


Kuehneotheriumfrom the Mesozoic

fissurefillings of SouthWales

PamelaGwendoline Gill

A dissertation submitted to the University of Bristol in accordance

with the requirementsof the degreeof Doctor of Philosophy in the

Faculty of Science,Department of Earth Sciences.

December2004



Abstract

Kuehneotherium is one of the oldest of the "Symmetrodontans", a grouping of Mesozoic

mammals characterized by the possessionof a reversed-triangle molar pattern. In spite of its

importance to early mammalian phylogeny, Kuehneotherium has only now been fully

described, due to the fragmentary nature of the material, which consists of isolated teeth and

jaws. The largest collections of Kuehneotherium remains are from five Early Jurassic fissure

deposits in the Carboniferous limestone of Glamorganshire, South Wales.

The dentition of Kuehneotherium praecursoris is reconstructedand two new species,

Kuehneotherium B and Kuehneotherium C, are described. Much of the range of variation

seenin the samples is attributed to the presenceof teeth with a number of piesiamorphic

characters. Thesehave been assignedto kuehneotheriid D and its relationship with

Kuehneotherium is discussed.A quantitative analysis was carried out on the molar teeth and

this gives supporting evidence for the separation of the taxa. Kuehneotherium is associated

with both faunal assemblagesfound in the fissures, named here the Morganucodon and

Morganucodon-sphenodont faunas. The distribution ofthe Kuehneotherium taxa in the

fissures suggeststhat the two faunas are not coeval but reflect more widespread faunal

changes.

Kuehneotherium is shown to be fully diphyodont, with differentiated premolars and molars.

However, a continuum of form between the deciduous premolars and mesial molars, suggests

that diphyodonty had beenonly recently established. Remnant cynodont replacement

features, such asresorption of the premolars, are also still evident. The molar occlusion of

Kuehneotherium is reinterpreted, and it is argued that effective shearing occurs without

crown remodelling. An initial phylogenetic analysis suggeststhat Kuehneotherium lies within

the mammalian crown group, but future work will re-evaluate the character states.
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Chapter 1. Introduction

1.1CONTEXT

When Kuehneotherium was first discovered in the Rhaeto-Liassic fissure fillings of

Glamorganshire, South Wales, it causeda considerablestir in early mammal circles. It was not

only one of the oldest Mesozoic mammalsknown, and retained a reptilian jaw articulation, but it

also had teeth describedby Kermack (1967) as "clearly and unmistakably therian". This createdan

anomaly within the polyphyletic view of mammalian origins of the time (Cifelli, 2001) and even

today, the issueremains uncertain. Either the molars, with their reversedtriangle pattern of cusps,

or the suspensorybonesof the jaw developing into the middle earmust haveevolved separately.

In spite ofthis pivotal role in mammal evolution, Kuehneotherium was never fully described,as,

although abundant,the material is fragmentary and consistsof isolated teeth andjaw fragments.

The Welsh kuehneotheriid material is now described in the hope that "the enigma of this peculiar,

but important animal will be solved" (Z. Kielan-Jaworowska, pers.comm.).

Mesozoic mammals representtwo thirds of mammalian evolution, from their beginnings to the

presentday. Ironically, therefore, the Cenozoic, commonly referred to asthe "age of mammals",

comprises lessthan one third ofthe total time spanof the ClassMammalia. The earliest mammals

appear in the Late Triassic astiny, active creatureswith large brains, but throughout the Mesozoic

they remain small, with only a few reaching the size of modem rabbits.

The first scientific report of Mesozoic mammals was by William Buckland (Buckland, 1824),

from the Middle JurassicStonesfield Slateof Oxfordshire. There was initially controversy about

the interpretation of theseremains and whether mammals had evenexisted before the Tertiary

(Kemp, 2005). However, by 1871,the Mesozoic origin of mammals was acceptedand Owen

published a monograph of all known forms, which consistedonly of incompletejaws and teeth,

and occasional isolated postcanial bones.This dearth of material reinforced the view that

Mesozoic mammals were extremely rare, tiny animals, barely holding their own against the

dominant dinosaurs.

Hardly any more specimenshad beendiscoveredby the time G. G. Simpson (1928, 1929)

produced two new monographsof the British and American museumcollections. Simpson (1928)

maintained that early mammals were polyphyletic, with at least four independentorigins for



monotremes,multituberculates, triconodonts and therians. This analysis was of necessity

predominantly basedon the divergent charactersof the teeth. Certain mammal-like reptiles

lineageswere seento develop featuresin parallel which areassociatedwith mammals e.g. the

squamoso-dentaryarticulation and secondarybony palate. Thesefindings led Olson (1959) to also

support the polyphy letic origin of mammals and this view was accepteduntil the 1960s.

Things were soonto changethough, with remarkablenew discoveriesof abundantearly mammal

remains by Walter Kuehne (1947,1949, 1956, 1958) in the Mesozoic fissure fills of South Wales.

Charles Moore had first appreciatedthe potential of fissures in the Carboniferous Limestone of the

Bristol Channel areaasa sourceof fossil vertebrates,including Mesozoic mammals. He found

isolated haramiyid teeth in 1858at Holwell quarry in the Mendips. Later commercial quarrying

exposedmore fissuresand, in 1939,Walter Kuehne successfully exploited this opportunity and

returned to Holwell Quarry where he collected haramiyids and two Eozostrodon teeth (parrington,

1941, 1947.) From an examination of the associatedfauna, and in view of finds from Switzerland

(Peyer, 1956), Kuehne concluded that the fissure was Rhaetic in age(Kuehne, 1947). In 1949he

visited Glamorganshire, South Wales, and in Duchy Quarry, near Bridgend, discovereda number

of teeth that he consideredto be from a triconodont (Kuehne, 1958)and which he named

Morganucodon watsoni. A molar of a different form, "Duchy 33", was also discovered, which

seemedmore comparablewith the Symmetrodonta(Kuehne, 1950, 1958) and was later named

Kuehneonduchyense(Kretzoi, 1960).This tooth is the first kuehneotheriid to be described,but

"Duchy 33" is now lost andKuehneonduchyenseis regardedasa nomenvanum (Kermack et al.,

1968; Lillegraven et al. 1979).

The searchin South Wales for fissuresyielding tetrapod remains was continued by the team from

University College London, led by ProfessorK. A. Kermack, andearly mammals have been

discovered in three other localities nearBridgend; Pant,Pontalun and Ewenny quarries (Kermack

and Mussett 1958;Kermack et al. 1973;Evansand Kermack, 1994).The tetrapod remains are

dissociated,but very abundantand often very well preserved.They are the remains of small

mammals and reptiles which lived in, or were carried into, the cavesand fissuresof the limestone

hills of the period. The enormouscollection of isolated teeth,jaw fragments and skeletal elements

of Morganucodon hasallowed detailed descriptions of the dentition (Mills, 1971; Parrington,

1971), skull (Kermack et al., 1973; 1981)and postcranial skeleton(Jenkins and Parrington, 1976).

As a result Morganucodon is incomparably the bestknown of the Late Triassic-Early Jurassic
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mammals. Kemp (2005) feels that the modern study and understandingof Mesozoic mammals

datesfrom this period.

Most authors had by now cameto regard the mammals asmonophyletic, but with an early

dichotomy into two groups (Hopson and Crompton, 1969). Studiesof the braincaseby K. A.

Kermack and Kielan-Jaworowska (1971) supportedthis view of the mammalia divided into two

fundamental groups; the Theria with the lateral braincasewall formed by the alisphenoid and

squamosal,and the non-therian mammals with the lateral wall formed by the anterior lamina of the

petrosal. This latter comprised the Docodonta, Triconodonta, Multituberculata and Monotremata.

The authors also consideredthat the time gapbetweenthe first known docodont, considered at this

time to beMorganucodon, and the first multituberculate made it possible to derive both non-

therians from a common mammalian ancestor.

Another milestone was the publication of the first compendium of early mammals,Mesozoic

mammals: thefirst two-thirds oj mammalian history (Lillegraven et al., 1979). In one chapter in

this volume, Crompton and Jenkins (1979) summarisethe current views on the origin of

mammals. Much of this centreson the relationship of the earliest known mammals, the

morganucodontids and Kuehneotherium. Both of thesesmall insectivoreshad attained the same

gradeof organization, including a dentary condyle and post-dentarytrough, but were known to

differ in the occlusal relationships of the molar teeth. Ifa diphyletic origin is postulated, then the

functional separationof the middle ear bonesfrom the jaw must have occurred independently. The

similarities and differences betweenthe morganucodontidsandKuehneotherium could be cited to

support monophyly or polyphyly and so the authorsfirst discussthe different usesof the term

"polyphyly" in the literature. One group of workers (Mills, 1971;Kermack et al., 1973) considered

that therians and nontheriansarosefrom disparate lineagesof therapsids,with a common ancestor

lying early in cynodont history. Another group (Crompton and Jenkins, 1968;Hopson and

Crompton, 1969; Parrington, 1971) consideredthe morgnucodontids andKuehneotherium to be

closely related. They maintained that the similarities in the development of the jaws and

configuration of the postdentaryboneswas evidenceof a close relationship among the early

mammals, and betweenthem and advancedcynodonts. They also consideredthe differences in the

occlusal pattern of the molars to be initially minor, eventhough it was eventually significant in

Kuehneotherium, leading to the development of a pattern of reversedtriangles.
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The evidence from the braincase(Kermack and Kielan-Jaworowska, 1971) for a diphyletic origin

is then reviewed. Crompton and Jenkins (1979) concedethat the formation of the side wall of the

braincasesupportsthe taxonomic division into nontheriansand therians, but dispute the separate

derivations oftherian and nontherian mammals from disparatetherapsid lines. They consider that

the therian braincasecan readily be derived from that of cynodonts and suggesta common

ancestorfor both groups of Rhaeto-Liassic mammals in the Middle to Late Triassic.

Kemp (1983) questionedthe early division of the Mammalia into "prototherians" and therians,

basedon the grounds of the inadequacyof the charactersusedto support it (Kemp, 2005) and this

dichotomy hasnow beenabandoned.Sincethe publication of the book by Lillegraven et al.

(1979), there has also beena phenomenalgrowth in knowledge of early mammals.Not only have

many new taxa been found, but many of them are from areaswhere the record was previously

blank. Importantly, many of theseare from the Gondwanancontinents and one result of this is the

recognition of a dual origin oftribosphenic mammals on the Laurasianand Gondwanan

continents. Although the current evidencesupportsa monophyletic origin, recentcladistic analyses

reveal a complex phylogenetic pattern with the great evolutionary bush of diverse Mesozoic

mammalian cladesasthe dominating feature (Kielan-Jaworowska et al., 2004).

1.2 THESIS BACKGROUND

As noted above, a turning point in the understandingof early mammals was the dramatic new

discoveries from the fissures fills of South Wales during the 1950s.Thesefissureshad a limited

fauna of three tetrapods,the pleurodont lepidosaur Gephyrosaurus bridensis (Evans, 1980, 1981)

and the mammalsMorganucodon watsoni (Kermack et al., 1973)andKuehneotherium (Kermack

et al., 1968).The first find of Kuehneotherium was in 1954from a fissure in Pontalun quarry

(Pontalun 1) and consistedof a pocket of predominantly Kuehneotherium bonesand teeth.

Kuehneotheriumpraecursoris was namedfrom the material in this sampleand a reconstruction

madeof the lower jaw (Kermack et al., 1968).The description revealeda long slenderjaw with a

number of plesiomorphic characters,such asthe presenceof a trough for the postdentary bones

and a high number (six) of premolars. In contrast to this the molars were of the "reversedtriangle"

type, from which all other eupantotheres,andultimately tribosphenic mammals,could be derived.

A secondlarger sample of Kuehneotherium was unearthedat nearby PantQuarry between 1955

and 1960(Pant 2) and this is the sample Kermack et al. (1968) consideredto be generically

distinct from the Pontalun material. Another large fissure in Pontalun Quarry, (Pontalun 3)
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yielded more material, and someof this hasbeendescribedby Parrington (1967, 1971,1973) and

Gill (1974). Then in 1968and 1978,two new fissureswere found in Pantquarry which contained

not only the three tetrapods,but also severalother faunal components.Theseinclude tritylodonts,

haramiyids, one or more new morganucodontids,small archosaursand a new speciesof the

sphenodontClevosaurus (Saila, 2005).

My study of Kuehneotherium beganin the early seventiesat University College London where I

was a studentof ProfessorKenneth Kermack,. The team at University College London which

worked on early mammals included Dr FrancesMussett, PatLeesand Jackie Papworth. Dr Doris

Kermack was basedat Imperial college but was also very involved in the work. Professor

Kermack and his team monitored all the Welsh quarries conscientiously, travelling around

Glamorganshire two or three times a year to check for fissures.They were aided by Les

Middleton, who worked at the quarries and was interestedin the searchfor early mammals, and he

would alert ProfessorKermack if any new fissures were found or retrieve the matrix before

blasting could destroy it. This saveda great deal of fissure material and Les Middleton was paid £5

eachvisit for this monitoring. The recordsof the fieldwork from the early 1950sto the 1980s

consist of noteson large scalemapsand a file of fieldwork notes,supplementedby numerous

photographs.Two essential items, which becametrademarksof the University College team's

fieldwork, were the long wheel-baseLandrover and the Polaroid camera.

The first material of Morganucodon and Kuehneotherium to be cataloguedat University College

was given BMNH numbers, labelled with an M prefix. Due to somedispute betweenProfessor

Kermack and the Natural History Museum in the late 1960s,C and U numberswere then usedfor

new material. Someof the Pant2 material was also re-cataloguedas U numbers,but theseteeth

will eventually be returned to BMNH numbersas the material is now in the Natural History

Museum. Careful recordswere kept by the University College team so this will facilitate the

change.

I initially worked on the two samplesof Kuehneotherium material which had already been

processed,Pontalun 1and Pant 2, but also preparedmatrix from Pontalun 3 fissure. Kermack et al.

(1973) consideredthat the bone from this latter fissure was poorly preserved,but although more

disarticulated than the Morganucodon material from Ewenny, the bonesand teeth are generally

better preservedthan the other Kuehneotherium material. This fissure alsoyielded a dentary

fragment with the most complete Kuehneotherium postcaninealveolar row to date; U73, (Gill,
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1974). This specimenshowedevidence for resorption of the anterior premolars, a feature which

had previously beenthought to be confined to Morganucodon, and therefore potentially only the

nontherian mammals. I also had accessto the Kuehneotherium material from Pontalun 3 fissure at

Cambridge Museum of Zoology, courtesy of ProfessorParrington and Dr Joysey, and this contains

someof the most complete Kuehneotheriumjaw fragments.

This Pontalun 3 fissure material had a rather controversial history as it was initially stored in a

bunker at the, then abandoned,Ewenny quarry. It camefrom a large fissure which was found in

1962by Les Middleton, and, although containing bone, it was not as fossiliferous asthe bone

coquina from the red matrix in Pantquarry. Perhapsbecauseof this, the matrix was left in the

Ewenny bunker for sometime and in 1966much of it was removed by Professor Parrington and

Dr Joysey from Cambridge University. They maintained that the material had lain there for some

years and that they had removed it to preserveit. Whatever the rights or wrongs of the matter, a

'stiff letter' was sent from University College to Cambridge, according to the field notes,and the

relationship between ProfessorKermack and ProfessorParrington deteriorated further.

I first becameaware that there was a nomenc1atorialdispute between ProfessorKermack and

ProfessorParrington at the Linnean Society Early Mammal symposium in 1970,when there was a

very heatedaltercation at the podium. This centred on the taxonomic statusof Morganucodon and

Eozostrodon. In 1941,Parrington erectedthe genusEozostrodon for two teeth found by Kuehne at

Holwell quarry; E. parvus on the basisof an upper premolar andE. problematicus on an

incomplete lower molar. Parrington (1973) consideredE. problematicus asajunior synonym ofE.

parvus, and this was endorsedby Clemens (1979). However, Parrington also arguedthat

Morganucodon was ajunior synonym of Eozostrodon, while Kermack maintained that E. parvus

was indeterminate as a taxon becauseit was basedon a premolar, and so had not sufficient

distinguishing features.For someyears workers at Cambridge and Harvard usedthe name

Eozostrodon and Kermack and Mills usedthe nameMorganucodon. To resolve this confusion,

Clemens(1979) advocatedconfining the useof Eozostrodon to the teeth from Holwell quarry and

this has now beenwidely accepted.Much of the dispute in the I970s cameto focus on the roots

shapeasthe lower molar E. problematicus hastapering roots, and Morganucodon molars usually

have taurodont roots. I becameinvolved in this dispute by accident as I had accessto Professor

Parrington's material and had madesomesketchesof the Eozostrodon teeth with estimatesof the

original heights of the cusps.I was embarrassedto discover that theseapproximate measurements
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had beenusedto justify the differences betweenthe molars of E. problematicus and

Morganucodon (Kermack, 1973) and it led to an acrimonious responseby Parrington (1974).

Pant4 fissure, with its new more extensive fauna had recently beenfound when I arrived at

University College. David Paceywas initially an M.Sc studentof ProfessorKermack's and he

then went on to a Ph.D on the Pant4 material, which is why the latter fissure is colloquially known

asthe Paceyfissure. Any Kuehneotherium material from Pant4 was passedalong to me, but I did

not seethe other Pant4 material at this time. Paceycompleted his thesis (Pacey, 1978)but

unfortunately never published the results.

I was also interested in the occlusal relationships of the teeth and when Dr Ron Every visited

University College in 1972, I had many discussionswith him about his new conceptof thegosis. I

was able to arrange for Dr Every and his wife Ferneto stay with me; an ideal arrangementas they

were able to prolong their stay in London and I could talk about teeth at breakfast! Although I did

not formally adopt Dr Every's dental terminology (Every, 1972), I was very influenced by his

reappraisalof teeth asa seriesof sharpbladesrather than a collection of cusps.Ron Every was a

superbphotographer and, while photographing Kuehneotherium teeth with him in London and

Cambridge, I realised the importance of orienting teeth in a dynamic occluding position.

I was intrigued by the variation which I saw in the Kuehneotherium molars and attemptedto

reassemblethe dentition, in order to seehow much variation was due to molar position and how

much to individual variation. Without the digital imaging equipment which is now available, I

relied on making comparisonsfrom scaledrawings of the teeth. I consideredthat there was a great

deal of plasticity in the Kuehneotherium molar form and presentedmy conclusions to Professor

Kermack, but he did not respondto them. I suggestedthat a range in molar triangulation could be

seen,with some individuals having a molar row with the cuspsalmost in line and somewith more

triangulated molars. This variation in triangulation would have had implications for the idea that

triangulation of the molars only developedonce in mammalian history and possibly for the

position of Kuehneotherium asthe earliest Pantothereand therian ancestor.However, I did not

complete the writing up of my Ph.D within three yearsand was not allowed further accessto the

material at University College.

When an opportunity arosemany years later to resumework on Kuehneotherium, I was keen to do

so. Much haschangedin the interim. There are major new discoveries of early mammals and the

concept of a diphyletic origin had beenreplacedby a monophyletic one. Increasedcomputing
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power hasenabledparsimony-basedphylogenetic analysesand morphometries and there has been

a great deal of developmentof taphonomic studies,often aided by geochemical analyses.

Kuehneotherium is now also known from the Late Triassic of Northern France(Godefroit and

Sigogneau-Russell, 1999), Luxembourg (Godefroit et al., 1998)and Greenland (Jenkins et al.,

1994). A tooth from the Mendips (Fraseret aI, 1985) is thought to be Norian in age.Two

subsequentstudiesof the Welsh Kuehneotherium material havebeenpublished. Mills (1984)

analysedmaterial from Pantquarry, and attempteda reconstruction of the dentition. However, he

noted that he had very limited confidence in the reconstruction becauseof the wide variation in

shapeand size of the teeth. More recently, Godefroit and Sigogneau-Russell(1999) have carried

out a quantitative study on someof the Welsh Kuehneotherium material in order to compare it

with that from Saint-Nicholas-de-Port in Northeast France.

I essentially startedagain with my study of the Kuehneotherium material and although my

conclusions differ in some respectsfrom those I cameto in the I 970s, I still consider that the

molar morphology of Kuehneotherium is responding to strong selection pressureat this time,

related to improved occlusion. The idea that triangulation of the molars arosemore than once in

mammalian history hasrecently beendiscussed.Pascualand Goin (2001) and Pascualet al. (2002)

suggestedthat primary molar cusp triangulation, may be homoplasic among docodonts,toothed

monotremesand "therians". Luo et al. (2002) agreedthat triangulation of molar cuspscould be a

convergent feature, both for the trigonid, and for the talonid.

Pant 5, which hasa similar fauna to Pant4, was discovered in 1978,after I had left University

College. Somematrix had beenbroken down and picked but the material had not beencatalogued.

This was in fact an advantageas,until I separatedand cataloguedthe specimens,they could be

directly compared.Kuehneotherium is also the largest constituent of this fissure fauna and the

relatively large number of small kuehneotheriid teeth with fused roots gavethe first clues to the

overall taxonomic diversity. The teeth are also interesting from a taphonomic perspectiveas they

are heavily etched.This fissure also yielded a number of haramiyid teeth and ProfessorBill

Clemens is studying theseand the morganucodontids.

1.3 MODUS OPERANDI

In spite of its importance to early mammalian phylogeny, Kuehneotherium is not well understood,

partly becauseof the fragmentary nature of the material. The rangeof variation in the molars has

made it difficult to reconstruct the dentition and separatethe taxa. However, once this is done, this
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samevariability may help in an understandingof how the triangulated molar pattern developed.

Separatingthe Kuehneotherium taxa, and charting their distribution in the five fissures, may also

shedsome light on the reasonsfor there being two distinct fissure faunas.

The first priority is to reconstruct the dentition of Kuehneotherium, in order to determine how

many taxa are presentand establish the systematicdefinitions. An assessmentof the intra-specific

variation, replacementpattern and occlusal relationships can then be made.The difficulty is that

the Kuehneotherium material from the five fissuresconsistsof a large number of specimens,but

little associatedmaterial. There areapproximately 1000 isolated teeth (mainly molars) and 80 jaw

fragments, including only three dentulous specimensthat eachcontain only a single molar crown.

There is wide variation in the individual molars, in terms of crown triangulation, stylar cuspule

development and root separation.Unless the variation due to the position in the molar row is

established, it is impossible to determine which featuresare diagnostic for the taxa, and which

represent intra-specific variation. A similar problem was encounteredby Godefroit and Sigogneau-

Russell (1999), when describing Kuehneotherium from Saint-Nicholas-de-Port. They conclude

that "as long as the position of the isolated molars cannot be accurately identified, no satisfactory

specific diagnosis can be established,due to too wide variability in the different samples".

This problem of interpreting isolated dental material is not unique. The Cedar Mountain

spalacotheriid symmetrodonts, describedby Cifelli and Madsen (1999), arealso predominantly

representedby isolated teeth. However, there are also severalmandibles,with teeth representing

the last four molar loci in place. Thesespecimens,and comparison with the complete dentition of

related spalacotheriids such asSpalacotherium, provided the basis for evaluating the position of

the isolated teeth. In the caseof the Welsh Kuehneotherium, although there is a similar range of

variation in molar triangulation and crown height to the Cedar Mountain spalacotheriids,there is

an even wider range of individual size and more variation in stylar cuspule developmentand root

separation.More importantly, there is neither a complete molar alveolar row, nor adjacent teeth in

situ. In addition, unlike the Cedar Mountain spalacotheriids,Kuehneotherium hasa very recently

establishedmammalian dentition, adding to the uncertainty about the dental formula and form of

the dentition. The Late JurassicTinodon and Early CretaceousGobiotheriodon havemolars that

arevery similar to individual molars of Kuehneotherium. but the greater number of postcanines in

the latter suggestscaution in making comparisons.
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The dentary fragments suggestthat in Kuehneotherium there is an increasein molar crown

triangulation towards the posterior end of thejaw, although only two fragmentshave the medial

wall of the ultimate molar intact. However, reconstructing a dentition that accountedfor all the

molar variation proved very difficult, and a number of possibilities were considered.These

included the possible presenceof amphilestine teeth being present,the molars decreasingin

triangulation both anteriorly and posteriorly, or the posterior molars being extremely variable in

triangulation. There was also initial uncertainty about the molar dental formula, asthere is no

complete molar alveolar row. The reconstruction was carried out by manipulating imagesof

dentary fragments in Photoshop©, and closely comparing details of the alveoli and horizontal

ramus. There is the possibility that the molar formula is variable, as in Morganucodon, but the

evidence is inconclusive.

A wide rangeof size in the isolated molars hasto be accountedfor. The alveoli indicate that most

molars are similar in size in anyone animal, which suggestswide individual variation. Estimating

the range of individual size from the dentary fragmentswas problematic, as the depth of the

horizontal ramus increaseswith maturity and the spacing of the teeth can be rather variable. The

method usedwas to measurethe length of the alveoli for each identified locus and, although this

makesthe assumption that the size of the teeth relative to the jaw is constantthroughout the

population, it was considered the most practicable option.

Most of the uncertainty in reconstructing the dentition centred on a number of atypical molars.

They are usually small, with undivided roots and a crown triangulation varying from 90 to 180

degrees.It was unclear whether they representedreducedposterior molars, deciduouspremolars,

or even came from a different taxon. Someof them aresimilar to the teeth of a derived cynodont.

Parrington (1971) and Mills (1984) assignedthe examplesthey describedto the ultimate molar

locus. This seemsreasonable,but leadsto a disproportionately large number of ultimate molars.

Also, one example (parrington, 1971, fig. 12e)hasroots that are too long to fit in the ultimate

alveolus of even the largest dentary. The conflict was resolved, once it was realisedthat the small

teeth with undivided roots were not posterior molars, but postcanineswith undivided roots, named

herekuehneotheriid D. This had not been realisedearlier becauseof the continuity of form

between thesekuehneotheriid 0 teeth and Kuehneotherium.

All the molars were digitally photographed in several views in order to assessthe variation and try

and reconstruct the dentition. Image browsing software assistedin comparing and sorting the
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images. It then proved possible to reconstruct the dentition of Kuehneotherium and estimate the

original position in the molar row of individual teeth. This was aided by identifying molars that are

so similar to eachother in general featuresthat they are consideredto be from the sameindividual,

basedon size, crown featuresand relative wear. lt also seemslikely that the teeth were in situ

when deposited,ascolour, post-depositional damageand staining often correlate. While not very

conclusive, someare also close in cataloguenumbers,suggestingthat they camefrom the same

matrix.

With such a large number of specimensavailable, the next possibility was whether the individual

Kuehneotherium molars could be assignedto separateloci, with a margin of error of one locus to

either side suggested.When considering the variation in the trigonid angle in Kuehneotherium

from Saint-Nicholas-de-Port, Godefroit and Sigogneau-Russell(1999) found no discontinuity in

the Saint-Nicholas-de-Port lower molars, and statedthat this rendersthe separationinto categories

quite arbitrary. However, Cifelli and Madsen (1999) separatedthe Cedar Mountain spalacotheriid

molars into suggestedloci, even though they note that the trigonid angle is rather variable among

teeth of the samelocus.

Although there is enough information to reconstruct a molar row for Kuehneotherium,and

estimate the approximate position of individual teeth, I do not think there would be any validity in

a quantitative analysis basedon separateloci. The degreeof individual variation in triangulation,

coupled with the similarity in triangulation of the mid row molars in anyone individual, leadsto

too much overlap and uncertainty. Instead the quantitative work has focused on separatingtaxa,

particularly the problematic teeth mentioned above. Image Pro Plus © was usedto measure

distancesand angles for the quantitative analysis.

1.4 DESCRIPTION OF THE MATERIAL

An emendeddiagnosis for the genusKuehneotherium Kermack, Kermack and Mussett, 1968, is

given, basedon reconstructions of the upper and lower jaws. The jaw fragments from the five

fissures are not distinguishable, and so are not here diagnostic at specieslevel. An emended

diagnosis for the type species,Kuehneotheriumpraecursoris Kermack, Kermack and Mussett,

1968, is also proposed,basedon material from the two Pontalun quarry fissures. Pontalun 1, from

which the type material was described by Kermack et al. (1968), is a pocket consisting almost

entirely of Kuehneotherium material and includes non-molars, which are otherwise difficult to

distinguish from Morganucodon.
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For the molar row andjaw reconstructions,Kuehneotheriumpraecursoris material from Pontalun

3 is also used,as I consider the Kuehneotherium material from both Pontalun fissures to be

conspecific. Imagesof representativemolars are usedfor the upper and lower molar rows with

someadjustmentsto tooth size or stylar cuspulesof individual teeth. The non molars are taken

from the Pontalun 1 fissure material, and duplicates were usedfor the small mesial premolars

where there are insufficient adequatespecimens.The alveoli suggestthat theseteeth were similar

in size and morphology. The maxilla structure is not adequatelyknown so only the alveolar margin

is indicated, but the dental formula is assumedto be similar to that of the lower dentition. The

representativemolar is then described for each locus, chosenon the basisof being ascomplete as

possible and approximately mid-range in terms of the individual variation present.A number of

molars are also figured to illustrate the range of individual variation.

Two new speciesfrom the Pantfissure material aredescribed,with the diagnosesbasedon the

molars. The speciesare designatedKuehneotherium Band Kuehneotherium C in this thesis, and

will be assignednamesin a publication. Representativeteeth will again be describedfor each

species.A number of other molars will again be described to illustrate the rangeof variation. Each

fissure also contains molars that show similarities with Kuehneotherium but also featuressimilar

to those of small derived cynodonts, such asBrasilodon (Bonaparte et al., 2003). A selection of

thesemolars, designatedkuehneotheriid D, are described to illustrate the range of variation, but

they are insufficiently understoodto reconstruct a dentition. The kuehneotheriid specimensfrom

the South Wales fissure fillings are comparedwith other kuehneotheriid specimensin the

literature, and the phylogenetic position of Kuehneotherium discussed.The wear facetson the

molars are described,and the occlusal relationships of Kuehneotherium and the kuehneotheriid D

teeth compared.

1.5 REPOSITORY INFORMATION

BMNH - Natural History Museum, London

U - In the Natural History Museum, London

Sy - In University Museum of Zoology, Cambridge

The bulk of the Welsh Kuehneotherium material belongs to the Natural History Museum, London.

This extensive collection passedto the Natural History Museum, London following the retirements

of ProfessorK. A. Kermack and Dr F. Mussett at University College London. Kuehneotherium

material from all five fissures (Pontalun 1 and 3, Pant2, Pant 4 and Pant 5) is representedat the
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museum,where it hasBMNH or U numbers. Specimensoriginally given U numbersat University

College London will eventually be cataloguedwith BMNH numbers. Somefigured specimens

have U numbers(Gill, 1974; Mills 1984).

Unprocessedmaterial from Pontalun 3, Pant4 and Pant 5 fissures was also loaned from the

Natural History Museum, London. It was preparedin the Department of Earth Sciences,

University of Bristol and hasbeengiven BMNH numbers.

Specimensfigured by Kermack et al. (1968) were given C numbersat the time, but these have

now beenreturned to their original BMNH numbers.A reference list is given below, as BMNH

numbersare usedin this thesis.

Type of specimen Kermack et al. enumber BMNH number

(1968) figure

Upper molar 2 C857 BMNH 19168

Lower molar 4 C855 BMNH 19137

Lower molar 5 C858 BMNH 19159

Premolariform tooth 6 C853 BMNH 19679

Premolariform tooth 7 C860 BMNH 19681

Premolariform tooth 7 C861 BMNH 19678

Premolariform tooth 7 C859 BMNH 19682

Premolariform tooth 7 C862 BMNH 19680

Dentary fragment 8 C863 BMNH 19769

Dentary fragment 9 C864 BMNH 19749

Dentary fragment 10 C865 BMNH 19766

There is also a collection of Welsh Kuehneotherium material in the University Museum of

Zoology in Cambridge. Thesespecimensare labeled Pontalun 1966and prefixed "Sy". 1966 is

the date that the sediment was taken to Cambridge but the material is from the Pontalun 3 fissure,

originally collected in 1962.

Two temporary numbers havebeen used.'Temporary number PG}' refers to a dentary fragment

from Pant 5 in the Natural History Museum, London and 'Temporary number PG2' refers to a

Kuehneotherium molar in the Department of Earth Sciences,University of Bristol.
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The teeth and bonesfrom the University College London collection are individually stored in glass

tubes with cotton wool plugs. Pant5 hasbeenrecently cataloguedand the molars are being

mounted on pins in glasstubes.The Kuehneotherium material at University College London was

strengthenedby coating in very dilute polybutyl-methacrylate lacquer, but the Pant 5 material has

not beencoated.The Pontalun 3 material in the University Museum of Zoology in Cambridge is

coated in 'Soluble Nylon' and stored in cavity slides.

1.6 TERMINOLOGY

Figures 1.1and 1.2, from Kermack et al. (1968), illustrate the upper molar holotype of

Kuehneotheriumpraecursoris, BMNH 19165,and a lower molar paratype, BMNH 19155.The

cusp nomenclatureand tooth orientation usedin thesefigures is followed. The only addition is the

useof cusp e and cusp f for the mesial cingulid cuspules,cusp e being the most lingual (Crompton

and Jenkins, 1967).This notation is also usedby Godefroit and Sigogneau-Russell(1999) in their

description of Kuehneotherium from Saint-Nicholas-de-Port.

There is still controversy about whether the cusp betweenthe paraconeand the metastyle is the

metaconeand Crompton usedthe term cusp 'c' for this cusp.The useof metaconeis acceptedhere

however, asoriginally designatedby Kermack et al. (1968) and following Hopson (1997).

Standarddental terminology is usedfor the descriptions of the teeth. Mesial is nearestto the

midline of the dental arch and distal is furthest from it. Lingual is toward the tongue and buccal is

towards the cheeks.The terms 'molar', 'premolar', 'canine' and 'incisor' are usedas I consider that

there is sufficient evidence for an establisheddiphyodont dentition in Kuehneotherium.

All the St Bride's fissures found before 1968havea tetrapod fauna limited to three genera.These

are the pleurodont lepidosaur Gephyrosaurusbridensis (Evans, 1980, 1981)and the mammals

Morganucodon watsoni (Kermack et al., 1973)and Kuehneotherium (Kermack et al., 1968).

Thesefissures also contained the remains of the fossil conifer Hirmeriella muensteri, originally

usedto namethis faunal association(Kermack et al., 1973). In 1968and 1978, two new fissures

were found in Pantquarry which contained not only thesethree tetrapods, but also severalother

faunal components.These include tritylodonts, haramiyids, one or more new morganucodontids,

small archosaursand a new speciesof the sphenodontClevosaurus (Saila, 2005).

In order to differentiate the fissure fauna with three tetrapod constituents from that with the richer

fauna, it is necessaryto establisha clear terminology. As both faunascontain Hirmeriella, I

14



suggestthat the namesof representativevertebratetaxa be usedto differentiate the faunas. I

suggestthe terms "Morganucodon fauna" for the more limited fauna and "Morganucodon-

spenodont" for the richer fauna. The generalname"sphenodont" is used,rather than Clevosaurus,

asthe sphenodontfrom Pant5 hasnot yet beendescribed.So far only two St Bride's Island

fissures, Pant4 and Pant 5, have been found which contain the "Morganucodon-sphenodont"

fauna.
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Chapter 2. The fissure deposits

2.1 HISTORY OF THE DISCOVERY OF THE FISSURES

The Glamorganshire fissure localities are situated in what was onceone of the highest limestone

areasin southwest Britain (Fraser, 1994).The Carboniferous limestone in which the fissures

developed is interpreted as having formed a seriesof small islands, lying at approximately 15

degreeslatitude, that becamesmaller asthe Rhaeto-Liassic seastransgressedover the region

(Robinson, 1971). Robinson (1957) namedthe largest of the islands "St Bride's Island", and this

area,where the fissuresare now located, probably remainedabovewater until Sinemurian times

tbucklandi zone) (Evans and Kermack, 1994).The location of the quarries that haveyielded

tetrapod remains is shown in Figure 2.1 and the faunal componentsare summarisedin Table 2.1.

All the St Bride's fissures found before 1968havea tetrapod fauna limited to three genera.These

are the pleurodont lepidosaur Gephyrosaurus bridensis (Evans, 1980, 1981)and the mammals

Morganucodon watsoni (Kermack et al., 1973)and Kuehneotherium (Kermack et al., 1968).Of

these,Gephyrosaurus is the most commonly represented,with over 60 percentof the remains

(Evans and Kermack, 1994).These fissuresalso contained the remainsof the fossil conifer

Hirmeriella muensteri, originally usedto namethis faunal association(Kermack et al., 1973).The

conifer remains are in the form of fusain, suggestingthat they were swept in by heavy rain

following forest fires. The fissures are remarkable for the concentration of the small vertebrate

bonesand the mechanism for their deposition in the fissurescould be by predator accumulation.

In 1968 and 1978,two new fissures were found in Pantquarry which contained not only these

three tetrapods,but also severalother faunal components.These include tritylodonts, haramiyids,

one or more new morganucodontids, small archosaursand a new speciesof the sphenodont

Clevosaurus (Saila, 2005). Fraser(1989) had describedthe original tetrapod fauna, with its three

constituents, asbeing depauperate,due to the reduction of the land areaby the encroaching sea.

However, the evidence from the new fissure, with its more extensive fauna, led Evans and

Kermack (1994) to suggestthat the interpretation of a "depauperate"fauna was incorrect and

perhapsan artefact of sampling. A further fissure discovery in 1979,heredesignatedPant 5, had a

similar extensive fauna and included a large collection of Kuehneotherium molars. The teeth from

this fissure are heavily etched,which appearsto support the evidence for predator accumulation.
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A number of photographstaken by the team led by ProfessorKermack, and sometaken recently,

document the history of the fissure finds in Pontalunand Pantquarries (Figs. 2.2, 2.3). The

location of the original fissureshas beenresearchedusing Uiversity College London field notes,

photographsand information from quarry managers.It was hopedthat there might be some

information to clarify the difference betweenthe two faunas,but there is nothing obvious. All the

Pant fissuresthat yielded Kuehneotherium have come from the upper levels of the quarry, and that

is also where some recently discovered bone remainshave beenfound. There is also a reference in

the field notes(in 1979)to fissures beyond Pant fissure (i.e. as the quarrying proceededwestwards

and after Pant4 was removed) which did not reachto the top of the quarry face, but had bandsof

limestone above them. As there is no further mention of them it is assumedthat theselower level

fissures did not yield bone.

Pontalun 1 fissure was on the southern face of the original quarry (Fig. 2.4). This still exists asa

sheerface near the entrance(Fig. 2.5), but there is no sign of the location of the fissure. The

position ofPontalun 3 was pointed out by one of the quarry managersand their information fits

with what is known from the field notes.The fissure was about 4m from Pontalun 1,but it is not

clear if they were parallel. The approximate position ofPontalun 3 on the ground level is

indicated, and this is the original quarry floor. The exact heights of the bone bearing pocketsare

not known but are at approximately half the height of the face. Pontalun I was a small pocket of

red matrix whereasPontalun 3 was a larger pipe with grey matrix and plant.

All the fissures run in an approximately east-westdirection. The location of Pant2 fissure is

shown in Fig. 2.6. The exact position of the 1955 finds, which yielded a large quantity of

Morganucodon material, is known from the field notes.Most of the Kuehneotherium was found in

1959, further along the face.

Pant4 yielded bone over a number of years,asthe quarry was gradually worked back. It is also

known asthe "Pacey fissure", after Dr David Pacey,then a Ph.D. student,who was working on the

material, which hasthe Morganucodon-sphenodont fauna. The relative positions of Pant2 and

Pant4 areshown in Fig. 2.7. The west wall, with Pant4, appearscurved due to the way the

panoramawas photographed,but the wall is straight. The two fissuresareshown in Fig. 2.8 and a

list of the field notesand Kuehneotherium finds is given in Table 2.2. This shows the difference in

the preservationof the finds at different times, suggestingintermittent phasesof deposition. In

1973,one part of the fissure was seento haveexpandedinto a cave.
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In 1979another fissure was found to the south west of the Pant4 fissure. This produced a fauna

broadly similar to Pant4 but Kuehneotherium is the most abundantmammal. An aerial view of

Pantquarry (Fig. 2.9) summarisesthe position of the fissuresyielding Kuehneotherium. The

positions of Pant4 and Pant 5 are indicated on the current bench levels, but they were found at the

level of the top benches.

No further bone-bearingfissures were found during the 1980sand there was then a period of

inactivity. Quarrying hasnow recommenced,due to economic considerations,and the Pantand

Pontalun quarries are again expanding rapidly. In both casesthe original quarry in the 1950snow

occupiesa small proportion of the areaat the eastend of the quarry (seefigs. 2.2 and 2.3). The

original field noteson the map indicate the position of the original Pontalun I "symmetrodont"

fissure and Pant2 "triconodont" fissure. The "triconodont" is a referenceto Morganucodon, from

when it was first found. Pontalun quarry is currently known by its older nameof Lithalun quarry,

but the namePontalun hasbeenretained hereas it is usedin the literature.

Pantand Pontalun quarries are currently being worked towards eachother and it would be very

interesting if bone-bearing fissures could be found in this intermediate area.There is somecause

for optimism and in Pantquarry two fissures were found in 2003 (Fig. 2.10) that yielded tracesof

bone and a single Kuehneotherium molar. Due to the rapid expansion,certain areasare

intermittently off limits for safety reasons,but a new fissure has recently beenfound, which has

separatesectionsof both the red haematitic spherule matrix and the grey marl matrix. Initial

preparation hasyielded someenigmatic teeth, possibly of a tritylodont.

2.2 AGE OF THE FISSURES

Pleistocenefissure fills can often be accurately datedemploying uranium-seriesdating of

speleotherms,but it is much more difficult with Mesozoic systems.They are often isolated from

beddedsequenceson the macrofossils, principally vertebrates,and this can be problematic. The

British Mesozoic fissure deposits fall into two main geographic groups; thoseto the southeastof

the Bristol Channel (e.g. Tytherington, Emborough, Cromhall, Windsor Hill and Holwell) and

those in the Vale ofGlamorgan. Ofthe Welsh fissure localities, those to the west lay on the

limestone plateau, St Bride's island, and those to the east(e.g. Ruthin and Pant-y-ffynon) lay on

islands nearCowbridge (Robinson, 1957).There are faunal differences within the different

localities too. The Mendips fissures of Holwell and Windsor HiII and the St Bride's Island fissures

contain synapsidsand Robinson (1971) concluded that theserepresentedthe mild
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posttransgressiveconditions of the Rhaeto-Liassic, from an archipelago fringing a continent

(Evans and Kermack, 1994).These fissuresare also predominantly slot fissures, assumedto be

immature solution phenomenawhich formed late in the history of the island (Robinson, 1971).

Mature fissures in the Mendips areawhich contain archosaurs,lepidosaursand procolophonids

(e.g. Tytherington, Emborough and Cromhall) were assumedby Robinson (1957) to representa

Norian, more arid, pretransgressiveupland fauna. This is now disputed, basedon the discovery of

two Kuehneotherium teeth at Emborough quarry, which areconsideredto beNorian in age(Fraser

et al., 1985; Fraser, 1994; Evansand Kermack, 1994). Evidence from Marshall and Whiteside

(1980) that the palynomorphs from Tytherington quarry suggestdeposition in a marginal marine

environment, rather than uplands, also questionsthis broad topological division.

The ageof the Glamorganshire fissure faunas is discussedin detail in Evans and Kermack ( 1994).

St Bride's Island was submergedearly in the Sinemurian ibucklandi zone) (Robinson, 1971;Cope

et al., 1980)so the faunascannot be younger than this. The authorsconclude that the most

probable age for the Glamorganshire fissures is early Sinernurian,basedon palynological and

faunal evidence.

2.3 THE FISSURE MATRIX

The fissuresat PantQuarry are narrow, vertical slots, but thoseat Pontalun Quarry arevariable

and may occur as pipesand horizontal expansionsof the bedding planes.(Kermack et aI1973).

The fissure fillings from the St Bride's Island quarries may be broadly divided into two types on

the basisof colour. The grey matrix occurs in Pontalun 3 and Pant 5 fissures.This hasoccasional

red, yellow or greenpatches,and is a soft clay marl, often with charcoalified wood. There are few

haematite pellets. The sieved matrix also hasweatheredconstituents from the Carboniferous

Limestone, such ascrinoid ossicles,but also coatings of calcite and manganeseon someparticles.

Lensesof coarsequartz grains may occur and these,and the fusain, are often associatedwith the

bone. In Pontalun 3 the teeth and bonesare usually brown, with little etching or polishing.

Kermack et al. (1973) consideredthat the bone from this fissure was poorly preserved,but I would

disagree,aswell preservedteeth and the most completejaw fragments are from this material.

The secondmatrix is red, and more variable in calcareouscontent and degreeof cementation.The

bone is usually white, but may be brown. The brown teeth from 1970Pant4 are very rolled and

could be reworked. Pant4 usually hasmore haematitepellets, and thesemay comprise a large

percentageof the matrix. The most recent fissure discoveredat Pantquarry is of this type and it is
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the first time I haveseenthis matrix since the quarries reopenedin 2000. There is a parallel narrow

slot of grey matrix, with plant material, but it is not yet clear whether the two areconnected.A

quantity of matrix from further up the face needsto be removed before this can beconfirmed. This

fissure hasyielded a few bone fragmentsand teeth so far. The red matrix with the haematite

spherulesbreaks down in water with water softener (Calgon), but the grey clay usually hassome

blocks with very fine sticky clay, which require hydrogen peroxide.

2.4 DEPOSITIONAL DIFFERENCES

There are differences in the conditions of deposition in the five fissures. A degreeof variation in

depositional conditions is, however, very typical of fissure deposits,where there can be episodic

deposition and reworking. There is evidenceboth for material being in situ and also for extensive

transportation (or local abrasionwithin the fissure). One of the dentariesshown in Fig. 2.11 could

not havebeentransported after the etching it hassuffered, asthe bonehas beenreducedto paper-

thin layers. Other boneshave beenrolled, as is shown in Fig. 2.12, although this extreme degreeis

uncommon. This is particularly unusual in the Pontalun I fissure where other specimens,such as

thoseshowing resorbing teeth, are very thin and fragile (Fig. 5.2).

Individual maturity is also very variable and is graphedin Fig. 2.13. Theseresults tie in with the

relative numbersof deciduous teeth found in the different fissures.There are more deciduous

premolars found in Pant2 and Pontalun I than in the other fissures.Overall though, there are very

few deciduous premolars of Kuehneotherium,although it is possible that somedeciduous

premolars of Kuehneotherium have not beenrecognised.There aremany more deciduous

premolars in the Cedar Mountain spalacotheriid collection (Cifelli, 1999).This may be due to a

higher juvenile mortality in spalacotheriidsor it may be a preservational bias. One possibility is

that the thinner enamelof deciduous teeth is more vulnerable to the effects of etching and the

deciduous premolars have beendestroyed.The enamelof the deciduousteeth in Pontalun Idoes

seemto be more affected than the enamelof permanentteeth. The enameltends to be more

uniformly pitted, giving the deciduous premolars a rather motheatenappearance.Although there is

someetching of the teeth in Pontalun 3, there are relatively few teeth affected, and still only one

deciduouspremolar hasbeen identified (Sy 116, Fig. 5.7). Sieve meshsize could be one reasonfor

the lack of smaller teeth, so I enquired about the preparation methods usedfor the Cambridge

Pontalun 3 material. Dr Ken Joysey kindly re-sievedsomeof the preparedmatrix from the 1960s

and confirmed that it would have retained thesesmall teeth, had they beenpresent.
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An anomalous variation is the number of left and right dentaries(Fig. 2.14). I had noticed that

almost all Pant4 dentarieswere left dentaries,so I then checked the other fissures. With the

exception of Pant5, this pattern of greaternumbersof left dentaries is found in all the fissures. I

thought even predator selectivity was unlikely to account for this! I have found no specific

referenceto this kind of anomaly in the literature and assumeit is probably a coincidence. Fiori 110

et al. (2000) generatedelement survivorship curves for five of the macrofauna taxa in the

Placerias quarry, and this included division into left and right elements.Although there is no

obvious overall bias to right or left elements,there is sometimesa discrepancy in the numbers for

different elements. It is never asmarked asthat seenin the Welsh fissures and for the dentaries is

about 20% different.

Cavesand fissure depositsare strongly affected by biological processesand high densitiesof bone

can accumulate over relatively long periods of time (102
- 104 years) (Behrensmeyer,2001).

They tend to preservesmall animals that inhabit them, or are accumulatedthere by predators.

Time averaging is common in the fossil record and is a definite concern, particularly with hard

skeletal remains such asteeth. Time-averaged assemblagescan differ from the live community in

relative abundance,diversity, and morphological variability (Flessa,2001; Martin, 1999).

However, theseauthors also note that time averaging can give a better representationof the natural

rangeof environmental variation during the time interval represented. A time-averaged

assemblageis also more likely to contain rare membersof the population.

Possibleapproachesto determining time averaging in this casevary from sedimentaryand

geochemical to taphonomic criteria. Challands (2003) hascarried out an initial geochemical

survey which suggeststhat Pontalun 3 displays greater variation in bone RareEarth Elements

(REE) than Pant 2 and Pontalun 2. The REE relate to the groundwater composition at the site of

first burial so this suggestsmaterial in Pontalun 3 may come from more burial sitesthan Pant 2.

(Pontalun 2 doesnot contain Kuehneotherium). Challands doesnote though that sediment from

Pontalun 3 hasnot yet beenanalysedto determine if the heterogeneitysuggestedby the REE

analysis is a product of reworking within the fissure. There is lessvariation in abrasioncondition

at Pant 2, which also suggestslessmixing. There is also further work to be done on the

geochemistry of the fissures,to try and determine differences betweenthe two faunal assemblages.
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2.5 MODE OF DEPOSITION

Simms (1994) discussesthe emplacementmethodsof vertebratesin cavesand fissures. He

recognisesthree main types of concentrative mechanism; a) biotic autochthonous,b) biotic

allochthonous, c) abiotic allochthonous. All could be a factor in the Glamorganshire fissure

deposits.

2.5.1 Biotic autochthonous

This derives from vertebratesthat die in the caves.Theseare usually animals that spendpart of

their lives in the cave, foraging, finding water or shelter, so this is restricted to cavesthat are

vadoseduring occupation. Simms notesthat the supply of water is a more usual reasonto enter a

cavethan to forage, but for a small insectivore water is often where a concentration of insectsalso

occurs. Someof the Welsh early mammals may have lived or nestedin the fissures.There are

several fragile jaws of immature Kuehneotheriumpraecursoris individuals, in the Pontalun I

pocket. They are very similar in stageof maturity and their fragility suggeststhat they were not

transported far and may have lived in the fissure. How they died is not known, but there are no

visible signs of predation.

2.5.2 Biotic allochthonous

The predominant mechanism here is predator accumulation. The relative abundanceof predator-

prey taxa may help in identification, but the most diagnostic feature is modification of the bones,

in the form of etching, gnawing and disarticulation (Behrensmeyer, 1991).There may be

characteristic accumulations associatedwith particular predatorsand Andrews classic study (1990)

gives a detailed analysis of the Middle Pleistocenecave faunasfrom Westbury-sub-Mendip, with

illustrations of various modifications of bonesand teeth. This study focuseson the small, mammal

faunas,many of which were predatedby birds. However, Terry (2004) looking at owl pellet

taphonomy demonstratedthat the taphonomic history of pellet-derived small vertebrate

assemblagesis more complex than commonly assumed.The relative proportions of skeletal

elementschangeaspellets disintegrate and arenot a reliable indicator for identifying the predator

responsible.

It should be rememberedthat the St Bride's Island fissures are immature slots, unlike the caves

from Westbury-sub-Mendip. It is unlikely that they were predatordens. If predatorsdid contribute

to the concentration of bone in the fissures, it is probably aswashins from nearby accumulations of

bone, perhapsassociatedwith water holes.
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A study that illustrates a similar situation is that of small-mammal fossil assemblagetaphonomy

from the middle Miocene of Pakistan(Badgley et al., 1998). In this casethe remains arenot from

fissure fills, but screenwashedcollections from facies representingancient flood plain channels.

The concentrations areconsideredto be primary biological accumulations, with secondaryfluvial

reworking in somecases. The evidence for the predator accumulation is the patchy distribution of

remains, eachover a small area,the multi-species nature of eachassemblageand the fragmented

nature of the fossil remains. There is also evidence of etching from digestive acids on someteeth.

The main discrepancy is the rarity of postcranial remains, but thesemay have beendispersedby

water, dispersedby scavengersor differentially lost by weathering. The authors also note how

preservation bias can arise from predator accumulation. There is a bias against smaller organisms

astheir remains are lost more readily by chemical processes,and there is selection in the prey

speciestaken, so that local diversity is not represented.

Depauperateor predator selection?

Evansand Kermack (1994), in their review of the tetrapod assemblagesof the Bristol Channel

area,summarisethe fissure deposits of St Bride's island. They reject the suggestionby Fraser

(1989) that the fauna of St Bride's island (named hereas the Morganucodon fauna) was

depauperate.They basethis on the discovery of the Pant4 fissure with its wider fauna, named in

this thesis asMorganucodon-sphenodont, and suggestthat the differences betweenthe St Bride's

faunasare depositional, specifically predator selection. There is possible evidence for predator

activity, but I question the assumptionthat all the fissures from St Bride's Island are from the same

faunal suite. There are approximaately 600 molars of Kuehneotherium from the three

Morganucodon fauna fissures, and Evans and Kermack (1994) estimatethat this comprised less

than 20 per cent of the fauna. There is however no single tooth of a tritylodont or sphenodontin

the fissures from the Morganucodon suite of fissures. I find it hard to believe that there would not

be even one tooth from a tritylodont or sphenodontwashed into the fissure, particularly asthere is

a variety of sediments,suggestinga rangeof provenance.The points for and againstthe faunas

being artefacts of sampling are considered,with particular referenceto predator selection.

Points in favour of predator selection.

There is an important precedentfor predator selection with the remains of Oligokyphus from

Holwell quarry in Somerset.Kuehne (1956) prepared 15 tons of matrix from Windsor Hill quarry

in the Mendips, producing over 2 000 specimensof Oligokyphus. He concluded that the remains

23



reflected a predator assemblage,basedon a number of factors, including tooth marks on bone.

The lack of the remains of any other terrestrial vertebrate is striking.

Pacey(1978) considersthe proximity of the fissurescontaining the two faunasto be of paramount

importance. He notesthat Pant2 and Pant4 fissuresare approximately 100mapart and on the

samelevel, and arguesthat this is very strong evidence for the faunasbeing contemporaneous.

A good argument for predation is the etching of the teeth from the Pant5 fissure. Examples are

shown in Fig. 2.IS and 2.16, but there is a rangeof damage,and somehave lost most of their

enamel.Once I had seenthe distinctive etching on the Pant S teeth, I started looking for etching on

teeth from other fissures. I realised that damageI had attributed to unusualabrasionwas often

etching. Damageto the cingulum is very common and sometimesthe rest of the tooth is

unaffected. There is also evidence of etching on the bones(Fig. 2.11). It is difficult to imagine

what else could causethe severePant Setching, other than digestive acid. Further evidence for

predator activity is in the possible signs of tooth marks on bone (Fig. 2.17).

Points against predator selection

If the difference betweenthe fissure faunason St Bride's island is an artefact of preservationand

sampling, then there area number of anomalies.The two faunashavevery specific major

components.The Morganucodon-sphenodont fauna in Pant4 and Pant Scomprises

Morganucodon, Kuehneotherium, Gephyrosaurus, sphenodonts,another larger morganucodontid,

kuehneotheriid D, Oligokyphus, haramiyids, archosaurs.In the Morganucodon fauna, it is again

very specific, with three elements;Morganucodon watsoni, Kuehneotherium and Gephyrosaurus

bridensis. It is difficult to equatethis to predator selection and the choice of prey is unusual too.

Unlike the situation with the single prey animal Oligokyphus, there are now three tetrapods,the

two mammals possibly being nocturnal or crepuscular,and the reptile presumablydiurnal.

There is also the problem of identifying the predator. It should be noted that the teeth of the

archosaursand the large morganucodonts in Pant Sareetched too. Pacey(1978),also mentions

that one of the archosaurteeth from Pant 4 (T71S) hasan irregular enamel-dentineborder,

indicating posthumousremoval of enamel.This may be evidence of etching on the archosaurteeth

from Pant 4.
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The rangeof degreeof etching is also very problematic. All stagescan be seen,ranging from tiny

lesions in the cingulum enamelto occasional teeth looking like pebbleswith all the enamel lost.

The etching tendsto follow a pattern and startsat the cingulum, but often on the tips of the stylar

cuspules,which is very hard to explain. Sometimesit occurs betweencrenulations on the

cingulum, so it could not be due to abrasion. It is also very commonly seenin the interlock areaof

the teeth. Andrews (pers. comm.) suggestedthat the enamel-dentinejunction is a common place

for etching to start and this seemedvery likely. A closer inspection of the Kuehneotherium etching

though showedthat it startedon the tips of cingulum cuspulesor on the stylar shelf, not at the

enameljunction. Sometimeswear facetswere attackedbut often they were not, which was difficult

to understand,if the edgeof the enamelwas exposed.

Perhapsthe patterncould be related to the nature of the enamel?An interesting comparison of the

effects of acid etching on prismlessand prismatic enamel is reported by Wood et al. (1999).

Prismatic enamelerodesmore quickly, asacids penetratealong the prism boundariesand remove

areasof enamel. A diffuse irregular dissolution pattern is characteristic of aprismatic enamel

exposedto acid. This resistancemay be attributed to the denserpacking of irregular crystallites.

Sigogneau-Russellet al. (1984) demonstratedthat Kuehneotherium has prismless enamel. In

etchedKuehneotherium teeth the usual pattern is of irregular patchesof damage,aswould be

expectedwith prismless enamel,especially on the stylar area.However, on someteeth the enamel

flakes off in large rectangular chunks, suggestinga prismatic structure. This can also be seenon

the smaller scaleby examining the edgeof the etched and denaturedenamel, and seeingthe

precisezigzag line. This confused me when I first observed it, as it seemedto indicate prismatic

enamel.Also, if the enamel is removed from Morganucodon teeth, it can be seento flake in

regular rectangularshapes.This may be normal for aprismatic enamel, and I should like to find out

more about this.

Alternative explanations for the etching.

I am unable to explain the observedwide difference in degreeof etching within the different

fissures,and on individual teeth. Someteeth from Pant 5 show a degreeof etching that seems

consistentwith perhapsa mammalian predator, even ifnot an archosaur.A large proportion of the

teeth in the collection show someetching damagebut it is often so slight, that it is difficult to

attribute it to digestion. I then wondered about cave corrosion (Andrews, 1990)but distinguishing

corrosion and digestion can be difficult. Fernandez-Jalvoand Andrews (1992) say that' .... the

effects of both weathering and corrosion can be distinguished from digestion by... the uniformity
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and lack of localization of surfacealteration'. This would suggestthat the Pant 5 etching is due to

digestion as it is not uniform. Long term corrosion may also act on bonesin the soil, over a long

period. Andrews (1990) suggeststhat corrosion can occur from pH 4.0, and this is possible with an

acid soil with coniferous cover. On karst landscapesthere are also often acidic stagnantpools of

water containing organic material, and thesemay be associatedwith a doline above a fissure

system.Overall, I think that the wide variation in the degreeof etching suggeststhat it is due to

other factors than digestion, probably from abiotic chemical etching.

Two other possibilities are fungi and microbes. There is some inconclusive evidence for the action

of fungi, with the etching occurring asround pits, occasionally associatedwith furrows. The

possible role of microbes in cave deposits is also something I wish to investigate further.

Anaerobic microbes areassociatedwith acidity in deepcavernssuch asCarlsbad, and some

aerobic forms inhabit shallower caveswhere microbial activity is associatedwith the releaseof

iron, causing red staining of the walls. This seemsworth investigating to look for a possible link

with haematite in the fissure. If there is encrustedhaematiteon the teeth, it is often associatedwith

small-scaleetching of the teeth, and may be connected.It is possible that the etching gives

purchasefor the encrustation,but I do not think this is the reason.

2.5.3 Abiotic allochthonous

This includes pitfall traps and flooding carrying debris into the cave. Allochthonous cave

sedimentscan build up to form an entrancetalus, which is an ill-sorted mix of rock fragments, soil

and organic debris, and an important site for bones. Somesorting may occur ifthere is filtering

through smaller openings and fissures.There may then be a complex stratigraphy of fluvial cave

deposits,but vertebrateaccumulationsare usually fairly localized and associatedwith featuresof

the cave, such asobstructions and collapse areas.Robinson (1957) noted generally that the greatest

concentration of bone in the Bristol Channel fissures was near to the cave entrance. In many cases

the swallow-hole can becomeblocked and the floodwaters percolate slowly through the plug into

the cave or fissure (Simms, 1994). If the blockage is not complete it may act asa natural sieve,

allowing smaller bonesto passthrough and imparting a 'signature' to the accumulation. This also

suggeststhat theseblockagescould act asan agentconcentrating debris and carcasses,and the

bonesperhapslater drop into a fissure asthe plant debris rots. Unlike the winnowing associated

with a subsidencedoline, this is more periodic and associatedwith flooding events.This may be

the mechanismfor the concentration of the material in someof the Glamorganshire fissures.
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Fraser(1985) suggestedflooding asa mode of emplacementfor the accumulation of the

sphenodontidsin Cromhall quarry. This may be common for vertebrateremains in karst deposits

although it is rarely invoked (Simms, 1994).Simms also notesan example at Tytherington with

repeatedfining-upwards cycles and sphenodontidsconcentratedat the baseof eachcycle. Small

scale fining up cycles can be seenin the fissures in Pantquarry but have not yet been found

associatedwith bone.

A well-documented example of bone accumulation by transportation within a cave system is from

a bauxite-filled fissure in Romania (Benton et al., 1997).Thousandsof boneswere excavated,

mainly of ornithopod dinosaursand pterosaurs.The material is highly concentrated in lenses

within bauxite clays and representsdetrital material washedinto cavesand fissures, with evidence

of transport abrasionand winnowing of the deposit. The areawas one of several islands on the

northern shoreof Tethys, inundated later in the Early Cretaceous.The surface was probably

similar to St Bride's Island, with hilly karst country with many lakesand marshes.The fossils

show somesignsof scavenging,with pits andgrooves producedby biting. There is little evidence

of weathering but physical transport was important and there is alignment of elements,uniform

size and shapedistribution and abrasion.The authors note that there have beentwo proposed

explanations for the uniform size and shapeof the material. Patrulius (1983) thought that the bones

were broken by carnivores on a lakeshoreandthen washedinto cavesduring seasonalstorms.

Marinescu (1989) suggestedthat there was a blockage of the passageby debris that kept out the

larger elements.Benton et al. (1997) reject both explanations asthere is only limited evidence of

scavengingbut indications of extensive tumbling during transportation. They conclude that

physical transport and winnowing are the likely interpretations of the origin of the bone lens

deposits.This indicates that bonescan becomeconcentratedwithin cavedeposits without the agent

of a predator. However, thesebonesare an order of magnitude larger than those from

Glamorganshire, and so this could affect the winnowing and concentration of the bones.Also the

relative degreeof evidenceof scavenging is important when assessingwhether there is predator

accumulation.

There can also be concentration of material, without large scale flooding events. In a subsidence

doline, unconsolidateddepositson the surfaceare evacuateddownwards through corrosionally

enlargedpipes in the underlying karst (Gunn, 2003). This suffusion is a gradual winnowing and

downwashing of fines, and if the sediment is non-cohesive,the clay fraction moves asa slurry into

the overlying cavity, leaving the coarserfraction aboveand lining the small suffusion dolines. The
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remains could then eventually fall or be washedinto the underlying fissure. This could be a

mechanismfor concentrating the bone remainsand also explain why they are often associatedwith

very high concentrationsof haematitic spherules,which could be concentratedfrom the soil.

2.6 OTHER TAPHONOMIC STUDIES

There are a number of studiesof accumulationsof small vertebraeremains in fissure and cave

depositsof a younger age. Bermuda hasbeenextensively studied as the cavesand fissure fills in

the limestoneshave supplied material for evolutionary studiese.g. Gould (1969). Extensive

fieldwork hasresulted in a well-documented stratigraphic record of the Quaternary deposits

(Hearty et al., 2004). On the island fractures and fissures in cave roofs createnatural traps for

sedimentsand biota and fill quickly with surfacesedimentand organisms. In one of the largest

pitfall accumulations, in Admiral's Cave, there are layers of flowstone, sediment and fossils.

Charcoal is interspersedthroughout the section, with conspicuousconcentrations at a number of

levels, washedin after wildfires. The sedimentaryunits consist predominantly of silt or sandand

contain variable concentrationsof snail and vertebratefossils. Someunits are mainly matrix and

few fossils but others consist of nearly pure organic material.

Many of the vertical fissures in the early and middle Pleistocenerocks contain abundantremains

of land molluscs and birds. The different faunaswere taken to representdifferent time periods,

possibly glacial episodes(Gould, 1969).This hasbeenconfirmed, using amino acid epimerization

geochronology on the land snail remains (Hearty et al., 2004). The sequenceof filling of the

individual fissureswas also determined. An initial fracture, in this caseprobably associatedwith

the collapse of the ancient caldera in the easternpart of the island, first filled with tlowstone and

then, on widening, filled rapidly with the collapse of the capping soils and any haplessfauna and

slopewash.This led to a diachronous fill though, as the ancient red soils are circumstantially

associatedwith a younger fauna. Hearty et al. (2004) consider that this initially misled Gould

(1969) into believing the fauna was contemporaneouswith the red Pleistocenesoils.

There are a number of points that may be applicable to studiesof the Welsh fissure fills. One is

that the different fissures representdifferent time periods, and I suggestthat this may be the casein

Glamorganshire, asanyone fissure contains almost exclusively one speciesof Kuehneotherium.

This is discussedin the next section.
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Secondarily, the pitfall accumulationscontain abundantorganic remains in certain layers, and this

hasarisenwithout concentration by a predator.Although predator accumulations are a sourceof

high concentrationsof vertebrate remains,they are not the only one. Andrews (1990) considers

densecollections of boneto be evidence for predator accumulation, as fluvial transport more likely

dispersespre-existing concentrationsrather than maintaining them (Hanson, 1980). However, the

comparison betweensurfacerivers andcavesmay not hold, as in cavesthere can be accumulation

in depressionsor at a choked entrance(Simms, 1994).

Thirdly, the diachronous fill should be noted. The difference in the red and grey fissure fills in

Glamorganshire may representdifferences in depositional modes,rather than different times or

environmental conditions. For example, the red matrix may be due to an accumulation of bones in

an older red soil in a doline above a fissure, which then fills the fissure. Red soil may havebeen

patchy in covering, accumulating in dolines and cracks,asa Mediterranean terra rossatoday. In

the caseof the grey matrix, this hasa high proportion of clay matrix and the bonesare less

concentratedand include charcoal. In this case,they may have beenwashedinto the fissuresby a

rainstorm, possibly following forest fires (Harris, 1957).The grey sediment is presumably the

erodedcovering of the underlying Carboniferous Limestone.

In can be very difficult to determine whether microvertebrateshaveaccumulatedby predator

action or fluvial transport, especially when collected by screenwashing. For example,

micromammals from the Placerias quarries, a Late Triassic vertebrate fossil locality, havebeen

interpreted aspredator accumulation around a lake, or aswashed in by periodic flooding. Kaye

and Padian(1994) initially concluded that the micromammals were probably predated,as there is

evidenceof trampling, etching and tooth marks. There are also abundantcoprolites and many of

the microvertebratesareconcentratedwithin thesedeposits.They interpret the environment as a

quiet pond where the animals cameto drink or feed. A subsequentstudy by Fiorillo et al. (2000)

reinterprets the evidence and saysthat there was seasonalflooding, but no standing water. They

agreethat the macrovertebratebonesshow little evidenceof postmortem alteration from exposure

or predation and did not suffer fluvial transportation and suggestthat seasonaldrought may have

causedmassmortality events.However, they analysethe microvertebrate remains separatelyand

find that they are largely allochthonous, probably brought in by periodic flooding. Although the

degreeof skeletal articulation is unknown becauseof recovery by screenwashing, there is a bias in

the skeletal elements,suggestingtransportation. The bonesare also closeto the appropriatesize

for the hydraulic compatability and areconcentratedin the sandstonestringers.

,'~.'.
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Therrien and Fastovsky(2000) have also done a palaeoenvironmentalanalysis basedon the

paleosols,analysing the colour, microstructure and chemical make up. The colour reflects the

concentration of iron and manganesein the matrix, with red paleosolshaving abundanthaematite

and low organic matter and grey paleosolsindicative of iron depletion. The grey colour is usually

related to water saturation conditions under which the paleosolsformed, and indicates impeded

drainage and reducing conditions. Carbonatenodules form in semi-arid conditions and iron and

manganesecoatings form when the ferrous rich water percolating through the ground meets

oxidising conditions. This suggestsfurther work to be done on the grey and red fissure matrices of

Glamorganshire, looking at crosssectionsof the clastsand the coatings which have formed on the

bones.

2.7 MIXING OF KUEHNEOTHERIID TAXA IN THE FISSURES

Fraser(1994) suggeststhat the differences in the fissure assemblagesin the Bristol Channel might

be age-correlatedand notesthat somelocalities contain both Triassic and Jurassic infills (e.g.

Holwell). He considersthat certain of the small vertebratesarepotential zone fossils, although he

cautions that the effects of factors such aspredator selection should not be overlooked in low-

diversity assemblages.Fraserand Walkden (1983) presenteda detailed study ofCromhall quarry

where there are sevencavity-fill sitesof red or greenmudstones,interbeddedwith limestonesof

recementeddetrital crinoid debris. They recordedthat eachsuite hasdistinct variations in the

rangeof generarepresented,which could be due to current sorting, predator selection or faunal

fluctuation through time. The bonesexhibit a rangeof size and hydrodynamic property at most

levels and it is unlikely that current sorting is a factor in speciesdistributions. The rangeof species

and growth stagespresentalso suggeststhat the samplesarea reasonablerepresentationof the

extant fauna. The authorsconclude that the bone bearing fills accumulatedat different times and a

changing pattern of speciesabundanceis represented.

In the St Bride's Island fissures, there is a preponderanceof one taxa of Kuehneotherium in each

fissure. Figure 2.18 illustrates possible mixing of the taxa in the fissures.There is usually a

difference in preservationbetweenthe bulk of the sampleand the few teeth of a different taxon.

For example, in Pant2, which is predominantly Kuehneotherium B, there are a few

Kuehneotherium C molars, but also a number of beautifully preservedKuehneotherium

praecursoris molars. Many of the Pant2 teeth are etched,and the Kuehneotheriumpraecursoris

teeth were probably introduced later in the depositional history. In Pontalun 3 the situation is

reversedand the Kuehneotherium B teeth arepolished, which is not usual in this sampleof
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Kuehneotheriumpraecursoris. However, the Kuehneotherium C teeth on the other hand are

pristine, and were presumably not derived.

The distribution of the kuehneotheriid taxa in the different fissures is summarized in Fig. 2.19.

Eachfissure hasone predominant Kuehneotherium taxon, with only small numbers of molars from

other taxa. This suggeststhat there is a temporal difference in the fissure fillings. It is not clear if

the mixing of other taxa is due to subsequentdepositional episodesor reworking. Pontalun I is

more homogeneousthan the other fissures in this respectand, as it is a small isolated pocket of

Kuehneotherium material, this suggestsdeposition in one major episode.The rolled dentary

mentioned above (Fig. 2.12a) may havebeen introduced later. There areexamplesof

kuehneotheriid D molars in all of the five fissuresbut they are more common in Pant4 and Pant 5,

the fissureswith the Morganucodon-sphenodont fauna.

2.8 CONCLUSION.

The St Bride's island fissure faunasare unusual in containing two suitesof fossil faunas. I suggest

that this difference is not due to predator selection but may indicate fillings at different times and

representfaunal fluctuations. The Morganucodon fauna may indeed be depauperateas Fraser

(1989) suggestsand this may be due to changesin climate and vegetationor the decreasingsize of

the island, asonly three small insectivoresare representedin the fissures.There are also

differences in the fissure matrix but thesedo not correlate with the faunal differences and I suggest

that they are due to local depositional factors.

There is evidence for predation or scavengingfrom tooth marks on the bone, but the etching of the

teethand bonesis more difficult to interpret. It may be due to digestion or preburial exposure.I

suggestthat the degreeof variation in the etching doesnot support that it is due to digestion, but

further work needsto be done on this.
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Chapter 3. Description of the material

A reconstruction of the dentition and lower jaw of Kuehneotheriumpraecursoris is given in figure

3.1. The total number of teeth is high at 72, although the incisor count is estimated.The

plesiomorphic featuresof the dentary (continuity of meckel's groove with mandibular foramen,

presenceof postdentarytrough andoverlying ridge and presenceof coronoid and emargination of

posteriorventral border) contrastwith the fully differentiated dentition and sharp,triangulated

molariform teeth.

3.1 THE LOWER JAW OF KUEHNEOTHERIUM

The lower jaw of Kuehneotherium is distinctive with its low coronoid processand lack of an angle

(Fig. 3.2). It is slender in appearance,consistent with an elongatehorizontal ramus,bearing twelve

postcanines.The description of the dentary of Kuehneotherium draws on material from all five

samples,as,although the molars indicate differences at a specific level, the basicmorphology of

the dentary appearsto be constant for the genus.The size of mature dentaries is variable and the

quantitative analysis is covered in section 4.2.4.

3.1.1 The alveolar row

The dental formula

The lower dental formula is; i? cl p6 m6.

There is some inconclusive evidence that the molar formula may be variable in a few cases.This is

discussedin Section 3.1.5. The upper dental formula is not known, as the maxillary specimensare

too fragmentary, but it is assumedto be similar to that for the lower jaw.

Incisor and canine alveoli

Only the alveolus for the final incisor is known for Kuehneotherium. It is elongate,oval in cross-

section, slightly recumbentand similar in size to the mesial premolars. The canine is larger and

oval in cross-sectionwith a sloping mesial wall. BMNH 19769(Kermack et al., 1968), illustrates

the final incisor to the sixth premolar alveoli but, unfortunately, the incisor andcanine alveolus are

now broken.
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Premolar alveoli

The alveoli for the lower premolars show an increasein division of the roots passingdistally along

the premolar row. The alveoli for the first four premolars havepartially divided roots, and those

for the fifth and sixth have divided roots. The first four premolar alveoli are generally similar in

size, the fifth is slightly larger and the sixth noticeably larger, especially the distal alveolus. U 73

(Fig. 3.3) comprisesthe most complete alveolar row, with all the premolars and four of the

following molars, and confirms that there are six premolars (Gill, 1974). U73 shows resorption of

the anterior premolars, so details of the alveoli areobscured,but an X-ray confirms the alveoli

outline. Other specimensconfirm the consistencyof the premolariform formula and type of alveoli

(Fig.3.4).

A few specimensdiffer from the pattern statedabove but this is attributed to changesrelated to

resorption. For example, U73 and Sy118havean oval alveolus for the fifth premolar, rather than

one with divided roots. However, the preceding premolars have beenresorbed in thesemature

specimensand there aretracesof this processin the pSalveoli, so Isuggestthat the intradental

wall of pS hasbeenresorbed.In one case,BMNH 19769(Kermack et al., 1968,and Fig. 3.4a), the

mesial premolar alveoli are wide and oval, and those for ps-6 aresmaller than usual. This

specimen is problematic though and shows resorption in the distal premolars, possibly related to

injury (seesection 5.4.1 and Figure s.llc).

The premolar-molar boundary region is distinctive and useful for identification of molar position.

It is present in eight specimens,but particularly well-illustrated in U73 (Fig. 3.3), Syl18 and U230

(Fig. 3.4c). In occlusal view, the final premolar alveoli are larger and wider than those of the first

molar. The alveoli ofml are also shorter and lean distally, unlike those ofp6 (Fig. 3.3e).

Molar alveoli

Kuehneotherium hassix double-rooted molars, which exhibit increasingtriangulation of the

alveoli distally along thejaw. The alveolar pattern is remarkably constantalong the molar row,

with the exception of the ultimate tooth, which may sometimesvary in size. The molars are similar

in size, with the exception of the first and ultimate molars, which are usually smaller. The alveoli

lean towards the centre of the molar row, seenmost conspicuously in the first and ultimate molars.

In occlusal view there is also a changein angle of the tooth row betweenm4 and mS, asseenin

Sy97 (Fig. 3.sc). No specimenshowsthe complete molar alveolar row, from the final premolar

alveoli to the coronoid process.The maximum number of molars representedin any specimen is
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five (U73). The molar formula ofml-6 is assembledfrom all the available material, comparing

alveolar size and shape,position of the bony ridge from the coronoid and position of the meckelian

groove. When U73 was described(Gill, 1974), I thought the slope and depth of the most posterior

alveolus in the specimensuggestedan ultimate molar. Itherefore gave the lower molar formula as

m4-S, five molars being indicated by U73 and somePant2 dentariesappearingto have one less

molar. I now think that the most distal alveolus in U73 is from the penultimate molar and Isuggest

that the molar formula is m1-6.

The first molar alveoli are oval, linearly aligned, and narrow buccolingually. Those for the second

molar are larger, wider and only slightly more triangulated, and there is increasing triangulation of

the alveoli to mS.The alveoli for eachtooth aretaperedand slightly curved towards the midline of

the tooth, particularly the distal alveolus, presumably for anchoragein the jaw. This is clearly

shown in SyIS, SyS6(Fig. 3.6 a, b) and Sy66, dissectedby Parrington in order to reveal the roots

(Sy56 also figured in Parrington, 1971Fig. 12).There is someevidence for a greaterdevelopment

of a bony web betweenthe roots in the more distal molars, and the final molar may occasionally

have partially fused roots. The sixth molar lies adjacentto the mesial end of the trough in a mature

animal, with roots shorter than thoseof the penultimate molar. The size of the ultimate molar and

degreeof root separationmay vary (Fig. 3.S). Sy97 hasa relatively small, oval ultimate alveolus

and the tooth had partially divided roots, whereasin BMNH 45266 the ultimate alveolar pair are

large and very separate.In Sy66 the dissectedultimate molar roots are separateand rather bowed.

3.1.2 Dentulouslower jaws

There are three dentulous specimensof Kuehneotherium, U79, SyIS and SyS6(Fig. 3.6). U79 is

interpreted as showing alveoli from pS to m3.with a complete, although heavily worn, m 1 in

place. From the mesial end, there is an incomplete alveolar pair, an alveolar pair containing roots,

two molars in situ, the secondincomplete, and a portion of the mesial root of the most distal

alveolar pair. The lower border of the dentary is missing and the roof of the inferior dental canal is

exposed.The meckelian groove is not preservedalthough its position may be inferred from the

level of the break. The groove for the dental lamina is still visible, even though the degreeof wear

suggeststhat the molars had beenerupted for a considerabletime. The medial wall of the dentary

is flat and vertical, but the lateral wall is more gently sloping and undulating, giving a wavy

appearanceto the lateral alveolar border.

The incomplete mesial alveolar pair is identified as pS,basedon their small size and relatively
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short, distally sloping roots. The roots of p6 also slope distally, but are larger, and not triangulated.

The complete molar, m I, hasseparate,distally sloping roots. The wear is heavy and concentrated

on the tips, and extendsonto the lingual surfaceof the protoconid and paraconid,which is

characteristic of teeth identified as first molars. An alternative interpretation, that the complete

molar is m3, was consideredasthe molar is relatively wide buccolingually for a first molar. This

interpretation was finally rejected on the basisof the size of the alveoli and the form of the dentary

walls and probable position of the meckelian groove. The incomplete secondmolar hasbeen

partially displaced from its socket, presumably as it was broken. The tooth is similar in

mesiolingual length to mI,but appearsto be rather more triangulated. The roots are still fairly

divergent but arenot distally sloping. The distal alveolus of the third molar is broken, but the

distinct triangulation can be seen.Close comparison with the form of the ramusof other dentaries

confirms the most distal alveoli as the third molar.

SylS is a similar fragment, tentatively identified as ml-4, the tooth being m3. There are four

complete alveolar pairs, with the third containing a molar. The most mesial alveoli are less

triangulated, and this was observedbefore thejaw was mounted and dissectedin the 1970s.The

cingulum is smooth with a centrolingual rise, and medium hypoconulid and typical

Kuehneotheriumpraecursoris mesial cingulid cusps.The groove for the dental lamina is more

apparentthan in U79 and may be traced along the length of the fragment, being more prominent

distally, although the fifth molar had erupted.There is a hole in the lateral wall alongside the

secondalveolar pair; apparently present in life.

SyS6is also mounted in plaster as the jaw was dissectedby Dr Parrington to exposethe roots. The

in situ tooth looks like m4, but could be m3 or mS. The molar is triangular, with long and parallel,

but separate,roots. Ihavemanually preparedthe alveolar border in order to exposethe alveoli, and

the alveolar pattern suggeststhat the tooth is m4. The exposedalveoli appearto be ml-m3, on the

basisof the increasein triangulation, but the specimenis fragile and the identification is not

certain. However, it appearsto confirm the attemptsat assigning teeth to a locus.

3.1.3 Horizontal ramus

The horizontal ramus is elongate, reflecting the large number of teeth. The ventral border is

curved, and considerably deeperbelow the molars, to a maximum below m3. The dorsal border is

also curved in the molar region, most notably in U74 (Fig. 5.10) and, although lessdeveloped in

somespecimens(e.g. Sy97, Fig. 3.5a), it is always there to somedegree.In occlusal view, the
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dentary broadensin the region of the canine,narrows just distally and then gradually broadens

again. The median wall is generally flat whereasthe lateral wall is curved in the vertical plane, and

hasa wavy border distally, reflecting the triangulation of the roots. The bony ridge running

laterally down the coronoid processcontinues horizontally below the final two molars, and is well

preservedin Sy97.

The dentarieswere not fused at the symphysis and a ligamentous connection was probably present

in life, allowing some independentmovement of the jaws (Kermack et al., 1968).Only the distal

portion of the symphysis is preservedin Kuehneotherium, (e.g. BMNH 19761and U73) and the

surface is slightly rugosewith weakly defined edges,as in Morganucodon (Kermack et al., 1973;

Parrington, 1971).There is no sign of a symphyseal foramen for the inferior dental canal, noted by

Kermack et al. (1973) as lying at the level ofi4/ c in Morganucodon, so in Kuehneotherium it

presumably occupied a more mesial position. The symphysis extendsdistally to about the second

premolar, as in Morganucodon.

Two buccal mental foramina are present in BMNH 19769,presumably for branchesofthe inferior

dental nerve leaving the inferior dental canal. The anterior foramen lies at the level of c / i I and is

smaller than the posterior foramen which lies at the level ofpl/p2. In Morganucodon the anterior

exit may be double (Kermack et al. 1973), but there are not enough specimensof Kuehneotherium

to know whether this occurs. Both foramina are directed anteriorly and slightly dorsally as in

Morganucodon, but lie one tooth position more distally in eachcase.The position of the posterior

foramen in Kuehneotherium is confirmed in several specimense.g. BMNH 19761,U73, U230. In

U73 (Fig. 3.3 b) and Sy118 there is another foramen at the level ofp3, but it is directed

posteriorly. It is also relatively near the dorsal border but this may be partly due to loss of boneat

the dorsal border due to resorption. This foramen hasonly beenseenin thesetwo jaws from

Pontalun 3. There is a foramen indicated in the Guimarota dryolestid (Krebs 1971)at about the

level of p3 but its direction is not apparent.

The inferior dental canal crossesfrom a median to a lateral position just distal to the canine and

passesalong the length of the dentary. In the X-ray ofU.73 (Gill, 1974) the root penetration is

somedistanceabove the ventral border in the molar region and this appearsto be more

pronounced in mature specimens.Immature specimenswith molar crypts show the baseof the

alveoli very close to the ventral border of the dentary, eventhough the roots have presumably not

yet reachedtheir full length. The X-ray ofU73 also differed from one taken at the sametime of a
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mature Morganucodon jaw, where the roots occupied most of the cancellous part of the bone (Fig.

3.3 f). However, two mature specimenssubsequentlydissectedby Parrington, Sy56 (Fig. 3.6b) and

Sy66, show that the basesof the molar alveoli lie nearerto the ventral border than in U73, so this

may be lessofa distinguishing feature of the two mammals.

The meckelian groove runs from the symphysis as a broad shallow valley passingventrally below

p5-6 and continuing medially for a short distance. It then rises below m I asa more distinct groove,

terminating, as in Morganucodon (Kermack et al. 1973),just ventrally and medially to the inferior

dental canal at the mesial end of the accessoryjawbone trough. As in Morganucodon. the groove

bifurcates before reaching the trough. The dorsal indentation is presumably for the anterior prong

of the coronoid and the ventral for the dorsal flange of the prearticular, as Kermack et al. (1973)

suggestedfor Morganucodon.

3.1.4 Ascending ramus

Two distinctive featuresfor Kuehneotherium are the low angle of the coronoid process,rising at an

angle of approximately 20 degrees,and the lack of an angular processon the jaw. The presenceof

a dentary condyle was demonstratedin BMNH 19766(Fig. 3.7 a), the most posterior

Kuehneotherium specimenknown (figured asC865 in Kermack et al., 1968).No further

Kuehneotherium material hasprovided a complete posterior portion of the dentary, and only the

immature U76 preservesthe posterior portion of the dentary, similar to BMNH 19766.

There is a well-developed postdentarytrough, bounded dorsally by the median flange, which is

sharpestand thinnest below the coronoid facet, and possibly served for muscle attachmentaswell

as suspensionof the surangular,as Kermack et al. (1968) suggested.The trough is deepand

smooth except for two narrow ridges. One runs from the mesial edgeof the trough, rising gently to

the dorsal border below the posterior border of the coronoid facet. This is comparableto the

diagonal ridge of Morganucodon (Kermack et al. 1973). However, it differs from Morganucodon

in its mesial end position, which is central in the trough rather than ventral, andendsjust posterior

to the coronoid, rather than further posteriorly, as in Morganucodon. The sectionjust abovethe

ridge is narrower than in Morganucodon and is distinctive when identifying distal jaw fragments.

There is another, horizontal, ridge, which is not present in Morganucodon, which beginsjust

below the distal edgeof the diagonal ridge and runs, ventral to the median flange, to the end of the

trough. The mesial end of the surangular presumably lay ventral to the diagonal ridge. The distal

end would have fitted below the median flange and above the horizontal ridge. The horizontal
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ridge presumably separatedthe surangular and the angular, and possibly gave extra stability where

the postdentaryboneslie distal to the trough.

The depth of thejaw below the trough is variable and reflects the maturity of the animal. It is

relatively narrow in young specimenswith molar crypts (e.g. U76 and U370) and deeper in mature

specimens(e.g. U74 and BMNH 19776).Two examples, U378 and BMNH 45270, are figured to

illustrate this (Fig. 3.7 b, c). The trough for the postdentarybones is also relatively large in

juvenile individuals, suggestingthat the postdentaryjawbones were well developed early in life.

This may indicate changesin the relative strength of the two jaw joints during maturation but there

is no material available to verify this.

The median surfaceof the coronoid processis recessedfor the external pterygoideus muscle.

Laterally, the fossaefor the insertion of the adductor musclesaredeeperand more extensive, with

two distinct en echelon depressions,one ventral and mesial to the other, separatedby a lateral

ridge. This can be clearly seenin U76. They were presumably for the temporalis muscle dorsally

and the massetermusclesventrally. A foramen, running mesially, is situated in the mesial end of

the ventral fossa,seenin U74 and U76. A more posterior lateral foramen, leading mesially, is

positioned centrally in the dorsal fossaofBMNH 19766,but is not preservedin any other

specimen.U76 is broken at this point so any foramen is not preserved.

The presenceof the facet for the coronoid bone was noted by Kermack et al. (1968) in BMNH

19749.The facet is concaveand elliptical and is well preservedin both the immature specimen

U76 and the mature Sy117(Fig. 3.8 a) and Sy121. There is little elevation of the ventral portion of

the facet, but the upper border is curved and overhanging, which suggeststhat the coronoid bone

fitted underneaththis lip rather than extending more on to the dorsal border of the coronoid

processas in Morganucodon. There are no specimenswith the bone attachedso the shapecan only

be estimated,but it was apparently more elongate anterio-posteriorly, and lesstriangular in shape

than in Morganucodon. A facet is presentasa dorsal pocket of the posterior end of the meckelian

canal in Sy97 (Fig. 3.5 a),equivalent to that identified as being for the anterior prong of the

coronoid in Morganucodon (Kermack et al. 1973).

3.1.5 Possible variation in tbe molar dental formula.

There is some limited evidence for dentariesin Pant2 having a molar formula of m1-5.Two

dentarieshavea larger than usual ultimate alveolar pair, with evidence for a large adjacentanterior
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alveolar pair. The size of the alveolar pairs preservedin eachjaw is consistent with m4 and m5

(Fig. 3.8 b, c). Another clue to the alveolar position is a slight bend in the alveolar row between

m4 and mS.There is somesuggestionof this betweenthe alveolar pairs noted, again suggesting

that they representm4 andmS. There is also a spacebetweenthe last alveolus and the beginning

of the trough in both jaws, suggestingthe position ofa possible developing tooth. However, even

allowing for the condition of the jaws, which I think have beenetched, there is no sign of a crypt

or alveolus in either specimen.The problem is the lack of well preservedmaterial showing a more

complete molar row. All other dentary fragments from Pant2 have only a single alveolar pair or,

more usually, a crypt for a developing tooth. A final example is U379 (Fig. 3.8 c) which is the

only dentary specimenfrom a large individual in Pant2.

To conclude, there is someevidence for a molar formula ofml-5 in the Pant2 specimens.The

specimensare assumedto beKuehneotherium B, as it comprises most of the material. The

evidence is consideredtoo tenuousto include a variable molar count in the dental formula, but

should be kept in mind in the event of further material being found.

Other examplesof possiblevariation are Syl17 (Fig. 3.8 a), a mature dentary with a small crypt

distal to the last complete alveolus, and U232, which hasa small foramen and slightly spongy

bone distal to the final alveolus, but no crypt. Thesemay indicate a suppressedseventhmolar, but

the evidence is very inconclusive asthe identification of the alveolar position is uncertain. The

specimensare noted herethough, again for possible future reference.

3.1.6 Possible dentaries of kuehneotheriid D

Only two dentarieshaveso far beenidentified as possibly being kuehneotheriid D. U233 (Fig. 3.9

a) from Pant4 is unusualwith closely spaced,rather rounded, alveoli. It was identified as

Kuehneotherium on the basisof having three alveolar pairs of a similar size, which is not the case

for Morganucodon, with its large m2. The form of thejaw also suggestedKuehneotherium, with a

suggestionof triangulation at the alveolar border. There is a rangeof variation in the molars of

Pant4 and it is proposedthat this jaw most probably contained Variant L2 teeth (seesection 3.7.1

and figure 3.37). The jaw is deep, relative to the width of the alveoli, and Variant L2 molars such

asU333 (Fig. 3.37 f) have long roots. The jaw U233 hasalveolar pairs with separatedroots, but

there areexampleswith divided roots suchasU252 (Fig. 3.37c).
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Two jaw fragments from Pant 5 arealso figured (Fig. 3.9 b, c). The size difference suggeststhat

the larger is KuehneotheriumC and the smaller is kuehneotheriid D. Although the smaller example

is not asmature asthe larger, basedon the relative depth of the dentary below the trough, there is

still an obvious individual difference. There are only one or two dentariesfrom Pant 2 which are as

small asthe dentary from Pant 5; for example U378 (Fig. 3.7b).

3.1.7 Maxillary fragments.

There are very few maxillary fragments,which is assumedto be due to the fragmentary nature of

the maxilla comparedto the dentary. The ratio of maxillae to dentaries is lessthan that of upper

molars to lower molars, which suggeststhat more Kuehneotherium maxillae were once deposited

in the fissuresbut that they have disintegratedor have not beenrecognised.There are relatively

more maxillary fragments from the Pontalun 1 fissure but most arevery fragmentary indeed and

they are only identified asKuehneotheriumbecauseof the Pontalun pocket being mainly

Kuehneotherium. The most complete are figured (Fig. 3.10). One of them, BMNH 19735, is a

much larger fragment but it is crushed.It appearsto have alveoli for four double-rooted teeth, and

the alveoli seemto be triangulated in two of them. Ihave found this maxilla very difficult to

interpret though, and cannot correlate the apparentposition of the triangulated alveoli with the

curve and shapeof the maxilla. Jfthe alveoli are for molars, pits to accommodatethe tips of the

taller lower molars or ultimate premolar would be expected.Thesecan be clearly seenin the other

maxillae figured and they are very deepand distinctive. No pits can be seenin BMNH 19735,

evenallowing for the crushing.

un (Fig.3.10 t) is from Pontalun 3 and contains alveoli for two molars, possibly m2 and m3, and

is comparable with BMNH 19744from Pontalun 1 (Fig. 3.10 c). The pit betweenthe two teeth is

enigmatic in the Pontalun 3 example, as it is open with no sign of breakage.

3.2 THE DENTITION OF KUEHNEOTHERlUM PRAECURSORlS

A complete review of early mammals hasrecently beenpublished (Kielan-Jaworowska et al.,

2004) and the position of the Kuehneotheriidaeand systematicpalaeontology for Kuehneotherium

praecursoris are discussedand revised in chapter7. This current section covers the description and

diagnostic featuresof the molar teeth, particularly relating to differentiating them from

Kuehneotherium Band Kuehneotherium C. The non-molariform dentition of Kuehneotherium

praecursoris is also described in this section.
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Family Kuehneotheriidae Kennack, Kennack and Mussett, 1968

Genus Kuehneotherium Kennack, Kennack and Mussett, 1968

Type species:Kuehneotheriumpraecursoris Kennack, Kennack and Mussett, 1968

Locality - Pontalun quarry, Glamorganshire.Kuehneotheriumpraecursoris was originally

described(Kennack et al. 1968) from the Pontalun 1 fissure in Pontalunquarry, but the hypodigm

is here extendedto include Kuehneotheriumpraecursoris material from the Pontalun 3 fissure.

The molars from Pontalun 1 and Pontalun 3 fissuresareconsideredto be the samein diagnostic

featuresand size range. A canonical variate analysis (CV A) was doneon the Kuehneotherium

praecursoris lower molars from both fissuresand no significant difference was observed(Fig.

4.13 b). A few isolated molars of Kuehneotheriumpraecursoris occur in the Pant 2 fissure.

Kuehneotherium praecursoris molar row reconstruction (Figs. 3.11, 3.12)

Upper molars: M 1, Sy136; M2, Sy130; M3, Sy161; M4, Sy48; M5, Sy81; M6, Sy82. Lower

molars: ml, Sy59; m2, Sy14; m3, Sy17; m4, Sy19; m5, Sy16; m6, Sy37

Dental diagnosis: Cuspsof lower and upper molars forrn an obtuseangle (100 0 to 1700); upper

molars lower crowned than lower molars; lower molars with a high protoconid; metaconid slightly

more lingual than paraconid; well-developed lingual cingulid; buccal cingulid limited to short

mesial and distal salients; stylar cusps,forming the interlock betweenthe molars, consisting of a

distal hypoconulid and mesial cingulid cuspse and f; asymmetrical upper molars, with bulbous

stylocone and metacone;stylocone set lower and more buccally on the crown than metacone;

buccal and lingual cingula, but may be break distolingual to the metacone;metastyle well-

developed.

Lower molars: Differ from Kuehneotherium Band Kuehneotherium C by valleys betweenthe

trigonid cuspson the lingual face being angled towards eachother and meeting at approximately

the cingulid level; cusp e being larger than cusp f, with a cingulid betweenthem. This gives a more

imbricating, rather than abutting, interlock; mesial anddistal buccal salientsconsistently present;

lingual cingulid smooth or weakly crenulatewith a smoothcentral rise. Differ from

Kuehneotherium B in overall larger size, although individual molars may overlap in size.

Upper molars: Differ from Kuehneotherium Band Kuehneotherium C in having more complete

cingulum; someteeth with short break in the cingulum distolingually to the metacone;buccal

cingulum generally smooth, with bowed distobuccal cingulum rising to the metastyle; lingual

cingulum may develop cuspulesmesiolingually. Differ from Kuehneotherium B in size and well-

developedmetastyle and tendancy for a fold in the buccal cingulum in the more triangulated teeth.
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3.2.1 Kuehneotherium praecursoris molars

Two figures from Kermack et al. (1968) (Figs. 1.1, 1.2) illustrate the holotype of Kuehneotherium

praecursoris, BMNH 19165,and a lower molar paratype,BMNH 19155.The cusp nomenclature

and tooth orientation usedin thesefigures is followed. The only addition is the useof cusp e and

cusp fto refer to the mesial cingulid cuspules,cuspe being the most lingual (Crompton and

Jenkins, 1967).

There aresix molars in both the upper and lower jaws, with an increasein triangulation of the

teeth towards the back of the jaw. The first and ultimate molars aresmaller. The tallest molars are

mid-row, asthe mesial molars are lower crowned and the distal onesare slightly smaller. The final

lower molar is not significantly reducedbut the final upper molar is slightly reduceddistally and

hasdistinctive joined and compressedroots.

The Kuehneotheriumpraecursoris hypodigm is more heterogeneousthan that of Kuehneotherium

Band Kuehneotherium C. There is a wider size variation which may be bimodal in the Pontalun 3

fissure, but the evidence is not conclusive and there is no evidenceof dimorphism in the Pontalun

1 fissure. Kuehneotheriumpraecursoris also shows more variation in root separationthan

Kuehneotherium Band Kuehneotherium C. Kuehneotheriumpraecursoris molars have well-

developedstylar cusps.A diagnostic featureof the lower molars is the development of the cingulid

at the mesial interlock. The cingulid continues for a short distancebuccally, with the development

of the two mesial stylar cusps,e and the smaller f. In the upper molars the lingual cingulum is

more continuous in Kuehneotheriumpraecursoris. The molars of Kuehneotheriumpraecursoris

areoverall more triangulated than thoseof Kuehneotherium Band Kuehneotherium C.

In the lower molars of Kuehneotheriumpraecursoris, the lingual cingulid is narrow and hasa

crimped edge.Centrally, it rises to a smooth curve, rather than a sharppeak. There areno

distinctive lingual cuspules.Cusp e is well developedand cusp f developson the cingulid passing

round on to the buccal face. Cusp f is smaller than cuspe. The hypoconulid is also relatively well-

developedand there areconsistent buccal salients.The grooveson the lingual face, where the

cuspsseparate,are angled towards eachother at about the level of the cingulid. The degreeof root

separationis variable within the hypodigm, but is thought to be similar along the molar row,

except for the first two molars which havemore widely separatedroots. The roots areusually

separatedby a calcified web, and they are gently diverging, and seento be bowed in the more

complete examples.
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The upper molars aregenerally asymmetrical. The buccal paraconeface is curved, with hollow

ground blades,and there is often the development of notcheson the cristae.Kuehneotherium

praecursor is hasa well-developed metastyle, which usually projects distally. The buccal cingulum

is usually smooth but wider and bowed towards the metastyle. A central fold develops in the more

triangulated molars. The lingual cingulum is usually complete, except for a gap distolingual to the

metaconein somemolars. The roots are variable in separationbut are more widely divergent than

thoseof the the lower molars. The ultimate molar is the exception and the roots arejoined,

although not fused, and the distal root is twisted and compressedagainstthe mesial root. All the

upper molars havea circular mesial root cross-sectionand an elongatedistal one.

Reconstruction of the molar row

The molar row is reconstructedfrom Pontalun 3 molars, as they arebetter preservedthan those

from the Pontalun 1 fissure. Also, three lower molars havebeen identified as being from the same

jaw, facilitating the reconstruction of part of the molar row. Representativemolars aredescribed

for eachlocus of the molar row. Due to individual variation it is impossible to be completely

certain of the position of the molars chosenbut it is consideredto be reliable to plus or minus one

locus.

The lower molar row is unusual in that at least three teeth are believed to be from the same

individual. The third, fourth and fifth molars are almost identical in size and in stylar details and

are thought to be from the sameleft dentary, which hasdisintegrated on preparation.The

preservationof the teeth is identical, apart from breakagedue to cracking, even to being exactly

the samecolour. The third molar was gold coated for SEM imaging but is the samecolour

underneathas the other two teeth, and this is believed to be becausethey were preservedtogether

in the samejaw. An extra confirmation is from the close-to-consecutivenumbers asthe

comparative rarity of the Kuehneotherium material meant that only small numbersof teeth were

curatedat anyone time. The degreeof wear is also in accordancewith the molars being from one

individual and, although it is light on all the teeth, it is slightly more developedon m3 than on mS.

Whether the ultimate molar from this tooth row hasnot been identified, or had not yet developed,

is not known.

The upper and lower molars were first selectedby eye and then checkedfor consistencyof

measurementsalong the tooth rows. Theseare recorded in Table 3.1, and generally support the

identifications. The angle of the trigonlid becomesmore acute towards the back of the jaw, with a
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concomitant increasein relative width (L/W). Also, in the lower molars, as the tooth becomes

more acutely angledthe protoconid becomesrelatively narrower (height measuredfrom the

neck/protoconid width measuredbetweenthe points of separationof the metaconid and the

paraconid). In the lower molar row there is a marked change in triangulation betweenthe second

and third molars, and this is confirmed in the dentary alveolar pattern. In the upper molars there is

a marked changein triangulation both betweenM Iand M2 and again between M2 and M3. As M I

presumablyoccluded behind mI,this would seemto show a corresponding pattern in the upper

and lower jaws.

3.2.2 Lower molars

There is an increasein triangulation and occlusal IIshape"(length/width) along the molar row,

towards the posterior, but there is no obvious difference betweenm3 and m5 in lingual view. The

angle of the groovesbetweenthe cuspson the lingual face changesin the first two molars,

becoming lessvertical as the triangulation increases.This is not the casefurther along the molar

row. The height of the teeth also increasesfrom mIto m3, and is then constantuntil the smaller

ultimate molar.

First molar (Sy 59)

The occlusal outline of Sy59 is figured by Parrington (1971) in his description of the variation in

triangulation in the Pontalun 3 molars. It illustrates a narrower, lesstriangulated crown. The tooth

is also figured in this thesis (Fig. 3.21) in section 3.4.4 comparing Kuehneotheriumpraecursoris

andKuehneotherium B. The tooth is complete, although with somewear, and the roots are

complete, or almost so. The lingual cingulid is smooth and gently bowed and extendsfor a short

distanceon to the buccal surface.A short calcified web separatesthe roots, and the distal root

extendsbuccally, relative to the mesial root, indicating the alignment of the crown in the jaw in

life. This gives a scissorial alignment when viewed dorsally (Fig. 3.21 t). There is some wear

distobuccally, but relatively more of the tip and distal blade of the protoconid. This is usually the

casein linearly-aligned first molars.

Second molar (Sy14)

Syl4 is intermediate in height betweenthe first molar and the taller mid-row molars, but the

protoconid is noticeably narrower than that of the first molar and is more like that ofm3. The tooth

is wider buccolingually than the preceding one but there is little increasein triangulation. The
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other difference is the increasein height andnarrower protoconid. The mesial root is lost below

the crown but the roots can be seento havebeenseparatewith a short web, similar to that in Sy59.

Third molar (SyI7) (Fig. 3.13)

The third molar is taller, and more triangulated, than the preceding ones.The cingulid is a smooth

bow in lingual view, with a slightly crenulateedge,and it extendsonto the buccal surface.

Distally, this takesthe form ofa small swelling or cuspuleon the buccal surface of the

hypoconulid and mesially asa narrow shelf. Cuspse and f are well developed,with a distinct

cingulid betweenthem. The distal root is broken at the neck but the mesial root is complete and

shows a swelling at the apical end, for anchoring the tooth. The roots are separatewith a calcified

web, which is a similar length to that in the first molar. There is only very light wear of the tooth

distobuccally but someof this affects the tip of the metaconid anddistal protoconid blade.

Fourth molar (SyI9)

The fourth molar is very similar to the third, except for being wider buccolingually. In this casethe

mesial root is lost but the distal root is complete. Comparing the roots of the two teeth suggests

that there is not the buccal displacementof the distal root seenin the first molar. The increased

triangulation of the crown appearsto serveto align the cristae during occlusion instead.

Fifth molar (SyI6)

The fifth molar is again very similar but more triangulated and wider buccolingually. Only the

crown is preserved,but it is in very good condition. There is no sign of wear.

Sixth molar (Sy37)

The sixth molar is not from the sametooth row asthe preceding molars, and is more heavily worn.

The mesial root is complete and very comparableto that of Sy17,being straight and with only the

very apical portion tapering. The cingulid is rather abradedbut appearsto havebeensimilar to the

other teeth in the row, except for the hypoconulid being lessdeveloped.The hypoconulid is

usually wen developed in all but somelinear molars so this may be indicative of the sixth molar

not having a distal successor.In other respectsthough, Sy37 is just a smaller, more triangulated

form of the preceding lower molars, and is not suppressedin any way.
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3.2.3 Upper molars

Although there is little supportive evidence from maxillary material for the form of the upper

molar row, the teeth selectedfit with the pattern seenin the lower jaw and also with evidence from

the quantitative analysis.The metastyle is prominent on all theseupper molars. The teeth are more

asymmetrical than those of Kuehneotherium B. The buccal cingulum is folded in, when the

triangulation increasesand a strong groove developsbetweenthe paraconeand metacone.

First molar (Sy136)

This tooth is from a larger individual than the representativesecondmolar. The first molar is

normally shorter than the secondmolar in a tooth row. The cingulum in Sy136is complete, with

no break distolingual to the metacone.The buccal cingulum is quite strong andcrenulate for a first

molar. The roots are separateand divergent with a short calcified web betweenthem and open

apices.There is no noticeable wear.

Secondmolar (Sy130)

Sy136 is a beautifully preservedmolar with almost complete tapering roots. The roots areseparate

and slightly bowed towards eachother. There is little obvious difference from the first molar in

buccal view, but in occlusal view the increasein buccolingual width and triangulation can be

observed.There is a notch in the paracristid and a lessdefined one in the metacristid. It is not a full

carnassialnotch but presumablywas associatedwith increasing the efficiency of shearing.The

cingulum is narrower than in Sy136,and complete, except for a break distolingual to the

metacone.The buccal cingulum is narrow and generally smooth, except distobuccally where it

becomesmore crenulate, especially at the distal end. There is a well-developed metastyle. The

roots are separateand havevery open apices.The mesial root is circular in cross-sectionand the

distal root is D-shaped.The roots are more separatethan in the preceding molar but this is

attributed to individual variation. The only wear is on the mesiolingual cingulum, and there is none

on the blades.

Third molar (Sy161)

This tooth is a classic Kuehneotheriumpraecursoris upper molar, exemplifying the diagnostic

featuresand very similar to the holotype BMNH 19165.The cingulum is narrow and continuous

apart from a break distolingual to the metacone.The buccal cingulum is deeperthan the lingual

and more crenulatedistally. The metastyle is prominent as it is in all theseteeth.The roots are

broken and someminor secondarydentine deposition can be seen.There is moderatewear, mainly
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mesiolingually, affecting the cingulum and the tip ofthe stylocone. The wear is lessdistinct

distolingually, with only grazing of the cingulum. Only the meisal blade of the paraconeis worn,

not the tip or distal blade.

Fourth molar (Sy4S)

This molar is from a relatively large individual. The increasing triangulation hascauseda distinct

groove on the buccal face, betweenthe metaconeand paracone.This is also particularly seenin the

most triangulated, ultimate molar. There are distinct notcheson the cristae, including that between

the metaconeand metastyle. The cingulum is complete and more crenulate than in the previous

molars, particularly mesiolingually. This is taken to be an individual variation. The buccal

cingulum hasa small central tuck related to the triangulation. There is wear on the mesial

stylocone blade and mesiolingual cingulum but none on any of the cusp tips.

Fifth molar (SySl)

The increasedtriangulation of Sy81 is reflected in a more definite central tuck buccally. The

cingulum is complete and crenulatedistolingually, but lessthan in the previous molar. The roots

are broken just below the crown. The wear is mild, but is unusual in affecting the parastyle rather

than the lingual stylocone.

Sixth molar (SyS2)

This is a distinct and very triangulated tooth, and it is possible that it is from a more triangulated

molar row. The tooth is somewhatreduceddistally, ascan be seenin occlusal view. This is

similarly the casefor ultimate upper molars of Kuehneotherium Band Kuehneotherium C. There is

a strong central fold in the buccal cingulum, and a sharpgroove betweenthe paraconeand the

metacone.The cingulum is generally narrow and smooth. The cingulum virtually dies out

distolingually but is crenulatemesiolingually, as in the two previous teeth. The poor development

of the cingulum distolingually may be due to the ultimate position in the tooth row.

The roots are noticeably different from the other molars in the molar row and arevery close

together. They appearto have a long calcified web between them, but this is partly obscuredby

matrix. They are not fused, however, as in the kuehneotheriid D molars describedlater. The distal

root is very compressedand twisted onto the mesial root. This is assumedto be related to the

position at the distal end of the maxilla. There appearsto be a mesial inter-dental facet and no

evidence for one distally, but it is difficult to be certain. There is heavier wear than is seenon the



other molars that have beenchosen. It is stronger mesiolingually, affecting the cingulum and

stylocone blade. Distolingually, there is wear of the lingual metaconeand the cingulum above it,

and also the distal blade of the paracone.Unlike the other examples,the tooth is very slightly

rolled.

3.2.4 Individual variation in Kuehneotherium praecursoris molars

Lower molar rows from two individuals havebeenpartially reassembled(Fig. 3.14). The purpose

of this is to illustrate the variation between individuals, but also the constancyof characterssuch

as stylar cuspuledevelopment in anyone individual. Individual 1 comprisesthe mid-row molars

from the reconstructedlower molar row, and also Sy21, from the right dentary. This latter is

identical to the left molar Sy16, and is assumedto be from the sameanimal. The presenceof teeth

from both dentariesof the sameindividual, extracted from the matrix at a similar time, is also

evidence for complete animals initially living in, or being carried into, the fissure. Individual 2 is a

more distinctive morphology within the hypodigm, with very evident triangulation, less lingually

positioned paraconid, deepcingulid and prominent cusp e.

A rangeof other lower molars is figured to illustrate the variation (Fig. 3.15). There is the

expected range in triangulation relating to position along the molar row, but, also, a wide range in

size (Fig. 3.15 d, t), which could be partly due to sexual dimorphism. The stylar cuspule size is

generally consistent and the cuspulesare well developed.The hypoconulid is usually only smaller

in the more linear molars (Fig. 3.15 a, g), which may be related to the position of the interlock.

There is variation in root separation.

Mention should be madehereof the lower molar figured by Parrington (1971) which hasa

complete buccal cingulid. This has led to Kuehneotherium being noted ashaving an "occasional

complete cinguJid" (Kielan-Jaworowska et al., 2004, p.362). The tooth is Sy4Sand Parrington

notes that it was found at the sametime as Sy44, which is very similar in size and appearanceand

is probably from the samejaw. However, Sy44 doesnot have a buccal cingulid, nor doesany other

lower molar in the British Kuehneotherium collections. Sy44 and Sy4Smay indeedbe from the

samejaw, as Parrington suggests,but I do not think the presenceof the buccal cingulid is

significant. I assumeit occurred due to somesmall anomaly in the developing tissue.The

comparison of this tooth with Duchy 33 is discussedlater in section 7.1.1.
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3.2.5 Isolated Kuehneotherium praecursoris molars from other fissures

There area few isolated Kuehneotheriumpraecursoris molars found in Pant2 (Fig. 2.18e, f). It is

not known whether this is due to faunal mixing, but they areextremely well preservedcompared

to many of the Pantmolars. Many molars in Pant 2 areetched but the Kuehneotherium

praecursoris molars arepristine. It is possible, however, that someheavily etchedKuehneotherium

praecursoris teeth may not have beenrecognised in the sample.The Kuehneotheriumpraecursoris

lower molars were initially differentiated from the Kuehneotherium B teeth in Pontalun 2 by their

general appearance.This was done by viewing lingual imagesof the lower molars in an image

library software programme.The characterdatabasewas then searchedfor teeth with the type of

interlock that is diagnostic of Kuehneotheriumpraecursoris. There was a complete match, which

helps to confirm the suite of characters,including the diagnostic mesial cingulid cusp details,

which are noted for Kuehneotheriumpraecursoris.

3.3 KUEHNEOTHERIUM PRAECURSORIS NON-MOLARIFORM TEETH

The non-molariform teeth of Kuehneotherium describedhereare from the Pontalun 1fissure. This

was a pocket consisting almost entirely of Kuehneotheriumpraecursoris material, which then gave

a basis for the separationof distinctive premolars of Kuehneotherium from the other four fissures.

There areno jaw specimenscontaining non-molars. Kermack et al. (1968, Fig. 7) have previously

figured five premolariform teeth from Pontalun I. Of theseBMNH 19679(C8S3) is thought to be

an upper molar, and BMNH 19682(C8S9) is probably a canine.

The dentary fragments show that there are six lower premolars; the first four similar in size and

with fused or only partly divided roots, and the next two increasing in size and with divided roots.

There areno maxillary fragments with identified premolar alveoli, so the upper dentition can only

be assumedto be generally similar to the lower in number of teeth and root-form pattern.

There are approximately 150 nonmolariform teeth in this sample,of which four are thought to be

from Morganucodon. The lower premolars of Kuehneotherium and Morganucodon are generally

distinct. Those of Morganucodon have a longer crown with one large distal cuspule. The two

distal cuspulesof Kuehneotherium are distinct, and the crown is relatively shorter. Three lower,

and one upper premolars of Morganucodon have beenisolated from the Pontalun 1 fissure on the

basisof the size of the accessorycuspules.This is a similar proportion to the five Morganucodon

molars found in the sample.As in Morganucodon, the premolars may be divided into uppersand

lowers on the greatercrown symmetry of the former. Comparing the lower premolars with
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Morganucodon, those of Kuehneotherium have a taller crown relative to width, a more curved

distal blade, a lesssloping mesial blade andsmaller accessorycusps.

The number of incisors in the dental formula is unknown. The contemporaneousMorganucodon

had at least four incisors upper and lower (Mills, 1971), andKuehneotherium hasan elongatejaw,

with a large number of postcanines,so probably had at least four incisors upper and lower.

Separatingupper and lower caninesand premolars hasbeendone with someconfidence, but this

hasnot beenpossible with the incisors. The isolated lower premolars can be assignedto a probable

position in thejaw basedon the evidence from the dentary alveoli, but this is only possible for the

largest and smallest of the upper premolars.

3.3.1 Incisors

The individual incisors cannot be assignedto definite loci but they obviously reflect the curvature

of the jaws. The original position in thejaws is suggestedby the form of the crown and symmetry

of the roots. The mesial incisors are spoon-shapedwith narrow cylindrical roots. The distal

incisors are tentatively separatedfrom the mesial premolars on the basisof the lack of accessory

cuspulesand cingulid. In the lower jaw both the lower ultimate incisor and first premolar have

figure-of-eight cross-sectionroots. A wider ultimate incisor alveolus was indicated in BMNH

19769(now broken, but figured in Kermack et al. 1968,Fig. 8), but this jaw hasatypical premolar

alveoli, someshowing resorption (Fig. 5.11).

Six incisor morphs are describedto representthe rangeof variation seen,but they do not

necessarilyrepresentdifferent loci, asthis cannot be determined. It is not known if there is any

size difference in the teeth along the incisor row.

Incisor morph 1

BMNH 19733(Fig. 3.16 a) hasa wide spoon-shapedcrown, with a central ridge lingually. The

root is long and curved (now broken), with a distinct neck, and in life the tooth was presumably

rather procumbent.The tip is lightly worn. The shapeof the tooth and flat mesial face suggestthat

it may be a first incisor.

BMNH 24995 is also thought to be a first incisor, with a similar flattened mesial edge.The root is

broken so it is not known whether it was curved, as in BMNH 19733.The lingual face is worn,
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and there is a facet running buccally from the tip which appearsto havebeen formed by at least

sometooth/tooth contact. No thegotic striae can be seen,but the tooth is very small and coated for

preservation.This facet suggeststhat the tooth is from a dentary as it is unlikely that the lower

incisors would protrude beyond the uppers.There is a distal inter-dental facet, but no mesial facet

in either this tooth or BMNH 19733.If the identification is correct, this suggeststhat adjacent first

incisors were not in contact; certainly the symphysis is not fused.

Incisor morph 2

BMNH 19692(Fig. 3.16 b) also hasa long single root, but it is straighter and more circular in

cross-section.The crown hasa squarerend than incisor morph 1, and the central lingual ridge is

more pronounced.The root is long and lessoval than in the above teeth,and there is light wear at

the tip. It is possible that this is a first upper incisor.

Incisor morph 3

BMNH 19713(Fig. 3.16 c) hasdevelopeda mesial blade and the apex is more lingual. The ridge

running down the concave lingual face leadsinto the distal edgeof the root, and there is some

attrition of the tip of the crown. The root is single, but oval in cross-section.The asymmetry of the

tooth in a mesio-distal plane suggeststhat it was situated in the mid incisor row.

Incisor morph 4

BMNH 24994 (Fig. 3.16 d) hasonly slight asymmetry of the crown. The roots are double,

although fused, suggestingthat it is an ultimate incisor. The crown generally resemblesa simple

lower premolar with a bucco-lingually flattened crown and gently concavedistal blade.

Incisor morph 5

BMNH 19707(Fig. 3.16 e) hasa very similar crown but the roots are flattened and splayed out.

This is not due to post-mortem damageand can be seenin a few other examples,although less

extreme.

Incisor morph 6

BMNH 19707(Fig. 3.16 f) hasdouble fused roots like incisor morph 4 but the crown apex is

narrower and more pointed.
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3.3.2 Canines

There arethree large, typically caniniform teeth, assumedto be upper canines.All are broken but

BMNH 19687 is the most complete (Fig. 3.16 g). The tooth is long and robust and curves

mesially, and there is a distal crest. A single very long root, oval in crosssection, expandsnear the

apex and hasan openpulp cavity. Only the extreme tip ofBMNH 19687is worn, but BMNH

24997 shows severewear. This hasremoved much of the lingual, and slightly mesial, face to leave

a flat surfacewith distinct boundariesand grooves running the length of the face. A facet of this

size would have beenformed by tooth/tooth contact with the lower canine and not with the small

mesial premolars.

Three teeth are figured (Fig. 3.16 h - j) which are assumedto be lower canines.They are smaller

and lesselongatethan the upper canine and the roots are double, but fused with a median groove

betweenthem. The roots may be separateat the apical end, e.g. BMNH 19622.One of theseteeth,

BMNH 19682,(Fig. 3.16j) was figured by Kennack et al. (1968, figure 7) asa possible

premolarifonn tooth, but Isuggestthat it may be a lower canine.

Dimorphism of the upper canine sometimesoccurs in Morganucodon (Parrington, 1971, figure

6g), where a definite upper canine resemblesa large lower premolar, with a small hooked distal

cuspule. There is no clear evidence whether this is ever the casein Kuehneotherium, but BMNH

19625(Fig. 3.16 k) is a possible candidate,as it hasa tall and rather pointed crown and a distal

cuspule.

3.3.3 Premolars

The premolars fall into two broad categorieson the basisof the shapeof the main cusp and the

development of the accessorycuspules.Thesetwo groups are taken to be upper and lower

premolars, initially basedon comparisonswith contemporary mammals such asMorganucodon.

The teeth taken to be upper molars arealso lower crowned, have greaterdevelopment of a stylar

shelf and wider root separation,which areall featuresfound more in the upper molars than the

lower molars. At leastthree mesial lower premolars areknown to have fused or incompletely

divided roots, and small premolars with fused roots arealmost all found in the group assignedto

the lower molars.

The wear spreadsdown from the tip on the more concaveface in both the uppersand lowers,

suggestingthat this is the lingual face in the uppersand the buccal face in the lowers. This does
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not seemto fit with the assumedorientation basedon similarity to the molars, but the wear

patternsare very consistent.Becauseof this, concaveand convex face will be usedfor the

description.

3.3.4 Upperpremolars

The upper premolars have a low-crowned, symmetrical main cusp, approximating an equilateral

triangle in lateral view. There is a pronouncedcuspule,which is assumedto be mesial. There is a

narrow cingulum on the concave face, but only a short mesial salient on the other. The cingulum is

more developed in the larger premolarswith divided roots, which are taken to be the most

posterior in position. There are mesial and distal stylar cuspulesand the distal one is particularly

well developed. The roots are well separated,except for a short distanceabove the crown. The

distal root is straight andslightly divergent, but the mesial root is bowed. There area few

exceptionsof tiny teeth with short joined roots, but it is possible that someat leastare deciduous

teeth. Uppers crowns aregenerally consistent in shape,although the large ultimate one is a little

higher crowned. The roots aredivided and divergent in all but smallest examples.

BMNH 19634(Fig. 3.17 a) is typical of four, large, presumably final premolars; all of a similar

size.The large main cusp is almost symmetrical (about a bucco-Iingual plane) with primary

hollowing of the distal blade. There is a weak, slightly crenulate lingual cingulum with short

buccal salients.The roots are sub-parallel with a web to approximately half their length and,

although fairly short, they appearunbroken.The apicesare open so the roots may have continued

to grow, and light wear is also in accordancewith this tooth being from a young animal.

Two smaller and rather lower-crowned examplesare BMNH 19679(Fig. 3.17 b) and BMNH

19638(Fig. 3.17 c). They areassumedto be probably P4 or P5. BMNH 19679 is figured in

Kermack et al. (1968, figure 7) as a premolariform tooth resembling Eozostrodonparvus

Parrington.

BMNH 19643 and BMNH 19624(Fig. 3.17 d, e) arevery small and have incompletely divided

roots. It is assumedthat they are from a mesial position in the upper premolar row.

BMNH 19652(Fig. 3.17 t) is figured to show the severewear which hasremoved the distal

accessorycusp and a portion of the main cusp. It seemslikely that this was causedby the tall, final

lower premolar. If so, this is presumablya penultimate upper premolar, as it is also quite large. All
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the other upper premolars in the sampleshow only light wear. There also appearsto be resorption

of the roots and this is not unexpectedin such a heavily worn tooth.

3.3.5 Lower premolars

The lower premolars have a taller main cusp with a curved mesial edge,which is quite scimitar-

like in the more posterior premolars. There is lingual hollowing of both blades,and a distal

accessorycuspule in the larger, presumably more posterior, teeth.There is no cingulid, only short

lingual salients,but there are stylar cuspsdevelopedmesially anddistally. The mesial cuspule is

very small and may be absentin someteeth, particularly those thought to be the more anterior

teeth. In the larger, posterior lower premolars, the two distal cuspulesare hooked and very

distinctive. They are offset, with the upper accessorycuspule on the blade and the stylar cuspule

below it and rather more lingually situated.The cuspuJesdo not havesharp bladesand so may

have functioned to protect the gingival margin. The stylar cuspulesare not at the samelevel and

the mesial one is higher. Wear is light in most of thesespecimensand is seenon the tips of the

main cuspsand upper portions of the blades.The crown apex is assumedto point distally but this

is also confirmed by the roots. In the dentariesthe mesial alveolus ofp6 is circular in cross-section

and the distal one is oval.

It is difficult to be certain how much of the variation is due to position and how much is

individual. Large size can be usedto identify some ultimate premolars. There are lower premolars

with two distal cuspuleswhich aretoo small to be from pS or p6. They also have lessdivided roots

and are assumedto be p4. Mesial premolarsappearto be poorly represented,although it is difficult

to distinguish them from the distal incisors in lesscomplete examples.This lack may be because

they have been lost during transportation or shedby resorption.

Distal premolarswith fully divided roots

BMNH 19678,(Fig. 3.18 a) is one of the largest premolars in the samplewith an almost perfect

crown, and is assumedto be p6. It was figured by Kermack et al. (1968, figure 7). The main cusp

is tall and compressedbucco-Iingually, the buccal face being the more rounded.There is a

relatively large mesial accessorycusp, from the tip of which a short cingulid passeslingually, and

the two distal cuspulesare very distinct and unusually hook-shaped.The roots diverge from just

below the crown and the only wear is rounding of the tip of the main cusp and scratching of the

enamel mesially. BMNH 19678 is compatible in size with the ultimate alveoli of the large dentary

from Pontalun 3, U73.
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There is no obvious candidatefor a penultimate premolar with fully divided roots but less

developedcuspulesor lower crown. Either there is no difference in the two distal premolars,

except size, or the differences areobscuredby individual variation. BMNH 19675(Fig. 3.ISb) is

smaller, but otherwise very similar to BMNH 19678.It may be an ultimate premolar from a

smaller individual or a penultimate premolar. It hasdivided roots and a tall crown with two well

developeddistal cuspules.It does,however, lack a mesial stylar cuspule.The distal blade is

unusual in forming a notch near the base.The cuspule below is hooked but hasno blade, so there

seemsno advantagein the notch, and it is assumedto bejust an individual variation.

Premolars with lower crowns and lessdivided roots

BMNH 19651(Fig. 3.ISc) hasa relatively broader, lessacutely angled main cusp,and a longer

bony web betweenthe roots. It is smaller and is tentatively identified as p4. The lower distal

cuspule is lessconspicuously hooked and is more of an extension of the cingulid, but the upper

cuspule is well developed.A narrow cingulid is presentalong much of the concaveface, with a

short mesio-buccal salient. The roots are tapering and both curve rather mesially near the apices.

The upper part of the distal blade is worn.

Small premolars with partially divided roots

BMNH 19661(Fig. 3.18d) is similar to BMNH 19681,describedabove, but is smaller and with

lessdivided roots, although the two distal cuspulesare still prominent. It is not known whether it is

a small p4 or from a more mesial position.

Small premolars with undivided roots

BMNH 19637(Fig. 3.ISe) hasa single, well developed,distal cuspuleand the roots are undivided.

It is assumedto representone of the three mesial lower premolars, but it is also possible that they

are ultimate lower incisors. There are also small teeth with a single distal cuspule and partially

divided roots, and someof theseshow resorption (Figs. 3.18f and 5.12). It is not clear, therefore,

whether the root division changesalong the premolar row or is an individual variation.

Individual variation in cuspule development

The separationbetweenthe distal cuspules is variable, e.g. BMNH 19680(Fig. 3.18 g) hasa tall,

rather hooked, main cusp and a distal cuspulewith apparently only a cingular prominence below

it. The lower stylar cuspule is abradedbut was still not very individually prominent. The roots of

BMNH 19680areseparateso the tooth could be pSor p6. It is not assumedthat this is the form of
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p5, with reduceddistal cuspules,assome more mesial teeth havewell developedones.BMNH

19635(Fig. 3.18 h), possibly p4, also hasvery closely positioned distal cuspules.The possibility

that BMNH 19680could beMorganucodon was also considered,but the distal cuspule is too

small and the crown too short mesiodistally.

3.3.6 Other fissuresamples

Five lower and one upper premolar of Kuehneotherium have beenisolated in Pontalun 3.

Parrington (1973, Fig. 2) has illustrated one of these.The lower teeth are similar to those from

Pontalun 1 and the single upper premolar is comparableto BMNH 19634from Pontalun 1,except

that the lingual cingulum, although crenulate, is incomplete. However, this appearsto be variable

in the Pontalun I upper molars too. A few Kuehneotherium premolars have beenfound from Pant

2 and they tend to have weaker accessorycuspuledevelopment. In contrast, in Pant4 the

accessorycuspulesare larger and more widely separated,making them more difficult to separate

from Morganucodon if they areetchedor rolled.

3.3.7 Summaryof non-molars

Incisors can be identified, illustrating the changeof angle around the front of the jaw. However,

representativeupper and lower specific incisors cannot be identified. The upper and lower canine

aredistinctive andare identified with more confidence, but it is not known whether dimorphism is

ever present in Kuehneotherium. In the lower premolar dentition there is an increasein size, distal

accessorycuspule development and root separationtowards the posterior of thejaw. The first three

premolars are thought to be similar, with incompletely divided or fused roots. Many of the

premolars have two vertically arranged,distal cuspules,both usually more pronounced in the distal

premolars. The upper premolarsare lower crowned and appearto havemore divergent roots,

although few definitive mesial premolars are known.

3.4 KUEHNEOTHERIUM B

Kuehneotherium B is consideredto be the samegenusasKuehneotheriumpraecursoris, but a

different species.The designation is basedon only the molar teeth, asthe jaws do not appearto

differ from those of Kuehneotheriumpraecursoris, although more complete material may reveal

differences.

Locality - Predominantly Pant 2 fissure, with a few isolated molars in the Pontalun 3 fissure.
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KuehneotheriumB molar row reconstruction(Figs.3.19,3.20)

Upper molars: MI, BMNH 20834; M2, BMNH 20778; M3, BMNH 20816; M4, BMNH 20804;

MS, BMNH 20851; M6, BMNH 20765.

Lower molars: ml, BMNH 21011; m2, BMNH 21025; m3, BMNH 20878; m4, BMNH 21111;

mS, BMNH 21055; m6, BMNH 20959

Diagnosis- Differs from Kuehneotheriumpraecursoris andKuehneotherium C in smaller size and

smaller stylar cusps.The crown is more symmetrical and also usually shorter mesiodistally.

Lower molars: Differ from Kuehneotheriumpraecursoris by valleys betweenthe trigonid cuspson

the lingual face being more vertical; separationof metaconid and paraconid from protoconid being

at similar height; cusp e being smaller and subequalin size to cusp f with no cingulid between

them. This gives a more abutting, rather than imbricating, interlock; buccal salientsabsent; lingual

cingulid more cuspidatewith sharpercentral peak. Differ from Kuehneotherium C in smaller cusp

e; buccal salientsabsent; lingual cingulid with sharpcentral peakand no stylar cuspule near

metaconid.

Upper molars: Differs from Kuehneotheriumpraecursoris in having weak or absentcentral lingual

cingulum; buccal cingulum more cuspidatewith development of small stylar cuspulesto either

side of paracone;buccal cingulum more horizontal with lessdevelopmentof a bowed distobuccal

cingulum rising to the metastyle. Differs from Kuehneotherium C in more widely separatedroots;

continuous buccal cingulum with no central gap; greater development of buccal stylar cuspules.

3.4.1KuehneotheriumB molars

There are six molars in both the upper and lower jaws. The molar row resemblesthat of

Kuehneotheriumpraecursoris, with an increasein the triangulation of the teeth towards the back

of the jaw. The first and ultimate molars are smaller. The tallest molars are mid-row, asthe mesial

molars are lower crowned and the distal onesare slightly smaller. The final lower molar is not

significantly reducedbut the final upper molar hasdistinctive joined and twisted roots.

The Kuehneotherium B hypodigm is homogeneouswith a continuous size variation.

Kuehneotherium B molars are generally smaller and more symmetrical than those of

Kuehneotheriumpraecursoris andKuehneotherium C. They also differ in stylar cusp

development. Kuehneotherium B molars differ more from Kuehneotheriumpraecursoris than they

do from Kuehneotherium C. A diagnostic featureof the lower molars is the type of development of

the cingulid at the mesial interlock. In the upper molars the lingual cingulum is weaker in

Kuehneotherium B and often dies out in the central portion. A more generaldifference is in the
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mannerof the triangulation of the main cusps,although this is easierto distinguish in the lower

molars then the uppers.The paraconid, and to a lesserextent the metaconid, are less lingually

projecting than in Kuehneotheriumpraecursoris, giving a more vertical valley down the lingual

protoconid face where the cuspsseparate.

In the lower molars of Kuehneotherium B, the lingual cingulid is narrow and hasa crimped edge.

Centrally, it rises to a sharppeak rather than a smooth curve. There are no distinctive lingual

cuspules,just a generalcrenulation. Cusp e is small and separatedfrom cusp f without any

intervening cingulid. Cusp fis similar in size or slightly smaller than cusp e. Neither cusp projects

mesially, giving a squared-off appearancein occlusal view. The hypoconulid is distinct but not

very large and there areno buccal salients.The groovesbetweenthe cuspson the lingual face are

vertical and more well defined than in Kuehneotherium C. The roots are similar along the molar

row and separatedby a short web, then gently diverging, and seento be bowed in the more

complete examples. In the first two molars the roots aremore widely separated.

In the upper molars of Kuehneotherium B, the paraconeis generally taller and more symmetrical

than in Kuehneotheriumpraecursoris. The buccal paraconeface is curved, with hollow ground

bladesbut no distinct notch betweenthe blades.Kuehneotherium B hasa smaller, lessdistally

extending, metastyle than Kuehneotheriumpraecursor is andKuehneotherium C. In somecasesit

is similar in size to the nearby buccal stylar cuspule.The buccal cingulum is continuous and has

small but consistent stylar cuspulesdevelopedon either side of the paracone.It is horizontal and

distinctive in the lack of a central tuck in the buccal cingulum related to the triangulation.

Kuehneotherium B tendsto havea weak lingual cingulum, especially centrally, but with a gap

lingual to the metacone.Like the lower molars the roots areconsistent along the molar row, with

the exception of the ultimate molar. They arebowed and separatedby a short web, although some

may be more parallel. All the upper molars have a circular mesial root cross-sectionand an

elongatedistal one. The ultimate molar hasdistinctive roots, with the distal one twisted and

compressedagainst the mesial root.

Reconstruction of the molar row

Representativemolars aredescribedfor eachlocus of the molar rows and the individual teeth are

described in detail. The teeth are taken from the Pant2 sample,which is almost all

Kuehneotherium B. Many teeth in Pant2 areetched,although not as severely as in Pant 5, so less

damagedrepresentativemolars have beenselected.This may have led to some bias in the selection
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of the teeth for the molar row. There is no suggestionthat any of theseteeth are from the same

individual. With the exception of a few distinctive atypical molars it hasnot beenpossible to

identify molars from the sameindividual. This is partly becauseof the homogeneity of the sample

and the lack of distinctive preservational differences. Due to individual variation it is impossible to

be completely certain of the position of the molars chosenbut it is consideredto be reliable to plus

or minus one locus.

The molars were first selectedby eye and then checkedfor consistencyof measurementsalong the

tooth rows. Theseare recorded in Table 3.2, and generally support the identifications. The angle of

the trigonlid becomesmore acutetowards the back of thejaw, with a concomitant increasein

relative width (L/W). Also, in the lower molars, as the tooth becomesmore acutely angled the

protoconid becomesrelatively narrower (height measuredfrom the neck/protoconid width between

the points of separationof the metaconid andthe paraconid). In the lower molar row there is a

marked changein triangulation betweenthe secondand third molars, and this is confirmed in the

dentary alveolar pattern. In the upper molars this increaseseemsto occur betweenboth M I-2 and

M2-3. As MI presumablyoccluded behind ml, this would seemto show a corresponding degree

of increasing triangulation in the upper and lower jaws. There is a little inconsistency in the lower

molars, asthe fourth lower molar, BMNH 21111, is unusually narrow and so hasa higher L/W and

protoconid height/width ratio than would be expected.It was included becauseit proved difficult

to find anotherwell-preserved tooth, including the roots, of a similar size.

3.4.2 Lower molars

First molar (BMNH 21011)

This is a beautifully preservedtooth with complete roots. The crown is elongateand fairly low

crowned. The mesial anddistal stylar cuspsaresmall, and there are no buccal salients.The roots

are gently bowed and separatedby a short bony web, and they taper near the ends.The lack of

secondarydentine deposits suggeststhat the tooth was recently erupted. There is very unusual

wear on the metaconid and hypoconulid. The metaconid might be assumedto be broken but the

edge lines up with a facet on the hypoconulid. The wear is slightly lingual in both casesso perhaps

was due to slight malocclusion asthe tooth was erupting. There is also slight wear of the distal

protoconid blade.
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Second molar (BMNH 21025)

The secondmolar is also elongate but wider buccolingually and slightly more triangulated than the

first molar. The tooth is higher crowned but the protoconid is still wide and slopessmoothly down

to the lingual cingulid. The grooves betweenthe trigonid cuspson the lingual face are vertical. The

metaconid and paraconid separatefrom the protoconid at approximately the samelevel. The

lingual cingulid is a bow-shapedshelf with a central peak and evencrenulations. The roots are

widely separatedbut would normally be a little lessso than the first molar in anyone individual.

There is a degreeof individual variation. In apical view, the roots show someslight triangulation.

The tips of the cuspsare broken but there is no sign of wear. There is a small areaof etching

damagelingually, in the groove betweenthe protoconid and the paraconid.

Third molar (BMNH 20878)

The third molar is noticeably more triangulated than the secondmolar. This tooth and the

following one are from rather smaller individuals than the rest of the lower molar row. The

cingulid is narrow but appearsmore so due to slight etching damage.The roots are lesswidely

separatedand the bony web is longer than in the more mesial molars. There aredistinct wear

facetsmesiobuccally and distobuccally and wear is also quite heavy on the tip and the upper

portion of the distal blade of the protoconid. There is a definite distal inter-dental facet but the

mesial one is lessclear.

Fourth molar (BMNH 21111)

This molar is very similar in form to the third molar except for the increasein triangulation.

The cingulid is wider, and more crenulate, than on the other teeth, illustrating the rangeof

individual variation. The roots are similar to those of the previous molar but aremore complete.

The apicesare open with a little secondarydentine deposition. The only wear is a small amount on

the distal metaconid blade. The metaconid and stylar cusp tips aredamagedwith raggededges,

and this looks like etching. Buccally there is a limited crushedarea,with associatedenamel

etching, which could be due to predation.

Fifth molar (BMNH 210557)

This is a perfect crown with no wear or etching. The enamel is shiny and the pulp cavity is very

large, so the tooth may havebeen incompletely eruptedand initially protected from damageby the

jaw. The roots areshort, with open canals,but their complete length is not known. It is a relatively

wider tooth than many in the sample.The protoconid is tall, and the groovesbetweenthe trigonid
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cuspsare vertical and more distinct than in the mesial molars. The cingulid is narrow and only

weakly crenulate.

Sixth molar (BMNH 20959)

This tooth is very similar to the preceding molar except smaller. It is identified asan ultimate

molar on the basis of the triangulation and its small size.The crown is complete except for a little

abrasionof the cusp tips and the distal root is broken away. Unfortunately there is no wear and

there are no inter-dental facetsto corroborate the identification, but a reasonablywell preserved

example with interdental facets could not be found. There is a patch of enamel etching at the base

of the buccal protoconid as is seenin many Pant 5 teeth.

3.4.3Upper molars

Although there is little supportive evidence from maxillary material for the form of the upper

molar row, the teeth selectedfit with the pattern seenin the lower jaw andalso with evidence from

the quantitative analysis.

First molar (BMNH 20834)

The first upper right molar is narrow and elongate. It is therefore possiblethat this, and several

similar teeth, are deciduous premolars, although I consider it more likely that they are first molars

(seesection on deciduouspremolars). The tooth is low-crowned comparedto others in the molar

row, but not comparedto deciduous premolars. The buccal cingulum is horizontal and crenulate,

with small cuspuleseither side of the paracone.It is similar to that seenin the rest of the tooth row,

except for being narrower distobuccally, related to the lesstriangulated form. The cingulum is

poorly developed lingually, and consistsofa short mesiolingual shelf and a distolingual cuspule.

The roots appearto be almost complete and are separate,with a short bony web. The distal root in

particular is tapering and the apices areelongate in apical cross-section.There is very light wear

distolingually, affecting the paraconeblade and metacone.There is also mesiolingual wear at the

cingulum level, but it is not a well defined facet. There are no inter-dental facets.

Secondmolar (BMNH 20778)

In comparison with the preceding tooth, this one is wider and noticeably more triangulated. The

cingulum is stronger, but it is still very faint lingually in the central portion. The roots are also less

tapering and more robust, although they are still divergent and separatedby a short bony web.

There is somesecondarydentine deposition but the root canalsarestill open. There is wear of the
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tip and distal blade of the paracone,but none of the mesial blade. There are clear concave facetson

the lingual face of the stylocone and metacone,extending well onto the cingulum. However,

although the edgesare distinct, the surface is very irregular. There aremesial and distal inter-

dental facets.A section of the stylocone is missing from the tip on the buccal face, but whether it

was flaked off during life or is post mortem damageis not clear. There is also minor etching

damageto the tip of the metacone.

Third molar (BMNH 20816)

The third molar is noticeably more triangular than the second.However, the mid-row molars

which follow are more similar and the increasesin triangulation and width are more subtle. The

buccal cingulum is horizontal and the metastyle appearsto have beensmall but is damaged.The

mesial root is broken away, but can be seento have beenseparatedfrom the distal root by a short

bony web. The apicesare open as in the previous tooth. There is a narrow but fairly deep facet

mesiolingually, and lessdefined wear distolingually on the metaconetip and near the cingulum.

However, there is surprisingly light wear of the paraconetip and blades.There is etching mesially

and distally which appearsto representthe position of the inter-dental facets.

Fourth molar (BMNH 20804)

The paraconeis slightly lesssymmetrical in this molar and is angled more to the distal, but this

seemsto be an individual variation. The roots are also a little closer together in this tooth than in

the other tooth row examples.The cingulum is similar to the other teeth except that the metastyle

is smaller than usual, and so the stylar cuspule buccal to it is similar in size. The lingual cingulum

is poorly developed, especially lingual to the paraconeand metacone,but the parastyle is distinct.

The inner surfaceof the mesial root is flattened giving a D-shapedcross-section,but the distal root

is quite compressedmesiodistally. This pattern is seenin all the distal teeth, particularly M6. There

is very little wear on the tooth and only the upper portion of the distal blade of the paraconeis

affected. The tips of the stylocone and metaconearemissing, presumably from post mortem

damage.

Fifth molar (BMNH 20851)

This molar hasa well developed, rather cuspidatecingulum, but it is still narrow lingual to the

paracone.The distal root is broken but can be seento have beenvery separatefrom the mesial

root, with a short web betweenthem. Lingually there is some wear of the stylocone, but the wear

is much heavier distally with a distinct facet on the lingual metacone.As in the third molar though,
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there is little wear of the paraconeblades.There are small but distinct mesial and distal inter-

dental facets.The tips of the stylocone and metaconeare worn or damaged,and there is isolated

etching lingually, along the division betweenthe stylocone and paracone.

Sixth molar (BMNH 20765)

This tooth is much smaller and hasdistinctive roots, which arejoined for much of their length. The

distal root leansmesially and is also rather twisted and compressed,presumably due to space

constraints in this portion of the maxilla. The mesial root is long and tapersabruptly near the apex,

but the distal root is broken at about half its length. The apicesareopen. The tooth is reduced

distally, as is seenin the Kuehneotherium C tooth row, so that the stylocone appearsrelatively

larger. There is some indentation, but no tuck or dislocation, of the buccal cingulum for the

triangulation. The cingulum is typical of the Kuehneotherium B upper molars, with the two buccal

stylar cuspulesbut poorly developed lingually. The wear is more concentratedon the tips rather

than near the cingulum and also is heavier mesially rather than distally. This is to beexpectedon a

small ultimate upper molar, occluding only mesially with a small lower molar. There is a distinct

mesial inter-dental facet, rather higher and more lingual than usual, presumably from a larger

preceding tooth. There is no distal inter-dental facet or any etching damagehere.

3.4.4 Comparing Kuehneotherium praecursoris and Kuehneotherium B lower molars

There is a small but consistentdifference in the lower molars in the form of the interlock. This is

illustrated in two teeth from Pontalun 3. Sy 59 (Fig. 3.21) is Kuehneotheriumpraecursoris, and is

the tooth chosenasa representativefirst molar in the lower molar row. Sy 64 (Fig. 3.22) is one of

a small number of Kuehneotherium B molars present in the Pontalun 3 sample. It is very similar in

size, triangulation and preservation to Sy 59 so an excellent comparison. It is also thought to be a

first molar. The details of the intelock can be seenin mesial (c) and occlusal (e) view in each

figure. In Kuehneotheriumpraecursoris (Sy59), cusp e is larger than cusp f, with a cingulid

betweenthem and buccal salient. It is as if the cingulid continued onto the buccal face and two

unequal cuspulesdevelopedon it. In Kuehneotherium B (Sy 64), the cingulid appearsto end at

cusp e and then cusp f is an isolated cuspule, subequal in size. The different interlocks, abutting or

imbricating, can be seenin the occlusal views.

The lack of buccal salientsand subequalcuspse and f are diagnostic of Kuehneotherium B. Sy 59

and Sy 64 also illustrate the difference in the form of the lingual protoconid. The grooves

separatingthe cuspson the lingual face slope in towards one another whereasthey are more
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vertical in Sy 64. Sy 64 is assignedto Kuehneotherium B, rather than Kuehneotherium C, on the

basisof size, developmentof the lingual groovesseparatingthe cuspsand narrow lingual cingulid

with a sharpcentral rise. Comparison with Sy 135,a large Kuehneotherium C in the sample, shows

the difference (Fig. 2.18c).

3.4.5 Variation in Kuehneotherium B upper molars

The upper molars are usedto representthe rangeof variation (Fig. 3.23). The Kuehneotherium B

hypodigm is generally homogeneousbut there is expected individual variation in tooth

morphology, especially details of the cingulum. There is quite a range in size, as is seenin all

thesetaxa, which could be partly due to sexualdimorphism. There is also variation in root

separation,but this seemsto be a feature of thesekuehneotheriid populations. There are a few

uppermolars with complete parallel roots which show the end of the distal root curving outwards.

Presumablythis was similarly the casefor the mesial root, and servedto anchor the tooth in the

jaw. The roots in Kuehneotherium are usually bowed, in order to anchor the tooth, but this is an

alternative method if the roots are parallel. The taurodont roots in the Morganucodon molars serve

a similar purpose.

3.4.6 Kuehneotherlum B molars from other fissures

There are a few isolatedKuehneotherium B lower molars found in Pontalun 3, but it is not known

whether this is due to faunal mixing (Fig. 2.17 a, b). No examplesoccur in Pontalun 1, but this is

an unusual pocket ofkuehneotheriid material. The Kuehneotherium B teeth in Pontalun 3 are

more polished, but this may not be significant as the sample is very small. The Kuehneotherium B

teeth are differentiated from the Kuehneotherium C teeth in Pontalun 3 on their smaller size and

subequalmesial cingulid cusps.

3.5 KUEHNEOTHERIUM C

Kuehneotherium C is consideredto be the samegenusas Kuehneotheriumpraecursoris, but a

different species.The designation is basedon only the molar teeth, asthe jaws do not appearto

differ from those of Kuehneotheriumpraecursoris, although more complete material may reveal

differences. Of the non-molars, only the final premolars have beenseparatedin the Pant 5 sample

and theseare not distinct here at the specieslevel.

Locality - predominantly the Pant 5 fissure in Pantquarry, with a few isolated molars in the Pant

2, Pant4 and Pontalun 3 fissures.
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Kuehneotherium C molar row reconstruction (Figs. 3.24, 3.25)

Upper molars: MI, BMNH 45182; M2, BMNH 45200; M3, BMNH 45205; M4, BMNH 45216;

M5, BMNH 45220; M6, BMNH 45192.

Lower molars: ml, BMNH 45083; m2, BMNH 45078; m3, BMNH 45079; m4, BMNH 45081;

mS, BMNH 45107; m6, BMNH 45082

Diagnosis - Lower molars: Differ from Kuehneotheriumpraecursoris by lack of any cingulid

betweencuspse and f; lessdistinct valleys betweenthe trigonid cuspson the lingual protoconid,

except near the top, and valleys more vertical and widely separated;buccal salientsnot

consistantly present;cingulid more crenulate,and may be roundedand cuspidate.Differ from

Kuehneotherium B in being larger and relatively longer mesiodistally; valleys betweenthe trigonid

cuspson the lingual protoconid usually more convergent,although lessthan in Kuehneotherium

praecursoris; larger stylar cusps;buccal salientsmay be present; lingual cingulid with gentle bow

shape,not sharpcentral peak.

Upper molars: Differ from Kuehneotheriumpraecursoris in more complete lingual cingulum

distally but occasionalcentral gap. Differ from Kuehneotherium B in being larger and longer

mesiodistally; larger metastyle; lesscomplete cingulum distolingually; more frequent central gap

in buccal cingulum and developmentof cuspulejust mesial to this.

3.5.1 Kuehneotherium C molars

There are six molars in both the upper and lower jaws and the molar row resemblesthat of

Kuehneotheriumpraecursoris, with an increasein triangulation of the teeth towards the back of

thejaw. The tallest molars aremid-row, asthe mesial molars are lower crowned and the distal

onesare slightly smaller. The final lower molar is not sigificantly reducedand the final upper

molar is only narrower distally. The Kuehneotherium C hypodigm is generally homogeneouswith

a continuous size variation. There is somevariation in stylar development and, although a narrow

crenulateshelf in most molars, it is occasionally wider, more rounded and cuspidate.

Individual Kuehneotherium C molars are similar to those of Kuehneotheriumpraecursoris in size

and stylar cusp development.although salientsare not always presentin Kuehneotherium C. There

is a difference in the mannerof the triangulation of the main cusps,although this is easier to

distinguish in the lower molars then the uppers.The paraconid, and to a lesserextent the

metaconid, are less lingually projecting than in Kuehneotheriumpraecursoris, giving a more

vertical valley down the lingual protoconid face where the cuspsseparate.A diagnostic feature of

the lower molars is the developmentof the cingulid at the mesial interlock. In Kuehneotherium
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praecursoris the cingulid continues for a short distancebuccally, with the development of the two

mesial stylar cusps,e and the smaller f.

The upper molars have a well developedmetastyle, like Kuehneotheriumpraecursoris, and larger

than that of Kuehneotherium B. There aredifferences in the position of gapsin the cingulum in

Kuehneotheriumpraecursoris, Kuehneotherium Band Kuehneotherium C, asstated in the

diagnosis. In Kuehneotherium C the cingulum tendsto be complete, except for an occasional

central gap lingually. It is fairly narrow until the teeth becomemarkedly triangulated, when the

buccal cingulum is tucked in the centre and then bulges distally.

Reconstruction of the molar row

Individual teeth aredescribed in detail from the molar row reconstruction, including any wear or

damagefrom etching, asthis can modify the shapeof the tooth. The teeth are taken from the Pant

5 sample,as most Kuehneotherium C are found there, but this meansthat the teeth show signsof

etching so somedetail is lost and no teeth havecomplete roots. Although the few Kuehneotherium

C molars from other fissure samplesare lessdamaged,the molar row is reconstructedfrom one

main sample for consistancy.There is no suggestionthat any of theseteeth are from the same

individual. With the exception of three very large distinctive lower molars it hasnot beenpossible

to identify molars from the sameindividual in Pant5. This may be becausethe etching has

removed distinctive details of the cingulum or becausemany individual teeth havebeendestroyed.

Due to individual variation it is impossible to be completely certain of the position of the molars

chosenbut it is consideredto be reliable to plus or minus one locus.

The molars were first selectedby eye and then checkedfor consistencyof measurementsalong the

tooth rows. Theseare recorded in Table 3.3, and support the identifications. The angle of the

trigonlid becomesmore acute towards the back of thejaw, with a concommitant increasein

relative width (LlW). Also, in the lower molars, asthe tooth becomesmore acutely angled, the

protoconid becomesrelatively narrower (height measuredfrom the neck Iprotoconid width

betweenthe points of separationof the metaconid andthe paraconid). In the lower molar row there

is a marked changein triangulation betweenthe secondand third molars, and this is confirmed in

the dentary alveolar pattern. In the upper molars this increaseseemsto occur betweenboth M 1-2

and M2-3. As Ml presumablyoccluded behind ml etc, this seemsto show a corresponding pattern

in the upper and lower jaws asnoted in the other two Welsh Kuehneotheriumspecies.
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3.5.2 Lower molars

First molar (BMNH 45083)

BMNH 45083 is in relatively good condition but hassuffered someetching asthe enamel surface

is matt and there is minor damageat the gum line. First molars aresmaller than secondmolars but

this one is from a large individual. The tooth is elongateand fairly low-crowned. The height of

separationof the metaconid is notably higher than of the paraconid,as is usual for mesial molars.

The groovesbetweenthe cuspson the lingual face arevertical but only well defined near the top.

The lingual cingulid is bow-shapedand crenulate,with a small stylar cuspuledeveloped lingual to

the metaconid. The mesial and distal stylar cuspsaresmall, particularly cusp f, and there is no sign

of a buccal salient.

The roots are separatedby a short bony web. The distal root is vertical but the mesial root diverges

away from it. The roots arebroken at about half their length but show no sign of significant

tapering. The dital root is flattened on the inner surfacebut the mesial root is more oval. There is

slight triangulation of the roots when viewed apically, as is seenin someother first molars. The

root canalsareopen although somesecondarydentine depositscan be seenand there is only a

small amount of cementumnear the line of the alveolar margin. This is to be expected in a tooth

with only light wear of the protoconid blades.The tips of the metaconid and paraconid are lost but

this is probably postmortem damage.

Second molar (BMNH 45078)

The seondmolar is also elongatebut wider buccolingually and slightly more acute-angledthan the

first molar. The tooth is well-preserved, except for the loss of the roots. The surfaceofthe enamel

is matt from etching but there is no loss of detail. The protoconid is wide and lingually slopes

smoothly down to the cinguJid. Both the metaconidand the paraconidare displaced lingually,

although the metaconid rather more so.The groovesbetweenthe trigonid cuspson the lingual face

are vertical, but again only distinct near the point of separationof the cusps.The metaconid and

paraconid separatefrom the protoconid at approximately the samelevel. The cingulid is a narrow

bow-shapedshelf with evencrenulations. Cuspe is well developedand cusp f is discrete, with no

intermediate cingulid ridge. There areshort buccal salients, taking the form of a narrow cingulid

mesiobuccally and a cuspuledistobuccally on the hypoconulid. Only a small portion of the roots

are preservedbut they show that they were separatedby a bony web, narrower than that seenin the

first molar. This is usual and not just an individual variation. In apical view, the roots show some

slight triangulation but the distal root is still predominantly oval in cross-section.
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There is light wear which is accentuatedby the etching in this case.This may be becausethe worn

enamel is vulnerable but unworn areas,such asthe lingual cingulid, can also be etched. However,

it is often possibleto separatewear from etching damagein Pant5 teeth as the edgesof a wear

facet are smooth. Etching hasa pitting effect on the dentine and the enamelappearspatchy in

oblique light and may flake in rectangular sections,giving a raggedappearance.On this tooth the

enamel is lost in discrete facets on the mesiobuccalhypoconulid, the cuspule buccal to it, andcusp

f. The angle of the facetsareall consistantwith wear from an upper molar. There is slight wear of

the protoconid tip and a small strip on the upper distal protoconid blade. There areno interdental

facets.

Third molar (BMNH 45079)

The third molar is noticeably more triangulated than the secondmolar, a changewhich is reflected

in both the crown and the roots. The metaconid separatesa little higher than the paraconid. The

cingulid is very similar to that of the secondmolar but there are no bucal salients.There is a slight

indentation where the lingual cingulid rises in the centre.The roots are brokenjust below the neck

but were separateand slightly divergent. There is loss of the enamel from the tips of the trigonid

cuspsbut this may be etching and there is no pattern which relatesto wear.

Fourth molar (BMNH 45081)

This right molar is very similar in form to the third molar except for the increasein triangulation.

The tooth is more heavily worn and the details of the mesial stylar cuspsand salients areobscured.

There is a substantialportion ofthe distal root preservedwhich showsthat the roots were joined

for about a third of their length by a narrow bony web. There is slight tapering and bowing of the

root. The root canalsare very infilled, more than is usually seenwith this degreeof wear. The

tooth is lighter in colour than most of the teeth from Pant 5 and, although etched,the enamel is not

grey.

There is a narrow strip of wear on the distal protoconid blade but most of the wear is on the lower

buccal sufaceof the tooth. Distobuccally this forms a smooth broad valley, with the axis plunging

to either end. In the lower portion the dentine is more damagedbut this may be partly due to

etching. Mesiobuccally there is a distinct facet down the valley betweenthe protoconid and

paraconid.The distinct smoothedgeshowsthat the loss of enamel is due to an original wear facet.

It can be comparedwith the etching seenon the lower buccal surfacewith a raggeddentine edge

and enamel flaking off in prismatic sections.The tip of the paraconid is lost and the smooth
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enameledgeand concavedentine surfacesuggeststhat this is from wear. There hasalso been

flaking of the enamel lingually but this is probably postmortem. The mesial interdental facet is

sharpand discrete betweencuspse and f, andthere is also a distal facet on the side of the

hypoconulid.

Fifth molar (BMNH 45107)

The protoconid is tall and narrow, and the groovesbetweenthe trigonid cuspsare vertical and

more distinct than in the mesial molars. The cingulum is narrow, with a small hypoconulid and

cusp e, and no buccal salients.There is mesial and distal interdental wear and also etching,

obliterating cusp f. The roots areparallel andjoined along the buccal edge,but not fused. They are

lessseparatedthan thoseof the other teeth describedherebut this is an individual variation. There

is wear on the protoconid and metaconid, someon the tips but mainly on the distal blades.The

paraconid tip is lost but this may be postmortem damage.

Sixth molar (BMNH 45082)

This is a strongly triangulated molar and, although it hasa broken protoconid and etching damage

to the cingulid, it was chosenbecausethe stylar cuspsand much of the roots are preserved,

identifying it asKuehneotherium C. Small, very triangulated molars of Kuehneotherium C and

kuehneotheriid 0 can be difficult to distinguish if the taller mesial stylar cuspsand fused roots of

the latter arenot preserved.The broken surfacesof the trigonid cuspsare irregular and suggest

postmortem breakage.The roots are similar in size,joined at the top and then then bowed towards

eachother. In apical view the triangulation is very marked. Cingulid etching hasobscuredany

interdental facets so it is impossible to check for the presenceof only a mesial one to corroborate

that this is a final molar. However, the wear is markedly heavier distobuccally than mesiobuccally,

which fits with a smaller final upper molar occluding distally. The distobuccal facet forms a large

wide valley, mainly smooth but with some longitudinal grooves. Its upper edgecan be seenand it

reachesfrom the separationlevel of the metaconid to the gum margin. The mesiobuccal wear is a

small, elongateoval facet running down the lower portion of the valley betweenthe protoconid

and the paraconid. It is similar to that seenon the fourth molar, but smaller.

3.5.3Upper molars

Although there is little supportive evidence from maxillary material for the form of the upper

molar row, the teeth selectedfit with the pattern seenin the lower jaw and also with evidence from

the quantitative analysis.
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First molar (BMNH 45182)

The first upper right molar is surprisingly narrow and elongate. It is therefore posssiblethat this,

and several similar teeth,are deciduouspremolars, although I consider it more likely that they are

first molars. There is very little wear on the teeth,which is possible but unlikely for deciduous

premolars, and the loss of the roots is not unusual in Pant 5 molars. The identifications are

discussedfurther in the sectionon deciduousteeth. The first molar is noticably smaller and lower

crowned than the succeedingmolar, which is also the casein the lower molar row.

The cingulum in BMNH 45182 is narrow andcrenulate but dies out centrally on the buccal and

lingual surfaces.This is a deciduous featurewhen it occurs on the lingual cingulid of the lower

teeth but not in the upper molars e.g. it occurs in the third molar describedhere. A short gap in the

cingulum also often occursmesiolingual to the metastyle,and that is seenhere.The roots show

sometriangulation and are in contact along their lingual edgebut are very separatebuccally. In

apical cross-sectionthey are both elongate.As mentioned above, wear is very light on most of the

first molars, suggestinghigh mortality of juveniles, probably at about the time the final deciduous

premolar was being shed.In this specimenonly the distal blade of the paraconeis atTectedand

there is light wear of the cingulum mesiolingually.

Second molar (BMNH 45200)

The secondmolar is wider and more triangulated than M 1,and from a larger individual. The tooth

is much lighter in colour than most of the teeth from Pant 5. The cingulum is complete, which is

unusual, and slightly indented in the middle of the buccal section. It is fairly narrow and crenulate,

especially distobuccally. A section of the mesial root is preservedand indicates that the roots

diverged, with a short bony web present.The mesial root is approximately circular in cross-

section. Lingually there is wear on the stylocone and cingulum and a flat wear facet on the

mesiolingual face of the metacone.There is also light wear of both paraconeblades.The enamel

hasbeen lost from the buccal surfaceof the stylocone, and the flaked edgesuggestsetching,

possibly starting from the wear on the tip of the stylocone.

Third molar (BMNH 45205)

There is now a marked increasein triangulation comparedto the first two molars. This is

expressedin the buccal cingulum asa central tuck andcurve down towards the metastyle, rather

like bending a sheetof stitTmaterial. This distal portion is cuspidateand endsabruptly close to the

metastyle. Lingually the cingulum dies out centrally but the rest cannot be seendue to wear. The
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mesiolingual wear is quite severeand striking as a deepstrip hasbeenchiselled down the face of

the paracone,ending abruptly at the level of the separationof the stylocone. This is presumably

due to malocclusion. There is normal wear on the paraconeblades lingually, and clear interdental

facets.

Fourth molar (BMNH 45216)

Apart from an increasein triangulation, this tooth is very similar to the preceding one. There are

again heavy lingual wear facets but they are both smooth, and there is no central break in the

cingulum. The roots are broken but show that they werejoined for a short distanceand then

diverged slightly. The inner surfaceof the mesial root is flattened, giving a D-shapedcross-section

but the distal root is quite compressedmesiodistally. This pattern is seenin all the distal teeth,

particularly M6.

Fifth molar (BMNH 45220)

The groove on the buccal face betweenthe paraconeand metaconeis now even more pronounced,

due to the increasedtriangulation. The tuck in the buccal cingulum from the triangulation is very

evident, and the mesial and distal sectionsof the cingulum aredislocated from eachother. There is

heavy lingual wear but etching hasobscuredany interdental facets.

Sixth molar (BMNH 45192)

There is no maxillary evidence for the form of the final upper molar, so its size is uncertain.

However, this small triangulated tooth is almost certainly a final molar as it hasonly mesial wear

facets and is reduced in size distally, with narrower metaconeand metastyle, giving an asymmetric

appearancein occlusal view. Mesially the tooth is very like the fifth molar but the distal cingulum

is shortenedand not bowed. As BMNH 45192 is fairly small, and the roots are not preserved,there

is also the possibility that it is kuehneotheriid D, but the cuspsaremore slenderand separatethan

would be expected in this case.

The roots are broken but distinctive in cross-sectionas the the mesial root is almost circular but the

distal root is very compressedand elongated.Other Kuehneotherium final upper molars also have

a similar compresseddistal root. Mesiolingually, there is heavy wear on the stylocone and the

parastyle hasbeenworn away. There is also a strip of wear down the lower portion of the mesial

paraconeblade but it doesnot join up with the facet on the stylocone. However, distally there is

very slight wear of the paraconeblade and tips of the metaconeand metastyle, with none passing
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onto the lingual surface.This is interpreted asgeneralwear from food but no occlusion with a

lower molar. Crucially, there is no distal interdental facet, even though teeth such as BMNH 45205

and BMNH 45216, with similar mesiolingual wear, havedistinct interdental facets.Although the

distal surface is undamaged,any mesial interdental facet is obscuredby etching. This in itself is

suggestivethat there was no succeedingmolar, asthe etching frequently occurs betweenthe teeth.

3.5.4 Variation in the stylar shelf

A few molars havea much more developedand cuspidatestylar shelf This is more readily seenin

the lower molars where larger stylar cuspsgive the tooth a wide triangular appearancein lingual

view. Examples are BMNH 450S0 and BMNH 45024. It is not certain whether this hasany

connection with the kuehneotheriid D lower molars found in Pant 5 which also often havea well

developedcingulum. In the caseof the Pant 5 kuehneotheriid D lower molars though, the cingulid

is deeperwith tall, narrow stylar cusps.

3.5.5 Kuehneotherium C molars from other fissures

There are a few isolatedKuehneotherium C molars found in Pant2 and Pontalun 3, but it is not

known whether this is due to faunal mixing (Fig. 2.ISc,d,g). No examplesoccur in Pontalun I, but

this is an unusual pocket ofkuehneotheriid material. The Kuehneotherium C in Pant2 and

Pontalun 3 are not heavily etched like those in Pant5, and none show signs of reworking. The

isolated teeth show differences in colour and preservation,but within the range seenin each

fissure.

3.6KUEHNEOTHERIID D

There are a number of problematic lower molariform teeth in, which, if found in isolation, could

be assignedto a derived cynodont. They arevery small, with fused roots and the three main cusps

placed virtually in line in the centre of the crown. Thesefeaturesseparatethem from the

Kuehneotherium molars in the collection, even though they have the samebasic morphology of

three main cusps,and a cingulid with interlocking cuspules.Thesesmall lower teeth with fused

roots are rare and were originally assumedto be reducedultimate molars (Parrington, 1971; Mills,

1984). This seemedvery reasonable,basedon comparisonswith Morganucodon (Mills, 1971) and

later mammals such asSpalacotherium (Simpson, 1928). However, if all small molars with fused

roots are assignedto the ultimate molar, this leadsto a collection with trigonids ranging from

linear to acutely triangulated. To add to this, the roots on someteeth areso long that they will not
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fit into any ultimate alveolus. The study of the Pant 5 kuehneotheriid material, which includes a

greater number of thesesmall linear teeth,helped in a reassessmentof theseenigmatic teeth.

Theseenigmatic teeth have beennamedkuehneotheriid D in this thesis. Becauseof lack of

information about how the teeth relate to eachother, or form a tooth row, the teeth have been

figured by locality rather than by size or cingulid type. The term 'molar' is usedrather than

'molariform tooth' for simplicity, although there is no real evidence about the tooth replacement

pattern for theseteeth. The descriptions focus predominantly on the lower molars asthey aremore

distinctive and were identified first. 'Linear' is usedfor those teeth with the crown cuspslying

virtually in line.

3.6.1.Lower molars

Small linear teeth

There are 14 small linear lower molariform teeth with fused or imperfectly divided roots. They are

the smallest molariform teeth in the collections, somea mere 0.6 mm in length, and they are

representedin all the fissuresexcept Pontalun l.The featuresof theseteeth are:

I. Roots fused or only partially divided; often very long and may slopeor curve distally;

2. Crown often relatively wide buccolingually, and usually with a rectangularoutline in occlusal

view;

3. Trigonid linear but protoconid is tall and narrow mesiodistally, unlike that in the deciduous

premolars of Kuehneotherium. The metaconid may be displaced slightly lingually, but not the

paraconid.

4. Rarely any signs of wear, and only of the tips if present.

The majority of the teeth have most or all of the roots preserved,which is unusual,but this may be

due to the extra robustnessof the fused roots. Sy9 and U337 are particularly notable for their long

roots (Figs. 3.31b; 3.33; 3.37a). All the other teeth appearto have roots which are fused for at least

two thirds of their length, but may then separate,usually with a calcified web betweenthe roots,

for example Sy 10(Figs. 3.31a; 3.32).

There is variation in the cingulid width and cingulid cuspule development. The cingulid can be

almost non-existent lingually in the very small teeth, a distinct shelf in Pontalun 3 or well-

developed, with large stylar cusps in Pant4 and Pant5. The mesial cingulid cuspsare

characteristically spacedwidely, and this addsto the rectangular outline in occlusal view. There is

variability in the extensionof the buccal salientsbut they areoften well developed for the size of
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the tooth and do not necessarily relate to the width of the cingulid. Severalof the teeth have an

unusual extra cuspule, buccal to the hypoconulid. A cuspule doessometimesdevelop on the buccal

hypoconulid in Kuehneotherium molars but not to the extent seenin thesetiny teeth. If this is

related to an interlock mechanismbetweenthe teeth it might give extra stability but there is no

sign of interdental facets to indicate whether the teeth were in contact.

Wear is minimal on all the teeth. Minor wear of the cusptips can be seenin a few of the teeth but

nonealong the bladesor on the buccal surfaces.The teeth have well developed blades,so the lack

of wear suggeststhat the teeth were not in direct contact, and possibly occupied a mesial or

ultimate position in the postcaninerow. Examplesof teeth which illustrate the rangeof

buccolingual width will now be described.

BMNH 21084 (Fig. 3.29a), a tiny right molar from Pant2, the smallestof theseteeth (mesiodistal

length 0.58 mm) is relatively narrow buccolingually. The tall, narrow cuspsof the trigonid are in

line, except that the metaconid slopesslightly lingually, unlike the paraconid, which is vertical. On

the lingual face of the protoconid the grooves betweenthe cuspsare sloping, not vertical, and the

paraconid separatesslightly higher than the metaconid. The cingulid widens lingual to the

paraconid, but is otherwise narrow with tiny crenulations. There aremesial and distal salients

extending to the baseof the protoconid buccally. The cingulid cuspshave beenpartially abraded

so their exact size is not known, but were not apparently well developed. The roots are relatively

long and diverge in the lower half where they arejoined by a dentine web. This is not clearly seen

lingually due to the damageto the distal root, but can be seenin apical view. The roots appearto

have beenresorbedrather than abraded,particularly the distal root, and, if so, it suggestsa

successivetooth erupting distally. There is no apparentwear on the tooth, except perhapsthe tip of

the protoconid, and the paraconid and metaconid tips are broken.

Resorption is clearly presenton the roots of the slightly larger BMNH 20910, tending to confirm

the identification of resorption in BMNH 21084. The two teeth are from oppositejaws but could

possibly be from the sameanimal. The resorption on BMNH 20910 is lessadvancedthan that on

BMNH 21084, but in essentially the sameplace, that is the distal root, particularly on the lingual

side. Lingually the resorption is interesting and forms an arc on the roots just below the neck,

presumably from the pressureof the crypt for the developing tooth. There is no wear on the tooth

but the root canalsofM21084 are narrow, suggestingthat the tooth had been in the mouth for

sometime.
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BMNH 20902 is morphologically identical with BMNH 20910, but hasshort roots with very large

root canalsand large pulp cavity, suggestingthat it had not yet erupted. It is also a left molar so

may be from the samejaw as BMNH 20910, if replacementwas occurring. The crown hasa

pearly, almost translucent appearance,due to the thin dentine, like that of BMNH 19163(Fig. 5.6).

Although fragile, the tooth is completely unworn and undamagedand I suggestthis is becauseit

was originally protected in ajaw, which disintegratedon preparation.There is only one other

similar tooth in the collection, which was found in Pontalun 3 matrix belonging to Bristol

University. This is currently Temporary number PG2 (Fig. 3.31d), with short fused roots and a

narrow cingulid.

There are three almost identical teeth from Pant5, which are a little wider buccolingually. One

example is BMNH 45150 (7.1a). They are all 0.62 mm in mesiodistal length with almost complete

fused roots. They areall left molars and it is possible that they areall from the samejaw asthe

preservation is similar, but there are no definitive featuresto confirm this. The trigonid angle is

close to 180degreesand the metaconid is curved distally, as in often the casein theselinear teeth.

The cingulid is very narrow, especially lingually, but with a central rise. There are buccal salients

and a tiny cuspule on the distal one. The roots are long, at least twice the height of the protoconid

and arejoined for their length, although diverging slightly towards the apex,with the groove

betweenthem most prominent on the buccal surface.The tips of the cuspsareworn or abradedbut

there is no sign of any other wear.

SyI0 (Fig. 3.31b; 3.33, and also figured by Parrington (1971» is an example of a linear tooth that

is very wide buccolingually, giving it a rather squareocclusal outline. The tooth is 0.74 mm in

mesiodistal length. The cuspsare virtually in line and the paraconid and metaconid separateat the

sameheight. The cingulid is broad and smooth, with a gentle mid-lingual rise, and well-developed

buccal salients. There is a small hypoconulid and mesial cingulid cusps.The roots areextremely

long. Mills (1984) measuredthe roots of the very similar U337 (Fig. 3.37a) as2.75 times the

height of the protoconid, and the ratio for SylOis the same.The roots lean towards the distal and

are fused for their full length, with a buccal dividing furrow. One of the distinguishing featuresfor

Kuehneotheriumpraecursoris molars from Pontalun quarry is the presenceof a cingulid between

the mesial cingulid cusps.It is interesting that this difference is generally present in the

kuehneotheriid 0 teeth aswell. SytO is from Pontalun 3 and there is a cingulid betweenthe mesial

cingulid cusps,whereasU337 is from Pant4 with the isolated mesial cingulid cusps,which are

typical of molars from Pantquarry.
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There are also three larger, but otherwise similar, linear teeth in Pant4 and Pant5. U346 (Fig.

3.37b) is a well-preserved example with a length ofO.92 mm. The cingulid is a distinct shelf,

which widens mesiolingually, and is slightly cuspidatewith a small central peak.There are buccal

salientsand a distinct cuspule buccal to the hypoconulid, as is found on many of theseteeth. The

roots are fused for their length and slope to the distal. The root apicesare broken so the total root

length is not known but, judging by the lack of tapering, they were probably considerably longer.

The root canalsarenot very wide, suggestingthat this is not a deciduousor newly erupted tooth, in

spite of the lack of wear on the cuspsor blades.

Apart from the very small teeth, it is more usual for linear teeth from Pant 5 to have large stylar

cusps(Fig. 3.26 d-f). This feature can be usedto separatethe kuehneotheriid 0 and

Kuehneotherium C lower molars in Pant Sfissure. One of the figured molars (Fig. 3.26 f) is

unusually large, but is the only example of a kuehneotheriid 0 molar of this size in Pant 5.

Triangulated teeth

There are nine teeth with similar crowns to the linear teethjust described,but with the metaconid

displaced more lingually and incompletely fused roots. Two examples from Pant2, BMNH 21080

and BMNH 21081 (Fig. 3.29 c) standout by virtue of their small size, short crown and long

parallel, incompletely divided roots. The Kuehneotherium molars in the Pant2 samplehave more

divergent roots than in the other samples,so,even though thesetwo teeth do not have fused roots,

they are clearly different. The teeth are alike in size, morphology and preservation, so there is a

possibility that they are from the samejaw. The cataloguenumbers are also consecutive,

suggestingthat they may have beenrecovered from the samebatch of matrix. Both teeth havea

distinct smooth cingulid, without buccal salients. BMNH 21081 haswear forming a distinctive V-

shapedvalley very like that of U254 described later. BMNH 21080 hasbeenbroken and repaired

and it is difficult to seethe wear facets. If a distobuccal facet is present, it is lessextensive than on

BMNH 21081.

In Pant 5, BMNH 45119 (Fig. 3.27 a) has somesimilar featuresto the tiny linear tooth that was

describedearlier (Fig. 3.26 a). It is larger (0.82 mm asopposedto 0.62 mm) but hasthe same

narrow cingulid, which virtually dies out centrolingually. There arealso long buccal salientsand

widely spacedmesial cingulid cusps.The roots are fused but, unlike the smaller tooth, they slope

to the distal. U471, describedby Mills (1984) asa possible mS from Pant4 (Fig. 3.36), is also

consideredto belong to this type of oblique-angled tooth. There aretwo other similar, very tiny,
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teeth in the collection (0.6 mm). Syl19 from Pontalun 3 (Fig. 3.31 h) and one from Pant4 BMNH

45525 (Fig. 3.27 b) are triangulated but with the paraconid lesslingually positioned than the

metaconid.The teeth arenot very wide buccolingually and Sy119has fused partial roots. The

cingulid is not very broad but there aretall mesial cingulid cuspsand hypoconulid. The only wear

on BMNH 45525 is possibly the tips of the paraconid and metaconid, but the tooth hasa very

small pulp cavity suggestingthat it had been in the mouth for sometime.

Most of thesesmall, more triangulated teeth havea prominent distinctive cingulid though. It is

more horizontal lingually, rather than the central rise of Kuehneotherium molars, and the edge is

sharpand shelf-like. Examples from Pontalun 3 are shown in Figure 3.31 e-g. The crown is short

and the teeth arewide buccolingually, giving a squareroutline in occlusal view. The cingulid is

broad but not deepand the mesial cingulid cuspsand hypoconulid are not enlarged.The roots are

curved to the distal, particularly the distal root. In Sy 38, this root is tapering and separatedfor part

of its length.

Two examplesfrom Pant2 (Fig. 3.29 d-e) havemore developedstylar cusps.As with the linear

molars, this development is particularly seenin Pant4 and Pant 5 (Fig. 3.27 c). Many teeth have

tall stylar cusps,particularly cusp e. Three teeth from Pant4 (e.g. Fig. 3.37 e) have fused roots but

they are very triangulated. All are left molars but, although of a similar size, they differ in

morphological details and preservationand areassumedto be from different individuals. The

cingulid is well developedand two of them havean extremely large cusp e. This enlargedcuspule

is found most commonly in Pant4 but is not confined to linear or triangulated teeth. U254 is 0.77

mm in length andhasa trigonid angle of almost 90 degrees.The cingulid is deepbut not wide,

apart from centrolingually asthe protoconid face is recessedfrom the triangulation. The

mesiolingual cuspule is the largestexample in the collection and there is a narrow mesiobuccal

salient. Any distobuccal one hasbeenobliterated by wear. The roots are fused, with a groove

betweenthem buccally and lingually. They arenot complete but show no signsof divergence.The

root canalsare very narrow which is consistentwith the heavy wear of the tooth. The wear is

dramatic and a V-shapedvalley hasbeencarved into the lower distobuccal areaof the tooth (Fig.

6.13). There is also a large mesiobuccal facet and the tips of the cuspsare worn and rounded.

There are also inter-dental facetson the hypoconulid and betweenthe mesial cingulid cusps.The

distal facet indicatesthat there was a successivetooth, so this is not an ultimate molar.
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Possible intermediate forms

There are a number of lower molars with tall, rather linear crowns and divided roots or

triangulated crowns and fused roots. In Pant4 there is a definite continuum, but in the Pontalun I

fissures the teeth are more distinct, although with with some intermediate teeth.

The variation seenin the Pant4 molars is discussedin more detail in section 3.7, but a few teeth

will be describedhere. U252 (Fig. 3.37c) is a well-preserved example of a kuehneotheriid 0

molar, but without fused roots. There is only modest triangulation, mainly due to the lingual

displacementofthe metaconid. There is a strong crenulate cingulid with well-developed mesial

cingulid cuspsand hypoconulid. Buccally, there is a short mesial salient and a small cuspule next

to the hypoconulid. The roots separatejust below the level of the cementum, with only a short

dentine web betweenthem. The mesial root appearsto be complete, with the apex not quite closed

but very small, and the distal root is broken at about half its length. There is wear along the upper

portion of the distal protoconid blade but noneevident on the buccal surfaceof the tooth.

There are also a number of large molars in the Pontalun fissures,which have proved very

enigmatic to me in the past,but arenow thought to possibly be kuehneotheriid D, or an

intermediate form. The slope of the roots initially suggestedthat the teeth were posterior molars,

but their large size madethis unlikely. The supposition about the lean of the roots was because

anterior and posterior alveolar pairs in the dentariesslope towards the centre in the molar row. At

first, this was assumedto be representedin the molars, with the crown angled relative to the roots.

It was eventually realised that the molars with roots leaning to the distal, and also with deep

cingulids and partially divided roots, were not necessarilydistal molars. Three examplesare

figured (Fig. 3.34) and BMNH 19132and U70 have featureswhich suggestthat they are

kuehneotheriid D. The roots are fused and lean distally, the stylar cuspsare large and the cingulid

is shelf-like, although with more of a central rise than in somecases.The lingual face is distinctive

with the groovesbetweenthe cuspsalmost parallel, and the protoconid appearingto bulge between

them. Sy 75 hasthis samelingual face, and particularly the paraconid being less lingually

positioned. However, the roots are separate,although with a long web betweenthem. Sy 33 (Fig.

3.35) is similar except that the grooveson the lingual face are angledtowards eachother as in

Kuehneotheriumpraecursoris molars. The cingulid is unusual though with the development of a

cuspule lingual to the paraconid. U338 (Fig. 3.38 b), from Pant4, also hasa large molar with a

cuspidatecingulid, but there is not just the single isolated lingual stylar cusp.
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3.6.2 Upper molars

Small upper molars with fused roots proved the easiestto identify askuehneotheriid D, as with the

lower molars. There are three very distinctive tiny, linear teeth; two from Pant 2 (Fig. 3.28 a, b)

and one from Pant4 (Fig. 3.39 a). All three teeth arevery symmetrical asthe cuspsare in line and

they lack a metastyle. BMNH 20750 hasshorter, subequalroots, but in the other two, the roots are

longer and unequal.

With the larger, more triangulated teeth it proved more difficult to destinguish kuehneotheriid D

from ultimate molars. This was partly becauseI assumedthe kuehneotheriid D upper molars

would havea large metastyle,equivalent to the developmentof the lower stylar cuspules.This is

not the case,and most identified kuehneotheriid D upper molars havea small metastyle. Although

initially similar, the roots of an ultimate upper molar of Kuehneotherium arejoined, but not fused,

and the distal root is compressedand twisted againstthe mesial root. The roots in kuehneotheriid

D molars are both more rounded, reflecting the greatersymmetry of the crown.

Kermack et al. (1968, Fig. 2) figured an acutely angled upper molar with a complete cingulid from

Pontalun 1.This tooth, BMNH 19168 is suggestedto be kuehneotheriid D and it is figured (Fig.

3.30) with similar molars from Pontalun 3. The comparablefeature with the lower molars of

kuehneotheriid D is the relatively greaterwidth buccolingually, comparedto the degreeof

triangulation and the pronouncedshelf-like cingulid. There is a little extra confirmation of the

identification as most of the Pontalun 1teeth are white, and the few light brown exceptions include

BMNH 19168and a lower kuehneotheriid D molar. Comparablekuehneotheriid D teeth are also

found in Pant4 and the rangeof variation of theseupper molars is described in section 3.7.

3.6.3 Dentary and maxillary evidence

A kuehneotheriid D dentary or maxilla would have distinctive figure-of-eight alveoli along the

tooth row. The only alveoli of this kind known in the postcaninerow for Kuehneotherium are the

first four lower premolar alveoli and the ultimate upper alveolus. No dentariesor maxillae with

figure-of-eight alveoli along the tooth row are known in the South Wales fissure collections but

this lack could be due to their relative rarity, small size and greater fragility or that they have not

beenrecognised.Only the distal wall of the dentary molar region is preservedin many

Kuehneotherium dentaries,and so the lack of a full septumbetweenthe alveoli pairs may not be

apparent. In small dentary fragments, the kuehneotheriid D alveoli could be confused with the
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figure-of-eight alveoli of Kuehneotherium mesial premolars.Two possible dentary fragments for

kuehneotheriid D are shown in figure 3.9.

3.6.4 Discussion

I have usedthe term kuehneotheriid D for theseproblematic teeth becauseof the fused roots and

linear crown of the smaller teeth. However, all possibledesignationsmust initially be considered.

If the teeth are Kuehneotherium, the possibledesignationsareultimate molars, deciduous molars

and premolars. The triangulation of the crown in otherwise similar examplessuggeststhat they are

not amphilestid teeth.

Reduced ultimate molar?

The ultimate molar locus seemsthe most obvious identification and Parrington (1971) and Mills

(1984) assignedthe examplesthat they describedto this locus. This interpretation is in doubt for

SyI0 (Fig. 3.33), which hasroots that are too long to fit in the ultimate alveolus of even the largest

dentary. In addition, the extent of the septumin the ultimate alveolar pair in most Kuehneotherium

dentaries indicatesthat the roots could not have beenfused. In Sy66, a matureKuehneotherium

dentary, the roots of the ultimate molar havebeendissectedby Parrington and are fully divided.

There are also a disproportionate number of very small teeth, particularly in Pant 5, as very few

Kuehneotherium dentaries in the collection have a reducedultimate alveolar pair. This could

reflect a similar situation to that in Morganucodon where the tiny fifth molar is not always present

(Mills, 1971). In most Kuehneotherium dentariesthe ultimate molar is a little smaller than the

penultimate, but not to the extent seenin Spalacotherium (Simpson, 1928).

There is also an extremely wide rangeof triangulation in the teeth, from almost 180degreesto 90

degrees.Even allowing for variation in the ultimate molar relating to Butler's Field Theory

(Butler, 1939),this seemstoo extreme. This evidencesuggeststhat it is unlikely that all the teeth

are ultimate molars.

Deciduous Kuehneotherium premolar?

This seemsa possible identification, given that a few of the tiny teeth do show evidence of

resorption. Many of the teeth are small and linear, but they differ from deciduous premolars in the

collection in being wider buccolingually and in having taller, narrower main cusps.Deciduous

lower premolars havebeen identified from the Pant2 fissures,and they resembledeciduous

symmetrodont premolars from the Mid-Cretaceous of CedarMountain (Cifelli, 1999) in having
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low crowns and widely divergent roots. The largest number have been identified in Pant2, and

someshow clear evidenceof resorption betweenthe roots. Three dentariesfrom Pontalun I,

showing replacementby the ultimate premolar (Fig. 5.2), also confirm the wide divergent roots of

the deciduous tooth.

The deciduouspremolars referred to aboveare probably the ultimate, or penultimate deciduous

premolars,and it is possible that the tiny linear kuehneotheriid D teeth could be mesial deciduous

premolars, although the changefrom high to low crown seemsunlikely. M21090, and the larger

M21084 describedearlier, both show apparentresorption of the roots. In a deciduous molar the

root resorption often beginson the inner surfacesof the roots, where the permanentmolars are

developing, and again later shifts to the root apices(Berkovitz et al., 2002). In single-rooted

incisors and caninesthe resorption occurson the lingual face of the roots, where it is seenin

M21084. Both teeth arevirtually unworn, but someof the deciduousmolars from Pant2, with

resorption betweenthe roots, also show very little wear.

A tooth such as Sy10, with such a long robust root and no sign of resorption or wear, could not be

a deciduous premolar. The roots of the deciduousKuehneotherium premolars taper rapidly, as is

common for deciduousroots, including thoseof humans (Berkovitz et al., 2002). Deciduous

premolars are also characteristically narrow and elongated in occlusal view and SylOis very wide

and rather square.There is also no sign of resorption in any teeth other than the very small ones

and it seemsunlikely that theseproblematic teeth aredeciduous.

Premolar?

A few premolarsof Kuehneotheriumpraecursoris have beendescribedby Kermack et al., (1968)

and a rangeof representativeexamplesare illustrated in section 3.3. The specimensare from a

preservationalpocket where the molars arealmost exclusively Kuehneotherium, and so the

premolars can be identified aswith confidence. The mesial premolars have fused roots and the

distal premolars havealmost fully divided roots. In the other fissuresKuehneotherium and

Morganucodon specimensare mixed and so it is only possible to separateout the distinctive distal

premolars of Kuehneotherium, with the two hooked distal cuspules,andthe ultimate upper

premolar. Examples of thesepremolars havebeenfound in all the fissures,so the problematic

kuehneotheriid D teeth cannot be premolarsof Kuehneotherium.
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3.6.5 Conclusions on identity of kuehneotheriid D

If the kuehneotheriid D teeth cannot beassignedto the normal Kuehneotherium dentition, what are

they? The fused roots, linear crown and small size differentiate them from Kuehneotherium. In

particular, the variation from fused roots to divided roots is significant and suggeststhat the

kuehneotheriid D teethare taxonomically distinct from Kuehneotherium.

The kuehneotheriid 0 teeth could be from an animal that is similar to Kuehneotherium, but with

lesstriangulated molars and fused, or incompletely divided, roots. This gives an enormous size

range,though, with someof the animals of extremely small size. A molar such as M21084, under

0.6 mm in length, is smaller than m2 of Hadrocodium wui, from Yunnan, China, the smallest

Mesozoic mammal found so far with a skull length of 12mm.

Another possibility is that the small teeth representmesial postcaninesfrom an undifferentiated

postcaninerow. Fusedroots with an incipient bifurcation of the roots areseenin derived

cynodonts such asBrasilitherium andBrasilodon (Bonaparteet ai., 2003). The latter also shows

someangulation of the cuspsin the posterior postcanines,although only in the upper dentition.

This interpretation seemsunlikely, given that a fully differentiated premolar row is found in

Kuehneotherium, but the possibility should be considered.It is notable that wear is generally

lacking on the small kuehneotheriid D teeth, and it is confined to the cusptips if it is present.This

suggeststhat the teeth were not in direct contact, asmight be the casefor mesial postcanines.

There is also an absenceof inter-dental facetson the small teeth, suggestingthat they were not in

close contact. Mesial cingulid interlock cuspulesare presentbut are usually displaced lingually

and buccally, suggestingthat the interlock was not very functional. This is more suggestiveof

mesial postcaninesthan fully occluding molars. The presenceof resorption on the roots of some of

the small teeth could also suggesteither an ongoing replacementpattern,or resorption of the

anterior postcanines,as is seenin Morganucodon (Mills, 1971)andKuehneotherium (Gill, 1974).

Whatever the interpretation, the similarity of crown featuresbetweenthe kuehneotheriid D teeth

and the molars of Kuehneotherium suggeststhat they areclosely related, asdoesthe continuum of

features in Pant4. Attempts to place teeth from the sameindividual suggestthat the teeth

increasedin size and triangulation along the tooth row. The molars of Kuehneotherium also

increasein triangulation along the molar row, but show little difference in size. The kuehneotheriid

D teeth from the three Pant fissureshave mesial cingulid cuspswithout any intervening cingulid,

as is the casefor Kuehneotherium molars generally. Most of the kuehneotheriid D teeth from
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Pontalun 3 havea cingulid betweenthe cuspulesas is usual in molars from Pontalun.This also

suggestsa relationship betweenthe kuehneotheriid D teeth and Kuehneotherium.

Double-rooted teeth area diagnostic characterfor Mammaliamorpha (Rowe, 1988)or

Mammaliaformes (Wible, 1991). Shapiro andJenkins (2001) discussthe relationship of tooth

replacementand double-rootednessanddocument a spectrumof variation. Cynodonts such as

Mitredon cromptoni havedouble-rooted teeth but lack ontogenetic stasis in the lower tooth row.

Variation in molar root morphology is also documented in Sinoconodon (Zhang et al., 1998) and

tritylodonts (Luo, 1994).Although the kuehneotheriid D teeth havedouble roots, they range from

fused to incompletely divided, and there is a continuum with the divided roots of some

Kuehneotherium molars. This suggeststhat this feature was undergoing selection pressureat this

time.

3.7 PANT 4 FISSURE SAMPLE.

The Pant4 fissure sample is describedseparatelyasthe kuehneotheriid molars areheterogeneous

but show an interesting continuum of variation betweenkuehneotheriid D and a form similar to

Kuehneotheriumpraecursoris.

The wider fauna of Pant4 is of the type provisionally named in this thesisMorganucodon-

sphenodont.That is, it is broadly similar to Pant 5, including sphenodontids,tritylodonts,

haramiyids and morganucodontids.Both Pant4 and Pant 5 contain a larger proportion of

kuehneotheriid D molars than the Pontalun and Pant2 fissures. In Pant 5 there is a more discrete

separationbetweenthe Kuehneotherium C and kuehneotheriid D molars. This is basedgenerally

on size, but also more specifically on the development of the stylar shelf. In the lower molars the

relative height of cusp e can be usedto separatethe taxa.

However, in Pant4 there is a continuum of forms; from molars describedas kuehneotheriid D with

linearly aligned cuspsand fused roots, through short wide teeth with partly-divided roots and large

cusp e, to forms similar to Kuehneotheriumpraecursoris except for lessseparatedroots and

interlock details. In the upper molars a similar pattern can be seen.At the kuehneotheriid D end of

the continuum, the upper molars havea smaller metastyle and fused roots. There are also

intermediate forms with a large metastyleandjoined roots and teeth more like Kuehneotherium

praecursoris with a rise in the distobuccal cingulum and a larger metastyle andmore separated

roots.
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Mills (1984) published a preliminary description of Kuehneotherium teeth from Pantquarry and

assembleda provisional upper and lower molar row (Fig. 3.36). He chosemolars from Pant4

fissure, specifically from the material collected in 1971.The molar rows were assembledby

choosing examplesof teeth that were different in size and shapefrom eachother, and so could

representdifferent membersof the series.With further study of the kuehneotheriid faunas, I

suggestthat the tooth rows assembledby Mills are from teeth at different endsof the spectrumof

molar variation in Pant4, and so do not form a coherentmolar series.

The ultimate molars for the molar rows that Mills selectedare heredesignatedaskuehneotheriid

D. They aredistinctive, asthey aresmall and have fused roots, and so Mills, quite reasonably,

assignedthem with confidence to the ultimate locus. For the lower example (U337), Mills also

noted that two similar teeth had beenfigured by Parrington (1971, Fig. 12) aspossible posterior

molars (Sy 9 and SyI0). Both theseteeth are also assignedto kuehneotheriid D and discussedin

section 3.6.1.

Descriptionof thevariation

The Pant4 kuehneotheriid samplehasa wide variation in size, root separationand stylar cusp

development. The more oblique-angled teeth also vary in occlusal outline, from a narrow elongate

shapeto a wide rectangularone. Representativemolars have beenchosenfrom both endsof the

spectrumof variation, and intermediate forms havealso beenchosen.The term 'variant' hasbeen

used,rather than 'morph', asseveralmolars are included in eachcategory in a loosegrouping of

representativeteeth, and no specific tooth is designatedas a morphotype. There are four related

variants for both upper and lower molars. Someof the kuehneotheriid D lower molars have

already beendescribed in more detail in section 3.6.1, but are figured here for convenience.

3.7.1Lower molars.

Variant Ll (Fig. 3.37a -b)

Two enigmatic lower molars areplaced in this group. Their trigonid cuspsarevirtually in a line,

and the metaconid is only very slightly displaced lingually. The paraconid separationis a little

higher than that for the metaconid andthe cingulid is smooth, with moderate-sizedstylar cusps.

The roots are fused for their length and slope down towards the distal. The two molars are

morphologically distinct only in size, and the smaller of the two is U337, describedasan ultimate

lower molar by Mills (1984). Although there are no other teeth with such linearly aligned cusps in

84



Pant4, there are similar teeth in the other fissures,and thesearedescribed in section 3.6.1, as

kuehneotheriid D.

Variant L2 (Fig. 3.37 c - 1)

This group of molars is also described in section 3.6.1 askuehneotheriid D. They are

predominantly the smaller teeth in the sample,up to about Imm in mesiodistal length. The four

examples figured show the rangeof triangulation of the crown androot separation.A

characteristic of theseteeth though, is the developmentof the stylar cusps,particularly cusp e. This

is the reasonfor the separationof Variants Ll and L2, asthe stylar cusp development in Variant

L I is much less.The protoconid is also relatively longer mesiodistally in variant L I,but this may

be related to the lack of triangulation.

U252 (Fig. 3.37 c) is distinctive in having linearly-aligned cuspswhich are higher crowned than a

first molar of Kuehneotheriumpraecursoris. U251 (Fig. 3.37 d) is similar but more triangulated,

which is assumedto be related to position in the jaw, but may be individual variation. The more

triangulated example, U251, is lesssymmetrical, and the protoconid leansdistally. The increasing

triangulation is mainly due to the movement lingually of the metaconid. In the remaining two

teeth, U250 and U333, there is further triangulation, and the disparity in lingual movement of the

metaconid and paraconid can be clearly seen. Although rather damaged,U333 (Fig. 3.37 f) is

included here to show the long parallel, but not completely fused roots. The roots of U250 (Fig.

3.37e), though, are fully fused and there are two other similar examplesof triangulated teeth with

fused roots (U254, U257). As discussedin section 3.6.4, this initially causedconfusion when all

fused root teeth were assumedto be ultimate molars, as U337 (Variant Ll ) hasthe cusps in a line

and U250 is strongly triangulated.

Variant L3 (Fig. 3.38 a - d)

Variants Ll and L2 cover teeth that aredesignatedaskuehneotheriid D, but Variant L3 is an

intermediate group with overlap of different charactersfrom both endsof the continuum. Overall,

the teeth are larger than those of the previous two variants. Apart from size, the crown of U326

(Fig. 3.38 a) is similar to that of the triangulated U250 in Variant L2 (Fig. 3.37e), with very large

stylar cusps.Although the metaconid is always more lingual in position than the paraconid, the

difference is pronounced in this molar, as it is in the Variant L2 molars. A notable difference, in

U326, is the separationof the roots, which are fused for only a short distance below the crown and

then diverge. Again, there are a number of other examples in the sample(U239, U318).
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U338 (Fig. 3.38 b) is included here,as it is hasfeaturesin common with the lesstriangulated

forms from Variant L2. However, the groovesseparatingthe cuspson the lingual face are more

vertical and the lingual cingulid is unusually cuspidate.Apart from this latter, U338 hasmost in

common with the large lower molars in Pontalun 1 and Pontalun 3 (Fig. 3.34), which are

tentatively assignedto kuehneotheriid D on the basisof their large stylar cuspsand undivided or

incompletely divided roots. There is also an unusually large kuehneotheriid D molar in Pant5,

BMNH 45140 (Fig. 3.26t), which is similar. Only one other tooth in Pant4 (U321) is comparable,

although with a lessdistinctly cuspidate lingual cingulid.

A third intermediate form is U475 (Fig. 3.38 c), which hasa crown generally similar to that of a

Kuehneotheriumpraecursoris lower molar, but the roots are fused.The grooves betweenthe cusps

on the lingual face areangled towards eachother and the stylar cuspsaresmaller than those in

Variant L2. The details of the mesial cuspsarenot known asthey areabraded.U339 (Fig. 3.38 d)

hasa crown similar to U474, but the stylar cuspsare more developedand the lingual cingulid is

lessbowed, similar to some seenin Variant L2. In this casethe roots are not fused.

Theseexamplesof intermediate forms show a mosaic of the variable features;e.g. U475 hasa

crown more like that of Kuehneotheriumpraecursor is (Variant L4) but fused roots which are

associatedwith kuehneotheriid D. Conversely, another intermediate form, U326, describedabove,

hasa crown more like kuehneotheriid D, but with divided roots.

Variant L4 (Fig. 3.38e- h)

A range of teeth are shown herewhich have crowns very similar to thoseof Kuehneotherium

praecursoris lower molars, with the grooves betweenthe cuspson the lingual faceangled towards

eachother, and a smooth cingulid with moderatestylar cusps.The teeth have not beenincluded in

the hypodigm of Kuehneotheriumpraecursoris becausethey differ in small but consistentdetails

of the mesial cuspsand buccal cingulid salients.

The detail of the mesial cusps is a diagnostic character for distinguishing Kuehneotherium

praecursoris from Kuehneotherium Band Kuehneotherium C. In Kuehneotherium B, the mesial

cingulid cuspsare subequal in size, there is no cingulid between them and there areno buccal

salients. In Kuehneotherium C, there is still no cingulid between the cusps,but cusp e is larger than

cusp f and buccal salientsoccur on someteeth. In Kuehneotheriumpraecursor is there is a cingulid

betweenthe cusps,cusp e is larger than cusp f and there are buccal salients on all the teeth.
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Pant4 and Pant 5 are similar in thesedetails of the mesial cingulid cuspsand buccal cingulid, but

Pant4 hassome intermediate teeth. Buccal salientsoccur in 31 out of 49 Pant4 lower molars, a

similar situation to Pant 5. There is no apparentcorrelation in Pant4 betweenthe allotted variants

and the presenceof the salients. In 36 of the Pant4 teeth there is no cingulid betweenthe cusps,

and this again is a similar ratio to Pant 5. However, in ten teeth from Pant4 there is a bulge, but

not a sharp shelf, betweenthe cusps,suggestingan intermediate situation. It should be noted

though that four of theseten teeth were collected in 1970, rather than in 197I, and many of the

1970molars are small, dark brown and rather rolled, suggestinga separate,possibly reworked,

influx of material into the fissure. There are also five teeth in Pant4 with a cingulid betweenthe

cusps,but three of thesearekuehneotheriid D and two are the small elongate molars described

separately in section3.7.5(Fig. 3.40).

The roots in Variant L4 are overall lessseparatedthan those of Kuehneotheriumpraecursoris,

although there is overlap in individual teeth. A scaleof one to four was usedfor root separation

coding; one being divergent and widely separated,two being separatewith a short web, three

being incompletely divided or with a long web betweenthe roots and four being fused. Most Pant

4 lower molars are rated as three, and someas four, whereasthe Kuehneotheriumpraecursoris and

Kuehneotherium C lower molars give an even spreadbetweencoding two and three, with a few

ratedasone. The Pant2 lower molars have more separatedroots and a large number code asone

or two, but this may be biaseddue to the very good preservationof many linearly aligned teeth.

Mills (1984), describing the Pant4 molars, also notesthat the roots of the molar teeth are

imperfectly separated,although he was also including teeth which are here referred to

kuehneotheriid D.

3.7.2 Upper molars

Variant UI (Fig. 3.39 a)

Only two teeth are assignedto this variant, U93 and U95, and the latter, U93, is figured (Fig. 3.39

a). It is a very small tooth with fused roots, and it is symmetrical in appearanceas it lacks a

metastyle. There is sometriangulation. A similar tooth is U95, which hasfully fused roots and also

lacks a metastyle.The lingual cingulum is very poorly developed in both teeth.

Theseteeth are very obtuse-angledfor upper molars so may be equivalent to Variant L 1. U93 is

from the material collected in 1970,many of which are also small dark brown molars, but rather
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polished. Someof the teeth havea very small metastyle, but separateroots, so it is not certain what

the relationship is with U93.

Variant U2 (Fig. 3.39b - d»

There are a number of small teeth with fused, or imperfectly divided, roots which are thought to be

kuehneotheriid D upper molars. The most obvious feature in most of the teeth assignedto variant

U2, is the greaterbuccolingual width in spite of the small degreeof triangulation. There may also

be more triangulated Variant U2 teeth, which have not been identified. They haveonly limited

development of the metastyle. One example, U 125(Fig. 3.39 d) is figured by Mills (1984, Fig. 3

C-D), as an ultimate molar but I would group it with kuehneotheriid D. Mills mentions that the

cuspsof U 125approacha straight line and the roots sharea single crescent-shapedpulp chamber.

In contrast, I think ultimate molars are very triangulated and have separateroots, although the

smaller distal root hasa D-shapedcross-sectionand is often twisted up against the mesial root.

Suggestedultimate molars in Pant4 are U97, which is rather damagedbut hasjoined, twisted

roots, and seemsto be very reduceddistally, or U98 which is very triangulated and hassevere

mesial but not distal etching, possibly indicating that there was no succeedingtooth.

The other Variant U2 examples figured are U243 and U99. They are similar to U125 in

triangulation and buccolingual width, but their roots, although joined, do not sharea pulp cavity.

Although never very large, the size of the metastyle is variable, and it is poorly developed in U99.

The development of the lingual cingulum is variable in Variant U2, and may be complete,

although narrow, or lost centrally.

None of the teeth have good inter-dental facetsso there is no direct evidence for the presenceof a

more distal tooth. However, U243 hasan unusualhollowed-out circle on the distal surfaceof the

root, just below the crown. It is similar in appearanceto a large inter-dental facet, but whether it

was causedby pressurefrom a tooth which had not erupted, due to crowding, is not clear.

Variant U3 (Fig. 3.3ge,f)

These intermediate teeth are larger than Variant U2, and this difference is also seenbetween the

lower molar Variants L2 and U. The two examplesshown have imperfectly divided roots but

differ from Variant U2 in the greater size of the metastyle.The lingual cingulum dies out centrally,

but this feature is variable in this Variant. U249 (not figured) is a tooth with a small metastyle but

more separatedroots, and illustrates the mosaic of variation seenin the intermediate lower molars.
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Variant U4 (Fig. 3.39 g - h)

Theseteeth are very similar to upper molars of Kuehneotheriumpraecursoris. They are relatively

narrower buccolingually than Variants U2 andU3, and havea more complete lingual cingulum, as

it doesnot die out centrally. The cingulum is generally more like that of Kuehneotherium

praecursoris and is narrow and smooth, apart from distobuccally, where it bows outward. The

metastyle is well developedandthe roots aremore separatedthan in variant U3, for example in

U123 (Fig. 3.39 h).

3.7.3 Summary of the variation for the upper and lower molars

In the lower molars, Variants L 1and L2 are referred to kuehneotheriid D. Variant L 1 is

distinguished by the trigonid cuspsbeing virtually in line and the small size of the stylar cusps.

Variant L2 haskuehneotheriid 0 molars with tall stylar cuspulesbut some variation in the degree

of fusion of the roots. It is likely that this is part of the continuum of charactervariation seenin

Pant4, and that someof the kuehneotheriid 0 teeth will have more separatedroots. Variant L3 are

the intermediate teeth, with a mosaic of the variable features.Variant L4 are the teeth which have

crowns like Kuehneotheriumpraecursoris, apart from the lack of a cingulid betweenthe mesial

cingulid cusps,but lessdivided roots.

A comparable continuum of variation is seenin the upper molars. Variant U 1consistsof very

small, weakly triangulated teethwith fused or joined roots. They are thought to be kuehneotheriid

D but it is uncertain whether they arecomparablewith Variant L 1. Variants U2 - U4 are thought to

be directly comparablewith the lower series,showing a changefrom teeth attributed to

kuehneotheriid 0 through to onessimilar to Kuehneotheriumpraecursoris. There is a greater

change in degreeof root separationin the upper molars though, and the roots in Variant U4 are as

separatedasthose in Kuehneotheriumpraecursoris.

In the lower molars, Variant L2 has large stylar cusps,whereasin the upper molars Variant U2 has

a poorly developedmetastyle.This is reversedat the other end of the continuum and the lower

molars of Variant L4 have smaller stylar cuspsbut the metastyle is well developed in the upper

molar Variant U4. This was unexpectedas it was assumedthat the large cusp e and hypoconulid

seenin the kuehneotheriid D lower molars would be matched by a large metastyle in the upper

molars. It may be that the metastyle is larger when the teeth are more offset in the tooth row, and

this seemsto be more pronounced in Kuehneotheriumpraecursoris than in kuehneotheriid D. This

is discussedfurther in chapter6, which covers wear and occlusion.
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3.7.4 Dentulous specimen, U79

There is onedentulous lower jaw from Pant4, U79, which is describedwith the other dentulous

jaws (Fig. 3.6 c). It was not mentioned by Mills (1984), perhapsbecausehe was only considering

the 1971material, and thejaw was found when the fissure was first discovered in 1968.The jaw is

mentioned in this section becauseof the form of the in situ complete molar. Although identified as

a first molar on the characteristicsof the jaw and form of the alveolar row, the tooth is relatively

very wide buccolingually. The separationand divergenceof the roots is compatible with a first

molar, as is the heavy wear of the cusp tips. It is suggestedthat U79 may perhapsrepresentan

intermediate type of Pant4 kuehneotheriid, from Variant L3, as it is wide buccolingually but has

separatedroots.

Another dentary from Pant4, U233 (Fig. 3.9 a), hasan alveolar row which differs from the usual

pattern of obvious increasing triangulation towards the posterior of the jaw. Five molars are

represented,although only three havecomplete alveoli. U233 is not Morganucodon, as the molars

are almost equal in size and there is sometriangulation reflected in the buccal alveolar boundary.

U233 is thought to representm 1 - 5, with complete alveoli for m2 - 4. The complete alveoli are

interesting in that they areall of similar buccolingual width and the individual alveoli are more 0-

shapedthan triangular. This is compatible with someof the molars from Variant L2, which are

relatively wide buccolingually but havemore separatedroots, for example in U252 (Fig. 3.37 c).

An alternative possibility is that there might be an amphilestid representedin the fissure deposits,

and this is discussedbelow.

3.7.5 Possible presenceof an "amphilestid"

There is a group of six small lower molars with widely separated,divergent roots, which are

describedseparatelyhere,as they are not identified with certainty (Fig. 3.40). Four are figured,

and the other two areU244 and U246. The consecutivenumbers do not imply that they were found

together in this case.They are very similar in size and triangulation and a plot of length/width

against length separatesthem out from the other Pant4 lower molars, as they are relatively

narrower (Fig. 4.4). This initially suggeststhat they aredeciduous premolars and one of them,

U320 (Fig. 3.40 b), was proposedasa possible milk molar by Mills (1984). The divergent roots

and high degreeof wear also supportsthis identification. One of the teeth, U248, hasdistinctive

strap-like distal wear, but this can be seenin deciduouspremolars or first molars (Gill, 2004) and

probably relatesto the degreeof triangulation of the tooth.
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The teeth arethought to be first molars, rather than deciduouspremolars, basedon the degreeof

triangulation, and build up of secondarydentine and cementumdepositson the roots, which

suggesta permanenttooth from an older individual. In all but U341 (Fig. 3.40c), the mesial root is

intact and there is no trace of resorption on any of the roots. It is unlikely that the usual pattern of

resorption predominantly affecting the mesial root, asseenin the jaws from Pontalun 1 and the

deciduouspremolars from Pant2, is different here. When only the mesial root is present it can also

erroneously give the appearanceof very widely spacedroots, as in deciduous teeth. However,

U341 showsthat the distal root is first vertical and then curves inward and mesially. Both the in

situ first molar in U79 (Fig. 3.6 c) and the X-ray of U73 (Fig. 5.11a) show that the alveoli of m1

lean towards the middle of the molar row, and it is suggestedthat this is the casehere.

Another explanation could be that at leastsomeof the teeth are from the sameindividual and

representan animal with molars similar to thoseof an "amphilestid". This is assumingthat the

term 'amphilestid" includes molars with a weakly triangulated cusp pattern (Kielan-Jaworowska et

al., 2004). The evidence in favour of at leastsomeof the teeth being from the samejaw is that the

teeth are very similar in size and occlusal 'shape'and the degreeof wear is compatible. The

preservation is similar, as is the breakagepatternof the distal root. All the teeth, except one, are

left molars, which is also suggestivethat at leastsomeof the teeth are from the sameindividual.

The teeth were examined very closely for similarities that could indicate that they are from the

samemolar row, assometimesteeth can be matchedup, particularly on characteristicsof the stylar

shelf. Two of the teeth havea cingulid betweencuspse and f, which is diagnostic for

Kuehneotheriumpraecursoris, and suggeststhat they are from a different individual from the other

teeth. Overall, the evidence is inconclusive, and somepairs of teeth are very similar but there is no

definite longer sequence.The stateof preservationand degreeof wear have also eliminated some

finer detail. The preponderanceof left molars is very difficult to explain, but the fact that almost

all Pant4 dentariesarealso from the left side suggeststhat it may be due to depositional or

preservational factors.

If theseteeth do indicate the presenceof an "amphilestid" in the fissures, it is possible that there

are other examples,particularly in Pant2 where there is a larger number of very obtuse-angled

teeth. The evidence is not at all conclusive but should be kept in mind if new material is found.

The only dentary found so far which might support the identification is U233.
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Chapter 4. Morphometries

A quantitative analysiswas carried out on the molar teeth to attempt to quantify the variation and

also to seeif the separationinto four taxa is supported.The aims of the analysis areto:

1. Analyse variation within the fissures.

2. Determine if the analysis supportsdifferentiation into different taxa.

3. Determine if certain molar charactersrelate to position in the molar row, especially those

consideredto be of taxonomic importance.

4.1 INTRODUCTION

4.1.1 Previous studies on Kuehneotherium

Two previous quantitative studieshavebeencarried out on Kuehneotherium material. (Mills,

1984;Godefroit and Sigogneau-Russell,1999). Mills measuredthe length, width and height of

molars from Pant4 (1971 sample) andcomparedthem with Pontalun I. Mills had also hoped to

identify the tooth locus basedon measurements,but found this impossible due to the wide

variation in size. Godefroit and Sigogneau-Russellcarried out a multivariate analysis of characters

on molars from Saint-Nicholas-de-Port but concluded that no definitive structure could be drawn

from the analysis asmost charactersvary independently.They also madea statistical comparison,

basedon lengths and widths, of the Kuehneotherium molars from Franceand South Wales.

However, although not statedin the paper,their Pantsample is from Pant2 and so differs from

that of Mills. Godefroit and Sigogneau-Russellpoint out the difficulties due to the possibility of

severalspeciesbeing presentin a hypodigm and the possibility of deciduousteeth being present.

4.1.2 Comparable studies of fossil material.

The most comparablestudy is the CedarMountain symmetrodont molars (Cifelli and Madsen,

1999). This samplecomprisesabout 250 molars and a primary goal of the study was investigating

taxonomic diversity. Most of the specimensare isolated molars, many of which are worn or

incomplete, and no complete dentition is available. This is coupled with thesesymmetrodont

speciesbeing similar to eachother andother North American taxa, and that the tooth rows include

sevensimple molars which only vary in subtle ways from one position to the next. The authors

drily comment that this "makesthe identification of taxon and tooth position less than

straightforward" .
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