematics of certain Lower Triassic shark 

groups (specifically certain groups of hybodonts) and a lack of available fossils that 

consist of more than just isolated teeth. 

The first problem will be addressed initially with a broad-scale revision of the 

current state of hybodont systematics in order to clarify the characters used to identify the 

families genera and species considered within this work followed by an in-depth study of 

one of the least well defined hybodont families namely the Polyacrodontidae. 

In order to reduce the inaccuracies caused by the lack of more complete shark 

fossils from the study period this work will describe a number of original specimens from 
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various Lower Triassic localities. The first locality from which fossils will be described is 

Greenland. Two hybodont sharks are described from this area. The first was found in the 

Wordie Creek Formation on the east side of Schuchert Dal, southern Jameson Land, East 

Greenland. The second comes from the Kap Stosch region, East Greenland, in the Early 

Triassic fish zone 5 (Nielsen 1935), equivalent to the Proptychites ammonite zone 

(Nielsen 1935), which corresponds to the Induan (Tozer 1967). One specimens is 

described as Polyacrodus twitchetti, while the other (although previously grouped with 

material also assigned to Polyacrodus) is assigned to Lissodus angulatus. 

The Wapiti Lake area of British Columbia has also yielded Lower Triassic shark 

specimens that will be described in this work. While the area has yielded both hybodont 

and eugeneodont specimens, only the hybodonts are described (though measurements 

from the eugeneodonts are used in other sections). The specimens from this area are 

stored in two separate collections both of which were visited. The first is the University 

of Alberta in Edmonton and the second in the Royal Tyrell Museum of Palaeontology in 

Drumheller. The sediments in the Wapiti lake area were deposited in a "relatively 

shallow-water, deltaic to shallow continental shelf environment, in an initially 

transgressive (Phroso-like strata), but subsequently regressive (Vega-like strata), sea 

influenced by turbidity and/or storm generated currents"(Neuman 1992). The specimens 

were found from the Vega Phroso Member of the Sulphur Mountain Formation. 

Previously thought to be of Smithian in age, recent studies have shown that the fossils are 

more likely from the Induan to the Olenekian (Orchard and Tozer 1997). Three genera of 

hybodonts (including one new genus and one renamed genus) have been found from the 
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area, Waitiodus, Contratiodus and Polyacrodus, as well as several specimens that have 

not been identified to genus level. 

The final area from which fossils will be described is Madagascar. These fossils 

come from the Middle Sakamena Group (Olenekian) which would have been a warm 

shallow epicontinental sea with a depth of 200-300m (Beltan 1996). Only one genus 

(Lissodus) is described from the area along with a number of Hybodontiformes indet. 

1.4 Aims 

The study'of the effects of the end- Permian event on sharks will be concentrated 

on four major areas to determine whether there was any selectivity or visible trends in the 

recovery pattern. These four areas are diversity and distribution, size variation, diet and 

habitat. 

The diversity of sharks will first be considered on a regional scale. In order to 

consider regional changes, all shark fossil finds from the period will be gathered and 

organised first geographically by continent and country and then chronologically. 

Countries in which Upper Permian and Lower Triassic fossil have been found include the 

USA, Canada, Brazil, Greenland, Spitzbergen, Germany, Turkey, Angola, Madagascar, 

South Africa, Russia, India, Pakistan,, Armenia, China and Japan. This section will 

include a review of the stratigraphy of each area. Diversity of sharks over the P-Tr 

boundary will then be considered on a global scale. This section will focus on large-scale 
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changes and turnover of families, genera and species. Examining the total effect of the P- 

Tr mass extinction as well as the local effects will allow the analysis of the relative 

impact the event had on sharks in comparison to the other groups. Factors affecting this 

section include the tendency of some workers to over-split shark taxa as well as a lack of 

agreement on characters within certain groups. To that end all finds will be considered 

and several genera and species will be reassigned. 

One of the many suggested consequences of the Permian mass extinctions is the 

so-called "Lilliput effect" (Urbanek 1993). The Lilliput effect manifests itself as a 

marked reduction in size of flora and fauna following a major disturbance event such as a 

mass extinction. It has been postulated that this reduction in size is as a result of a decline 

in primary productivity (Twitchett 2001). The effects of size will be considered only on a 

global scale. To this end all measurements of all fossil shark specimens from the study 

period that consist of more than isolated teeth (i. e. specimens from which size estimates 

can be made) will be gathered and the tends in size change will be examined and plotted 

in order to discover if size played any role the P-Tr event either in selectivity or 

subsequentrecovery. 

Feeding habits will be also be considered to determine the extent of the influence 

the had on selectivity and recovery over the P-Tr boundary. While there are a wealth of 

different shark tooth morphologies over the study period, the examination of dietary 

habits will group shark dentitions into types In order to examine the wider effects of diet 

as opposed to the effects on individual families. The dentition types that will be 
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considered are; piscivorous (tearing and cutting teeth, i. e. feeding mainly on fish), 

generalist (suited to clutching a variety of prey, i. e. lower crowned and capable of feeding 

on both fish and soft shelled organism) and finally durophagous (crushing and grinding 

dentitions, i. e. feeding on hard shelled prey). 

Sharks from the Upper Permian and Lower Triassic have been found from a 

variety of palaeoenvironments ranging from completely freshwater through various 

deltaic environments to exclusively marine. The extent to which the sharks from various 

environments were affected remains little a studied yet potentially crucial field. Several 

workers have suggested that organisms from marine environments suffered less than their 

freshwater counterparts during mass extinction events (McGhee 1996) though the 

available evidence for these claims appears to be sparse. Padian and Clements (1985) 

carried out research on a number of groups including amphibians and bony fish and 

suggested that freshwater fish and amphibians were less affected than those from marine 

environments. They also speculated that sharks, being a predominately marine group, 

suffered relatively more in the P-Tr event but did not perform any in depth examination 

of various shark groups. Examining the environments from which all Upper Permian and 

Lower Triassic sharks have will help us to discover whether marine sharks were more 

adversely affected than those from freshwater habitats. 
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1.5 Terminology 

The terminology used in the descriptions on the skeletal tissue is the same as that 

used in Maisey (1982). Terminology employed in the description of the teeth that may 

require clarification includes: 

principal/main cusp = largest cusp usually located between sets of flanking smaller 

cusps. 

lateral cusps = smaller cusps located on either side of the main cusp 

ridges = elevated lines descending the crown that may or may not bifurcate 

crown shoulder, 

labial / lingual projection/peg = projection on either the labial or lingual face of the crown 

which is confluent with the main cusp 

longitudinal occlusal crest = crest at the apex of the crown running mesio-distally 

forming a cutting blade 

node = projection on either the labial or lingual face of the crown that in not confluent 

with the main cusp 

crown base = the lower extremity of the crown 

specialized foramina = foramin on the face of the root that show a clear pattern and 

orientation. 
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2.1. Lower Triassic hybodonts from Greenland 

2.1.1 Introduction 

Two hybodont sharks are described from the Lower Triassic of Greenland. The 

first hybodont is assigned to Polyacrodus twitchetti. The specimen was found in the 

Wordie Creek Formation on the east side of Schuchert Dal, southern Jameson Land, East 

Greenland. This is called "section X" in Perch-Nielsen et al. (1972). The concretion was 

found loose in scree, but could only have come from one of the three concretion horizons 

near the top of the section (Fig. 2.1). Only one of these has yielded fish remains from in- 

situ concretions, making it the most likely layer to have contained the specimen 

(Twitchett et al. 200 1). The specimen comes from the Hindeodus parvus conodont zone, 

the basal conodont zone of the Triassic (Yin 1994). The specimen was associated with 

small ophiceratid ammonoids. In addition to the species description the specimen will be 

compared to several other genera to identify any possible relationships between them and 

Polyacrodus. 

The second species was previously assigned to Polyacrodus angulatus but has 

subsequently been re-identified as Lissodus angulatus. The specimen is from the Kap 

Stosch region, East Greenland (Fig. 2.2), in the Early Triassic fish zone 5 (Nielsen 1935), 

equivalent to the Proptychites ammonite zone (Nielsen 1935), which corresponds to the 

Induan (Tozer 1967). The Kap Stosch locality encompasses both shallow marine and 

brackish water palaeoenvironments (Nielsen 1935). The specimen comes from the 

Pyramiden area located between rivers 8 and 9 (Nielsen 1935). 
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2.1.2 Materials and Methods 

Polyacrodus twitchetti is described on the basis of the part and counterpart of a 

small specimen of a hybodont shark (Fig. 2.3). The specimen is coated with a fine layer of 

recrystallised material (possibly calcite), mostly in the form of fine-grained shiny 

minerals, occurring after fossilization. The head of the specimen has been badly 

damaged, preventing detailed description of the cranial anatomy, and it lacks cephalic 

spines. The specimen does, however, have a number of teeth preserved. The length of the 

specimen is approximately 160 mm. Both fin spines, parts of the spinal column and one 

pectoral fin are preserved, but the specimen lacks caudal, anal and pelvic fins. Lissodus 

angulatus is described on the basis of the part and counterpart (Figs. 2.9) of a small 

hybodont shark head. Although the cranium has been badly damaged with only a few 

structures preserved, including a number of teeth, it represents one of the best Lissodus 

heads known to date, and the only known head of L angulatus. 

Many of the photographs were taken using low-wavelength ultra violet light, 

which causes skeletal material to fluoresce in various different colours based on the type 

of mineralisation, in order to reveal further detail. For the view of the entire specimen, 

several small (15 W) black light tubes were clustered over the area. Exposures varied in 

duration up to approximately 40 minutes depending on several variables, including 

degree of fluorescence and aperture setting. 
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2.1.3 Systematic Paleontology 

2.1.3.1 Polyacrodus twitchetti 

Cohort Euselachii Hay, 1902 

Superfamily Hybodontoidea Owen, 1846 

Genus Polyacrodus Jaekel, 1889 

Polyacrodus twitchetti n. sp. 

Diagnosis: Small hybodont shark with a very thin and elongate scapulocoracoid; large 

mesopterygium; anterior teeth are small ±I mm.; crown low and pyramidal; principle cusp 

centrally placed mesio-distally and higher than lateral cusps; 1-2 pairs of lateral cusps; 

three ridges descending from main cusp labially; single ridge descending from lateral 

cusps labially; lingual face largely unornamented but possessing a lingual peg; root 

subequal to height of crown. Posterior teeth have a poorly developed main cusp with up 

to 2 pairs of lateral cusps; each cusp has a single ridge descending from it. 

Etymology: Named after the discoverer, Dr. Richard Twitchett (University of Plymouth). 

Type Locality: Wordie Creek Formation, Lower Triassic, East Greenland. 

Type Specimen: Located at the Copenhagen Geological Museum, V-2006-2. 

2.1.3.1.1 Cranial anatomy 

As previously stated, the cranial portion of the specimen has been laterally 

compressed, destroying most of the cranial structure, preventing identification of 

structures such as the brain case. In addition to this, the secondary recrystallization has 

masked most of the detail. These factors make interpretation of the visible structures 

tenuous. 
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Structures in the anterior region of the head could be part of the neurocranium. 

Damage to these structures is too extensive to allow reliable identification, but their 

position indicates that they may be parts of the rostral bar and precerebral fontanelle. A 

large, slightly curved black structure, located near the center of the head region was 

thought to be a displaced jaw. However, this seems unlikely due to the lack of teeth and 

comparison with the visible teeth shows that the structure is far too small. A more likely 

identification is as a disarticulated part of the neurocranium, possibly the supraorbital 

crest. The final visible structure is a rectangular bar in the ventral head region, underneath 

and running parallel to the visible teeth. The structure is little more than a fragment and 

hence cannot be identified, but its position beneath the visible teeth suggests that it may 

be a fragment of the I ower jaw. 

2.1.3.1.2 Branchial arches 

Despite damage, some parts of the branchial skeleton (Fig. 2.4) are preserved. As 

far as can be determined, there are between four and five branchial elements located 

approximately along the length of the scapulocoracoid. These elements are faintly 

discernible as anteriorly leaning bars. From the position of the bars relative to the 

scapulocoracoid, it is likely that the elements are ceratobranchials. 
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2.1.3.1.3 Vertebral column 

The axial skeleton of the specimen consists of neural and haernal elements. These 

elements are poorly preserved between the occiput and the base of the anterior fin spine, 

as well as between the base of the posterior fin spine and the end of the preserved section. 

There are between 19 and 21 posteriorly reclining neural arches between the anterior and 

posterior fin spines. There are far fewer haernal elements preserved, with only six visible. 

The rib cage is not preserved. 

2.1.3.1.4 Dorsal fins and spines 

Both dorsal fins are preserved. In the anterior fin, both the fin spine and fin 

webbing, distinguishable by dermal denticles, are preserved. There is a single triangular 

basal cartilage. The spine is inserted at an angle of 46* and at its deepest point almost 

meets the neural elements of the notochord. The spine has been split longitudinally 

showing it in cross section with the distal extremity missing but leaving an imprint of its 

external ornamentation in the matrix. The internal structure shows three layers. The 

innermost layer is light-cOloured and has a fibrous structure, while the outer two layers 

(the middle one of which is much thinner than the outer mantle) are darker and more 

solid. The imprint of the outer ornamentation shows evidence of longitudinal ribbing, 
i 

though preservation is insufficient to make out the fine details of the ornamentation. As 

well as the ribbing there is evidence of external lesions on the fin spine. These lesions are 

round and infilled with a lighter calcite-like crystal indicating that the outer 

ornamentation was stripped away to expose the underlying osteodentine. 
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Fig. 2.5. Pol. vacrodus twitchetti. (V-2006-2). Scapulocoracoid. Both halves oflong, thin structure visible. Scap = scapulacoracoid 
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mesopterygium and metapterygium have 1,2-3, and 3-4 articulated radials rexpcctively. Pro = propterygium, Mes = mesopterygium, Met = rnetapterygium. 
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The posterior fin spine is inserted at an angle of 77* and, like the anterior spine, 

almost meets the neural elements of the notochord. The posterior spine also has a 

triangular basal cartilage. There is evidence of four or five radials extending from the 

basal cartilage, though the preservation is inadequate to make out their structure. The 

internal structure of the posterior spine is similar to that of the anterior spine and again 

shows evidence of lesions acquired in life. 

2.1.3.1.5 Scapulocoracoid 

The specimen has a long and slender scapulacoracoid (Fig. 2.5 from counterpart) 

which extends from just below the anterior fin spine to the pectoral fin. Due to the 

compression and slight shearing, both scapulacoracoid processes can be seen. The 

scapulocoracoid arches posteriorly and possesses a medial line with two flanking 

grooves. Preservation of the structure is insufficient to distinguish between the scapula 

and coracoid regions, or to locate the glenoid fossa or diazonal foramen. 

2.1.3.1.6 Pectoral rin 

The pectoral fin (Fig. 2.6) is difficult to identify under normal light, but becomes 

clearer when viewed under UV light. The fin consists of a series of basals, radials and a 

fin web distinguishable by a colour different from that of the matrix. The pectoral fin is 
I 

tribasal. Preservation is insufficient to distinguish whether articulation is mainly 

propterygial. The mesopterygium appears to be the largest of the pectoral elements. The 
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propterygium has one radial, the mesopterygium has two to three radials and the 

metapterygium has at least three to four, but it is likely that other radials were lost during 

preservation. When viewed under UN. light there is a thin line in the upper area of the 

mesopterygium. This could be the proximal end of a radial sandwiched between the 

mesopterygium and the popterygium. The propterygial radial appears to be unjointed. 

While unclear, it appears that some of the mesopterygial radials have at least one joint. 

The structure of the metapterygial radials is too unclear to interpret. All distal radials 

taper to a point. 

2.1.3.1.7 Pelvic girdle 

Though the pelvic fin is missing, parts of the pelvic girdle are preserved. The 

girdle is preserved in lateral view with one half preserved above the other due to the 

compression and slight shearing of the fossil. This suggests that the girdle was in two 

halves and not fused. The base of the pelvic bar is quite pointed and faces anteriorly. A 

brown recrystallization covers the lower section of the girdle, masking detail, but one or 

possibly two radials can still be distinguished emanating from it. 

2.1.3.1.8 Teeth 

There are a number of teeth visible within the specimen, the clearest of which is 

an anteriorly positioned one. This tooth (Fig. 2.7) measures 1.10 mm. and is preserved in 

lingual view, though which is uncertain. As well as this, another anterior tooth was 

originally found, but both were subsequently damaged. The principal cusp of the teeth is 
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low, pyramidal, and positioned roughly centrally mesiodistally. The principal cusp is 

much higher than the single pair of lateral cusps. Lingually the principal cusp has three 

ridges, the central one of which bifurcates near the crown shoulder, turning into a distinct 

lingual projection. The lateral cusps each have one ridge extending from the occlusal 

crest that joins the peak of a node near the crown base. Vertical lines and ridges are also 

located between cusps. The cusp and shoulder ridges are all well raised with concave 

hollows between them. Below the shoulder, on the lingual side, the crown curves inwards 

towards the root, forming an overhang. There is no evidence of a labial projection. The 

crown root juncture is marked by a line where the smooth crown texture changes into the 

more porous texture of the root. The root is only partially preserved. The upper root 

forms a convex arch with the slightly curved crown base. Although unclear, there is some 

indication of foramina. 

In addition to the anteriorly positioned tooth, there are also a number of 

posteriorly positioned teeth. There is a clear view of two teeth. One is in side view and 

the other is in occlusal view. The teeth are of similar size to the anterior tooth (0.87 mm 

and 0.98 mm mesiodistally), but the main cusp is much lower and there are at least two 

pairs of lateral cusps. The cusps are vertical with a U-shaped depression between each 

one. Like the anterior tooth, the principal cusp has three ridges and each lateral cusp has 

one ridge that reaches from the occlusal crest to the shoulder. The tooth in occlusal view 

shows that one side of the tooth bears ridges, while the other (probably the lingual side) is 

largely unomamented, but does possess a lingual peg. This tooth shows no indication of 

the labial peg. The tooth in side view also has an overhang from crown to root indicating 
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a labial view and again lacks the peg. The roots on the posteriorly positioned teeth are 

also poorly preserved, but, unlike the anterior tooth, the root top is a concave arch. 

2.1.3.1.9 Dermal denticies 

There is a high abundance of dermal denticle bases on the specimen, all of which 

are of a similar size indicating that the view is from interior of the specimen. The bases 

are fairly small (± 0.2 mm) and many have a square structure. The regular pattern of the 

denticles is similar to that of the recrystallization visible on the specimen but the two can 

be distinguished by the presence of a foramen in the center of the denticle bases. 

2.1.3.1.10 Discussion 

The teeth in this specimen differ from Hybodus and Acrodus in that they have a 

relatively squat pyramidal crown. However the question of whether the specimen should 

be assigned to Lissodus Brough, 1935, Lonchidion Estes, 1964, or a genus within the 

Polyacrodontidae is more complex. At present, Lissodus is known from full body fossils, 

while Lonchidion and the polyacrodontids are known only from isolated teeth. Several 

workers have commented on possible relationships of the genera based on tooth 

morphology. Duffin (1985) proposed that Lissodus and Lonchidion were synonymous, a 

contention later accepted by Cappetta (1987). However, the grouping of these two genera 

was based on several criteria later criticized by Antunes et al. (1990) because not all of 

the similarities are confined to the genera in question. Rees and Underwood (2002) later 

separated Lissodus and Lonchidion and placed them both in the family Lonchidiidae 
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along with Hylaeobatis and two new genera (Vectiselachos and Parvodus). Polyacrodus 

and Lissodus have always been considered separate genera but distinctions based on tooth 

morphology are not straightforward (Antunes et al., 1990). There has been some debate 

over the diagnosis of Polyacrodus (Antunes et aL, 1990), as many of the early 

descriptions and illustrations are ambiguous (Johnson, 1981). In this work the 

characteristics of Polyacrodus are considered to be as given in the detailed review in 

chapter 3.1 (i. e. Anterior teeth with pyramidal shaped crown; Main cusp is centrally 

located and flanked by 1-4 pairs of prominent lateral cusps, cusps are symmetrical in 

distribution; Ornamentation consists of dense and fine to sparse and coarse ridges 

originating from the cusps and terminating at the crown/root junction, ridges do bifurcate; 

Posterior teeth are lower and wider than anteriors; main cusp is centrally located with 1-4 

pairs of lateral cusps that are much less prominent than in anterior teeth; symmetry of 

cusps may vary by one on either side of main cusp; Ornamentation consists of dense and 

fine to sparse and coarse ridges originating from the cusps and terminating at the 

crown/root junction, ridges do bifurcate; Root of equal or greater depth than crown; 

Specialised foramina absent; Labial peg poorly defined or absent; Lingual peg absent; 

Longitudinal crest absent) and as such the specimen is assigned to the genus. 

As this is the first specimen of Polyacrodus based on more than isolated teeth, a 

comparison of its morphology with that of other hybodonts is required to determine 

possible relationships. The cranium, branchial arches and pelvic girdle in the specimen 

are too badly damaged to allow comparison. The only structures that are complete 

enough to allow comparison are the teeth, the scapulocoracoid, the pectoral fin and the 

dorsal fin spines. 
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As stated earlier, the study specimen has a long and narrow scapulocoracoid. The 

structure of scapulocoracoids in hybodonts ranges from narrow bars seen in P. twitchetti 

and other sharks like Lissodus africanus (Brough, 1935) and Hybodusfraasi (Brown, 

1900) to having massive coracoidal processes, as seen in Lissodus cassangensis (Antunes 

et. al., 1990). The results of an examination of the structure of scapulocoracoids are given 

in Table 2.1. No measurements are included from L africanus due to the ambiguity of the 

original illustration and lack of measurements (Brough, 1935). Broom (1909) did provide 

dimensions for the scapulocoracoid in L africanus, though the upper portion of the 

scapula and lower portion of the coracoid were missing, preventing accurate comparison. 

The definition of a thin scapulocoracoid is taken to be a ratio of less than 0.2 in the 

proportion width / length. Width is defined as the maximum limits of the coracoid and 

length as the maximum distance between the extreme ends of the scapula and coracoid. 

It can be seen from Table 2.1 that all of the Carboniferous and many of the Triassic 

hybodonts possess thin scapulocoracoids, while only the Triassic hybodont Lissodus 

cassangensis possess a broad scapulocoracoid. It is possible that the reconstruction of L 

cassangensis is inaccurate due to one scapulacoracoid being superimposed on the other. 

From this, it can be taken that thin scapulocoracoids are primitive, and hence the slender 

structure of the scapulocoracoid in A twitchetti does not imply a relationship between 

Polyacrodus and any hybodont family. 
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Species 
Length of scapulacoracoid/ maximum 

width 
Onychoselache 

0.184 
Tristychius arcuatus 0.173 
Hamiltonichthys mapesi 0.150 
Wodnika striatula 0.255 
Hybodusfraast 0.160 
Hybodus haufflanus 0.182 
Lissodus cassangensis 0.257 
Study specimen 0.140 
Table 2.2. Ratio of length: maximum width of scapulacoracoid; Unychoselache (Woodward 1V24), 
Trystychius arcuatus (Dick 1978), Hamiltonichthys mapesi (Maisey 1989), Wodnika striatula (Schaumberg 

1977), Hybodusfraasi (Brown 1900), Hybodus hauffianus (Koken 1907), Lissodus cassangensis (Antunes 

et al. 1990) 

The Mesozoic hybodont genera Hybodus, Lissodus and Hamiltonichthys (Maisey, 

1989) are all represented by specimens with preserved pectoral fins. Hybodus hauffianus 

has a large pro- and mesopterygium with the metapterygium being the largest pectoral 

element. This is also seen in H. fraasi and L cassangensis. P. twitchetti, however, has a 

relatively small propterygium and the mesopterygiurn is the largest pectoral element, a 

character which is unusual for hybodonts. In H. haufflanus the pro- and mesopterygium 

both support three radials. The number of radials on the metapterygiurn in unclear. This 

arrangement differs from that seen in L. cassangensis which has a propterygium 

supporting one radial, mesopterygium supporting three and the metapterygium supporting 

five. The configuration found in L cassangensis is consistent with what is seen in P. 

twitchetti, though it has only three to four metapterygial radials (others could be missing). 

The first metapterygial radial in L. cassangensis is sandwiched between the meso- and 

metapteryium. This is also seen in P. twitchetti and in Hamiltonichthys. Though the 

pectoral fin in the study specimen shows some similarities to both Hamiltonichthys and 

22 



Chapter 2. 

Lissodus, these similarities are not sufficient to imply a close relationship between these 

genera and Polyacrodus. 

Dorsal fin spines in various hybodont genera are distinguishable by their lateral 

ornamentation and the pattern of the posterior denticles (Maisey, 1978). Both of these are 

too poorly preserved in P. twitchetti to allow comparison. In L africanus the posterior fin 

spine is shorter than the anterior one, while in L cassangensis it is the contrary, as is the 

case in A twitchetti. A twitchetti has a triangular basal element at the base of each spine, 

with only the posterior spine possessing a full complement of calcified radials, a feature 

seen in all hybodonts. The anterior fin spine in L africanus lies at an angle of 45', while 

the posterior spine lies at an angle of 70'. The anterior and posterior spines of L. 

cassangensis lie at angles of 27' and 64' respectively. P. twitchetti's anterior and 

posterior fin spines lie at angles of 48' and 74* (similar to those of L. africanus). This is, 

however, no proof of relatedness, because similar angles have been found in species of 

r Y.. 

hybodus (Von Urlichs et aL, 1979) in addition to which the spines could have changed 

angle post mortern. 

As can be seen from the above comparisons there is little evidence that would 

support any close relationship between Polyacrodus and any other hybodont family. 
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2.1.3.2 Lissodus angulatus 

Cohort Euselachii Hay, 1902 

Superfamily Hybodontoidea Owen, 1846 

Family Lonchiididae Herman, 1977 

Genus Lissodus Brough, 1935 

Lissodus angulatus (Stensi6,1921) 

1921 Polyacrodus angulatus Stensi6: 3 1, fig. 13, pl. I fig 27. 

1979 Polyacrodus angulatus Jerzmafiska: 25, figs. 14-17. 

1985 Lissodus angulatus Duffin: 119, figs. 11 a-c. 

1989 Lissodus angulatus Duffin: 84, fig. I c. 

1992 Lissodus angulatus Gomez Pallerola: fig. 9c. 

1993 Lissodus angulatus Duffin: fig 6c. 

2001 Lissodus angulatus Duffin: fig.. II a-c. 

Revised diagnosis: Teeth measuring up to 7 mm in length, with moderate central main 

cusp; lateral cusps absent, but may show incipient development; labial peg moderate. 

Crown has single ridge descending on main cusp, bifurcating basally into longitudinal 

ridge along labial crown shoulder. Where known, root is subequal in length to crown and 

there is an obvious overhang between them. Specialised foramina present along the upper 

labial root face. All other foramina irregular, but may be organised into longitudinal rows 

on both lower labial and lower lingual root faces. All teeth long and symmetrical. Lateral 

teeth relatively narrow with prominent labial peg. Jaw deep and robust with pronounced 

posterior process. 

24 



ý-ig- 2.9. Head section of Lissodus angulatus (V-2006- 1), A. part, B. counterpart 



Chapter 2. 

Type locality: Fish Horizon 1 (Posidonomya bed) OtoceraslOphiceras zone (Induan), 

Spitzbergen 

Type specimen: Reported by Stensib to be in the collection of Salomon at Heidelberg. 

Specimen no: V-2006- 1 a/b 

2.1.3.2.1 Teeth 

The teeth visible in the specimen are broad, squat and pyramidal, and they lack 

roots (Fig. 2.10). Though the teeth are encased in the matrix (and hence each can only be 

viewed from one angle) several different teeth are preserved in various orientations. They 

display a moderately elevated central cusp, but do not possess any lateral cusps. The teeth 

are small (maximum length 1.97 mm mesio-distally) and approximately three times as 

long as high. A vertical striation descends from the central cusp labially and bifurcates 

basally. The labial side possesses a moderate peg. The remainder of the labial side is 

smooth and unornamented. The teeth are arranged in rows but preservation is insufficient 

to attempt a reconstruction of the dental apparatus. 

2.1.3.2.2 Neurocranium 

The neurocraniurn is visible as a vague area of compressed cartilage fragments 

but has been severely damaged and it is impossible to identify much detail of the remains. 

The preserved length of the neurocranium is 13.6 mm, roughly equal to that of the lower 
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Fig, 2.10. Teeth of Lissodus angulatus. (V-2006-1). A, photograph and iII ustration of a tooth in labial view B 
zn 

photograph and illustration of a tooth in lingual view. 
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Fig. 2.1 LEnhanced view of mandible of Lissodusangulatus (V-2006-1). A, photograph with white I ine 
delineating extremities; B, outline sketch. 
















































































































































































































































































































































































































































































































