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Aims and Objectives 

 

At inception, the primary objective of this study was to comprehensively 

sample potentially productive horizons within the Early Cretaceous 

(Barremian) Wessex Formation of the Isle of Wight to recover 

microvertebrate fossils. On the basis that new discoveries would be 

made, the microvertebrate fauna as a whole was to be described and 

compared with faunas of similar age found elsewhere. However, based 

on previous studies, the possibility existed that small tetrapod material 

would be extremely rare, that it may be poorly preserved and that the 

quantity recovered may be insufficient for the proposed analyses. Should 

this have been the case, it was anticipated that further work would 

involve but a brief description of this material. This was to be 

supplemented by a more detailed description of the fish fauna known to 

be present and a detailed taphonomic, sedimentological and 

palaeoenvironmental study of Wessex Formation ‘plant debris’ horizons. 

 

Fortunately, results far exceeded expectations. Although fragmentary, 

remains of a diverse microvertebrate fauna were recovered, including 

material representing many new taxa. In view of this, it quickly became 

apparent that time and space constraints would not permit a full 

description of all elements of the microvertebrate assemblage. Having 

recovered a significant micro-tetrapod fauna, it was decided to 

concentrate upon this and the primary objective became the provision of 

anatomical descriptions of key elements of the fauna. Such is the 

diversity of the tetrapod fauna that even this cannot not be described in 

full. Some elements are, therefore, described in outline only and will 

reported in full elsewhere. 

 

 A secondary objective, in view of their palaeontological importance, was 

to undertake a review of the general sedimentology and distribution of 

the so-called ‘plant debris beds’ of the Wessex Formation with a view to 

gaining a better understanding of their origin.  
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Abstract 

 

Until this study, the microvertebrate fauna of the Early Cretaceous 

(Barremian) Wessex Formation of the Isle of Wight, southern England, 

was virtually unknown. A comprehensive survey of potentially productive 

horizons was undertaken using bulk screening techniques and this 

yielded an unexpectedly diverse microvertebrate fauna together with 

fragmentary but significant remains of hitherto unknown elements of the 

associated macro-fauna. At least forty one previously unrecorded 

tetrapod taxa have been recovered. Many taxa are generically distinct 

from those occurring in other coeval European deposits, but in general 

aspect the faunas are similar. Palaeoenvironmental differences appear 

to have affected the balance of taxa present but the faunas are 

dominated by an essentially relictual assemblage of mammals, small 

theropod and ornithischian dinosaurs, abundant crocodilians, rare 

pterosaurs and turtles, scincomorph and anguimorph lizards, frogs of 

discoglossid grade, salamanders and albanerpetontids. The mammal 

fauna is comprehensively described and detailed accounts of the 

lepidosaur and archosaur faunas are provided. Space and time 

constraints do not permit description of the lissamphibian fauna but a 

summary of this is provided. For the same reason, the fish fauna is 

described in outline only but the significant occurrence of a neoselachian 

shark is reported in detail. The taxon concerned represents the earliest 

record of a neoselachian from a freshwater environment. 

 

In view of the scarcity of freshwater/terrestrial deposits of Barremian age 

elsewhere in the world, the Wessex Formation micro-fauna is of 

considerable importance and complements the already known macro-

herpetofauna. This is without parallel elsewhere in Europe and provides 

a valuable insight into dinosaur faunas and their evolution between the 

Late Jurassic and mid Cretaceous. Many elements of the Wessex 

Formation micro-fauna are also encountered in the Early Cretaceous of 

central and eastern Asia, northern Gondwana and North America. 

Despite evidence for the existence of marine barriers separating these 
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areas, it is becoming increasingly apparent that faunal interchange 

between them occured, albeit perhaps sporadically, during the Late 

Jurassic and Early Cretaceous. The Wessex Formation microbiota lends 

further support to this concept and its palaeobiogeographical significance 

is discussed.  

 

Techniques employed in the recovery of the microvertebrate fauna have 

also resulted in the recovery of previously unrecorded invertebrates and 

plants. Some of this material may, in due course, allow better dating of 

the Wessex Formation succession, permit correlation between the south-

west and south east-coastal sections on the Isle of Wight and a better 

understanding of palaeoenvironmental conditions during Wessex 

Formation times. A brief outline is provided.  

 

In view of their palaeontological significance, the plant debris beds of the 

Wessex Formation are described and conclusions drawn with regard to 

their genesis. 
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ASPECTS OF THE MICROVERTEBRATE FAUNA 

 OF THE EARLY CRETACEOUS (BARREMIAN) 

 WESSEX FORMATION OF THE ISLE OF WIGHT,  

SOUTHERN ENGLAND 

 

 

 

 

Text-fig. 1.1 View from the cliff-top at Barnes High (NGR SZ 4372 8069) 

looking south-east towards St. Catherine’s Point showing cliff exposures 

of Wealden Group strata. Barnes High Sandstone Member of the Vectis 

Formation in the foreground left, bed SS44 (Stewart 1978) of the Wessex 

Formation arrowed. SS44 has, over a long period, yielded abundant 

dinosaur remains including the partial skeleton of a brachiosaurid 

sauropod. 
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Chapter 1  

 

Introduction to the Wessex Formation of the Isle of Wight 

 

 

 

 

Text-fig. 1.2. Location and outline geological maps of the Isle of Wight. 

 

 

 

 

 Note. In the following account bed numbers for beds exposed on the south-west coast 

of the Isle of Wight are from Stewart 1978. Bed numbers for beds exposed on the 

south-east coast are from Radley 1994, (Text-fig. 1.3). 
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Text-fig. 1.3. Schematic lithological logs of the Wessex Formation 

exposed on the Isle of Wight.  

 

Historical background 

 

In 1972, during the course of surface prospecting for vertebrate fossils in 

the Early Cretaceous (Barremian) Wessex Formation (Stewart 1978; 

Daley and Stewart 1979; Allen and Wimbledon 1991; Robinson and 

Hesselbo 2004) near Hanover Point, Isle of Wight southern England 

(NGR SZ 377840), (Text-fig. 1.2), a concentration of small vertebrate 

material was discovered by the author in the second of three lignitic 
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beds in Compton Bay depicted by White (1921) and later assigned bed 

number CL3 by Stewart (1978), (Text-fig. 1.3). Approximately 25 kg of 

fossil-vertebrate rich sediment was removed for screening and during 

collection of the sample teeth referable to theropod dinosaurs, crocodiles 

and fish were recovered together with fragments of  chelonian carapace 

and a caudal vertebra referable to a large goniopholid crocodile. 

Specialist equipment was not available at that time but crude sieving 

yielded teeth, bones and scales representing a diverse fish fauna, as 

well as teeth of an indeterminate pterosaur, a small ?ornithischian 

dinosaur, additional crocodilian taxa and a number of teeth and tooth 

fragments pertaining to large theropods.  

In 1974 a more substantial sampling of the Wessex Formation exposed 

on the south west-coast of the Isle of Wight was undertaken in an effort 

to recover mammal remains (Freeman 1975) but this was limited to a 

single horizon, the so called ‘Grange Chine Black Band’ (bed L11), (Text-

fig. 1.3). This also produced abundant crocodile, osteichthyan and 

chondrichthyan remains but no material referable to mammals, birds, 

lepidosaurs or lissamphibians was recovered. Also, and somewhat 

surprisingly in view of the large skeletal remains recovered from this 

horizon (e.g. Hutt et al. 2001), this sample lacked any material referable 

to dinosaurs. At about the same time, teeth provisionally referred to the 

multituberculate mammal Loxaulax were obtained from bed CL3 in 

Compton Bay (Butler and Ford 1975), as were teeth of the small 

crocodilian Bernissartia (Buffetaut and Ford 1979). These, however, 

were found at a different point of vertebrate fossil concentration to that 

sampled (by SCS) in 1972 (the late R. L .E. Ford pers. comm. 1976).  

Butler and Ford (1975, p. 662) also reported the presence of a diverse 

fish fauna, crocodile teeth, a fragment of chelonian carapace and “teeth 

of reptiles including lizard”. In their account of the presence of the 

crocodilian Bernissartia in the Wealden Group of the Isle of Wight, 

Buffetaut and Ford (1979) also made reference to the presence of teeth 

belonging to several species of dinosaur including a theropod and the 

ornithopod Hypsilophodon. No further information was provided and 
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Ford’s collection from CL3, which was acquired after his death by the 

Staatliches Museum für Naturkunde, Stuttgart, was largely ignored until 

this study (R. Schoch pers. comm. 2004). Until recently, little further 

sampling of the Wessex Formation for microvertebrates was undertaken 

although a number of amateur fossil collectors on the Isle of Wight have 

attempted small-scale trials using hand sieves (M. Green and K. 

Simmonds pers. comm. 2002). The sieve mesh size used in these trials 

was relatively large (c. 1 mm) and nothing of significance was found that 

had not already been forthcoming from surface prospecting of the 

horizons concerned. 

Mammals were first reported from the Wealden Supergroup of mainland 

Britain in the late 19th century, although subsequent investigations have 

demonstrated that these early finds were either not mammalian or were 

not derived from Wealden strata (see Clemens 1963 for a review). 

However, unequivocal Wealden mammal remains were found in the 

early 20th century (Woodward 1911; Simpson 1928) and further work in 

the 1960s undertaken under the direction of the late Professor K. A. 

Kermack produced a number of additional specimens. Many of these 

represent additional taxa to those described by Woodward and Simpson 

(Clemens 1963; Clemens and Lees 1971; Kermack et al. 1965). The 

presence of lizards, frogs and salamanders in the Lower Weald Clay 

(Hauterivian) of mainland Britain was confirmed by Milner and Evans 

(1998). Furthermore, during the course of this study a re-examination of 

Kermack’s 1960s collection of Wealden mammal material, now held in 

the collections of the Natural History Museum, London, revealed a 

previously ignored salamander atlas obtained from the Grinstead Clay 

Formation (Valanginian) at Paddockhurst Park, West Sussex (see 

Clemens 1963, for a description of the locality). Unpublished lizard 

material has also been reported from the Cuckfield Stone Member of the 

Grinstead Clay Formation (Valanginian) (P. M. Barrett and S. E. Evans 

pers. comm. 2003) and unpublished lizard and amphibian material has 

also been collected by Mr D. Brockhurst from the Wadhurst Clay 

Formation (Valanginian) at Ibstock Bricks’ Ashdown brick works (NGR 
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TQ 5715 1095) near Bexhill, East Sussex. This material is on display at 

Bexhill Museum. However, until 2001 the only reference to lizards in the 

Wessex Formation (Barremian) of the Isle of Wight was that made by 

Butler and Ford (1975) and until then amphibians remained unrecorded.  

The discovery in the mid 1980s of an unexpectedly rich microvertebrate-

bearing horizon within the Lower Cretaceous (Berriasian) Purbeck 

Limestone Formation at Sunnydown Farm in Dorset, southern England 

(Ensom 1987) rekindled interest in British Early Cretaceous 

microvertebrates. Work undertaken since then (e.g. Ensom 1998; Ensom 

et al. 1991, 1994; Ensom and Sigogneau-Russell 1998, 2000; Evans and 

McGowan 2002; Evans and Searle 2002; Kielan-Jaworowska and 

Ensom, 1992, 1994; Sigogneau-Russell and Kielan-Jaworowska 2002) 

has confirmed the international importance of the Purbeck Limestone 

Formation as a source of small Early Cretaceous vertebrates including 

mammals, archosaurs, lepidosaurs and lissamphibians. It also raised 

questions concerning the apparent paucity of the Wessex Formation 

fauna. 

During the course of filming BBC Television’s “Live from Dinosaur Island” 

series in June 2001 sediment samples from a number of sites of 

excavation on the south-west coast of the Isle of Wight were screened 

using a bulk processing machine to the design of Ward (1981). 

Provisional results were disappointing (P. M. Barrett, S. E. Evans and D. 

J. Ward, pers. comm. 2001) but subsequent examination of one of the 

residues, that obtained from the excavation site of the allosaurid 

theropod dinosaur Neovenator Hutt et al., 1996, (bed L9), (Text-fig. 1.3), 

resulted in the recovery of a microvertebrate fauna that included fish, 

crocodiles, pterosaurs, theropod dinosaurs and a partial ?juvenile tooth 

of an ornithopod dinosaur provisionally referred to Iguanodon sp. (Evans 

et al. 2004). This sample also produced the first reliably identified and 

recorded lizard material and fragmentary material representing 

albanerpetontids, frogs and indeterminate amphibians. In light of this, the 

fauna obtained in the 1970s, the scant fauna obtained from mainland UK 

Wealden strata, and the abundant and diverse fauna obtained from the 
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Purbeck Limestone Formation, a detailed study of the microvertebrate 

fauna of the Wessex Formation was embarked upon in 2002. As an 

integral part of this, a comprehensive bulk screening programme was 

undertaken commencing in June of that year.  

Geological and palaeoenvironmental setting  

 

 

 

Text-fig. 1.4. Outline geological map of southern Britain showing 

distribution of the Wessex Formation and other Wealden Suoergroup 

strata, and the location of the Weald and Wessex sub-basins. 

 

The Wealden Supergroup of southern Britain, comprising terrestrial, 

fluvial, lacustrine and lagoonal deposits, was laid down in two sub-

basins; the Weald sub-basin in south-eastern England; and the smaller 

Wessex sub-basin in central-southern England (Text-fig. 1.4). In contrast 

to Wealden Group strata exposed on the Isle of Wight, which are of 

Barremian to Early Aptian age, in the Weald sub-basin Wealden strata 

are upper Berriasian to Hauterivian in age. In coastal exposures of the 

Wessex Formation in Dorset, the base of the succession dates from the 

upper Berriasian but the top, which is probably of Late Barremian age, 

shows an erosional contact with overlying strata (Sterwart 1978; Allen 

and Wimbledon 1991). To date no microvertebrate remains have been 

reported from these exposures and the Wessex Formation of mainland 

Britain is not considered further here. 
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The Wealden Group of the Isle of Wight comprises two formations; the 

essentially fluvio-lacustrine Wessex Formation overlain by the largely 

lagoonal Vectis Formation. Inland exposures of the Wessex Formation 

occur only temporarily during road or building work. However, there are 

excellent exposures on the south-west coast in the core of the 

Brighstone Anticline between Compton Bay and Cowleaze Chine and in 

the core of the Sandown Anticline in Sandown Bay on the south-east 

coast (Text-figs 1.2-4). Estimates for the total thickness of Wessex 

Formation strata exposed on the Isle of Wight vary between c. 170 m 

and c. 190 m due in part to difficulty in estimating the throw on a 

significant fault in Compton Bay and minor faults elsewhere in the 

section. However, Stewart (1978, 1981) estimated the thickness to be c. 

180 m and borehole data (Falcon and Kent 1960) proved a total 

thickness of 592 m for the Isle of Wight Wealden Group as a whole. 

Wessex Formation strata are the oldest exposed on the Isle of Wight. 

They are overlain by c. 70 m of lagoonal strata of the upper Barremian to 

early Aptian Vectis Formation (Kerth and Hailwood 1988; Robinson and 

Hesselbo 2004). The Wessex Formation is entirely of Barremian age 

(Allen and Wimbledon 1991; Robinson and Hesselbo 2004) although it 

has been demonstrated that the Hauterivian-Barremian boundary lies 

close to or at the level of the so called ‘Pine Raft’ exposed at low tide on 

the foreshore at Hanover Point (NGR SZ 379837), (Harding 1986; 

Hughes and McDougall 1990; Robinson and Hesselbo 2004), (Text-figs 

1.2-3). Except perhaps at the very top of the succession, the Wessex 

Formation is exclusively non-marine but there is evidence for raised 

salinities at times during deposition of the overlying Vectis Formation 

(Stewart et al. 1991; Batten and Lister 1998; Radley and Barker 1998a, 

b). 

 

The Wessex Formation comprises massive varicoloured mudstones, 

interpreted as overbank deposits, interbedded with sandstones and 

subordinate, intraformational conglomerates, muddy point bar deposits, 

crevasse splay sandstones, pond/lake deposits and plant debris beds 

(sensu Oldham 1976) in which a number of facies associations have 
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been recognised (Stewart 1978,1981; Daley and Stewart 1979; Insole 

and Hutt 1994). They were deposited on a low gradient, near-coast 

floodplain by a high sinuosity river system flowing from west to east 

within a confined, fault bounded valley (Stewart 1978, 1981; Daley and 

Stewart 1979; Insole and Hutt 1994; Radley 1994; Wright et al. 1998). 

The fault system lay in the position of what is now the Isle of Wight-

Purbeck structure but which was at that time extensional in nature (the 

flexure marked in Text-fig. 1.5 and the fault scarp in Text-fig. 1.6), 

(Stonley 1982; Chadwick 1985; Stewart et al. 1991; Ruffell 1992; 

Underhill 2002). Fault activity exerted tectonic control over both the rate 

of erosion of the higher ground to the north, which exposed strata of 

Jurassic age (Text-fig. 1.12), and deposition on the floodplain (Ruffell 

1992; Insole and Hut 1994; Radley et al. 1998; Underhill 2002).   

 

 

 

Text-fig. 1.5. Isle of Wight Wealden Group outcrop areas and their 

relationship to island’s structural geology (based on Insole et al. 1998). 

Xerophytic elements of the flora suggest that the climate was arid, at 

least for part of the year, but climate modelling indicates that significant 

precipitation occurred throughout the year, apparent seasonal aridity 

resulting from high summertime temperatures at the time of which 

evaporation exceeded precipitation (Haywood et al. 2004). Despite 

seasonally variable climatic conditions the Wessex Formation floodplain 
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provided considerable habitat diversity (Text-fig. 1.6) and this is reflected 

in the terrestrial vertebrate fauna. 

 

Text-fig. 1.6. Palaeoenvironmental reconstruction of the Isle of Wight 

and Portsdown High region (see also Text-figs 1.4, 1.12) during 

deposition of the Wessex Formation. From Martill and Naish 2001. 

Macropalaeontological setting and microvertebrate fossil distribution 

The Isle of Wight has long been famous for its diversity of dinosaur and 

other large, Early Cretaceous vertebrate remains (e.g. Benton and 

Spencer 1995; Martill and Naish 2001 and references therein). Although 

much of the material is disarticulated or fragmentary, the diversity and 

abundance of the dinosaurs is unrivalled in a European context and, in 

view of the rarity of coeval terrestrial strata yielding vertebrates 

elsewhere in the world, the Wessex Formation macroherpetofauna is of 

considerable international importance. 

Overbank and pond/lake deposits 

With the exception of the ‘Hypsilophodon Bed’ (bed SS45) at the top of 

the succession exposed on the south-west coast (Text-fig. 3), the 

depositional setting of which remains controversial, vertebrates are rare 

within the overbank mudstones. Many of the mudstones show strong 
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colour mottling, mud cracks, pseudo-anticlines, rootlet traces, calcrete 

development and other features indicative of seasonal aridity and 

pedogenesis over prolonged periods (Wright, et al. 2000). The generally 

weathered and often demineralised nature of macrovertebrate fossils 

recovered from the overbank deposits indicates a low preservation 

potential for microvertebrate material and trial samples from these facies 

were generally devoid of microvertebrates. Macrovertebrate remains 

recovered from pond/lake deposits are also relatively uncommon and 

usually, but not always, poorly preserved, often exhibiting evidence of 

substantial subaerial weathering and/or demineralisation prior to burial. 

The predominantly red colouration of the pond/lake sediments 

associated with some of these remains also indicates that the water 

bodies in which they were laid down were subject to desiccation and the 

sediments to oxidation prior to final burial. However, the presence of 

large and apparently mature unionoid bivalves, some in life position, at 

some levels demonstrates that the water bodies in which they lived 

persisted for considerable periods (Radley and Barker 2000). Partial or 

complete disarticulation of skeletal elements in the overbank and 

pond/lake deposits is common and possibly results from scavenging and 

trampling. However, vertebrate remains from these facies generally 

exhibit a greater degree of articulation than those found elsewhere 

indicating that postmortem transport may have been minimal (Insole and 

Hutt 1994; Martill and Naish 2001). Unfortunately, most cliff exposures 

are linear in nature rendering determination of the spatial distribution of 

bones from disarticulated skeletons problematic. This problem is 

exacerbated by the often long time intervals occurring between the 

discovery of individual bones as they are revealed by erosion, and by 

indiscriminate collection by private collectors. 
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Text-fig. 1.7. The Wessex Formation exposed north-west of Chilton 

Chine (NGR SZ 408821) with Sudmoor Point in the middle distance. 

Varicoloured overbank mudstones on the foreshore, Sudmoor Point 

Sandstone Member ascending the cliff in the foreground and occupying 

the middle of the cliff section (light band) in the middle distance. 

Despite the relatively unfossiliferous nature of the overbank and 

pond/lake deposits, SS1 exposed near Sudmoor Point (Text-figs 1.2-3) 

produced abundant teeth of the semionotiform fish Lepidotes. Well 

preserved microvertebrate remains were also recovered from matrix 

associated with the partial skeleton of a large ornithopod dinosaur 

excavated from a pond/lake deposit within bed SS44 at Barnes High 

(Text-figs 1.1-3) (NGR SZ 438807). This remarkable red bed horizon has 

produced a wealth of macrovertebrate fossils over many years including 

the partial skeleton of a brachiosaurid sauropod. In view of the 

abundance of unionoid bivalves present at certain horizons within the 

bed and contorted laminations at others, indicative of trampling by 

dinosaurs, SS44 appears to represent deposits laid down at the site of a 

waterhole the size of which varied, perhaps seasonally, and which 

persisted for a considerable period. In the case of microvertebrate fossils 

recovered from the matrix associated with the partial ornithopod 

skeleton, it is likely that the large skeletal remains sheltered 

microvertebrate remains from the effects of ultraviolet radiation, 

weathering and trampling, and provided a micro-environment for their 
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preservation. Unfortunately, during the period of this study no other large 

dinosaur skeletons were discovered and excavated from overbank or 

pond/lake deposits and it was not, therefore, possible to test this 

hypothesis.  

Point bar deposits and conglomerates 

Rarely, fine-grained point bar deposits contain well preserved vertebrate 

fossils and to date one partially articulated, largely complete and 

exquisitely preserved small theropod dinosaur skeleton has also been 

recovered (K. Simmonds pers. comm. 2002). However vertebrate 

remains in this depositional setting are uncommon and where they do 

occur they are generally fragmentary and abraded. In contrast, 

vertebrate fossils occur frequently in the intraformational conglomerates 

associated with a number of the sandstones and in thin conglomeratic 

strata elsewhere in the south-west coast section.  However, with the 

exception of theropod teeth, which are resistant to transport induced 

abrasion (Argast et al. 1987), much of the material is fragmentary and 

abraded. However, delicate bones, including those of pterosaurs, are 

occasionally found which have suffered little or no damage prior to 

deposition (pers. obs.). These rocks are generally well cemented with 

siderite and are, therefore, problematic for the recovery of 

microvertebrate fossils. 

Crevasse splay and associated deposits 

Vertebrates have not been recovered from crevasse splay sandstones or 

the thinner, alternating sand and mudstone units associated with minor 

flood events. Plant material is occasionally preserved but the most 

notable palaeontological feature of some of the crevasse splay 

sandstones is the preservation, as a cast on the underside of the bed, of 

the dinosaur trampled surface of the underlying mudstone. A good 

example is the sandstone lying immediately below plant debris bed CL2 

exposed on the foreshore c. 50 m west of Hanover Point in Compton Bay 

(NGR SZ 378838), (Text fig. 1.3), from which well preserved dinosaur 
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footprint casts (Text-fig. 1.8) are derived. This bed also extends into 

Brook Bay and is visible in the cliff at Hanover Point itself. 

 

Plant debris beds 

Introduction. Plant debris beds (sensu Oldham, 1976) (in this section 

PDB or PDBs) make up only about 1 percent of the Wessex Formation 

(Stewart, 1978, p.128), (Text-fig. 1.3), but a majority of the large 

vertebrate fossils have been recovered from them (e.g. Insole and Hutt 

1994; Benton and Spencer 1995; Martill and Naish 2001). As discussed 

below, they are also the major source of microvertebrate remains and in 

view of this a more detailed description and discussion of this facies is 

provided. 

PDBs are very variable in their lithology but are easily recognised in the 

field being of a predominantly grey or grey-green colour in un-weathered 

exposures. Stewart (1978, pp 128-132) recognised three types of plant 

debris bed: “(i) beds of wide lateral extent, which have coarser debris at 

their base and fine-upwards; (ii) similar beds to (i) but confined to 

channels; (iii) mudstones with plant debris distributed evenly throughout 

the bed, often parallel laminated”. Observations made during the course 

of this study indicate that types (i) and (ii) are indistinguishable and relate 

simply to the topography of the substrate onto which the material forming 

the PDB was deposited and/or orientation of exposures. Type (iii) PDBs 

are, as stated by Stewart (1978), rare, but are to be seen high in the cliff 

at Sudmoor Point (NGR SZ 3945 8272) and in the bed 26-30 complex at 

Yaverland (NGR SZ 616852; Text-fig. 1.3). Observations made during 

this study indicate that type (iii) PDBs are intimately associated with 

Stewart’s (1978) type (i) and (ii) PDBs having been deposited in ponded 
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water after deposition of these types of  bed and not in isolation. For this 

reason no distinction in bed types is made here and the descriptions of 

lithology, sedimentology and palaeontology that follow highlight the great 

variability present in what at first sight appear to be superficially similar 

deposits throughout the Wessex Formation. 

Thickness and three dimensional geometry of the plant debris beds. In 

outcrop, individual PDBs vary in thickness from a few centimetres (c. 100 

mm) to perhaps as much as 1.5 m but most are between 0.7 - 0.9 m 

thick (Stewart 1978) and in many cases the thickness of a bed is variable 

laterally (Text-fig. 1.9). Some PDBs appear to be laterally continuous, 

e.g. L9 north-west of Grange Chine, whereas others, e.g. CL3 in 

Compton Bay, which is now almost entirely eroded away in current cliff 

exposures, are clearly laterally discontinuous. Others, e.g. L1 between 

Chilton Chine and Sudmoor Point, are laterally continuous but of very 

variable development, sometimes reaching a thickness of c. 1 m with 

abundant plant material, including logs, and elsewhere being reduced to 

little more than a thin band of grey siltstone with scattered, fine plant 

material. Variation in thickness in this case in part reflects slight 

undulations in the surface of the underlying Sudmoor Point Sandstone, 

but probably also reflects variations in thickness of the debris flow at the 

time of deposition. Yet others, particularly those occurring in the vicinity 

of Ship Ledge on the south-west coast (NGR SZ 427 812), appear not to 

be sheet-like and to fill distinct channels or depressions but this may 

simply reflect the orientation of exposures. In a small number of cases, 

e.g. bed L6 exposed south-east of Chilton Chine (Text-fig. 1.9), the 

apparent margin of an otherwise laterally extensive plant debris bed is 

exposed. In the case of bed L6, deposition of the debris flow appears to 

have been restricted by the topography of the surface of the underlying 

mudstone. This shows signs of both erosion and trampling. The three 

dimensional geometry of the plant debris beds is therefore complex but 
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Text-fig. 1.9. Above, south-eastern extremity of plant debris bed L6 

(Text-fig. 1.2) as exposed near Chilton Chine in August 2004. To the left 

of this photograph the bed is well-developed and laterally continuous 

with abundant, poorly sorted plant material supported in a grey siltstone 

matrix. Below, diagrammatic representation to define: A, finely laminated 

mudstones and siltstones; B, colour mottled, overbank mudstone with 

occasional desiccation cracks; left arrow, eroded and, right arrow, 

trampled surface of B; C, area of secondary reduction; D, plant debris 

bed, conglomeratic basally rapidly fining upwards into; E,  light coloured 

siltstone with occasional plant material towards the base, fining upward 

with no well defined boundary into; F, colour mottled overbank mudstone 

with abundant, deep, desiccation cracks.  
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the generally linear nature of available exposures does not permit further 

analysis. However, erosion, especially on the south-west coast of the 

island, is rapid and observations of exposed PDBs over a prolonged 

period would probably provide valuable information concerning this. 

Bed boundaries. Some PDBs, e.g. Bed 38 at Yaverland, appear to have 

an erosional base, with erosion occurring as a result of contact with the 

debris flow. Others, e.g. bed L6 (Text-fig. 1.9), appear to have been 

deposited on previously eroded surfaces. In many cases however, e.g. 

bed L11, the ‘Grange Chine Black Band’, there are no obvious signs of 

erosion at the base. There is no evidence for the existence of a 

‘seatearth’ at the base of any of the PDBs, all of which appear to be 

allochthonous, and in view of the mode of deposition proposed below 

some erosion at the base of all beds would probably have occurred but 

not perhaps where flow velocities were low. Where significant amounts 

of plant material is present, there is often a variably developed zone of 

secondary reduction below the base of the PDB (Text-fig 1.9). Most 

PDBs contain very poorly sorted clasts within a generally uniform matrix 

and the majority show some degree of fining upwards. In the case of 

PDBs occupying obvious depressions or channels there is usually a 

concentration of large plant and conglomeratic material towards the base 

with lateral as well as upward fining. The top of many, but not all, PDBs 

grades upwards uniformly to become indistinguishable from overlying 

overbank deposits.  Where no such uniform gradation is apparent, the 

top of the bed may be marked by rootlets and/or the development of 

areas rich in goethite indicating the possible development of either a 

zone of oxidation (Wright, et al. 2000) or a palaeosol (Alvin, et al. 1981). 

Distribution within the Wessex Formation. Although several PDBs occur 

immediately above a crevasse splay sandstone no pattern of distribution 

within the Wessex Formation as a whole is evident and it is clear that 

these beds are distributed randomly throughout the succession without 

direct facies association (Text-fig. 1.3). Most of the PDBs occur as 

single, well defined beds but some, e.g. beds 26–30 at Yaverland, were 

deposited in close stratigraphic proximity to form complex units and the 
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stacked beds above Sudmore Point, which in one exposure may 

incorporate beds L2-4, are cut by conglomeratic, stream bed or point bar 

deposits indicating a complex depositional history (pers. obs. 2003).  

Relationships between lithology and palaeontology. Each PDB, including 

those making up complex stacked units, is unique both in terms of its 

lithology and palaeontology. Lithology is variable both laterally and 

vertically (Text-figs 1.8, 1.10-11) and this variability is matched by a 

similar variation in the amount and taxonomic diversity of vertebrate 

material contained within a bed at any point along its outcrop (see 

below). However, fossil abundance and diversity can not be predicted 

from lithology. In many PDBs, e.g. PDB L14 at Barnes High on the 

south-west coast and PDB 38 at Yaverland on the south-east coast, 

(Text-fig. 1.3) samples taken from as little as 500 mm apart at the same 

level within the bed and displaying outwardly identical lithology yielded 

very different faunas in terms of both diversity and abundance.  In the 

case of bed L14 three trial samples were taken, each weighing c.12 kg. 

Each was processed separately using bulk screening techniques 

described below and the resulting residues treated in the same way. One 

sample produced an abundance of small vertebrate remains 

representing a diverse fauna of theropods, crocodiles, lizards, 

amphibians, osteichthyan and chondrichthyan and fishes. The second, 

taken in close proximity to the first, produced a similar crocodile and fish 

fauna but was depleted in other elements and the third, taken from an 

apparently identical lithology within the bed but from a position about 

three metres away from the first two samples produced crocodile and 

fish remains but at lower abundance than from the first two samples, a 

small number of poorly preserved amphibian remains and a well 

preserved upper molar of a spalacotheriid mammal. Sorting of vertebrate 

remains appears to have taken place within this bed. However, while 

trials have shown that it is possible to be reasonably certain that 

microvertebrate fossils will be very rare or absent in those parts of a bed 

devoid of plant and/or conglomeratic material, it is now clear that there is 

do direct link between the abundance of plant and conglomeratic 
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material and the abundance of microvertebrate remains associated with 

it. The apparently random sorting seen in PDBs L14 and 38 is common 

throughout the Wessex Formation but occasionally more predictable 

sorting of vertebrate remains occurs which is clearly related to current 

action. Such was reported by Butler and Ford (1975) and Buffetaut and 

Ford (1979) in their accounts of multituberculate and crocodile teeth 

recovered from bed CL3 in Compton Bay. Similar sorting has also been 

recorded in connection with vertebrate material recovered from bed L1 

(D. Fowler, pers. comm. 2002) and bed L9 (S. Hutt, pers. comm. 2002). 

In the case of these beds currents flowing over stranded logs appear to 

have deposited silt on the upstream side of logs and scoured 

depressions on the downstream side thereby concentrating vertebrate 

remains.  

With the exception of bed 38 at Yaverland, which has proved to be a 

particularly rich source of microvertebrate remains, and bed L9 from 

which c. 100 kg was taken, relatively small samples of up to c. 50 kg 

have been taken from other beds. Furthermore, in view of either limited 

exposures or time constraints, in most cases samples were taken from a 

single point of collection. It is now evident that such samples probably 

provide microvertebrate remains which are not representative of the 

entire fauna present at that horizon. In view of this, any statistical 

analysis of the faunas obtained is of limited value and such analyses 

have not, therefore, been provided. However, having sampled 27 

horizons during the course of this study, general conclusions can be 

drawn with regard to composition of the Wessex Formation fauna as a 

whole. These are set out in Chapter 8. 

Plant debris. Most PDBs contain abundant, poorly sorted plant remains, 

but the total amount of plant material present is extremely variable. The 

majority of this is lignitic but variable amounts of fusain (Scott 1989) is 

also invariably present. In many cases plant material found in Wessex 

Formation PDBs is heavily pyritised. Occasionally other minerals 

including calcite, siderite, silica and barite are also present (Alvin, et al. 

1981; pers. obs.).  However, much of the fine plant material recovered 
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after sieving is either un-mineralized or only slightly mineralized, usually 

with pyrite (pers. obs.). Plant remains are usually supported in a fine 

sand to mudstone matrix but a number of PDBs also contain a coarser 

sand fraction as further discussed below. Some, but not all, of the fusain 

present in all samples studied is rounded but the softness of this material 

indicates that transport distances need not have been great to produce 

the degree of rounding observed. Local derivation of plant material is 

also supported by un-abraded plant remains in many of the beds. In 

some cases fusain makes up the bulk of the plant material present but 

this may in part be due to the effects of sorting as much of the fusain 

would have been very buoyant before mineralization occurred (Alvin et 

al., 1981; Stach et al., 1982). It is also clear from examination of a 

number of horizons that the amount of fusain present in a particular bed 

may be extremely variable both laterally and vertically within that bed. 

PDB L12 at NGR SZ 4265 8120 above Ship Ledge provided a good 

example in exposures examined in January 2004. The size and 

distribution of un-burnt plant material present in the PDBs is also 

extremely variable. Some beds, e.g. CL2, (Text-figs 1.3, 1.11) contain 

logs in excess of 500 mm diameter and Stewart (1978) reported logs as 

large as 1 m diameter.  Some of the large plant material has suffered 

compaction and in some cases logs are hollow and infilled with silt or 

mud. Smaller plant material present in most beds is almost always 

extremely comminuted. Recognizable leaves and stems with leaves are 

very rare in the Wessex Formation but cuticles referable to the conifer 

Pseudofrenelopsis parceramosa are abundant in the PDBs (Alvin et al. 

1981; Oldham 1976). Despite the general lack of recognizable plant 

remains, at some horizons, e.g. bed L9, cones are commonly 

encountered and at others, e.g. bed L14, seeds and fruits are locally 

abundant. Some beds, e.g. bed 33 at Yaverland, also yield residues from 

which well preserved seeds and spores (Text-fig. 7.9) have been 

recovered during collection of vertebrate remains. These indicate that the 

flora was more diverse than previously thought (Hughes 1975; Oldham 

1976; Alvin, et al. 1981; Watson and Alvin, 1996; pers. obs., Chapter 10). 

However, climatic considerations (Allen 1998; Haywood et al. 2004) 
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suggest that the flora on the floodplain away from watercourses, lakes 

and ponds would probably have been of restricted diversity and 

savannah-like.  

Where logs and large wood fragments are present they tend to be 

concentrated towards the bottom of the bed and in all observations made 

during the course of this study they appeared to be randomly orientated 

rendering determination of palaeocurrent directions impossible.  

However, some alignment of plant debris is evident higher in beds where 

most of the plant material present tends to lie with the long axes of 

fragments parallel to bedding.  Foreshore exposures of PDBs which 

permit measurement of plant debris orientation have been poor since the 

winter of 2001 – 2002 but in February 2004 it was possible to obtain 

measurements from PDBs 12 and 33 exposed on the foreshore at 

Yaverland (Text-fig. 1.10).   

 

Text-fig. 1.10. Long axis orientation of plant material in plant debris beds 

12 (left) and 33 (right) at Yaverland. Total number of measurements for 

bed 12 = 117, mean orientation = 261o – 81o True. Total number of 

measurements for bed 33 = 81, mean orientation = 301o – 121o True. 

Currently, insufficient data are available with which to draw conclusions 

with regard to any commonality of orientation within the Wessex 

Formation as a whole. It seems likely that in many cases the orientation 

of plant material at any given exposure reflects flow patterns relating to 
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topography in the immediate vicinity of deposition rather than information 

concerning the origin of the debris flow as a whole. More data may 

reveal a common trend confirming derivation from elevated areas to the 

north and west, which is suggested by the data obtained from beds 12 

and 33, and which is assumed in the hypothesis concerning genesis of 

the PDBs set out below. However, until such time as additional data are 

available such derivation remains speculative. 

 

Text-fig. 1.11. Plant debris bed CL2 in Compton Bay. Very poorly sorted 

plant debris in a siltstone matrix with siderite occurring only as matrix 

supported clasts but with abundant pyrite. Large crushed logs also occur 

in this bed (compare with lithology in Text-fig. 1.12). Coin for scale, 

diameter 22 mm. 

Intraformational and extrabasinal clasts. Some PDBs, e.g. bed 12 

occasionally exposed on the foreshore below Yaverland car park (NGR 

SZ 613850), consist almost entirely of plant material in a fine sand to 

mudstone matrix. Most however contain abundant, often poorly sorted 

clasts derived intraformationally and varying in size from sand-sized 

particles to pebbles up to and occasionally larger than c. 50 mm 
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maximum dimeter. Rounded nodules of siderite, some representing 

reworked internal casts of bivalves and gastropods, dominate but are 

often mixed with calcrete and occasionally with reworked pyrite and/or 

mudstone intraclasts deposited as irregular conglomeratic lenses or 

bands within or at the base of the bed. These conglomerates, which are 

usually matrix supported, are in some cases devoid of plant material but 

in others plant material may be abundant. The transition from 

conglomerate to grey mudstone or mudstone with abundant plant 

material is often abrupt. Except where they form a basal lag infilling the 

irregular surface of the bed below, e.g. PDB L1 deposited on the 

irregular surface of the underlying Sudmoor Point Sandstone Member, 

the conglomerates found in the plant debris beds are often patchy and 

variable in thickness or of limited lateral extent.  

Occasional extrabasinal clasts are also found in the plant debris beds. 

These are extremely variable in size (2-3 mm to c. 100 mm maximum 

dimension [pers. obs.]) and lithology, and most found during the course 

of this study are considered to be gastroliths and will discussed below. 

The large derived clast of Lower Jurassic age reported by Radley (1993) 

is considered by him to be a drop stone transported in tree roots. Clasts 

derived from the footwall of the fault system delineating the northern 

boundary of the Wessex sub-basin, which exposed primarily argillaceous 

strata of Oxfordian and Kimmeridgian age (Text-fig. 1.13), have not been 

reported from the Wessex Formation. (See below for a discussion 

concerning possible derivation of microvertebrate remains from this 

source). 

Concretions. In addition to allochthonous siderite and pyrite some PDBs 

also contain autochthonous siderite occurring as concretions many of 

which enclose or partially enclose plant and vertebrate material and 

some of which are of a size sufficient to engulf large dinosaur bones 

(Hutt et al. 2001). These may be present throughout the bed, e.g. beds in 

the middle part of the section at Yaverland, (Text-fig. 1.11) or are only 

locally developed, e.g. PDBs L9 and L11 on the south-west coast where  
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Text-fig. 1.12. Plant debris bed 22 at Yaverland showing poorly sorted 

medium sized plant debris in a siltstone matrix with abundant siderite 

concretions and little pyrite (compare with lithology in Text-fig. 1.10). 

Coin for scale, diameter 22 mm. 

they are often associated with vertebrate remains (Hutt et al. 2001; 

Martill and Naish 2001). Autochthonous pyrite is present in all PDBs and 

is usually associated with plant and vertebrate material. However there 

are many examples where discrete nodules are also found and in certain 

beds, e.g. L11, they are abundant. Pyrite is indicative of diagenesis 

under anoxic conditions which may also favour preservation of fossils, 

including microvertebrate remains (Canfield and Raiswell 1991). 

Residue obtained after sieving. Siderite particles and/or calcrete nodules 

often dominate residues obtained from sieving but in most cases 

crystalline quartz is also abundant; quartz occurring as beekite ‘discs’ is 

also found in many residues. Beekite forms as a replacement of calcite in 

bivalve shells (Carson 1991) but beekite ‘discs’ are encountered in 

residues obtained from samples containing no trace of these. In some 

cases they may represent reworked grains, although if this is the case 

they show little evidence of abrasion during transport. It seems more 



 53 

likely, therefore, that they are derived from bivalve shells, or shell 

fragments, completely lost to dissolution during diagenesis.  

Each residue is of unique composition reflecting the lithology of the 

parent bed. Quartz grains vary in size between beds as does the degree 

of sorting and roundness.  In one bed sampled, CL7, quartz dominates 

the matrix supporting pyritised plant debris and, but for the latter, the bed 

would be considered to be a muddy sandstone. This sand is very poorly 

sorted and contains abundant, well rounded, opaque, pink quartz, 

occasional less well rounded clear quartz and rare amethyst, which is 

also less well rounded than the pink quartz. Rarely, residues contain 

plate-like, polycrystalline calcite and some yield siderite occurring in 

botryoidal habit. Pyrite may be present as small microcrystalline 

concretions, in cubic habit or as cubic-pyritohedra, and in some beds 

marcasite is abundant as small concretions with well developed 

orthorhombic surface crystals. Some beds also yield iron oxide mineral 

ooids but when encountered they form a minor constituent of the residue. 

All beds yield rare heavy minerals the composition of which indicates a 

Cornubian origin for Wessex Formation sediments (Allen, 1975, 1981).  

In addition to inorganic matter and to vertebrate, invertebrate and plant 

remains, most residues also contain small coprolites.  Phosphatic 

coprolites are variable in size, shape and composition with some 

containing bone and/or fish scale fragments. Some are spiral, indicating 

that they may have been produced by chondrichthyan fishes. All 

residues also contain often abundant, small (< 1mm long axis), 

cylindrical, carbonaceous coprolites. These are sub-hexagonal in cross-

section indicating that they were produced by termites (Francis and 

Harland 2006). Their abundance suggests that termites were an 

important element of the Wessex Formation ecosystem.    

Genesis of the plant debris beds. Stewart (1978) proposed an 

extrabasinal origin for the PDBs concluding that his type (i) and (ii) beds 

were produced by the dumping of material by overbank floods and that 

his type (iii) beds represented “sedimentation under quieter conditions 
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with the occasional floating in of large logs”. He also concluded with 

regard to the latter that they probably represented typical floodplain 

sediments prior to post depositional oxidation. Insole (in Insole and Hutt 

1994) disagreed with this hypothesis, at least so far as Stewart’s (1978) 

type (i) and (ii) PDBs are concerned, and argued for local generation of 

the sediments forming these beds. Wright et al. (2000) agreed in part 

with Insole’s (1994) hypothesis and proposed a model involving 

deposition of debris derived locally from the floodplain after wildfires “in 

low-relief areas, which were mainly submerged and were at least 

partially stagnant ponds”. Observations made during this study are in 

agreement with Insole’s hypothesis but it is clear that genesis of some of 

the PDBs can not be explained by the model proposed by Wright et al. 

(2000). However, their model may in part apply to Stewart’s type (iii) 

PDBs. A further exception which does not fit either model is the Pine Raft 

seen at Hanover Point (NGR SZ 379 837), (Text-fig. 1.3). This may 

represent an accumulation of stranded logs derived from some distance 

upstream and transported to their current location by the Wessex 

Formation river system. They are found resting on mudstones and are 

incorporated in bed CH3, the Hanover Point Sandstone (Mantell 1846; 

White 1921; Stewart 1978). They are not constituents of a PDB as stated 

by Robinson and Hesselbo (2004) although a PDB, CL1, does occur 

immediately above the Hanover Point Sandstone (Stewart 1978).   

No detailed sedimentological study of the PDBs has been made but in 

the absence to date of further expansion upon Insole’s model concerning 

the origin of the PDBs (Insole and Hutt 1994) the following observations 

are made here, some of which, pending further work, must remain 

somewhat speculative. 

The common occurrence of fusain within most PDBs indicates that 

wildfires were frequent on the Wessex Basin floodplain and almost 

certainly along the fault scarp to the north. It also provides strong 

circumstantial evidence for an association between wildfires and the 

generation of the PDBs. A number of workers have highlighted the 

seasonality of the climate in the Wessex Basin and have drawn attention 
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to the extreme xeromorphy seen in many Wessex Formation plants 

(Watson and Alvin 1996; Allen 1998; Haywood et al. 2004). Ruffell & 

Batten (1990) also propose a Barremian - Aptian arid phase in western 

Europe based on various lines of evidence derived from a wide 

geographical area. However, the criteria they cite for recognition of arid 

environments, among which are the occurrence of red beds, the 

development of calcrete and spore assemblages of limited morphological 

diversity, are also consistent with the climate model proposed by 

Hayward et al. (2004). In this, significant precipitation occurs throughout 

the year but apparent seasonal aridity develops when high ambient 

temperatures cause evaporation to exceed precipitation. In either case it 

seems likely that wild fires were triggered by lightning strikes during 

periods of vegetation desiccation (Allen, 1998; Haywood et al. 2004). 

Most of the fusain present in the PDBs represents relatively small twigs 

and branches and charcoalified logs are very rare indicating that in most 

cases the wildfires were restricted to savannah-like vegetation and/or to 

the canopies of forests. The former was probably primarily restricted to 

the floodplain whereas the latter occupied positions close to 

watercourses, standing bodies of water and elevated areas (Oldham 

1976; Alvin et al. 1981; Watson and Sincock 1992; Watson and Alvin 

1996).  Wildfires would have denuded those parts of the floodplain 

devoid of trees. They would also have further opened the canopies in 

forested areas on both the floodplain and in elevated areas already 

partially opened by desiccation induced shedding of photosynthetic 

shoots and leaves of trees such as Pseudofrenelopsis (Alvin et al. 1981). 

Elevated areas would have been subject to rapid runoff of storm waters 

in areas where the forest canopy had been removed but may not have 

been greatly affected by erosion due to soil stabilisation by tree roots 

(e.g. Roering et al. 2003) and calcrete development. However, the 

denuded floodplain would have been vulnerable to erosion by flood 

waters which, during passage from elevated areas and across the 

floodplain, would also gather charcoal, plant and forest floor litter, fallen 

trees, the carcases of drowned or burned animals, the bones and 

carcases of animals (in various states of decomposition) dead before the 
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fire and storm event occurred and the bones, carcasses and shells of 

animals living and dying in or adjacent to aquatic environments engulfed 

as the storm waters passed. The resulting chaotic debris flow, which in 

addition to organic matter also contained eroded floodplain sediments 

including calcrete and siderite concretions, was then deposited on the 

floodplain where it would have occupied any available topographical low. 

The extent and topography of the area denuded of vegetation by fire 

prior to heavy rainfall would have been extremely variable. It is 

suggested here that this, coupled with variability in the topography and 

spatial distribution of features such as ponds, oxbow lakes, abandoned 

channels, etc. on the floodplain, accounts for the localised and often 

laterally discontinuous nature of most plant debris beds and to the 

observed variability in PDB lithology. Deposition of silt and plant material 

settling out of ponded floodwaters, and/or settling out in existing standing 

bodies of water into which the debris flow discharged (as proposed by 

Wright, et al. 2000)  also provides a model for the deposition of Stewart’s 

(1978) type (iii) PDBs.  

The relative scarcity of PDBs within the Wessex Formation as a whole 

indicates that the combination of a fire of sufficient magnitude to denude 

a substantial area of the floodplain and open high-ground forest 

canopies, followed by rainfall heavy enough to cause high-volume runoff 

and the generation of a debris flow was not a common occurrence during 

Wessex Formation times. Such events were however the most important 

factor in terms of the preservation of the Wessex Formation fauna and 

flora, as other lithologies are almost devoid of fossils. 

Further sedimentological and geochemical studies are required. 

However, the above provides a plausible model for PDB genesis and 

explains most of the unusual features of these beds, including the 

coexisting occurrence, in variable states of preservation, of a flora and 

fauna derived from diverse terrestrial and aquatic habitats. It also 

provides a plausible explanation for the lack of erosion of upland areas, 

in which were exposed earlier Mesozoic strata, and, therefore, one 
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explanation for the apparent absence of derived Jurassic fossils in the 

Wessex Formation.  

 

Further support for the model is provided by the molluscan biostratinomy 

of the PDBs. Radley and Barker (2000) have demonstrated that none of 

Stewart’s (1978) type (i) and (ii) PDBs contain autochthonous 

concentrations of mollusc shells in life positions, although mollusc shells 

are occasionally abundant, and that only in those PDBs comprising 

vertically accreted plant material are mollusc shells found in inferred life 

positions.  This is as predicted by the above model but not that proposed 

by Wright et al. (2000). 

 

Possible derivation of microfossils in the Wessex Formation 

 

In the Isle of Wight, two major en echelon basement faults delineate the 

northern margin of the Portland – Wight Basin (Underhill 2002), in which 

the Wessex Formation was deposited and in places these faults lie less 

than 1 km north of current exposures of the Wessex Formation (Text-fig. 

4). In the Early Cretaceous these faults were extensional in nature, with 

the uplifted footwall composed of primarily argillaceous Oxfordian and 

Kimmeridgian strata (Radley et al. 1998; Underhill 2002), (Text fig. 1.13). 

These provided a potential source for reworked Late Jurassic fossils in 

the Wealden Group. Although derived Jurassic marine macrofossils are 

encountered at certain horizons in the upper part of the Shepherd’s 

Chine member of the Vectis Formation at Yaverland (Radley et al. 1998) 

and the Barnes High Sandstone member at Yaverland (D. Martill and M. 

Barker pers. comm. 2005), they are extremely rare in the Wessex 

Formation (Radley 2005). From the south-west coast of the Island an 

ammonite steinkern of Late Jurassic age has been reported by Martill 

and Barker (2000), and a single, large, clast containing Early Jurassic 

ammonites and other marine fossils has been reported by Radley (1993), 

but the former is considered to be a regurgitated gastrolith and the latter 

a drop stone transported in tree roots. Radley (1993, 1994, 2005) also 
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mentions the occurrence of Portlandian clasts in the Wessex Formation 

but these are also considered to be either gastroliths or drop stones.   

 

 

 

Text-fig. 1.13. Palaeogeology during Vectis Formation times (Barremian 

– Aptian) proposed by Radley et al. 1998. A similar palaeogeology can 

be assumed during deposition of the exposed Wessex Formation. For 

further explanation see also Radley 2005. 

 

Derived Jurassic palynomorphs have been observed (Batten 1996) and 

Hart et al. (1987) recorded calcareous marine nannofossils.  However, 

the small size of these forms, which rendered them easily transported 

together with the sediments with which they are associated, suggests 

that they were probably derived from the hinterland rather than locally.  

 

Radley et al. (1998) suggested that the occurrence of derived Late 

Jurassic marine macro-fossils in the upper part of the Vectis Formation 

was linked to wave erosion of the footwall of the basin boundary fault 

and subsequent dispersal of derived fossils during storm conditions. In 

Wessex Formation times, the meandering river system gave axial 

drainage, with probably limited opportunities for footwall erosion and 

clast transport. Furthermore, as discussed above, much of the higher 
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ground to the north was probably forested (Watson and Alvin 1996) with 

tree roots aiding soil stability (e.g. Roering et al. 2003). With the 

exception of the ammonite steinkern reported by Martill and Barker 

(2000), no Late Jurassic fossils have been found in the Wessex 

Formation, either in the field or during the sorting of large quantities of 

residues obtained from bulk screening. This indicates that animal fossils 

of Late Jurassic age derived by erosion of the northern margin of the 

Purbeck – Wight Basin are extremely rare or absent in the Wessex 

Formation of the Isle of Wight. 
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Chapter 2 

Methods and materials 

 

Anoxic conditions within plant debris bed sediments immediately after 

deposition were conducive to the preservation of bone. In view of this, 

the relative ease with which plant debris beds can be processed for the 

recovery of microvertebrate remains, and the fact that microvertebrate 

material had previously been found in them (Buffetaut and Ford 1979; 

Butler and Ford 1975; Freeman 1975; Evans et al. 2004; pers. obs.) 

work to recover microvertebrate fossils was concentrated on the plant 

debris beds. However, a number of other lithologies suitable for bulk 

screening were also sampled in order to determine whether or not 

microvertebrate remains were present elsewhere in the succession. 

Bulk Screening 

 
Sample collection. With the exception of certain fish remains and 

archosaur teeth, small vertebrate fossils in the plant debris beds are 

exceptionally difficult to detect in the field being largely indistinguishable 

from fine plant material. It is, therefore, necessary to concentrate and 

isolate vertebrate fossils using screening techniques and by secondary 

processing of the resulting residues. 

Samples of between 10 kg and 250 kg were collected from the majority 

of accessible plant debris beds (Text-fig. 3) but time constraints, 

inaccessibility and/or lack of exposure of some of the plant debris beds 

recorded by Stewart (1978) prevented collection of samples from all. In a 

number of cases multiple samples were taken from a particular bed 

either because a trial sample had proved to be rich in microvertebrate 

fossils or to assess lateral variability in the quantity and diversity of 

vertebrate fossils present in outwardly similar exposures of the same 

bed. The position of each sample was recorded using a Garmin 12 

satellite GPS receiver and the labelled samples stored under cover to dry 
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in readiness for bulk processing. In addition, small trial samples were 

oven dried for up to 12 hours in an electric fan oven at 80o C. in 

preparation for processing either using the bulk screening machine 

described below or using hand-held sieves. 

Construction of the bulk screening machine. At the site of sample 

processing no suitable natural water supply was available and mains 

water is metered. For these reasons recirculated water was used for bulk 

screening and a machine adapted from the design of Ward (1981) 

incorporating a re-circulating loop was constructed (Plate 2.1). A Lowara 

SC5/A, 230v submersible well pump was used to supply water to the 

sprinklers and bypass hose. This was chosen for its ability to pump water 

with abundant suspended clay particles present and because it is 

capable of delivering water to the sprinklers at sufficient pressure to drive 

them correctly (it is important to get this right as early trials with a high 

volume pond pump failed because the pump provided insufficient 

pressure). 

Initially the pump was suspended in the tank receiving water discharged 

from the sieve tank but despite the fact that the sediment trap in the 

spray tank was regularly emptied considerable quantities of very fine silt 

and clay particles were expelled from the spray tank via the outflow pipe. 

While the pump handled the dirty water satisfactorily the oscillatory 

sprinkler rapidly failed due to clogging of the spray oscillator mechanism. 

This problem was partially overcome by placing the pump in a separate 

tank fed from an outflow from the top of the discharge water reception 

tank situated as far as possible from the outlet from the spray tank, which 

was also extended to discharge close to the bottom of the tank. This 

permitted the discharge water reception tank to function as an additional 

settling tank and all silt sized particles were eliminated from the water 

supplying the pump (Plate 2.1). With this arrangement the oscillatory 

sprinkler continued to function correctly for extended periods before 

eventually becoming blocked. Unfortunately the mechanism driving the  
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Plate 2.1. Bulk processing machine and sieves. 
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sprinkler arm is contained within a sealed unit and once clogged the 

sprinkler must be replaced. Consideration is now being given to the use 

of a purpose built, external, impellor driven motor arm to drive the spray 

bar. This could be driven from the bypass hose and constructed using 

marine components and as such it would be immune to both clogging 

and corrosion. A further improvement to Ward’s (1981) design, at least 

so far as Wessex Formation samples are concerned, would be 

replacement of the mist sprinkler with another oscillatory sprinkler with 

the spray arm operating at right angles to the other. This would permit 

faster processing using lower water pressures, thereby speeding residue 

recovery and minimizing damage to fragile specimens. 

Construction of the sieve. The sieve used for bulk sediment screening is 

of a novel design (Plate 1) capable of handling sediment samples up to 

c. 75 kg depending upon the nature and quantity of residue produced. In 

essence it is a box constructed of 9 mm marine plywood measuring 800 

mm x 500 mm x 400 mm (length x breadth x depth) held together by 

GRP tape applied to the exterior of all joints. The wood is sealed with a 

single application of resin having first been treated with the appropriate 

primer. The sides are perforated by rectangular openings measuring 250 

mm x 650 mm and the ends with openings measuring 350 mm x 250 

mm. The base is perforated by two rectangular openings measuring 275 

mm x 350 mm. The central division between these openings increases 

the strength of the base and provides a place of central support in the 

sieving tank. The height of the sieve was maximised within the confines 

of the dimensions of the sieving tank to prevent small fossils being lost 

by ejection from the sieve when subjected to water jets from the 

sprinklers. 

 The screens are constructed of BS316 stainless steel mesh with a mesh 

size of 12 mm, over which is stretched 330 μm stainless steel mesh with 

an open area of 42 percent. (’50 Mesh’ as supplied by Cadish Precision 

Meshes of London). This is folded around the edges of the 12 mm mesh 

to form a double layer c. 15mm wide around the edge of the screen. The 

screens for the side openings allow an overlap of c. 50mm and that for 
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the base is, for additional strength, constructed in one piece to cover 

both openings and allows a similar overlap. All are secured to the inside 

of the sieve box using BS316 stainless steel screws positioned at c. 75 

mm centres. A thin bead of silicone sealant is applied to the exterior 

edge of each screen to prevent residue becoming trapped between the 

screens and the sieve box thereby avoiding contamination of subsequent 

samples with residues from previous samples. If necessary, the screens 

can be removed for the purpose of replacing the fine mesh but this did 

not prove necessary during the course of the study reported here. The 

sieve is simply supported within the sieving tank on bricks at each corner 

and in the middle. 

Bulk processing: - lithological limitations. Wet samples taken directly 

from the point of collection proved very slow to process. However, when 

thoroughly dry most samples disaggregated readily once rehydrated in 

the sieve tank and in one case, a sample from bed 12 at Yaverland, it 

was possible to process as much as 25 kg per hour. The quantity and 

composition of residue obtained for a given volume of bulk sample varied 

greatly between samples reflecting differences in lithology of the parent 

bed and lateral variability within a given bed. Some bulk samples (e.g. 

that obtained from CL3) produced relatively low volume residues 

consisting primarily of quartz grains, small pyrite nodules and discrete 

pyrite crystals, carbonaceous plant material including fusain, and 

vertebrate remains. Other samples, such as that obtained from L9 

produced residues with abundant siderite concretions varying in size 

from fine sand to several centimetres in diameter, rarer pyrite nodules of 

similar size, quartz grains, carbonaceous plant material including fusain, 

and vertebrate remains. Others contained relatively small quantities of 

clay and silt and produced very high volume residues. That obtained 

from bed 22 at Yaverland consisted of siderite nodules and concretions 

in sizes from fine sand to clasts with a maximum dimension in excess of 

200 mm. Even after removal of particles >c. 2.8 mm the concentration of 

vertebrate fossils within the large volume of residue was so low that from 

a time perspective it was uneconomic to collect them. In the case of bulk 
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samples producing low volumes of residue batches up to c. 75 kg could 

be processed without clogging the sieve. However, in the case of bulk 

samples yielding high residue volumes the size the batch had to be 

limited, particularly if it contained large clasts and angular concretions. 

One trial involving a 50 kg bulk sample containing large siderite 

concretions took more than 24 hours to process. This resulted in damage 

to the bottom mesh where large concretions had been moving in contact 

with it while being subjected to spray from the oscillatory sprinkler and a 

large weight of residue. This made removal of the sieve from the 

machine and lowering it to the ground arduous. In such cases it was 

necessary to limit the batch size to c. 25 kg, which allowed the sprinklers 

to remove the fine sediment fraction without exceptionally long run times 

and produced a manageable weight of residue.  

Secondary processing. After sieving, residues were washed with clean 

water and divided into two size fractions, one with particles larger than c. 

2.8 mm (US mesh size 6), which when dry were picked by eye. In the 

finer residue fraction, most of the carbonaceous material encountered is 

either un-mineralised or only partially mineralised and is substantially 

less dense than the remainder of the residue. It was, therefore, relatively 

easy to remove hydromechanically; it was simply panned off. This 

reduced the volume of residue by between c. 15 percent and c. 75 

percent depending upon the horizon sampled. Examination of a number 

of batches of carbonaceous residue derived from this process revealed 

no vertebrate fossil loss from the dense residue fraction. Much of the 

carbonaceous residue represents indeterminate plant remains. However 

in some cases carbonaceous residue has been retained for further study 

because mineralized plant material found in the high density residue was 

found to include well preserved seeds and spores. 

The high density residue was oven dried in an electric fan oven at 80o C 

and in a small number of cases, where significant volumes of clay 

remained after washing, the residues were washed again in fresh water 

and oven dried for a second time. Dry, clay free, residues were then 

separated into three fractions by passing them through two sieves, the 
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first with a mesh sizes of 1180 µm and the second with a mesh size of 

500 µm. Trial and error demonstrated that separating the residue into 

these fractions resulted in little masking of small fossils by larger 

elements of the residue in each fraction.  Furthermore, when compared 

to the forces exerted upon specimens in the wet sieving process it was 

considered unlikely that any substantial additional damage to fossils was 

inflicted by the final dry sieving process.  

Recovery of microvertebrate remains  

The residues were picked for fossils using a Nikon SMZ 800 stereo 

microscope and a gridded sorting tray. Trial samples of the <500 µm 

residues produced significant numbers of osteichthyan teeth and 

somewhat fewer chondrichthyan teeth but other identifiable 

microvertebrate fossils were scarce and extremely time consuming to 

collect. Because of this, and the fact that no taxon was found which was 

not better represented in the >500 µm residues, most of the <500 µm 

residues were not picked for fossils, but have been retained for future 

study. 

No attempt was made to further refine the high density residue by acid 

treatment and/or the use of heavy liquid separation techniques. Many of 

the Wessex Formation plant debris beds lack calcareous fossils but 

those containing siderite and reworked calcrete nodules often do and it 

was decided to loose nothing from the high density residues by 

secondary processing techniques. Work currently in progress on the 

previously undocumented charophyte flora and ostracod and gastropod 

faunas recovered from the plant debris beds appears to have justified 

this cautious approach. Nevertheless, future work on some beds may 

involve high density liquid separation techniques. 

Scanning electron microscopy, photography, measurements and 

phylogenetic analyses 

 

Digital images of specimens were obtained using a GEOL scanning 

electron microscope and digital macro photography. An environmental 
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chamber was not available and at commencement of this study the 

Natural History Museum, London, asked that, where possible, specimens 

to be donated to them remain uncoated. In many cases it was possible to 

obtain satisfactory SEM images using low acceleration voltages but in 

the case of a small number of specimens in which excessive charging 

occurred the specimens were sputter coated with gold/palladium. 

Measurements were taken either digitally, using digital image capture, 

analysis and processing software (SemAfore version 4.00, 

Insinööritoimisto J. Rimppi Oy), or with the use of a binocular microscope 

incorporating an optical micrometer, or using micrometer callipers. 

Images were processed using Adobe Photoshop Elements, version 2.0 

and Corel Photo-Paint and Corel Draw, version 12. For the purpose of 

phylogenetic analyses, compilation of data and management of results 

were achieved using MacClade 4 (Maddison and Maddison 2000) and 

the data analysed using PAUP, version 4.0b10 (Swofford, 1993). 

Limitations of research  

Time constraints for completion of research and limitations relating to the 

size of the completed work were the primary factors limiting the scope of 

this thesis. Collection of samples was arduous and collection of fossils 

from residues extremely time consuming. In addition, the diversity of taxa 

recovered required a vast amount of reading in order to gain a basic 

understanding of each animal group and even more in cases where new 

taxa have been diagnosed. It is for these reasons that certain elements 

of the fauna have only received superficial treatment here. It is hoped 

and anticipated that following submission an ongoing programme of 

research and publication will be maintained during which all elements of 

the fauna will be described. Chapter 7 provides a brief outline of 

elements of the microvertebrate fauna for which time and space 

constraints do not permit a full description. It also includes an outline of 

the invertebrate fauna and the flora to be described in a future study. 

Chapter 8 provides an outline of plans for future work. 
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Curation of specimens and samples  

Specimens collected by the late R. L. E. Ford, including mammal teeth 

described in Chapter 7, are held in the collections of the Staatliches 

Museum für Naturkunde, Stuttgart. All Isle of Wight specimens figured in 

published works or manuscripts intended for publication are held in the 

collections of the Natural History Museum, London or the collections of 

the Isle of Wight County Museum Service. Other specimens referred to 

in this thesis relating to work in progress are currently held in the author’s 

private collection. All specimens and samples will eventually be 

accessioned in the collections of the Natural History Museum, London, or 

the Isle of Wight County Museum Service. 

Institutional abbreviations  

BMNH; Natural History Museum, London. CAMMZ; Cambridge 

University Museum of Zoology. IWCMS; Isle of Wight County Museum 

Service. SMNS; Staatliches Museum für Naturkunde, Stuttgart. 
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Chapter 3 

Fishes of the Wessex Formation 

 

The fish fauna of the Wealden Supergroup has been studied in some 

detail (e.g. Woodward 1916, 1919), although early studies are primarily 

concerned with macro-remains. One study has also addressed the shark 

tooth fauna (Patterson 1966) but this was restricted to the fauna obtained 

from Valanginian to Barremian strata of the Wealden Supergroup of 

mainland Britain and for the most part the Wessex Formation fish fauna 

remains poorly known. Macroscopic shark remains have been recorded 

from the Isle of Wight (e.g. Egerton 1845), as have macroscopic bony 

fish remains (e.g. Woodward 1916). However, the microvertebrate fish 

fauna has remained largely undescribed, with most records being within 

species lists without figures (e.g. Butler and Ford 1975; Freeman 1975; 

Stewart 1978; Buffetaut and Ford 1979; Insole and Hutt 1994). More 

recently fish remains have been recovered from the site which yielded 

the allosauroid dinosaur Neovenator Hutt et al., 1996 (Evans et al. 2004) 

but description of the fauna was again limited to a list of taxa. A large 

quantity of fish remains were recovered during this study but due to time 

and space constraints are reported in outline only here. Most of this 

material consists of isolated teeth, bones, scales and spines but a 

number of tooth plates and one specimen in which articulated scales are 

preserved were also recovered (Text-figs 3.3; 3.6).  

Chondrichthyes  

All chondrichthyan teeth recovered from residues were retained for future 

study. Several thousand hybodont shark teeth were recovered and 

cursory examination of these indicates that a number of previously 

unrecorded and possibly new taxa are present. Also recovered were fin 

and cephalic spines, and previously unrecorded dermal denticles of 

differing morphologies (Text-fig. 3.1). 
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Text-fig. 3.1. Chondrichthyan dermal denticle from bed L9. Previously 

unrecorded from the Wessex Formation, dermal denticles of various 

morphologies have now been recovered from a number of horizons. 

 

However, most notable amongst the chondrichthyan material were a 

small number of neoselachian shark teeth. These are the first 

neoselachian remains from the British Wealden Group and represent the 

geologically oldest neoselachian yet recovered from a freshwater 

deposit. In view of this, their occurrence warranted special attention.  

 

Appendix a is a manuscript published in the journal Palaeontology 

(Volume 49, Part 2, 2006, pp 457-465) entitled: 

 

 A NEOSELACHIAN SHARK FROM THE NON-MARINE WESSEX 

FORMATION (WEALDEN GROUP: EARLY CRETACEOUS, 

BARREMIAN) OF THE ISLE OF WIGHT, SOUTHERN ENGLAND 

 

by STEVEN C. SWEETMAN and CHARLIE J. UNDERWOOD 

School of Earth Sciences, Birbeck College, Malet Street, London WC1E 

7HX, UK; e-mail: c.underwood@bbk.ac.uk 
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The second author provided the generic identification, contributed to the 

description of specimens and provided comments on salinity tolerance in 

extant neoselachians and the Mesozoic fossil record of neoselachian 

sharks. Other sections, scanning electron microscopy, and illustrations 

were provided by the first author.  

Osteichthyes 

 Remains of osteichthyan fishes are abundant in the plant debris beds of 

the Wessex Formation. They consist primarily of isolated bones, 

including vertebrae and pharyngeal elements (Text-fig. 3.2), teeth, scales 

and spines. However, osteichthyan teeth are generally less abundant 

than those of chondrichthyans. They are common in the intraformational 

conglomerates associated with some of the sandstones, e.g. the 

Sudmoor Point Sandstone and the Brighstone Sandstone (Text-fig. 1.3). 

They are also occasionally encountered in the overbank mudstones and 

pond/lake deposits, e.g. SS1 near Sudmoor Point and SS44 at Barnes 

High respectively (Text-figs 1.1, 1.3). Rarely the pond lake deposits have 

yielded almost complete specimens of the semionotiform fish Lepidotes  

(M. Green pers. comm. 2003) and associated remains of Lepidotes are 

occasionally abundant in the plant debris beds, e.g. CL2 in Brook Bay 

(Text-figs 1.2-3; 3.3). Such accumulations suggest that shoals of fish 

may have been trapped in stagnant bodies of water following 

catastrophic flood events (Chapter 1). Bed CL3 in Compton Bay (Text-

figs 1.1, 1.3) has also produced abundant remains of this fish, primarily 

consisting of isolated teeth. These appear to have been concentrated by 

current action (Butler and Ford 1975; pers. obs.). One 100 kg sample 

from this bed yielded c. 1500 isolated teeth and a number of jaw 

fragments (Text-fig. 3.4) but was depleted in scales and bones. Much of 

the fish material recovered from the plant debris beds is well preserved. 

However, unlike the bones of tetrapods, those of fishes are often 

affected by asterorhizal boring systems indicative of fungal or bacterial 

decay (Martill, in Martill and Naish 2001, p.54) (Text-fig. 3.5). The 

osteichthyan fauna appears to be of limited diversity but this may reflect  
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Text-fig. 3.2. Indeterminate osteichthyan pharyngeal element from bed 

L14. 

 

Text-fig. 3.3. Lepidotes sp., scales and partial fin (lower right) from bed 

CL2 in Brook Bay. 

 

the fact that closely related taxa often have teeth of similar morphology 

and isolated specimens are difficult to differentiate between. However, it 
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is evident that more than one species of Lepidotes and several 

pycnodonts are present. The latter are represented by isolated teeth, 

including abundant pharyngeal teeth, tooth plates, dorsal and ventral 

spines (Text.fig. 3.6) 

 

 

 

Text-fig. 3.4. Jaw fragment of Lepidotes sp. from bed CL3 in Compton 

Bay. Scale bar represents 500 μm. 

 

 

 

 

Text-fig. 3.5. Asterorhizal boring system in a fish bone recovered from 

bed 38 at Yaverland (Text-figs 1.2-3). 
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Text-fig. 3.6. Pycnodontidae: A, dorsal ridge spine from bed L9 in 

distolateral view; B-C, partial tooth plates in occlusal view. B, from bed 

38. C, from bed L14; D-F, pharyngeal teeth from bed L14 in lateral view. 
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At least one amiiform fish is also present. Its characteristic arrow or 

spearhead-shaped tooth crowns (Text-fig. 3.7) have been recovered 

from residues obtained from all beds sampled. In addition, a small 

number of other as yet indeterminate osteichthyans may also be present 

(e.g. Text-fig. 3.8). 

 

Text-fig. 3.7. Amiiform tooth crowns from bed 38 at Yaverland. Similar 

teeth have been recovered from all horizons sampled. 

 

 

Text-fig. 3.8. Indeterminate osteichthyan tooth from bed L14. 

 

It is hoped that the large amount of chondrichthyan and osteichthyan 

remains recovered during this study will receive comprehensive attention 

in due course. 
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Chapter 4 

 

Lepidosauria 

 

Introduction 

 

The Berriasian Purbeck Limestone Formation of Dorset, southern 

England has produced a diverse lepidosaurian fauna in which 

rhynchocephalians are rare, represented by only one or two genera but 

scleroglossan squamates are relatively abundant and diverse (Evans 

and Searle 2002). Prior to this study, the Purbeck assemblage 

represented the most diverse pre Late Cretaceous lepidosaurian fauna 

yet recorded. The scleroglossan assemblage includes anguimorphs, 

scincomorphs and a possible gekkotan, and comprises at least eight 

genera containing perhaps as many as twelve species (Owen 1854; 

Hoffstetter 1967; Estes 1983; Evans 1994; Evans and Searle 2002). In 

contrast, until this study only the most fragmentary lizard remains have 

been reported from the Wealden Group of mainland Britain. These 

comprise fragments of premaxillae and maxillae with partial dentitions 

resembling the Purbeck anguimorph Dorsetisaurus hebetidens 

Hoffstetter, 1967 and indeterminate material representing perhaps as 

many as three non-anguimorph taxa of which at least two are 

scincomorphs. This material was obtained from Hauterivian strata within 

the Lower Weald Clay exposed at Keymer Tileworks, Burgess Hill, West 

Sussex (Milner and Evans 1998). Unpublished scincomorph lizard 

remains have also been recovered from the Valanginian Wadhurst Clay 

exposed in a clay pit near Bexhill, East Sussex (D. Brockhurst pers. 

comm. 2003 and pers. obs.) and undescribed lizard remains have also 

been reported from the Valanginian Cuckfield Stone Member of the 

Grinstead Clay Formation at Cuckfield, West Sussex (Evans et al. 2003).  

 

From the Wealden Group of the Isle of Wight, Butler and Ford (1975 p. 

662) reported “teeth of reptiles including lizard” but the whereabouts of 

the specimens concerned is unknown. They are not among material now 
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held by the Staatliches Museum für Naturkunde, Stuttgart, which 

includes the multituberculate teeth described by Butler and Ford (1975) 

and teeth of the crocodilian Bernissartia (Buffetaut and Ford 1979) and, if 

correctly identified, they are probably lost. The only other account of 

lizard remains from the Isle of Wight Cretaceous is that of Evans et al. 

(2004). They describe two jaw fragments, both of which represent 

scincomorphs, one of which is a paramacellodid. They also record the 

occurrence of two indeterminate paramacellodid osteoderms and a 

partial quadrate probably referable to Squamata. This material was 

obtained from bed L9 exposed c. 300 m north-west of Grange Chine on 

the south-west coast of the island (Text-figs 1.2-3).  

 

Elsewhere, the Mesozoic squamate fossil record is patchy (Evans 2003). 

Any new discoveries are therefore of potential significance in terms of an 

understanding of squamate evolution and diversity. New records from 

the Early Cretaceous are of particular interest because at that time the 

clade was undergoing considerable change (Evans 1998, 2003) 

involving a transition from essentially relictual assemblages of Jurassic 

aspect to assemblages of essentially modern aspect. 

 

The utility of lizard tooth morphology in determining diversity in a 

fragmentary microvertebrate assemblage. 

 

The collection of microvertebrate remains by the process of screen 

washing renders association of postcranial elements with skull material, 

including jaws, problematic. In the case of scleroglossan squamates 

many postcranial elements are small and fragile limiting their fossilization 

potential and when preserved they are often fragmentary. In addition, 

more robust elements such as dentaries, premaxillae and maxillae are 

also often fragmentary and/or non-diagnostic in their gross morphology. 

In an attempt to address this problem a number of studies have 

considered lizard tooth tip morphology as a means of distinguishing 

between taxa. One of these (Sumida and Murphy 1987) showed that 

gekkotans could be distinguished from other squamates on the basis of 
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their tooth tip morphology. Another study (Richter 1994) showed that 

tooth tip morphology could be used reliably to distinguish between 

different species of paramacellodid lizard. More recently Evans and 

Searle (2002) analysed tooth tip morphology to identify three new lizard 

taxa based on fragmentary jaws from the Purbeck Limestone Formation 

of Dorset. However, caution is required. Delgado et al. (2005) considered 

tooth development in the extant scincid Chalcides viridanus and 

concluded that while the dentition of juveniles resembles that of adults in 

characters such as pleurodont tooth emplacement and the number of 

teeth present, there is considerable ontonogetic variation in tooth shape 

and ornamentation. The teeth of juveniles were found to be smooth and 

conical whereas those of adults were ridged and bicuspid. In the case of 

other taxa, e.g. Meyasaurus from the Early Cretaceous of Spain (Evans 

and Barbadillo 1997), juveniles have almost the opposite condition to 

that observed in Chalcides. In Meyasaurus juveniles have a dentition in 

which all teeth are bicuspid whereas the adults have monocuspid 

anterior teeth and bicuspid posterior teeth. When considering fossil 

material the degree of ossification and other factors often render it 

possible to form an opinion as to the ontogenetic status of a specimen, 

irrespective of its overall size, and caution should be exercised if 

paedomorphy is suspected.  

 

In this study, with the exception of one specimen in which only the crown 

is preserved, the morphology of entire teeth has been considered. This 

has allowed recognition of a number of distinct and potentially diagnostic 

tooth morphs. Among the lizard material recovered, only one partial 

maxilla appears to represent a juvenile and this was not considered 

when attempting to ascertain the faunal composition of the Wessex 

Formation assemblage. Among the remainder of the lizard material, 

some taxa are represented by multiple jaw fragments and, while there is 

some size variation, morphology does not change with size within each 

morphotype. Meyasaurus possesses a heterodont dentition in which 

there is a regular progression from uniform and morphologically distinct, 

bicuspid posterior teeth to monocuspid, unornamented anterior teeth 
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(Text-fig. 4.4A ). It is possible that other taxa for which substantially 

complete jaw material is not available may also have had heterodont 

dentitions, but no isolated teeth of either indistinct morphology or of 

morphologies appearing to be transitional from a distinct form to a form 

lacking distinctive characters were recovered. The morphology of teeth 

described below is entirely discrete and each undoubtedly represents a 

separate taxon. 

 

Tooth terminology 

 

 

 

Text-fig. 4.1. Schematic depiction of lizard tooth tip morphology to show 

terminology used in descriptions. After Evans and Searle 2002 

(simplified from Richter 1995, p. 12, fig. 2b). 

 

Terminology relating to lizard tooth tip morphology was developed by 

Richter (1994) and slightly simplified by Evans and Searle (2002) (Text-

fig. 4.1). While the latin format is arguably somewhat cumbersome, 

Richter’s (1994) terminology has been used in other studies (e.g. Evans 

et al. 2004) and for this reason it is employed in the descriptions that 

follow. With the exception of the culmen lateris anterior and posterior, 

which may extend basally from accessory cusps, the terminology is used 

to describe features of the principal cusp in teeth where more than one 

cusp is present.  
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The Wessex Formation lepidosaurian fauna 

 

Rhynchocephalia  

 

Remains of rhynchocephalians were not recovered during this study and 

in view of the quantity if matrix processed (c. 3 tonnes) it would appear 

that they were not present in the Wessex Formation ecosystem. This 

may be explained by their apparent preference for xeric upland 

environments (Evans 2003). Despite evidence for the close proximity of 

elevated ground (Stonley 1982; Chadwick 1985; Stewart et al. 1991; 

Ruffell 1992; Underhill 2002), the occurrence of a xerophytic flora (Alvin, 

et al. 1981; Watson and Alvin, 1996) and other evidence for a seasonally 

arid climate (Allen 1998) recent climate studies have suggested that 

significant precipitation occurred throughout the year (Haywood et al. 

2005). The Wessex Formation environment may therefore have been too 

mesic for rhynchocephalians. This would appear to be supported by the 

diverse lizard fauna described below, similarly diverse Jurassic and Early 

Cretaceous lizard faunas (e.g. Kirtlington, Purbeck, Guimerota, Quarry 9 

Como Bluff) being associated with freshwater assemblages including 

inter alia amphibians and crocodilians (Evans 2003). 

 

Squamata 

 

The most commonly encountered lizard remains in the Wessex 

Formation are jaw fragments, osteoderms and vertebrae. Detailed 

descriptions of the last two lie outside the scope of this study but 

differences in the morphology of vertebrae allow recognition of two 

anguimorphs one of which may have been limbless or with very reduced 

limbs (S. E. Evans pers. comm. 2004). In contrast to the scincomorphs, 

which are represented by multiple jaw fragments and rather few 

vertebrae, only three anguimorph jaw fragments have been recovered 

among more than a dozen vertebrae. Furthermore, while only two 

anguimorphs are present, both of which appear to have been 

uncommon, the lizard fauna contains at least eleven scincomorphs, 
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remains of which occur throughout the Wessex Formation. The Wessex 

Formation lizard fauna is therefore highly significant resembling that of 

the Purbeck Limestone Formation in terms of faunal composition and 

diversity (Evans and Searle 2002). Among the scincomorphs there is one 

tricuspid form, two bicuspid forms and at least eight monocuspid forms. 

Among the latter there are three large forms and two small forms of 

which many may be referable to Paramacellodidae Estes, 1983. Some of 

the taxa outlined below will be formally described and named in a future 

paper but for the purpose of this study only descriptions of morphotypes 

are provided.  

 

Notes. Text figures show all teeth and bones in lingual view except where stated 

otherwise. At the time of writing, the Natural History Museum, London, was unable to 

provide accession numbers due to technical problems. Specimens have, therefore, 

been assigned temporary numbers. When available permanent numbers will follow the 

sequence set out in the text. 

 

Scincomorpha 

 

Type 1. (Text-fig. 4.2A-C) This tooth type is represented by seven 

crowns in a left maxilla fragment BMNH R 00001 (Text-fig. 4.3A) and by 

14 crowns preserved in the substantially complete dentition of a partial 

left dentary,  BMNH R 00002 (Text-fig. 4.3C). Both specimens were 

obtained from bed 38 at Yaverland NGR SZ 61693 85223 (Text-figs 1.2-

3).  

 

Teeth are strongly mesiodistally compressed with almost planar mesial 

and distal surfaces below the crown. In lingual view they taper basally 

and tooth crowns are short relative to the total height of the teeth and are 

flared mesiodistally towards the apex. Labially, teeth are smooth and 

convex. Lingually, both the stria dominans anterior and posterior are 

better defined in anterior teeth than posterior teeth but all bear vertical 

striae. The mesial and distal margins of tooth crowns bear lingually 

raised ridges which are expanded apically to form small cusps. Basally 

they define short culmen lateris anterior and posterior. The cuspis 
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lingualis lies at the same level as the cuspis labialis and the narrow 

carina intercuspidalis is therefore horizontal. The pars furcata is broad 

and extends to the base of the crown. 

 

 

Text-fig. 4.2. A, BMNH R 00001; B, enlargement of tooth tip; C, BMNH 

R 00002.  

 

The dentary is robust. It lacks the extreme anterior end and no part of the 

symphyses is preserved. Posteriorly the bone is broken away below the 

posterior four tooth positions but it appears that the dentition is 

substantially complete. Nineteen tooth positions are preserved of which 

three are vacant, and two contain broken teeth. Other teeth are 

complete. They are closely spaced but do not make contact with each 

other. Tooth replacement was of the iguanid pattern with resorption pits 

placed centrally at the base of teeth. Implantation is strongly pleurodont 

with teeth being supported labially for c. three quarters of the distance 

from the base to the apex. They lie on a robust subdental shelf that is c. 

twice the labiolingual basal width of teeth anteriorly but which narrows 

posteriorly. The shelf is bordered by a subdental ridge (horizontal lamina 

of some authors) which is broad in lingual view. It is raised dorsally 

above the level of the subdental shelf to form a narrow ridge anteriorly 

which becomes broader posteriorly. Posterior to the fifteenth tooth 

position (counting from the anterior end) the subdental ridge is broken 
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away but anterior to the point of breakage a facet for attachment of the 

splenial extends anteriorly for five tooth positions. Anteriorly, the 

Meckelian sulcus opens ventrally but posterior to the fifth tooth position it 

opens medially. The inferior alveolar canal as seen at the broken 

posterior end of the bone is dorsoventrally elongate and oval in cross-

section. It appears to be very narrow at the anterior end of the bone but 

this area is partially mineralized and this obscures detail. 

 

The maxilla is from the left side and broken diagonally both anteriorly 

and posteriorly. Breakage is such that the dorsal border of the facial 

process is not preserved. Nothing remains of the premaxillary process 

but the anterior break appears to have occurred close to its posterior 

extremity. The posterior break has occurred some distance anterior to 

the posterior margin of the bone and perhaps as much as half of it is 

missing. Ten tooth positions are preserved of which seven are occupied 

by complete teeth, one by a broken tooth and two of which are vacant. 

Teeth and their implantation are as described for the dentary. A broad 

palatal shelf extends lingually from the base of the teeth for a distance 

equivalent to c. twice the basal labiolingual width of the teeth but its 

lingual margin is thin. Labially, an anteroposterioly linear row of four 

neurovascular foramina open from the superior alveolar canal. Breakage 

has occurred at the mid-line of the anterior-most of these. The superior 

alveolar canal is broad and oval in outline posteriorly but anteriorly it is 

narrow. Above the linear row of foramina are two small foramina. These 

lie on the posterior margin of the preserved part of the facial process 

which is perforated by them. Externally the dorsal part of the facial 

process bears a vermiculate ornamentation of low relief. A premaxilla 

with rather indistinct Type 1 tooth morphology, BMNH R 00023 (Text-fig. 

12G), was also recovered from bed 38 at Yaverland. It is described 

below. 

 

Type 2. (Text-figs 4.3A-C) This tooth type is the most common occurring 

in bed 38 at Yaverland (grid reference as for Type 1 above) to which it is 

restricted, the restriction probably reflecting a collecting artefact. For the 
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purpose of this study it is represented by BMNH R 00003, the anterior 

part of a dentary with loci for 16 teeth. Ten of these contain teeth but only 

four have well preserved crowns. They are however of considerable 

importance, documenting the transition from bicuspid posterior teeth to 

monocuspid anterior teeth. BMNH R 00004, a partial dentary with one 

wel preserved posterior tooth and BMNH R 00005, a jaw fragment 

containing four very well preserved posterior tooth crowns. Nine 

additional, as yet un-catalogued, dentary fragments were also recovered 

but they do not add to the osteological and dental characters provided by 

the described specimens.  

 

 

Text-fig. 4.3. A, BMNH R 00003. B-C, enlargements of tooth tips in: B, 

BMNH R 00004; C, BMNH R 00005 to show variation in crown 

morphology.  

 

Crowns of posterior teeth are bicuspid with a large distal cusp and small 

mesial cusp. The V-shaped valley separating the cusps extends down 

the lingual surface of the crown to its base. It is relatively broader, less 
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steeply inclined and does not extend to the base of the crown in Type 3 

teeth described below. The mesial cusp bears a central ridge which 

extends from its base to the apex of the cusp where it forms a pointed 

angular termination. The distal cusp bears anterior and posterior striae 

dominans. The cuspis lingualis lies only a short distance below and 

lingual to the cuspis labialis and the short carina intercuspidalis is steeply 

inclined. The pars furcata is mesiodistally narrow and does not extend to 

the base of the crown. Both it and the marginal areas of the cusp bear a 

number of fine vertical striae. The mesial and distal margins of the cusp 

are equally convex. Crisp but very narrow lingually projecting crests lie at 

the mesial and distal margins of the crown and basally define the culmen 

lateris anterior and posterior. The angulus distalis and the angulus 

mesialis are approximately the same giving its apex a symmetrical 

profile. However, the apex of the cusp is rotated and inclined slightly 

posteriorly giving the impression in lingual view that mesial margin is 

broader than the distal margin. Labially, crowns are convex labially both 

mesiodistally and apicobasally. As a result, the cuspis labialis lies almost 

directly above the lingual margin of the tooth below the crown. 

 

The partial right dentary BMNH R 00003 (Text-fig. 4.3A) contains eight 

complete or substantially complete teeth, four broken teeth and two 

vacant tooth loci. The teeth have a strong pleurodont implantation and 

are supported labially for c. three quarters of the distance from the base 

to the apex. Resorption pits are situated centrally. The two posteriormost 

teeth are bicuspid and similar in morphology to that described above but 

the pars furcata is absent. Mesial cusps are also less well defined but 

nevertheless distinct and that on the posteriormost tooth bears the 

central ridge described above. The next tooth anteriorly is almost 

monocuspid with only a slight expansion of the crown mesially. That 

anterior to it is monocuspid and while those anterior to it are somewhat 

abraded, those in which the crown is preserved also appear to be 

monocuspid. Thus in BMNH R 00003 the anteriormost fourteen teeth 

were probably monocuspid while those in the posterior part of the 

dentition were bicuspid. In un-catalogued specimens a similar transition 
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is seen but in some of them the transition to Type 2 morphology is 

complete. The subdental shelf is narrow only extending lingually a short 

distance beyond the bases of the teeth but the bone is robust. The 

subdental ridge is labiolingually broad but is constricted dorsally to form 

a crest. Its lingual surface is rounded and is somewhat dorsally inclined 

towards the symphysis. The Meckelian groove extends to the symphysis 

and opens ventromedially except at the anterior end where it opens 

ventrally. The extreme anterior end of the bone is missing but the 

symphysis was evidently short extending posteriorly only as far as the 

posterior margin of the base of the first tooth. There are no muscle 

attachment scars on the ventral surfaces of the bone. Six foramina 

perforate its labial side. One of these is slit-like and occupies a ventral 

position at the anterior end of the bone. The remainder lie in a line along 

the midline of the labial surface, the space between successive foramina 

becoming greater posteriorly. The second from the anterior end underlies 

the third tooth position, the next the fifth, the next the seventh, the next 

the eleventh and the last the fifteenth. 

 

Affinities. In dentary morphology, the possession of monocuspid anterior 

lower and upper teeth and bicuspid posterior teeth, BMNH R 00003 is 

very similar to Meyasaurus from the Barremian of Spain and is placed 

with confidence in this taxon. During the course of this study it was not 

possible to examine the type material of any of the Spanish species and 

it is not currently possible, therefore, to form an opinion as to whether or 

not material from the Isle of Wight is cospecific with one of the four 

Spanish species of Meyasaurus. Also, at present there is insufficient 

material from the Wessex Formation to decide whether or not more than 

one species is present here. 

 

Type 3. (Text-fig. 4.4A-B) This tooth type (Text-fig. 4.4A) is represented 

by five crowns preserved in two right dentary fragments, apparently the 

anterior and posterior parts of the same bone, BMNH R 00006 (Text-fig. 

4.4B), and by two teeth preserved in a fragment of a left maxilla BMNH R 

00007. The dentary fragments were obtained from L14 on the south-west 
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coasts of the island near Barnes High, NGR SZ 43890 80530. The 

maxilla fragment was obtained from bed 38 at Yaverland (grid reference 

as for Type 1) 

 

Teeth are slightly labiolingually compressed with parallel mesial and 

distal surfaces. The crown is bicuspid with a large distal cusp and a small 

mesial cusp. The mesial cusp is conical and somewhat rounded apically 

whereas the distal cusp is conical in lingual view with no development of 

an angulus mesialis or angulus distalis. It is somewhat asymmetric in 

occlusal view having a distal surface that is broader and more rounded 

than the narrower, crest-like mesial surface. The apicobasal axis of the 

mesial cusp intersects that of the distal cusp, and the tooth basally at an 

angle of c. 25 degrees. The distal cusp bears a number of very fine 

striae. The mesial cusp is unornamented. There is no development of a 

culmen lateris anterior or posterior. 

 

 

 

Text-fig. 4.4. Enlargement of Type 3 tooth tip; B, BMNH R 00006.  

 

The dentary is very small and gracile suggesting that it may represent a 

juvenile. However, the occurrence of a maxilla fragment from another 

site and horizon with teeth of very similar dimensions and morphology, 

also being relatively robust in comparison to the bone, suggests that both 

represent elements of a small taxon and are not juvenile teeth and bones 

of Type 2 described above. 
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The posterior part of the dentary incorporates seven tooth positions of 

which the posteriormost probably represents the last tooth position in the 

jaw. Three complete teeth are present, two of which have suffered slight 

crushing below the crown. One of the tooth positions is vacant and the 

remainder contain fragments of broken teeth. Tooth implantation is 

strongly pleurodont with teeth being supported labially for c. two thirds of 

the distance from the base to the apex. They also receive additional 

support from the dorsal margin of the bone which is inflated dorsally 

below tooth crowns. Lingually, tooth implantation is further strengthened 

by ankylosing bone which fills gaps between teeth but which does not 

extend to their lingual surfaces. Where visible, resorption pits are small 

and some appear to be located posterior to the centre-line of the tooth. 

The subdental shelf appears to be broad posteriorly but dorsoventrally it 

is very thin. No trace of a subdental ridge is preserved. Anteriorly, the 

inferior alveolar canal is oval in outline with its long axis orientated 

dorsoventrally. Posteriorlly it is obscured by matrix. The Meckelian canal 

is dorsoventrally broad but this is all that can be established due to 

breakage. The anterior dentary fragment incorporates five tooth positions 

of which two are occupied by complete teeth. The anteriormost of these 

is somewhat smaller than the other teeth and somewhat posteriorly 

inclined suggesting that it occupies a position close to the symphysis. 

Labially, the bone is smooth and reflective. Posteriorly the posterior 

fragment has suffered damage from crushing but anterior to this is an 

anterioposteriorly elongate and narrow foramen. The anterior fragment is 

pierced by two somewhat more rounded foramina. 

 

Little can be said with regard to the morphology of the fragment of 

maxilla. It is from the left side and contains two complete teeth. Other 

than the teeth, all that remains is the area of the facial process lying 

labial to the teeth and the labial part of the palatal shelf immediately 

underlying them. The teeth are as described for the dentary. 

Type 3 shares with Meyasaurus teeth with bicuspid crowns. It differs 

from it in being very much smaller, in details of the tooth tip morphology, 
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in having anterior teeth in mature individuals that are bicuspid, in the 

presence of anankylosing bone filling gaps between teeth and in details 

of dentary morphology. It is, therefore, generically distinct from 

Meyasaurus. 

 

Type 4. (Text-fig. 4.5) This tooth type is represented by two isolated 

tooth crowns BMNH R 00008 and R 00009 of which the former is the 

best preserved. The specimens were obtained from bed 38 at Yaverland 

(grid reference as for Type 1).  

 

 

 

Text-fig. 4.5. BMNH R 00008. 

 

The teeth are short and labiolingually broad, evidently forming part of a 

robust dentition. The angulus mesialis is significantly greater than the 

angulus distalis rendering the crown asymmetric in lingual view with a 

mesial margin that is broader than the distal margin. The cuspis lingualis 

lies very close to the cuspis labialis and is somewhat expanded lingually 

to form a minute but discrete cuspule. The pars furcata is defined by 

week stria dominans anterior and posterior and does not extend to the 

base of the crown. Prominent vertical striae occupy the mesial margin of 

the crown lingually but are absent on the distal margin. The culmen 

lateris posterior comprises a crest apically and extends as a low ridge 
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below the crown for c. two thirds of the distance to the base of the tooth 

(as preserved). It is less well defined in BMNH R 00009, which may 

come from a more anterior position in the dentition, and does not extend 

below the base of the crown in this specimen. The culmen lateris anterior 

does not extend to the lingual surface of the tooth and appears to be 

restricted to the crown in both specimens but is partially obscured by 

mineral overgrowth in BMNH R 00009. The labial margin of the crown is 

smooth and slightly convex labially and apicobasally. The latter convexity 

places the apical cusp complex above the lingual margin of the tooth. 

 

Type 5. (Text-fig. 4.6A-B) This highly distinctive tooth type from bed 38 at 

Yaverland (grid reference as for Type 1) is represented by a single 

isolated specimen, BMNH R 00010. 

 

 

 

Text-fig. 4.6. BMNH R 00010 in: A, lingual view; B, mesial view.  

 

Below the crown the tooth tapers both mesiodistally and labiolingually. 

Lingually there is a shallow but distinct constriction immediately below 

the base of the crown which is convex apically. The crown is short in 

relation to the overall length of the tooth. The crown is unusual in being 

separated from the labial margin of the jaw by a labial expansion of the 

labial margin of the tooth below the crown (Text-fig 4.6B.). The angulus 

mesialis is greater then the angulus distalis. The crown is, therefore 

asymmetric in lingual view but less so than in Type 4 teeth. There is no 
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discernable pars furcata and the apex appears to comprise a single cusp 

which has been slightly blunted and polished, possibly by dietary 

attrition. Lingually, the distal margin of the crown is rounded. In contrast, 

the mesial margin while initially convex becomes somewhat concave in 

the region adjacent to the angulus mesialis. Unfortunately siderite 

overgrowth partially obscures this area. At the base of the crown both the 

mesial and distal surfaces are rounded. Apically, both mesially and 

distally the margins of the crown are labiolingually compressed to form 

well-defined crests. Fine striae occupy the whole of the lingual surface of 

the crown. The labial surface has suffered slight damage post-mortem 

but appears to have been smooth. It is convex labially and apicobasally 

in contrast to the lingual surface which is concave apicobasally. The 

combined curvatures of the lingual and labial surfaces of the crown place 

its apex lingual to the lingual margin of the tooth. In common only with 

Type 7 tooth morphology (Text-fig. 4.8), the crown is separated from the 

labial margin of the jaw by a labial expansion of the labial margin of the 

tooth below the crown (Text-fig 4.6B.).   

 

Type 6. (Text-fig. 4.7) This tooth type is represented by a single isolated 

crown BMNH R 00011, obtained from bed 38 at Yaverland (grid 

reference as for Type 1).  

 

Breakage has occurred close to the base of the crown but it appears to 

be complete. Labially a small part of the sub-crown region remains but 

most of the base of the tooth is missing rendering a determination of 

overall length impossible. However, crown size indicates that the animal 

to which it belonged was one of the larger lizards of the Wessex 

Formation fauna. The lingual surface is convex lingually but concave 

apicobasally, particularly towards the apex. There is no pars furcata and 

the apex of the crown comprises a single cusp which lies above the 

basolingual margin of the crown. This is somewhat lingually inflated and 

occupies a position somewhat distal to the centre-line of the crown. The  
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Text-fig. 4.7. BMNH R 00011. 

 

apex is otherwise rounded with no distinct angulus mesialis or distalis. 

However, the radius of curvature of the mesioapical margin is somewhat 

greater than that of the distoapical margin reflecting the distal 

displacement of the apical cusp. In lingual view crisp, narrow, lingually 

raised ridges define the culmen lateris anterior and posterior. Both are of 

equal length extending c. two thirds of the distance from the apex to the 

base of the crown. The lingual surface otherwise bears many fine striae 

which become more pronounced apically. Labially, the apex is worn, 

apparently by dietary attrition. The mesial, distal and labial surfaces are 

rounded and in basal view the crown has an approximately circular 

outline being only slightly inflated lingually. The labial surface is also 

smooth and apicobasally convex. 

 

Type 7. (Text-fig. 4.8) This tooth type is represented by a single, well 

preserved isolated tooth, BMNH R 00012, obtained from bed 38 at 

Yaverland (grid reference as for Type 1).  

 

In lingual view the tooth has a slightly waisted profile being broader at its 

base and crown than it is centrally. In mesial, distal and occlusal views it 

resembles Type 5 tooth morphology in having the crown separated from 

the labial margin of the jaw by a labial expansion of the labial margin of 
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the tooth below the crown (Text-fig 4.6B.). The lingual surface of the 

tooth is convex lingually but slightly concave apicobasally. The tooth is 

relatively short, the crown occupying c. one third of the total height. 

Basally it is mesiodistally compressed, the mesiodistal length being c. 

one half of the labiolingual width. There is no pars furcata, the apex of 

 

 

 

Text-fig. 4.8. BMNH R 00012. 

 

the crown comprising a single robust cusp which is inflated lingually. The 

lingual surface bears a number of well-defined striae. The mesial and 

distal margins of the lingual surface are defined by pronounced culmen 

lateris anterior and posterior which are raised lingually to form sharp 

crests. The culmen lateris anterior extends from the apex of the crown to 

its base. The culmen lateris posterior has been removed apically by 

presumed dietary attrition which has extended to produce a steeply 

inclined facet. The culmen lateris anterior is somewhat expanded in the 

region of the angulus mesialis but prior to wear the angulus mesialis and 

distalis appear to have been similar and the crown has a symmetrical 

appearance. The areas immediately distal to the culmen lateris anterior 

and mesial to the culmen lateris posterior comprise narrow valleys. The 

dentition of the taxon represented by this tooth type appears to have 

been adapted to a durophagous diet.  
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Type 8. (Text-fig. 4.9A-B) This tooth type is represented by two jaw 

fragments BMNH R 00013 and R 00014 both of which appear to be from 

left dentaries, possibly the same bone. However the fragmentary nature 

of the bones renders them difficult to identify with certainty. Each 

fragment contains a single tooth and both were obtained from the same 

sample taken from bed L2 exposed high in the cliff at Sudmoor Point on 

the south-west coast of the island, NGR SZ 39451 82727, (Text-figs 1.2-

3). Both teeth are well preserved but the tooth in BMNH R 00014 has 

suffered some post-mortem damage to the apex of the crown.  

 

 

 

Text-fig. 4.9. A-B, BMNH R00013: A, enlargement of tooth tip; B, 

dentary fragment. 

 

The teeth are robust and somewhat mesiodistally compressed below the 

crown. Tooth emplacement is strongly pleurodont with teeth very firmly 

attached to the labial wall of the bone. Attachment is further 

strengthened by interdental ankylosing bone. Tooth replacement is of the 

iguanid type. The subdental shelf is only marginally wider than the bases 

of teeth and the subdental ridge is week with no expression lingually. 

In lingual view the crown is slightly flared apically. The apex is almost 

horizontal and labiolingually compressed to form a mesiodistally 
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orientated cutting edge. In this respect these teeth appear to be unique. 

No apical cusp is present and there is no trace of a pars furcata. There is 

a slight lingual swelling mesial to the centre-line of the crown 

immediately below the apex in BMNH R 00013 but this is absent or has 

been removed by abrasion in BMNH R 00014. A number of well-defined 

striae are present. Apically in BMNH R 00013 these are flexed towards 

the centreline of the crown where they occur towards its margins. This 

flexure is not observed in BMNH R 00014. Differences of this sort 

probably relate to tooth position, BMNH R 00013 apparently being 

derived from a more anterior position in the dentition than BMNH R 

00014. The culmen lateris anterior and posterior are present but are not 

as elevated as the lingual striae. In common with them, they extend to 

the base of the crown. The labial surface of the crown is convex labially 

and slopes lingually. The cutting edge of the crown lies above the lingual 

margin of the tooth.  In lingual view Type 8 teeth resemble the posterior 

teeth of Sakurasaurus from the basal Cretaceous of Japan (Evans and 

Manabe 1999). However in this taxon posterior tooth crowns are blunt, 

lack a mesiodistally orientated cutting edge and were apparently adapted 

to a durophagous diet. 

 

Type 9. (Text-figs 4.10A-C, 4.12C-D) This tooth type is represented by 

four teeth preserved in a partial left dentary, BMNH R 00015, and a 

substantially complete left premaxilla containing four teeth, BMNH R 

00016. Both were obtained from bed 38 at Yaverland (grid reference as 

for Type 1) but this tooth morph has also been recorded from bed L2 

(grid reference as for Type 8). 

 

Teeth are gracile and columnar below the crown but become somewhat 

mesiodistally compressed basally. The pars furcata is broad and angular 

apically where it terminates in a well defined cuspis lingualis. Laterally 

and apically it is clearly defined by the stria dominans anterior and 

posterior, and it extends to the base of the crown. The cuspis lingualis is 

separated from the cuspis labialis by a narrow groove father than a 

carina. In this respect it resembles the teeth of some basal gekkotans 
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(Sumida and Murphy 1987) and Type 3 teeth of Evans and Searle (2002) 

from the Purbeck Limestone Formation. However, the groove-like 

separation is less pronounced in the Wessex Formation teeth. The 

presence of an apical groove rather than a carina is unusual but in other 

respects the teeth and bones resemble those of a scincomorph and not a 

gekkotan (S.E. Evans pers. comm. 2007).The pars furcata and marginal 

areas of the lingual surface of the crown bear a number of fine striae. 

The angulus mesialis and angulus distalis are rounded, the radius of 

curvature being greater mesially. As a result the cuspis mesialis and 

distalis lie somewhat distal to the centre-line of the crown. Labially the 

crown is smooth and convex labially. The labial surface slopes lingually 

but the cuspis lingualis and labialis lie labial to the lingual margin of the 

tooth. 

 

 

 

Text-fig. 4.10. A-B, BMNH R 00015. C, BMNH R 00016. 

 

The partial left dentary (Text-fig. 4.10A) is small and gracile. It contains 

two complete, two substantially complete teeth the broken bases of 

seven teeth and three vacant tooth loci. The posterior-most of the 

preserved teeth appears to have been the posterior-most in the dentition. 

The subdental shelf is c. twice the width of tooth bases. The subdental 

ridge is week posteriorly but underlying the ninth tooth position (counting 
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from the posterior end) it becomes well defined and dorsoventrally broad. 

In lingual view this expansion occurs c. two tooth positions anterior to the 

anterior termination of a facet for attachment of the splenial. The 

posterior termination of this facet underlies the distal margin of the third 

tooth from the posterior end of the bone. The Meckelian groove opens 

ventrally anterior to the facet and is narrow. No muscle attachment scars 

can be seen on the ventral surface of the bone. Tooth replacement 

appears to be iguanid but it is difficult to be sure due to breakage and the 

presence of hard, sideritic matrix. Anteriorly the inferior alveolar canal is 

oval in cross-section with its long axis parallel to the ventrolateral margin 

of the bone. Posteriorly it is similarly orientated but more compressed. 

Labially the bone is smooth and reflective and is pierced by three oval 

foramina. The posteriormost of these is the largest and most 

anterioposteriorly elongate. 

 

The premaxilla (Text-fig. 4.10C) is substantially complete. The nasal 

process is tall, slender and tapers to a point apically where it bears two 

nasal facets separated by a sharp crest. The narial margin is straight. At 

the junction with the alveolar portion the anteroventral margin of the 

palatal shelf is pierced by a foramen. The anterior surface of the bone is 

devoid of foramina. The palatal shelf is broken away but clearly extended 

some distance from the bases of the teeth. It is somewhat convex 

dorsally and slightly inclined towards the nasal process. The alveolar 

margin is almost straight and supports the teeth to c. two thirds of the 

distance from their bases to their apices. Four slender teeth with unworn 

crowns are present but the lateral and median margins of the bone are 

broken away and the total number of teeth in the premaxilla cannot be 

determined. Premaxillary teeth appear to be somewhat more robust than 

those present in the dentary but this may relate to ontogeny.  

 

Type 10. (Text-fig. 4.11A-C). This tooth type is represented by a partial 

left dentary, BMNH R 00017 (Text-fig. 4.11A) in which two well 

preserved teeth are present (Text-fig. 4.11C) and a partial right maxilla 

BMNH R 00018 (Text-fig. 4.11B) with six well preserved teeth. 
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Type 10 teeth are gracile, conical and sharply pointed. Apically they are 

strongly lingually recurved and somewhat distally recurved. There is no 

pars furcata but there is a prominent cuspis lingualis labial to and 

somewhat lower than the apex of the crown. The latter and the mesial 

and distal margins comprise a sharp crest marking the margin between 

the lingual and labial surfaces. The lingual surface bears many fine 

vertical striae. The labial surface is smooth. Tooth replacement pattern 

can not be ascertained due to the presence of adherent matrix but is 

assumed to be of the iguanid type. Tooth emplacement is pleurodont 

with teeth being supported labially for a little over half their height. 

 

 

 

Text-fig. 4.11. A, BMNH R 00017; B, BMNH R 00018; C, Enlargement of 

teeth from BMNH R 00018.  

 

The dentary fragment BMNH R 00017 is the middle part of a left ramus 

in which two complete teeth, one substantially complete tooth, two 

broken teeth and two vacant tooth loci are present. The subdental shelf 

and ridge are broad the latter being considerably raised dorsally above 
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the former. Ventromedially at the posterior end of the bone there is a 

scar for attachment of a muscle or possibly the splenial. The Meckelian 

groove is narrow and opens ventrally. The inferior alveolar canal appears 

to have been rather narrow and circular in outline but it contains a 

mineral infill which extends onto the broken ends of the bone partially 

obscuring it. Laterally the bone is reflective and is perforated by three 

oval foramina the canals from which extend posteromedially. Beneath 

the foramina there is a shallow trough extending anteroposteriorly. This 

may also represent a muscle attachment scar. 

 

The maxilla fragment BMNH R 00018 is the anterior end of a bone from 

the right side. It contains six well preserved teeth of the type described 

above and two vacant tooth loci. Most of the facial process and the 

supradental maxillary shelf are broken away. The anteroateral process 

and premaxillary facet are small. The former extending anteriorly for no 

more than c. one and a half tooth diameters in lingual view. Laterally a 

row of minute foramina line the anterior margin of the facial process. A 

somewhat larger foramen lies posterior to them a short distance above 

the ventral margin of the alveolar border. 

 

In some respects Type 10 teeth resemble those of Parasaurillus from the 

Berriasian Purbeck Limestone Formation (Evans and Searle 2002, p. 

149, Plate 1, figure 6) but they differ from this taxon in being very much 

more lingually inclined apically, in having no pars furcata and having 

many more fine striae. 

 

Type 11. (Text-fig. 4.12A-B) This tooth type is represented by two well- 

preserved teeth in a right premaxilla, BMNH R 00019. Teeth are long 

and slender and replacement is of the iguanid type. The culmen lateris 

anterior and posterior are well defined comprising sharp, narrow crests 

raised from the lingual surface of the crown. The angulus mesialis and 

distalis are similar giving the crown a symmetrical profile in lingual view. 

The pars furcata is clearly defined by the striae dominans. Its surface is 

somewhat crenulate but it does not bear striae. There is a very narrow 
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separation between the cuspis labialis and cuspis lingualis and as in 

Type 9 teeth this does comprise a carina. However, unlike Type 9 teeth 

(Text-fig. 12C), in which there is a groove between the cusps, in this 

tooth type there is a low basally concave ridge. The lingual surface is 

concave and the apex is lingually inclined, lying slightly lingual to the 

lingual margin of the tooth below the crown. The labial surface is smooth 

and convex labially. Marked differences in the morphology of the 

premaxillae (Text-fig. 4.12A, D, and see descriptions above and below) 

serve to confirm that this tooth type is not a variation of Type 9 tooth 

morphology and that the taxa are generically distinct. 

 

The right premaxilla BMNH R 00019 (Text-fig. 4.12A) is substantially 

complete. The nasal process is short, robust and expanded medially. 

Apically there are concave facets on the median and lateral surfaces 

between which there is a prominent ridge. The apical surface of the bone 

is rugose and it is evident that there was a firm interlock between the 

nasals and the premaxillae. The narial margin is straight. At the junction 

with the alveolar portion the anteroventral margin of the palatal shelf is 

pierced by a foramen. The anterior surface of the bone is devoid of 

foramina. Dorsolaterally there is a broad, concave, triangular facet for the 

anterolateral process of the maxilla. The palatal shelf is broken away on 

both sides of the bone but is preserved below the nasal process. The 

dorsal surface is V-shaped and mediodorsally bears two concave facets 

for anterior interlock with the right vomer. The alveolar margin is convex 

rostrally. It is deep, supporting teeth to c. three quarters of the distance 

from their bases to their apices.  Three teeth are present, each 

separated by a vacant slot. Tooth replacement is of the iguanid type. 

Breakage of the median surface of the bone appears to be minimal and if 

this is the case it accommodated six teeth.  

 

Premaxillae of indeterminate tooth type. A specimen in which the 

premaxillae are fused, BMNH R 00021 (Text-fig 4.12E) and a right 

premaxilla, BMNH R 00022 (Text-fig. 4.12F) were also recovered from 

bed 38 at Yaverland (location as for Type 1). 



 101 

 

 

 

Text-fig. 4.12. Lizard premaxillae from bed 38 at Yaverland. A. BMNH R 

00019; B, tooth tip of the central tooth in the same specimen. C, Type 9 

tooth tip; D, BMNH R 00020, with type 9 tooth tip morphology. E, BMNH 

R 00021, fused premaxillae with indeterminate tooth tip morphology. F, 

BMNH R 00022, with indeterminate tooth tip morphology. G, BMNH R 

00023, with type 1 tooth tip morphology. 

 

Fused premaxillae are represented by only one specimen, BMNH R 

00021 (Text-fig. 4.12E). This is substantially complete but lacks the right 

lateral margin, the medial part of the palatal shelf and the apex of the 

nasal process. The latter is slender and prong-like and the narial margins 

are almost straight. The medial and lateral surfaces comprise low ridges 

and the anterior surface is convex. At the base of the nasal process at 

the extreme anterodorsal margin of the palatal shelf two foramina 
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perforate the bone on both the right and left sides. The larger of these lie 

close to the base of the nasal process on each side. The alveolar margin 

is strongly convex rostrally and is devoid of foramina. There is no trace of 

a median suture. The lateral margin on the left side of the bone bears a 

shallow, concave facet for the anterolateral process of the maxilla. On 

the right-hand side of the bone this area is broken away. The palatal 

shelf is almost horizontal but is broken away medially. The alveolar 

margin is deep and accommodates four teeth on each side of the bone. 

Five gracile teeth are present, three on the left side and two on the right. 

Two of the teeth are broken. The more complete teeth have been 

affected by either dietary or post-mortem abrasion which has obliterated 

tooth tip morphology. Remaining tooth positions are vacant and tooth 

replacement is of the iguanid type. 

 

The right premaxilla, BMNG R 00022, (Text-fig. 4.12F) is substantially 

complete missing only the apex of the nasal process and the medial 

extremity of the palatal shelf. The nasal process is slender and triangular 

in profile with a median surface that is almost flat. It appears to have 

been tall and is recurved. The medial and anterolateral surfaces are 

ridge-like. The narial margin is curved. At the junction with the alveolar 

portion the palatal shelf is pierced by three foramina. The two larger 

foramina lie at the base of the nasal process close to its medial and 

anterolateral margins. The third foramen which is very small lies between 

and slightly lateral to these.The anterior surface of the bone is devoid of 

foramina. Dorsolaterally there is a broad, slightly concave, triangular 

facet for the anterolateral process of the maxilla. The palatal shelf is 

broken away medially. It slopes ventrally from its anterior margin and is 

horizontal in medial view. The anterodorsal margin is angular and lies at 

right angles to the almost straight lateral margin The alveolar margin is 

only slightly convex rostrally. It is deep but the degree of support for the 

teeth can not be determined due to extensive wear of the tooth crowns. 

Four teeth are present and of these three crowns have been completely 

worn away. The bone accommodated a total of five apparently robust 
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teeth and the remaining position is vacant. Tooth replacement is of the 

iguanid type. 

 

The left premaxilla BMNH R 00023 (Text-fig 4.12G) is also substantially 

complete lacking only the median edge of the alveolar margin and most 

of the associated tooth, and the medial part of the palatal shelf. The 

nasal process is short, robust and broad in anterior view. The narial 

margin is straight. Medially the apical half bears deep facets on the 

lateral and median margins. These are separated by a substantial ridge 

which forms a cylindrical prong apically and it is evident that the interlock 

with the nasals was very firm. At the base of the nasal process in the 

centre of the dorsal surface of the palatal shelf there is a substantial oval 

foramen. The anterior surface of the bone is devoid of foramina. The 

dorsolateral margin bears a strong facet for the anterolateral process of 

the maxilla. The palatal shelf, which is slightly inclined towards the nasal 

process, is broken away medially. The alveolar margin is deep 

supporting teeth for c. three quarters of their total length. It is convex 

rostrally and accommodates a total of six teeth. Of these four remain. 

Tooth tip morphology is as for Type 1 teeth but the cusps are less 

distinct than those seen in dentary maxillary teeth. Nevertheless, BMNH 

R 00023 can be assigned with confidence to the same taxon. 

 

Anguimorpha 

 

Only three anguimorph jaw fragments were recovered during this study. 

Of these two were recovered from bed L14 on the south-west coast (grid 

reference as for Type 2 teeth) and are two parts of the same left dentary, 

BMNH R 00024 (Text-fig. 4.13A). The third fragment BMNH R 00025 

(Text-fig. 4.13B) was recovered from bed L2 (grid reference as for Type 

8 teeth) also on the south-west coast and appears to be a fragment of 

the upper dentition of the same taxon.  
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Text-fig. 4.13. A, Dentary fragments comprising BMNH R 00024. B, 

maxilla or premaxilla fragment BMNH R 00025. 

 

The dentary is long, the preserved part having a length of c. 7 mm. Tooth 

implantation is weekly pleurodont, teeth being supported by a low labial 

wall. Teeth are oval in basal profile with the long axis lying an acute 

angle mesially to the anteroposterior axis of the bone. One of the teeth is 

substantially complete, lacking only the apex of the crown. It is conical, 

unornamented and distolingually recurved. As preserved, the bone 

accommodated c. 11 teeth. Teeth appear to have been present at four 

loci, others appear to have been vacant. Resorption pits are located at 

the distobasal margins of the teeth. There is a progressive increase in 

tooth size posteriorly. The subdental shelf and ridge are narrow. There 

are no scars for attachment of muscles or of associated bones and the 

Meckelian groove opens ventrolaterally. Laterally, the bone is pierced by 

at least six foramina. A seventh may have been present at the point of 

breakage between the two preserved parts. Little can be said with regard 

to the morphology of the bone accommodating teeth from the upper 

dentition due to the fragmentary nature of the specimen. As with the 

lower dentition teeth have an oval basal profile and are distolingually 

recurved. Tooth structure differs from that of Dorsetisaurus recorded 

from the Upper Weald Clay of mainland Britain and from the Purbeck 

Limestone Formation (Milner and Evans 1998). It is somewhat similar to 

that of Parviraptor from the Bathonian and Berriasian of Britain (Evans 

1994) but differs from it in the morphology of the dentary.  
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Concluding remarks 

 

Contrary to initial expectations, the Wessex Formation has yielded a 

remarkable lizard fauna comprising two anguimorphs and at least eleven 

scincomorphs. In terms of faunal composition it closely resembles the 

lizard fauna of the Berriasian Purbeck Limestone Formation of Dorset, 

southern England. However, as with the mammal fauna (Chapter six) 

there appear to be no shared genera. The number of species present 

renders the Wessex Formation lizard fauna the most speciose pre Late 

Cretaceous fauna yet recorded. The next most speciose being that from 

Purbeck which contains two anguimorphs and perhaps as many as ten 

scincomorphs (Evans and Searle (2002). The majority of taxa appear to 

be new with only one, Meyasaurus, having been previously recorded and 

this from the Barremian of Spain. Its occurrence provides further 

evidence for the apparently close faunal ties between Iberia and Britain 

in the Early Cretaceous (see Chapters 6 and 7 for further discussion). 

 

 

 

Text-fig. 4.14. Reconstruction of the paramacellodid Becklesius 

cataphractus from the Barremian of Uña, Spain. From Richter 1994. 
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Chapter 5 

  

Archosauria 

 

 

Archosaur remains are abundant in the Wessex Formation and represent 

a diverse fauna including terrestrial, aquatic and aerial forms. Until this 

study twenty one dinosaur and eight crocodilian genera, and one 

pterosaur genus had been recorded (Benton and Spencer 1995; Martill 

and Naish 2001; Steel et al. 2005). Among these are taxa exploiting a 

wide diversity of trophic resources including large or very large 

herbivorous forms such iguanodontids and brachiosaurid sauropods 

(Naish et al, 2004), and small herbivorous forms such as the ornithopod 

Hypsilophodon. Among carnivorous taxa both large and small forms are 

also represented: e.g. the large allosaurid theropod Neovenator salerii 

and the large crocodilian Goniopholis crassidens; and small forms 

including theropod dinosaurs and diminutive crocodilians. Also present in 

the fauna were piscivorous forms. These included a baryonychid 

spinosauroid, crocodilians, and the large ornithocheirid pterosaur 

Caulkicephalus trimicrodon (Charig and Milner 1997; Steel et al. 2005). 

Insectivorous forms must also have been present and at least one of the 

crocodilians, Bernissartia, with button-like crushing teeth, appears to 

have been adapted to accommodate a diet which included molluscs. The 

theropod dinosaurs and crocodilians will also have included species that 

were either obligate or opportunistic scavengers. 

 

Fragmentary remains recovered during this study, mostly comprising 

isolated teeth, show that the archosaur fauna of the Wessex Formation is 

even more diverse than previously realized. Teeth of two crocodiles, at 

least two pterosaurs, three ornithischian and at least four theropod 

dinosaurs, have been found that represent taxa currently unknown from 

macro skeletal remains. Also described below are three teeth which, 

although not identified with certainty, may be those of birds. 
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Crocodylia 

Isolated teeth of crocodilians are abundant in the Wessex Formation and 

in some samples, e.g. those taken from bed L9, they are the most 

abundant tetrapod remains. Benton and Spencer (1995), in their review 

of the reptile fauna of the Wealden of the Isle of Wight provide a list of 

Wessex and Vectis Formation crocodilian taxa, many of which have 

been recorded from both formations. The list (with amendments) is set 

out below: 

 

Neosuchia 

 Goniopholididae 

  Goniopholis crassidens Owen, 1842 

  Goniopholis minor Koken, 1887 

  Goniopholis sp. 

  Oweniasuchus sp. (?) 

Vectisuchus leptognathus Buffetaut and Hutt, 1980 

 Pholidosauridae 

  Pholidosaurus meyeri (Dunker, 1843-44) 

  Suchosaurus cultridens Owen, 1841 

  Suchosaurus sp. 

 Atoposauridae 

  Theriosuchus sp. 

 Bernissartiidae 

  Bernissartia sp. 

Eusuchia 

 Family incertae sedis. 

  Hylaeochampsa valdensis (Seeley, 1887) 

  Hylaeochampsa vectiana Owen, 1874 

  Hylaeochampsa sp. 

No new taxa have been described since this list was compiled. However, 

it is evident from this and from the very common occurrence of isolated 

teeth, that crocodilians were not only abundant but also a diverse 

component of the Wessex Formation ecosystem. Teeth representing 
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members of all but possibly one of the families set out above have been 

recovered during this study. However, it has not been possible to identify 

isolated teeth of members of Goniopholididae and Pholidosauridae to 

species level because of their general similarity. Neither has it been 

possible to decide whether or not more than one species of Bernissartia 

is present in the fauna. Furthermore, teeth of Hylaeochampsa have not 

been identified with certainty. Nevertheless, isolated teeth of distinct 

morphology indicate that two additional taxa are present; a second, small 

atoposaurid and a relatively large taxon of uncertain affinities. Teeth of 

the former are abundant and have been recovered from most horizons 

sampled. Teeth of the latter are uncommon but have been recovered 

from a small number of horizons spanning the exposed Wessex 

Formation. 

Indeterminate Atoposauridae. The distinctive lateral teeth of the 

atoposaurid Theriosuchus sp. (Text-fig. 5.1) occur throughout the 

Wessex Formation. However, considerably more abundant are the 

lateral teeth of a smaller taxon (Text-fig. 5.2). These have a mesial 

surface which is almost smooth and highly reflective in normal light 

(Text-fig. 1.2A) and a distal surface bearing an ornamentation consisting 

of numerous fine ridges (Text-fig. 5.2B). Higher crowned teeth which are 

ornamented on both the mesial and distal surfaces, but less so mesially, 

may be the anterior teeth of this taxon but a jaw with teeth has not yet 

been recovered. 

 

Text-fig. 5.1. Theriosuchus sp. lateral tooth in labial view, from bed 38 at 

Yaverland. 
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Text-fig. 5.2. IWCMS.2002.23.Tooth of an indeterminate atoposaurid 

crocodilian from bed L9 in: A, labiall view; B, lingual view. 

         

Text-fig. 5.3. IWCMS.2002.24. Crocodilian tooth of uncertain affinities 

from bed L14. A, lingual view. B, enlargement of part of the posterior 

carina. 
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Crocodylia incertae sedis. Mesiodistally compressed crocodilian teeth of 

typical form but bearing serrated carinae (Text-fig. 5.3) have been 

recovered from a number of horizons. The labial and lingual carinae are 

well developed on all specimens and in all, denticulation is more 

pronounced lingually than labially. In a number of specimens in which 

denticulation on the lingual carina is well developed it is indistinct labially. 

The denticulation seen in these specimens is unlike that seen on the 

teeth of theropod dinosaurs (e.g. Text-figs 5.18; 5.21) being highly 

irregular and lying, in particular lingually, at the margin of narrow and 

somewhat lingually expanded carinae. 

Ziphodont crocodilians are known from a number of Mesozoic and 

Palaeogene localities, e.g. members of the Hsisosuchida Young and 

Chow, 1953, but in these taxa teeth are labiolingually compressed as in 

theropod dinosaurs. A comprehensive literature search has failed to find 

other crocodilians with similar tooth morphology.  

Indeterminate bones and scutes. A number of crocodilian vertebrae, and 

osteoscutes were recovered in the field and from residues. Also 

recovered were a number of ungual phalanges which could be referable 

to either crocodilians or dinosaurs. Time and space constraints do not 

permit a full description of this material. 
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Pterosauria 

Pterosaurs are very rare in the Wessex Formation and indeed in the 

Wealden Group of Britain as a whole. Furthermore, most of what has 

been recorded is extremely fragmentary. From the Wealden of mainland 

Britain two taxa are currently considered valid: Coloborhynchus 

clavirostris Owen, 1874 and ?Lonchodectes sagittirostris (Owen, 1874). 

Two valid taxa have also been recorded from the Wealden of the Isle of 

Wight: the ornithocheirid Caulkicephalus trimicrodon Steel, Martill, Unwin 

and Winch, 2005, from the Wessex Formation at Yaverland and the 

istiodactylid Istiodactylus latidens (Seeley, 1901) from the Vectis 

Formation at Atherfield on the south-west coast of the island. The other 

Isle of Wight taxon “Ornithocheirus nobilis” (Owen, 1870) and others 

from the Wealden Group of the mainland are considered to be a nomina 

dubia (Howse et al. 2001). Martill et al. (1996) reported the occurrence of 

indeterminate pterosaur remains from the Wessex Formation which may 

be referable to large examples of Ornothocheiridae and Green (1995) 

has provided an outline of material in private collections which would be, 

if it were not held privately, of considerable scientific interest. 

During the course of this study further very fragmentary and fragile 

remains of pterosaurs, primarily comprising scraps of limb bones, were 

observed while collecting samples from the plant debris beds. 

Fragmentary pterosaur remains were also observed in a conglomerate 

associated with the Brighstone Sandstone (Text-fig. 1.3) and on one 

occasion a small and substantially complete wing phalanx was found. A 

rock saw was required for its collection but was not available at the time. 

When, a short time later, a subsequent visit to the site was made the 

bone had been largely destroyed by erosion. 

Six pterosaur teeth were recovered from residues during this study but 

one of these is very poorly preserved. Of the remaining five, 
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IWCMS.2002.25 and 26 (Text-fig. 5.4) are comparable with those of 

Istiodactylus latidens as seen in BMNH R3877 and another specimen, 

CAMMZ T706 in the collections of the Cambridge University Museum of 

Zoology, both of which were examined during this study. These 

specimens are, therefore, referred with confidence to Istiodactylus 

latidens (Seeley, 1901). A third tooth, IWCMS.2002.27, can be referred 

to Istiodactylidae Howse et al. 2001 and the others represent separate 

taxa as further discussed below.  

IWCMS.2002.25-27. Until this study Istiodactylus had only been 

recorded from the Upper Barremian to Lower Aptian Vectis Formation. 

IWCMS.2002.25 was collected from bed 38 occurring close to the top of 

the Wessex Formation at Yaverland NGR SZ 61693 85223. 

IWCMS.2002.26 was collected from bed L9 on the southwest-coast of 

the island, north-west of Grange Chine at NGR SZ 43891 80530. This 

bed occurs c. 115 m lower in the succession than bed 38 (Stewart 1978; 

Radley 1994). IWCMS.2002.27 was collected from bed CL3 in Compton 

Bay at NGR SZ 37847 83910. This lies c. 48 m above the base of the 

exposed Wessex Formation, placing it somewhat lower in the succession 

than L9 (correlation uncertain, Stewart 1978). These records, together 

with those from the Vectis Formation serve to demonstrate that 

Istiodactylus was present throughout most if not all of the Barremian and 

extend its temporal range by c. 5 million years. 

IWCMS.2002.25 and 26 are similar in gross morphology but differ in 

size. In IWCMS.2002.25 (Text-fig. 5.4A-B) crown height measured 

lingually along the centre line of the crown is 4.4 mm and maximum 

crown width is 3.1 mm. In IWCMS.2002.26 (Text-fig. 5.4C-D) crown 

height and width are estimated due to slight damage. The former is c. 3.5 

mm and the latter c. 2.1 mm. Both are laterally compressed, blade-like 

and in lingual/labial view, triangular in outline with a basal constriction 

above the root. Both have a gently convex labial surface bearing a low 

ridge extending from c. one third of the distance from the base of the 

crown to the apex. In IWCMS.2002.25 this ridge lies somewhat distal to 

the centre line of the crown and in IWCMS.2002.26, somewhat mesial to 
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it. In both specimens enamel covers a little less than one half of the 

crown apically on the lingual side and c. two thirds of the apical part of 

the crown labially. The bases of both crowns below the enamel are 

somewhat labiolingually expanded. The lingual surfaces of both 

specimens are labiolingually convex and slightly apicobasally concave. 

The mesial surfaces of both are worn. In IWCMS.2002.25 wear extends 

to about half the distance from the apex to the base of the enamel. In 

IWCMS.2002.26 apical wear is more pronounced and wear extends to 

the base of the preserved enamel on the mesial surface, the basal 

extremity being broken away. Mesiolingually there is a swelling at the 

apex of the crown in IWCMS.2002.26, the lingual surface of which is 

worn. The distolingual surface is also worn in this specimen and towards 

the base of the distal surface there is a well-developed, triangular wear 

facet. This has probably formed as a result of occlusion with the 

opposing dentition. The distal surface of IWCMS.2002.25 is unworn but it 

bears a number of scratches lingually. These lie almost perpendicular to 

the distal surface but are somewhat apically inclined. A more steeply 

inclined scratch extends from close to the base of the crown distally to 

the mesial margin of the crown lingually in IWCMS.2002.26. Faint 

scratches can be seen on the labial sides of both specimens but it is not 

clear whether they represent abrasion during feeding or post-mortem. 

IWCMS.2002.7 (Text-fig. 5.4E-F) is both smaller and more mesiodistally 

compressed than either of the previously described specimens. Crown 

height is 2.8 mm and maximum crown width is 1.3 mm. It is labiolingually 

compressed and blade-like. Enamel extends to about three quarters of 

the distance from the apex to the base of the crown lingually and 

although very thin basally, it appears to cover the entire labial surface. 

The crown is unworn but the apex has been slightly blunted, perhaps 

post-mortem. Unlike IWCMS.2002.25-26, the lingual surface is 

mesiodistally concave and bears a low central ridge apically. The lingual 

surface is also apicobasally concave but is slightly flexed labially and 

distally at the apex. Labially the crown is convex basally but towards the 
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apex. Both the distal and mesial margins are unworn, the mesial margin 

being convex mesially and the distal margin almost straight.  

Discussion. Although differing from IWCMS.2002.25 and 26 in a number 

of details, IWCMS.2002.27 is similar to these specimens in its blade-like 

morphology and in the presence of a ridge on the labial surface. Enamel 

disposition is consistent with it being the tooth of a pterosaur. That being 

the case it is also the tooth of an istiodactylid but whether or not it is a 

tooth of Istiodactylus latidens is open to question. If it is, its small size 

and differences in morphology to the teeth of Istiodactylus as seen in 
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Text-fig.  5.4. A-F, Istiodactylid teeth from the Wessex Formation. A-B, 

IWCMS.2002.25 in: A, labial view; B, lingual view. IWCMS.2002.26 in: C, 

labial view; D, lingual view. IWCMS.2002.27 in: E, labial view; F, lingual 

view. 

BMNH R3877 and CAMMZ T706 may indicate that it is the tooth of a 

juvenile. Whatever the case, IWCMS2002.25 and 26 afford the first 

opportunity to examine the lingual surfaces and wear affecting the teeth 

of Istiodactylus latidens. 

 

Text-fig. 5.5. IWCMS.2002.28 in: A, distal view. Fine lines indicate 

orientation of scratches; B, mesioventral view. C, enlargement of the 

apex of the crown in mesioventral view to show basal extremity of 

enamel. Line drawing, top left, to illustrate torsion at the apex of the 

crown. 

IWCMS.2002.28. This single tooth with crown and partial root was 

collected from bed L2 at Sudmoor Point on the south-west coast of the 
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island at NGR SZ 39451 82727 (Text-figs 1.2-3). For the purpose of the 

description it is assumed that the tooth projected laterally from the jaw 

and that it is from the lower dentition (see affinities section below). It 

may, of course, be a tooth from the upper dentition, in which case the 

orientation nomenclature would have to be emmended accordingly. 

 The base of the tooth (Text-fig. 5.5A-B) is uneven and may represent a 

broken surface. Matrix fills a basal opening which may be a resorption pit 

but which is more probably the preserved basal extremity of the pulp 

cavity. Support for the latter interpretation is found at the apex. 

Substantial wear here has extended to reveal a narrow, circular, central 

opening probably representing the apical extremity of the pulp cavity. 

The preserved part of the crown is distally recurved with a height of c. 

4.2 mm and a dorsoventral width of 0.9 mm. The base of the tooth is 

somewhat dorsoventrally compressed and oval in cross-section. The 

apex of the crown, which is also oval in cross-section is rotated so that 

what would have been the distal surface, absent rotation, lies in a dorsal 

position. Enamel covers the apical half of the preserved part of the crown 

but its basal extent is variable (Text-fig 5.5C). Dorsally the enamel has 

been breached for c. three quarters of the distance from the apex to its 

basal extremity. The facet is polished and bears a number of fine, 

parallel, linear scratches lying at an acute angle mesiodorsally to the 

apicobasal axis of the enamelled part of the crown (Text-fig. 5.5A). The 

mesial and distal margins of the enamelled part of the tooth comprise 

narrow dorsally raised ridges. The ridge on the distal margin is more 

robust than that on the mesial margin. Wear at the apex and possible 

breakage at the base indicate that the crown may, have been 

significantly higher immediately after eruption. 

Affinities. IWCMS.2002.28 is undoubtedly the tooth of a pterosaur based 

on its general morphology and the disposition of enamel. It is small and 

probably represents a small species, although it could be the tooth of a 

juvenile. Rotation of the apex of the crown and its gentle apicobasal 

taper, rather than conical shape, indicate that it is not the tooth of an 

ornithocheirid and it is obviously not the tooth of Istiodactylus. Among 
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other toothed forms from the Late Jurassic and Early Cretaceous some 

members of the Ctenochasmatidae Nopcsa, 1928b, particularly 

members of Ganathosaurinae Unwin, 1992, had teeth with morphology, 

including flexed apices, similar to that of IWCMS.2002.28. The specimen 

is therefore very tentatively assigned to this clade and with more 

certainty to Ctenochasmatidae. Elsewhere, gnathosaurine pterosaurs 

have been recorded from the Far East, Europe and South America over 

a period spanning the Upper Jurassic and Early Cretaceous:  

Huanhepterus quingyangensis Dong, 1982, is from the Upper Jurassic 

(exact age uncertain) Huachihuanhe Formation of Qingyang, Gansu, 

China; Gnathosaurus subulatus and “Pterodactylus” longicollum are from 

the Tithonian Solnhofen Limestone Formation of Germany (Wellnhofer 

1970, 1991; Buisonjé 1981): Plataleorhynchus streptophorodon Howse 

and Milner, 1995, is from the Berriasian Purbeck Limestone Formation of 

southern England; Liaoxipterus brachyognathus Dong and Lü, 2005 is 

from the Early Cretaceous (exact age uncertain) Juifotang Formation of 

China; Beipiaopterus chenianus Lü, 2003, referred with some uncertainty 

due to the lack cranial material, is from the Barremian Yixian Formation 

of Liaoning Province, China; Cearadactylus atrox Leonardi and, 

Borgomanero, 1985, is from the Aptian to ?Cenomanian Santana 

Formation of Chapada do Araripe, Brasil; and un-named, possibly 

gnathosaurine remains have been reported from the ?Early Cretaceous 

(exact age uncertain) of Chile (Martill et al. 2006). The occurrence of a 

gnathosaurine ctenochasmatid in the Barremian Wessex Formation is, 

therefore, consistent with the temporal and geographical distribution of 

Ganathosaurinae. If this identification is correct the tooth would probably 

have projected laterally from the jaw as do the teeth in most of the 

dentition of Gnathosaurus. It is for this reason that the terminology 

employed in the description was adopted.  

Indeterminate Pterosauria.  

IWCMS.2002.29. This single broken tooth crown (Text-fig. 5.6) was 

obtained from the same sample that yielded IWCMS.2002.28 described 

above. It comprises a partial tooth crown from which the apex and the 

http://en.wikipedia.org/w/index.php?title=Huachihuanhe_Formation&action=edit
http://en.wikipedia.org/wiki/Qingyang
http://en.wikipedia.org/wiki/Gansu
http://en.wikipedia.org/wiki/People%27s_Republic_of_China


 118 

basal part of the presumed distal edge are missing. As preserved, the 

crown height is 4.7 mm and width is 2 mm. It is strongly labiolingually 

compressed. Labially, enamel extends from what remains of the apex to 

c. two thirds of the distance to the base of the crown. Lingually it is 

restricted to c. one third of the distance form the apex to the base. At the 

apex, the broken surface shows the enamel to be very thin. On the basis 

of these characters the tooth is identified as pterosaurian. Labially, the 

 

Text-fig. 5.6. IWCMS.2002.29. An indeterminate pterosaur tooth in 

lingual view from bed L2 on the south-west coast of the island. 

enamel bears a large number of ridges of low relief which lie 

perpendicular to the apicobasal axis of the crown. Lingually the enamel 

is unornamented and on both surfaces the enamel is unaffected by wear. 

However, towards the base on the lingual side a number faint of parallel 

scratches can be seen which lie basally at about 45 degrees to the 

mesial margin of the crown. The mesial margin is convex mesially and 

the distal edge is concave mesially. The labial surface is slightly convex 

both apicobasally and mesiodistally. The lingual surface is convex 

mesiodistally, the convexity being stronger basally and mesially. This is 

reflected in the basal outline which before breakage would have been 

broader mesially than distally. Where preserved, the distal margin 

comprises a well defined crest. The mesial margin comprises a sharp 

crest which is folded lingually towards the base, where it becomes 

somewhat rugose. This does not extend entirely to the base of the crown 
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terminating a short distance above it at the commencement of a slight 

basal constriction. 

Affinities. During the course of this study no pterosaur was found with 

tooth morphology similar to that of IWCMS.2002.29. The lingually 

inclined ridge seen towards the base of the mesial margin of the tooth is 

reminiscent of the ridges seen in IWCMS.2002.28 obtained from the 

same horizon, but similar structures do not appear to have been 

described for other taxa. Their taxonomic significance is therefore 

uncertain. If IWCMS.2002.29 does belong to the same species as 

IWCMS.2002.28 it would have had a unique dentition adapted rostrally 

for dislodging relatively large prey items from soft substrates which were 

then processed by relatively robust teeth in the posterior part of the 

dentition. The wear observed on the presumed apicodorsal surface of 

IWCMS.2002.28 is consistent with this feeding model but until further 

and better material is available association of IWCMS2002.28 with 

IWCMS.2002.29 remains entirely speculative. 

IWCMS.2002.30. A sample taken from bed 38 at Yaverland, NGR SZ 

61693 85223, yielded IWCMS.2002.30 (Text-fig.5.7), which was 

recovered in four parts from three residue fractions. Unlike other ungual 

phalanges recovered from the Wessex Formation and the ungual 

phalanges of extant birds which are compsed of solid bone (pers. obs.), 

IWCMS.2002.30 is hollow and of light construction. However it bears 

deep lateral grooves for the attachment of what was probably a 

substantial keratinous claw and possesses a robust flexor tubercle. 

These features suggest that IWCMS.2002.30 is the ungual phalanx of a 

pterosaur. 
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Text-fig. 5.7. Pterosaur ungual phalanx from bed 38 at Yaverland. 

 

Concluding remarks 

 While uncommon, the occurrence of istiodactylid teeth at three separate 

horizons suggests that istiodactylids were not chance visitors to the 

Wessex Formation floodplain but were resident in this environment. 

Tooth morphology indicates that the other pterosaurs recorded from the 

Wessex Formation were exploiting alternative trophic resources; 

Caulkicephalus was a large, probably piscivorous form; and the possible 

gnathosaurine ctenochasmatid a small form which probably fed on 

invertebrates. The occurrence of fragmentary material possibly referable 

to ornithocheirids (Martill et al. 1996) and the occurrence of the 

ornithocheirid Caulkicephalus (Steel et al.) in the Wessex Formation 

suggest that ornithocheirids were also resident in the Wessex Formation 

environment. There is no reason why a gnathosaurine should not also 

have been present but more material is required for confirmation. 
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Dinosauria 

 

Introduction. The dinosaur fauna of the Isle of Wight is without parallel 

elsewhere in Europe. Although remains of dinosaurs in the Wessex 

Formation are for the most part fragmentary, the diversity of the fauna, 

its age and geographical location render it of international importance. 

Before comprehensive bulk screening of the Wessex Formation was 

undertaken (this study) 21 taxa had been recorded (Martill and Naish 

2001). Collection of isolated teeth during surface prospecting and from 

residues during this study permit the recognition of at least seven 

additional taxa. These include three or more theropods, a sauropod and 

three ornithischians. Somewhat surprisingly, determinate dinosaur bones 

or fragments thereof were not recovered from residues but a number of 

vertebrae and limb bone fragments were recovered during surface 

prospecting. The former are probably vertebrae of Iguanodon sp. The 

latter are all indeterminate but include bones of both ornithischians and 

saurischians. This material has been placed in the collections of the Isle 

of Wight County Museum Service.  

 

Ornithischia 

 

As outlined below, a considerable number of theropod teeth were 

recovered during this study. It might therefore be assumed that a larger 

number of ornithischian teeth would be recovered based on the 

anticipated predator/prey ratio and the occurrence of ornithischians in the 

macrofauna. This was not the case. Only seven ornithischian teeth, 

including partial specimens, were recovered from sieved residues. Of 

these, four represent the same taxon (Text-fig. 5.10). An eighth tooth 

may or may not represent an ornithischian as further discussed below. 

Furthermore, only two fragmentary ornithischian teeth (not figured) were 
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found whilst surface prospecting. Both are referable to Iguanodon sp. 

The reason for the scarcity of ornithischian remains is not clear but it is a 

phenomenon encountered elsewhere (see Naish et al. 2004 for a 

discussion). Despite the small number of specimens recovered they are 

of considerable importance because they represent three previously 

unrecorded ornithischian taxa and therefore shed tantalizing new light on 

ornithischian diversity in the Wessex Formation ecosystem. Until this 

study only five ornithischians had been recorded. These include the 

ornithopods Iguanodon (two species), Valdosaurus and Hypsilophodon, 

and the ankylosaur Polacanthus.  

 

Ornithischia incertae sedis. 

 

 

Text-fig. 5.8. IWCMS.2002.15. Indeterminate ornithischian tooth from 

bed CL3 in: A, labial view; B, lingual view. 

IWCMS.2002.15-16. Teeth with the general morphology of that observed 

in IWCMS.2002.15-16 (Text-fig. 5.8-9) have been recovered from many 

localities yielding dinosaur remains and from deposits dating from the 

Triassic (e.g. Hunt and Lucas 1994; Kriwet et al. 1997). It is evident 

therefore that this tooth morphology is plesiomorphic. IWCMS.2002.15 

differs from IWCMS.2002.16 in being considerably more laterally 

compressed, the possession of a greater number of denticles and in its 

considerably smaller size. It appears therefore that it is taxonomically 

distinct from IWCMS.2002.16. If it is derived from a mature individual it 
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represents a very small taxon. In contrast, IWCMS.2002.16 when 

complete would have been somewhat larger than the teeth of 

Hypsilophodon and it probably represents an ornithischian intermediate 

in size between Hypsilophodon and Valdosaurus. Based on tooth 

morphology, both specimens represent basal ornithischians lacking the 

more derived dental and, by inference, cranial specializations seen in 

ornithopods such as Iguanodon (Norman 1984; Norman and 

Weishampel 1985). 

 

Text-fig. 5.9. IWCMS.2002.16. Indeterminate ornithischian tooth 

fragment from bed 38 at Yaverland. 

IWCMS.2002.17-20. Four complete teeth IWCMS.2002.17-19 and one 

partial tooth IWCMS.2002.20, all of almost identical morphology (Text-

fig. 5.10), have been recovered from bed 38 at Yaverland, NGR SZ 

61693 85223. They have not been recorded from any other horizon in 

the Wessex Formation but one isolated tooth of the same morphology, 

currently held in a private collection, has been found in a bone bed in the 

Wealden Group (?Valanginian) of mainland Britain (pers. obs). A tooth of 

similar gross morphology has also been recovered from Berriasian strata 

exposed in a gypsum quarry at Cherves-de-Cognac, south-west France 

(Pouech et al. 2006, p. 98, fig. R). Of the Wessex Formation specimens, 

the crown is best preserved in IWCMS.2002.17. Others provide 
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information on morphological variation, wear patterns and root 

morphology as further discussed below. For the purpose of descriptive 

nomenclature the teeth are described as those from the lower dentition. 

However, there is nothing to indicate whether they are from the upper or 

lower dentition nor do they display any features which, lacking 

comparative material, permit determination of which is the mesial and 

which the distal margin. 

 

Text-fig. 5.10. IWCMS.2002.17 in: A, lingual view; B, labial view; C, 

occlusal view; D-E, mesial and distal views (orientation uncertain). 

IWCMS.2002.17 (Text-fig. 5.10). The crown is triangular in labial and 

lingual view. Mesiodistal length is 1.7 mm, crown height is 1.3 mm and 

the width of the crown measured on a line drawn perpendicular to the 

lingual margin through the apex of the principal cusp is 1.0 mm. The 

crown is dominated by the principal cusp which is convex labially and 
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lingually, the convexity being greater on the labial side. Mesially and 

distally it comprises a sharp crest towards the base of which on both 

sides there is a single conical cuspule. These and the principal cusp bear 

small wear facets which lie perpendicular to the apicobasal axes of the 

cusps. The crown is otherwise unaffected by wear. The base of the 

crown is surrounded by a denticulate cingulid. This is faint at the base of 

the principal cusp lingually and labially, more so labially than lingually. As 

the cingulid approaches the mesial and distal margins of the crown it 

becomes denticulate and at both margins it is expanded into sharply 

pointed cusps which are triangular in outline viewed mesially and distally. 

The cuspules on each margin of the principal cusp lie on a line joining 

the apex of the principal cusp and the apices of the mesial and distal 

cincular cusps. Mesially and distally these lines lie at an obtuse angle to 

each other lingually. The root is labiolingually compressed and oval in 

outline. It tapers apically and contains a substantial pulp cavity. The apex 

of the root has been lost due to breakage. 

IWCMS.2002.18. In gross morphology and size this specimen is very 

similar to IWCMS.2002.17 but bears evidence of occlusion with the 

opposing dentition. A minute steeply inclined facet is present on the 

lingual surface of one of the accessory cuspules. Below this on the same 

side there is a more substantial, steeply inclined facet on the cingulid. 

This extends from the apex of the cingular cusp to about half the 

distance along the cingulid to the base of the crown. A similar but 

substantially smaller facet is present on the opposite lingual side of the 

crown. In contrast to its counterpart, this facet extends over the apex of 

the cingular cusp truncating it. No wear is present on the lingual side. 

The root is substantially complete missing only its apical extremity. It is 

as described for IWCMS.2002.17 but is bluntly pointed apically. The 

opening to the pulp cavity is small and circular in cross-section. 

IWCMS.2002.19. This tooth is of a similar size to the previously 

described specimens but the wear pattern is a mirror image of that 

described for IWCMS.2002.18 indicating that it is either a tooth from the 

opposite jaw or from the opposing dentition. Wear on this tooth has 
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extended to a point where the accessory cuspules have been almost 

entirely removed. Also, the larger of the two facets seen in 

IWCMS.2002.18 has extended to all but obliterate the cingulid in 

IWCMS.2002.19 (Text-fig. 5.11, top right) and that opposite it is similarly 

enlarged and has substantially eroded the cingular cusp on that side of 

the crown. Only the basal part of the root is preserved but this is of 

similar morphology to that described for other specimens. 

 

Text-fig. 5.11. IWCMS.2002.19 in occlusal view with wear facets 

highlighted. 

IWCMS.2002.20. This specimen comprises a root and crown fragment in 

which the apex of the principal cusp, one of the accessory cuspules and 

one of the cingular cusps are preserved (Text-fig. 5.12). It is of similar 

morphology to previously described specimens and is unworn. It differs 

from them in being considerably larger with a crown height of 2.0 mm. 

Subjectively, (measurements could not be taken due to the fragmentary 

nature of the specimen) it also appears to differ from them in the ratio of 

crown height to crown width having a relatively higher principal cusp than 

that seen in other specimens. The accessory cuspule is also placed 

higher on the margin of the principal cusp and its apicobasal axis is 

inclined at an acute angle to that of the principal cusp; in other 

specimens the apices lie approximately parallel to each other. The 
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mesial or distal cingular cusp is still broadly triangular when viewed 

mesially/distally but comprises three cuspules, the largest of which is that 

in the centre. 

 

Text-fig. 5.12. IWCMS.2002.20 in lingual view (the labial side is broken 

away). 

Affinities. The uniformity of number of cusps and cusp disposition seen in 

the specimens described above is striking. Also striking is the fact that 

the root is preserved in all, including the specimens from the Wealden 

Group of mainland Britain and from the Berriasian of France. Pouech et 

al. (2006, p. 98, fig. R) identify the tooth figured by them as that of a 

heterodontosaurid. This tooth differs from those from the ?Valanginian 

and Barremian of Britain in being larger and relatively low-crowned. In 

addition, accessory cuspules and mesial and distal cingular cusps are 

larger than those seen in the British specimens and the former are 

placed higher on the margin of the principal cusp. However in gross 

morphology it is closely comparable. Pouech et al. made their 

identification on the basis of the occurrence of the heterodontodaurid 

Echinodon in the Berriasian of southern Britain (Norman and Barrett 

2002), with which it shares some morphological characters, and lack of 

any other taxa with teeth of similar morphology (J. Pouech and J.-M. 

Mazin pers. comm. 2006). Echinodon differs from the French specimen 
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and those from the Wealden of Britain in the possession of a larger 

number of lateral cuspules, the number of which is variable along the 

tooth row in both the dentary and maxilla (Norman and Barrett 2002, 

text-fig. 8, pl. 2). From available illustrations, this appears to have been 

the case in other heterodontosaurids. In order to find a possible 

alternative identification to that provided by Pouech et al. an extensive 

search of the literature was undertaken. This included that pertaining to 

taxa as diverse as the Triassic pterosaur Eudimorphodon, which has 

teeth that are superficially similar to IWCMS.2002.17-20, and to non- 

mammalian cynodonts. No alternative identification could be made and 

as a result it is now evident that the Isle of Wight specimens do represent 

a basal ornithischian. That being the case the denticulate cingulum and 

uniformity of number of cusps and their disposition appear to be 

autapomorphies of this taxon. Based on the available material, 

placement within Heterodontosauridae Romer, 1966 seems premature. 

Furthermore, if they do represent a heterodontosaurid their occurrence 

would extend the temporal range of this clade by c. 15 million years.  

 

Text-Fig. 5.13. SMNS 51685 in lingual view. 

SMNS 51685. Labelled as coming from Sudmoor Point, SMNS 51685 

(Text-fig. 5.13), forming part of the Ford collection acquired after his 

death by the Staatliches Museum für Naturkunde, Stuttgart, probably 

originates from bed CL3 in Compton Bay (Buffetaut and Ford 1979). It is 

similar to the premaxillary teeth of Hypsilophodon foxii seen in 
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MIWG.6362 and is probably a right premaxillary tooth of that genus. 

However it differs from the premaxillary teeth in MIWG.6362 (pers. obs.) 

in bearing three wear facets extending from the apex of the crown on its 

lingual, mesiolingual and mesial margins. The mesial facet is narrow and 

strap-like, that on the mesiolingual surface is triangular and that on the 

lingual surface is similar to that on the mesial margin but broader. If this 

is a premaxillary tooth of Hypsilophodon, which seems likely, it is unique 

in being the only isolated tooth of that taxon to be obtained from a bed 

other than the Hypsilophodon bed, SS45 (Text-fig. 1.3). However, 

apparently more complete skeletal remains of Hypsilophodon have been 

recovered from two other horizons on the south west coast of the island, 

neither of which is a plant debris bed (M. Green pers. comm. 2005). 

Dinosauria incertae sedis. 

 

Text-fig. 5.14. IWCMS.2002.21, in: A, lingual view; B, labial view. 

IWCMS.2002.21. This tooth (Text-fig. 5.14) was collected in 1972 from 

bed CL3 in Compton Bay. GPS was unavailable at that time but the 

location was recorded as NGR SZ 3785 8391. This is the approximate 

location from which the late R. L. E. Ford obtained multituberculate teeth 

(Butler and Ford 1975) and from which it is assumed SMNS 51685 (Text-

fig. 7.13) was derived. IWCMS.2002.21 has been compared with the 

premaxillary teeth of Hypsilophodon as seen in specimens in the 

collections of the Isle of Wight County Museum Service, including 

MIWG.6362. IWCMS.2002.21 is somewhat larger than any of these and 
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differs from them and from SMNS 51685 in having a blunter apex, being 

more globose and in the orientation of apical wear (Text fig. 5.14A). The 

premaxillary teeth of Valdosaurus are unknown but IWCMS.2002.21 is 

probably too small to have belonged to a mature member of this genus. 

However the general morphology of this specimen suggests that it is the 

premaxillary tooth of an ornithopod. It has, however, been suggested (P. 

Barrett pers. comm. 2004) that IWCMS.2002.21 is similar in gross 

morphology to the teeth of some sauropods, in which case it would 

represent a very young individual. No directly comparable sauropod 

teeth have been figured in the literature but the possibility that this is the 

tooth of a young or hatchling sauropod can not be ruled out.  

Saurischia 

The Wessex Formation contains a diverse saurischian fauna including 

both sauropods and theropods (Martill and Naish 2001, Naish et al. 

2004). With the exception of one remarkable specimen comprising a 

partial skeleton of a brachiosaurid sauropod recovered from bed SS44 

on the south-west coast of the island (Text-figs 1.1-3), remains of 

sauropods are very fragmentary. Somewhat more complete remains of 

theropods have been recovered, most notable of which in recent years 

have been the partial skeletons of the allosaurid Neovenator salerii Hutt 

et al., 1996, and the basal tyrannosauroid Eotyrannus lengi Hutt et al. 

2001. However macro skeletal remains of saurischians are considerably 

less abundant than those of ornithischians, particularly the ornithopod 

Iguanodon which is the most common dinosaur in the Wessex Formation 

dinosaur fauna. In contrast, as further discussed below, theropod teeth 

are the most common dinosaur remains in sieved residues. 

Sauropoda incertae sedis 

Teeth referable without doubt to sauropods were not recovered during 

this study. However, a local collector, Mr Nick Chase, kindly donated a 

specimen (Text-fig. 5.15) from his private collection. This was obtained 

from an isolated block of the Brighstone Sandstone, bed SS13 (Stewart 
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1978) (Text-fig. 1.3), lying on the beach north-west of Grange Chine 

(exact location not recorded). The specimen comprises an apparently 

complete tooth crown. The basal profile is almost circular whereas the 

apex is (presumably) labiolingually compressed and blade-like. The 

?labial surface is uniformly convex mesiodistally and above the base is 

convex apicobasally. In contrast the presumed lingual surface is strongly 

excavated and concave rendering the crown spoon-like in lingual view. 

Prominent oval wear facets are present on the mesial and distal surfaces 

(or lateral surfaces, if the tooth is from a rostral position) (Text-fig. 5.15, 

right). The apex is also worn and bears a horizontal facet which 

truncates it. A steeply inclined facet occupies one side of the crown at its 

apical extremity on the presumed labial side (Text. 5.15, left). 

Martill and Naish (2001, p. 237, pl. 36) figure three peg-like sauropod 

teeth obtained from conglomerates associated with Wessex Formation 

sandstones (IWCMS.2001.201-3). These specimens are now considered 

to represent a rebbachisaurid diplodocoid based on their general 

morphology and the wear facets they bear (D. Fowler pers. comm. 2006; 

pers. obs.) While superficially similar to IWCMS.2002.14, they differ from 

this specimen in being considerably larger, lack of a concave lingual 

surface and in the wear facets they bear. 

Affinities. The mesial and distal or lateral facets present on 

IWCMS.2002.14 are indicative of interdigitation between the upper and 

lower tooth rows and the apical facets are indicative of a precise 

shearing bite. Spatulate teeth with mesial, distal and apical wear facets 

are characteristic of titanosauriform sauropods (Upchurch and Barrett 

2000; Barrett et al. 2002) although figured specimens are all larger and 

none have the apical morphology of IWCMS.2002.14. Sereno and 

Wilson (2005, p. 166, fig. 5.7) figure a tooth of the rebbachisaurid 

Nigersaurus from Gadoufaoua, Niger Republic, which although larger 

than IWCMS.2002.14, shares with it a concave lingual surface, 

horizontal apical extremity and similarly inclined labial wear facet. 
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Text-fig. 5.15. IWCMS.2002.14, in: A, labial view; B, lingual view; C, 

mesial, distal or lateral view (depending upon tooth position).  

However, this specimen lacks the mesial and distal (or lateral) wear 

facets seen in IWCMS.2002.14, which appears to be of unique 

morphology. Lacking directly comparable material the specimen is 

tentatively assigned to Titanosauriformes Salgado et al., 1997. While 

some members of this clade were small, if this is the tooth of a 

titanosauriform its size suggests that it may be the tooth of a juvenile. 

Theropoda 

 

Introduction. Theropod teeth are the most abundant dinosaur remains 

obtained during this study and have been recovered from the majority of 

horizons sampled. Many of these teeth are of a size which renders them 

difficult to see in the field and bulk screening techniques have greatly 

facilitated their recovery. However, a number of larger specimens were 

obtained during surface prospecting and during the collection of bulk 

samples. In the case of teeth representing a velociraptorine 
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dromaeosaurid (Sweetman 2004) specimens were obtained in the field, 

from sieve residues and from private collections. 

 

 

 

 

Text-fig. 5.16. Skeletal reconstruction of Neovenator salerii (after Hutt et 

al. 1996) excavated from bed L9 north-west of Grange Chine (Text-figs 

1.2-3). Represented elements shaded black.   

 

Theropoda incertae sedis 

 

cf. Richardoestesia sp. 

A small number of elongate teeth with very small denticles in relation to 

tooth size have been recovered from residues obtained from samples of 

plant debris beds exposed on the south-west coast of the island. The 

best preserved is IWCMS.2002.11, (Text-fig. 5.17), in which denticles 

are distinct on the distal carina but only visible on part of the mesial 

carina towards its base. The teeth are labiolingually compressed, with an 

oval basal cross-section. The labial and lingual surfaces are convex, the 

convexity being greater on the labial side. The lingual surface bears a 

shallow depression along its centre-line which extends from the base of 

the crown to about half of the distance to the apex. The enamel is unlike 

that of baryonychid spinosauroids in being unornamented and highly 

reflective. Teeth of similar morphology have been reported from the 

Barremian and Late Cretaceous of Spain (Rauhut and Zinke 1995; 

Prieto-Márquez et al. 2000) and from the Kimmeridgian of Portugal 

(Zinke 1998). These authors comment on the similarity of the teeth from 
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these localities to those of Richardoestesia gilmorei Currie, Rigby and 

Sloan, 1990 from the Upper Cretaceous Judith River Formation of 

 

 

 

southern Alberta. However, in the case of the Barremian and 

Kimmeridgian occurrences they also recognize the temporal separation 

and suggest that the teeth from Portugal and Spain belong to a form 

closely related to Richardoestesia but not to that genus. Teeth from the 

Wessex Formation differ from the Iberian specimens in lacking a groove 

on the labial side but according to Currie et al. (1990, p 117) there is 

considerable morphological variation in the teeth of Richardoestesia 

gilmorei. IWCMS.2002.11 is closely comparable to the teeth of this 

taxon. However, as with the teeth from the Late Jurassic and Early 

Cretaceous of Iberia they can not be referred with confidence to this 

genus and may represent convergent evolution in an unrelated taxon. 

Richardoestesia gilmorei is based on the remains of a pair of dentaries 

with unerupted and germ teeth. No comparable material capable of 

accommodating teeth of this morphology has yet been recovered from 

the Wessex Formation. 

 

 

 

 

Text-fig. 5.17. IWCMS.2002.11, a tooth 
of cf. Richardoestesia sp. in lingual view 
obtained from residue of a sample from 
bed L9 exposed north-east of Grange 
Chine, NGR SZ 43891 80530. 
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Indeterminate Theropoda 

 

Small theropod teeth of broadly similar morphology but representing 

more than one taxon have been recovered from many of the horizons 

sampled. These have smooth, unornamented enamel unlike that of the 

baryonychid spinosauroid. They are less labiolingually compressed than 

the teeth of the velociraptorine dromaeosaurid and troodontid described 

below and differ from both of these in denticle morphology; DSDI of c. 1 

and denticles either not apically inclined or inclined less steeply. They 

also differ in gross morphology from the teeth of Neovenator and 

Eotyrranus (Text-fig. 5.18) and are therefore not juvenile teeth of these 

taxa. A good example of this tooth morph is IWCMS.2002.12 (Text-fig. 

5.19) This specimen was obtained from matrix associated with the partial 

skeleton of an iguanodontian excavated in 2003 from red bed SS44 at 

Barnes High, NGR SZ 43804 80660 (Text-figs. 1.2-3).  

 

 

 

 

Text-fig, 5.18. Eotyrannus lengi. Tip of 
juvenile tooth from bed L11. Specimen in the 
private collection of Mr K. Simmons. In this 
taxon denticulation is continuous around the 
apex of the tooth. 

Text-fig. 5.19. 
IWCMS.2002.12 in: A, 
mesial view; B, lingual 
view; C, distal view. D, 
mesial mid-carina 
denticulation. E, distal 
mid-carina denticulation. 
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Another example is IWCMS.2002.13. (Text-fig. 5.20) This specimen was 

obtained from a cliff-top exposure of bed L2 close to Sudmoor Point, 

NGR SZ 39451 82727. This is similar to IWCMS.2002.12 in gross  

 

 

 

Text-fig. 5.20. A, IWCMS.2002.13 in lingual view. B, distal mid-carina 

denticulation. 

 

morphology but differs from it in having a somewhat more concave distal 

surface. This in itself can simply reflect a different position in the dental 

arcade but the denticle morphology indicates that this is the tooth of 

another taxon. In IWCMS.2002.13 the denticles are somewhat apically 

inclined as in some specimens referred to the velociraptorine 

dromaeosaurid but are otherwise not at all like the denticles seen on 

teeth of other Wessex Formation theropods. All other Wessex Formation 

theropods have teeth with distal denticles that are either ‘axe-shaped’ or 

‘chisel-shaped’ (Text-fig. 5.21). This is even apparent in the very small 

denticles found on teeth of the baryonychid spinosauroid and on 

IWCMS.2002.11, the tooth referred to cf. Richardoestesia sp. Those of 

IWCMS.2002.13 (Text-fig. 5.20B) have rounded apices, a keeled lingual 

surface and lack interdenticle pits of the type seen in other taxa (e.g. 

Text-fig. 5.4) Mesial denticulation is poorly developed in this specimen 
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and largely confined to the middle part of the carina, but this also 

displays the apparently aberrant morphology of the distal denticulation. 

 

 

 

Text-fig. 5.21. Top, ‘chisel-shaped’ distal denticulation seen in 

IWCMS.2002.5, a tooth of a velociraptorine dromaeosaur from bed L1 

(see below). Bottom, ‘axe-shaped’ distal denticulation as seen in 

IWCMS.1997.550, the holotype of Eotyrannus lengi.  

 

IWCMS.2002.12 and 13 may well represent the teeth of small 

coelurosaurs currently known only from postcranial remains i.e. 

Aristosuchus, Calamospondylus and Ornithodesmus but are probably 

too small to have belonged to Calamosaurus. However, some of the 

larger specimens of similar morphology (not figured) could have 

belonged to this taxon. Until such time as remains of the above, including 

jaws with teeth are found, isolated teeth of this sort will probably remain 

indeterminable.  

 

Baryonychidae  

 

Martill and Hutt (1996) described a number of teeth from the Wessex 

Formation which, with caution, they referred to Baryonyx sp. based on 

their similarity to the teeth of Baryonyx walkeri Charig and Milner, 1986, 

from the Wealden of Mainland Britain. More recently Hutt and Newbery 

(2004) described a theropod vertebra from the Wessex Formation which, 

based on its morphology, undoubtedly belongs to a baryonychid 

spinosauroid lending support to the identity of teeth described by Martill 

and Hutt (1996). During the course of this study similar teeth have been  
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Text-fig. 5.22. A-B, IWCMS.2002.6. A, basal part of the distal carina to 

show tail-like termination; B, lateral view. C, IWCMS.2002.7, juvenile 

baryonychid tooth in lateral view. D, IWCMS.2002.8 premaxillary or 

anterior maxillary tooth in mesiolateral view. B and D from bed L6 c. 250 

m south-east of Chilton Chine; C from bed L9, exposed at beach level 

west of Grange Chine, NGR SZ 41781 81880 (Text-figs. 1.2-3). 

 

recovered while surface prospecting (Text-fig. 5.22A-B, D) and from 

residues (Text-fig. 5.22C). Some of the latter are very small and probably 

represent juveniles (Text-fig. 5.22C). If this is the case, baryonychid 

spinosauroids, unlike the velociraptorine dromaeosaurid reported below, 

were probably breeding on the Wessex Formation floodplain. Larger 

baryonychid teeth from the Wessex Formation have a distinctive basal 

termination of the distal carina (Text-fig. 5.22A) which is not observed in 
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other theropod teeth. It was not possible to examine the teeth of 

Baryonyx walkeri or other spinosauroids with denticulate carinae during 

this study but it would be interesting to see if their teeth are similar in this 

respect. If so, this may represent an autapomorphy of Baryonychidae. If 

not this may be an autapomorphy of the Isle of Wight baryonychid. 

 

Troodontidae gen. et sp. indet. 

 

 

Text-fig. 5.23. A-B, IWCMS.2002.9, a troodontid tooth from bed 38 at 

Yaverland, NGR SZ 61693 85223, in: A, buccal view; B, lingual view. C, 

IWCMS.2002.10, a troodontid tooth from bed L1 north-west of Chilton 

Chine, NGR SZ 40747 82188, in buccal view. 

 

 

 

 

Text-fig. 5.24. Teeth of Troodon formosus from Currie1987, p. 79, figure 

5.  
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Two teeth referable to a troodontid were recovered from the Wessex 

Formation (Text-fig. 5.23). They are identified on the basis of their 

apically orientated denticles and basal constriction of the crown below 

the mesial and distal carinae, best seen in IWCMS.2002.9 (Text-fig. 

5.23A-B) (Currie 1987; Currie et al. 1990). IWCMS.2002.9 is similar in 

gross morphology to a maxillary tooth of Troodon formosus from the 

Upper Cretaceous Judith River Formation of North America figured by 

Currie (1987, fig. 5k, m, p79; Text-fig. 5.24) and IWCMS.2002.10 is 

similar to the dentary teeth of this taxon (Currie 1987, fig. 5r, u, p79; 

Text-fig. 5.24). However, both differ in having denticles that are less 

hook-like than those of T. formosus and in this respect they also differ 

from troodontid teeth from the Kimmeridgian of Portugal (Zinke 1998). 

Howse and Milner (1993) suggested that the synsacrum named 

Ornithodesmus cluniculus Seeley, 1887a might be that of a troodontid 

but Makovicky (1995) has demonstrated that this is not so. Therefore, 

until this study troodontid remains had not been recorded from Britain. 

Somewhat unexpectedly, support for identification of the above 

specimens as troodontid teeth followed re-examination of MIWG.1530, 

the holotype and only specimen of Yaverlandia bitholus Galton, 1971. 

This revealed that Yaverlandia could not be a pachycephalosaur as 

proposed by Galton. Furthermore, brain structure strongly suggests that 

Yaverlandia is in fact a troodontid (D. Naish pers. comm. 2005), a 

suggestion made, perhaps fortuitously, as long ago as 1930 (Watson 

1930) (see Martill and Naish 2001 for a review). 

 

Dromaeosauridae 

 

Appendix b is a manuscript published in the journal Cretaceous 

Research (Volume 25, 2004, pp 353-364) entitled: 

THE FIRST RECORD OF VELOCIRAPTORINE DINOSAURS 

(SAURISCHIA, THEROPODA) FROM THE WEALDEN (EARLY 

CRETACEOUS, BARREMIAN) OF SOUTHERN ENGLAND. 
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Aves.  

In contrast to the abundant and diverse bird fauna from the Early 

Cretaceous of China (e.g. Zhou and Hou 2002), and the beautifully 

preserved avian material from the Barremian of Spain (e.g. Chiappe and 

Lacasa-Ruiz 2002; Sanz et al. 2002), Mesozoic birds are extremely 

poorly represented in the British fossil record (Benton et al. 2005; 

Chiappe and Witmer 2002). The only unequivocal British Mesozoic bird 

remains are those of the hesperornithiform Enaliornis, from the Early 

Cenomanian Cambridge Greensand (see Galton and Martin 2002 for a 

review). Only one bird has been reported from the Early Cretaceous of 

Britain, Wyleyia valdensis Harrison and Walker, 1973. This taxon is 

based on a poorly preserved humerus from the Weald Clay of Sussex 

and its avian status has been the subject of some debate. Kurochkin 

(1995) suggests that Wyleyia is a palaeognath but others, e.g. Olson 

(1985) have suggested that it is a nonavian theropod. The fragmentary 

nature of the specimen (Text-fig. 5.25) is such that it may not be possible 

to resolve its true identity. 

 

Text-fig. 5.25. Wyleyia valdensis. Holotype and only specimen, a right 

humerus, BMNH A 3658 in: A, palmar view; B, anconal view; C, internal 

view; D, external view. Length of bone 42.4 mm. Anatomical 

nomenclature and images from Harrison and Walker 1973. 
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Wessex Formation birds. During the course of this study three teeth were 

recovered which cannot be placed with any of the more basal tetrapods, 

Crocodylia, Pterosauria, any members of Dinosauria so far considered or 

with Mammalia. The presence of what appear to be basal resorption pits 

in all specimens also suggests that they are not referable to fishes. 

However, if this interpretation is wrong such referral cannot be entirely 

ruled out. If basal resorption pits are present they indicate that the teeth 

are the shed tooth crowns of archosaurs. All are labiolingually 

compressed with apices that are distally recurved and all have mesial 

surfaces that are convex mesially and distal surfaces that are concave 

mesially (Text-figs 5.26-28). In these features they resemble the teeth of 

some theropod dinosaurs. All are small suggesting that they may be 

teeth of juveniles but all lack denticulate carinae. Currie et al. (1990) 

concluded that theropod teeth show little ontogenetic variation in 

morphology, other than in size. That being the case, juvenile teeth of the 

majority of nonavian theropod dinosaurs would have denticulate distal 

carinae with denticles being variably present mesially depending upon 

taxon. One exception is the coelurosaur Compsognathus longipes in 

which only posterior teeth bear denticulate carinae (Ostrom 1978). 

Nevertheless, lack of denticulation in IWCMS.2002.31-33 indicates that 

they are probably not the juvenile teeth of nonavian theropods, larger 

nonavian theropod teeth lacking denticulate distal carinae having not 

been found in the Wessex Formation during this study.  

        

Text-fig. 5.26. IWCMS.2002.31 in: A, distal view; B, mesial view; C, 

labial view; D, lingual view. 
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IWCMS.2002.31. This tooth (Text-fig. 5.26) was collected from an 

outcrop of bed L1 occurring at beach level a short distance north-east of 

Chilton Chine on the south-west coast of the island, NGR SZ 40747 

82188 (Text-fig. 1.3). It is essentially triangular in lingual and labial view 

with a slight basal constriction and is labiolingually compressed with an 

oval basal profile. The mesial margin is narrow and convex mesially. No 

carina is present but a very narrow and low ridge is present 

mesiolingually towards the apex. The labial surface is convex labially and 

apicobasally. The lingual surface is convex lingually but is concave 

apicobasally. It is somewhat lingually expanded basally but labiolingually 

narrow apically and the apicobasal concavity of the lingual surface 

renders the apex of the crown lingually inclined. The distal margin is 

rounded and concave mesially the latter rendering the apex distally as 

well as lingually inclined. The enamel is smooth but rather unreflective. 

Also, unlike that of the teeth of Archaeopteryx, it is not transparent 

(Howgate 1984a, b). 

 

Text-fig. 5.27. IWCMS.2002.32 in: A, labial view; B, lingual view. 

IWCMS.2002.32. This tooth (Text-fig 5.27) was collected from bed L2 

high in the cliff at Sudmoor Point on the south-west coast of the island, 

NGR SZ 39451 82727 (Text-figs 1.2-3). The tooth is somewhat 

labiolingually compressed but less so than that of IWCMS2002.31 and 

has a broadly oval basal profile. The mesial and distal margins are 

rounded, the radius of curvature being greater mesially than distally. The 
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mesial margin is strongly convex mesially and slightly concave distally 

rendering the apex distally inclined. In occlusal view the apex is also 

somewhat lingually inclined. The enamel is missing from the apex due to 

damage post-mortem but the apex appears to have been sharply pointed 

based on the profile of the underlying dentine. The enamel is smooth and 

highly reflective. It is generally opaque but this appears to relate to 

weathering. Mesiobasally, recurvature of the mesial margin results in a 

slight basal constriction. 

IWCMS.2002.33. This specimen (Text-fig. 5.28) was collected from the 

same sample as that which yielded IWCMS.2002.31. The crown appears 

conical in occlusal view but it is somewhat labiolingually compressed 

basally producing an oval basal profile. Unlike IWCMS2002.31 and 32 

 

Text-fig. 5.28. IWCMS.2002.33 in: A, lingual view; B, labial view; C, 

distal view; D, mesial view. 

there is a central swelling in the basal resorbtion pit (Text-fig. 5.28C). 

Mesially, for a quarter of the distance from the base to the apex the 

mesial margin is inclined distally at an angle of c. 30 degrees from 

vertical above this it is more distally inclined (Text-fig. 5.28A-B). This is 

reflected at the distal margin and results in substantial distal recurvature 
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of the apex. The labial surface is convex labially and somewhat broader 

than the convex lingual surface. Where the two surfaces meet mesially 

there is a very narrow, rugose (but not denticulate) ridge which projects 

lingually. The enamel is reflective and rugose apically particularly on the 

lingual side. 

Conclusions. The teeth of fossil birds tend to be poorly described in the 

literature, although those of Archaeopteryx and other related forms have 

been studied in some detail (e.g. Howgate 1984a, b). However, with the 

exception of isolated teeth questionably referred to “cf. Archaeopteryx 

sp.” from the Upper Jurassic of Portugal (Weigert 1995; Elzanowski 

2002), the teeth of Mesozoic birds lack denticulation. Indeed, lack of 

denticulation is currently taken to be one of the apomorphies defining 

Aves (Martin et al. 1980; Gauthier 1986; Chiappe 1995; Chiappe et al. 

1996). In this respect and in their general morphology the Isle of Wight 

specimens more closely resemble the teeth of birds than any other group 

and they are tentatively referred to Aves. However, while the teeth of 

birds with morphologies similar to IWCMS.2002.31 and 32 have been 

figured in the literature, IWCMS.2002.33 appears to be unique casting 

some doubt concerning its avian affinities. IWCMS.2002.31-33 are 

entirely distinct from each other and clearly represent three taxa. Based 

on the diverse Early Cretaceous bird faunas of China and Spain a 

similarly diverse fauna could be expected in the coeval Wessex 

Formation.  
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Chapter 6 

 

Mammalia 

 

Introduction 

 

The first undisputed record of mammals from the Wealden Supergroup 

(Early Cretaceous) of Britain dates from 1911 when Woodward 

described a multituberculate molar which later became the holotype of 

Loxaulax valdensis Simpson, 1928. Subsequently, no Wealden mammal 

fossils were found until a sustained search was commenced in 1960 by a 

team led by the late Professor Kenneth Kermack (see Clemens and Lees 

1971 for a review). At that time, Early Cretaceous mammals had only 

been recovered from two other localities and horizons; the Berriasian 

Purbeck Limestone Formation near Swannage in Dorset, southern 

England (at that time thought to be of Late Jurassic age); and the Aptian 

Trinity Sands Formation near Forestburg, Texas. Kermack et al. were 

successful (see below) and this success inspired other workers, both 

amateur and professional, to search for mammal remains in the 

Mesozoic of Britain. During the late 1960s and early 1970s, in a further 

attempt to isolate Wealden mammal remains, a number of workers 

undertook bulk screening of Barremian – Early Aptian strata exposed on 

the Isle of Wight (e.g. Freeman 1975). Only two multituberculate teeth 

were found (Butler and Ford 1975) and work to recover mammal fossils 

from the Wealden of the Isle of Wight ceased. Despite this unpromising 

start, remains representing at least six mammalian taxa have been 

recovered during the course of this study.  

 

A review of Wealden mammal fossils reported during the 19th and 20th 

centuries. 

 

Only five purportedly mammalian specimens, all isolated teeth or 

fragments thereof, were reported from the Wealden Supergroup of 

mainland Britain during a period extending from the early 1890s to the 
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1960s (Woodward 1891, 1911; Lydekker 1893; Simpson 1928). Later, 

Clemens (1963) demonstrated that of these early discoveries only two 

specimens could be unequivocally shown to be mammalian, and derived 

from Wealden strata.  

 

The first undisputed records (Woodward 1911) are of a tooth and tooth 

fragment pertaining to the plagiaulacoid multituberculate Loxaulax 

valdensis Simpson, 1928 (Text-fig. 6.1).  

 

 

 

                   A                                            B                                             C 

Text-fig. 6.1. Loxaulax valdensis Simpson, 1928. BMNH M 10480. 

Holotype, left m1, first described by A. S. Woodward in 1911, in: A, 

occlusal view; B, buccal view; C, distal view (from Simpson 1928, p. 49, 

fig.13). 

 

The team led by Kermack, which included Bill Clemens and Patricia 

Lees, was successful in its attempt to recover new mammals from the 

Wealden Supergroup of mainland Britain (Clemens 1963; Kermack et al. 

1965; Clemens and Lees 1971). However, the techniques employed 

(Lees 1964), which included acid digestion of cemented bone beds and 

separation of residues using brominated hydrocarbons were time 

consuming, hazardous and expensive. According to Kermack, (D. Ward 

pers. comm. 2006) the cost per tooth recovered amounted to between 

£850 and £1000 at 1970s prices!   

 

Kermack and his team recovered new specimens from three localities 

(Text-fig. 6.2): from a bone bed at Cliff End near Hastings; and from two 

inland localities, a pebble bed at Tyghe Farm and a bone bed at 
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Paddockhurst Park. The Cliff End and Tyghe Farm sites are considered 

to be of early Valanginian age whereas Paddockhurst Park is probably of 

middle Valanginian age (Allen and Wimbledon 1991). For a description 

of the localities, see Clemens (1963). 

 

 

 

Text-fig. 6.2. Wealden mammal localities reported during the 19th and 

20th centuries.  

 

Of the material collected by Kermack et al. one significant new specimen 

(Text-figs 6.3a A, 6.3b E-F), a well preserved right M2 assigned to 

Loxaulax valdensis, was recovered from the Cliff End Bone Bed. In 

addition, and tentatively assigned to the same taxon, were anterior upper 

premolars (Text-fig. 6.3a B-C), and an upper incisor (Text-fig. 6.3a D) 

recovered from the same horizon. The Paddockhurst Park locality also 

yielded an incisor probably referable to a multituberculate and an 

indeterminate ?therian premolar (Text-fig. 6.6, insert A-B). 
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Text-fig. 6.3a. Loxaulax valdensis. A, right M2 in occlusal view; B, 

anterior upper ?left premolar in: left, buccal view; centre, occlusal view; 

right, lingual view. C, anterior upper ?right premolar, in: right, buccal 

view; centre, occlusal view; right, lingual view. D, an ?upper incisor in 

lateral views. (From Clemens 1963). 

 

 

Text-fig. 6.3b. Loxaulax valdensis. A-B, left m1 in: A, occlusal view; B, 

buccal view. C-D, abraded right M2 in: C, occlusal view; D, buccal view.  

E-F, right M2 (also shown in Text-fig. 6.3a A) in: E, occlusal view; F, 

buccal view. G-H, abraded upper incisor in: G, lateral view; H, lingual 

view. (From Clemens and Lees 1971 but scale adjusted to reflect their 

published measurements; explanation of plates (p. 130) states 

magnification x 12.5 but plates show specimens at x 25). 

 

In addition to the above specimens representing a previously recorded 

Wealden taxon, specimens representing at least four determinate and 

previously unrecorded taxa were also recovered. 

 

 

Text-fig. 6.4. Spalacotherium tricuspidens. Anterior upper left molar from 

Cliff End in: A, occlusal view; B, labial view; C, lingual view. (From 

Clemens and Lees 1971, scale adjusted as for Text-fig. 6.3b). 
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Upper and lower molars pertaining to Spalacotherium tricuspidens 

Owen, 1854 (Text-figs 6.4A-C, 6.5D ) previously known from the 

Berriasian Purbeck Limestone Formation of Dorset were recovered from 

Cliff End and a single lower molar representing a new small species, S. 

taylori Clemens and Lees, 1971, was recovered from Paddockhurst Park 

(Text-fig. 6.5A-C). 

 

 

Text-fig. 6.5. A-C, Spalacotherium taylori, holotype lower left molar in: A, 

buccal view; B, occlusal view; C, lingual view. D, S. tricuspidens, lower 

left molar to illustrate size difference. (A-C, from Clemens and Lees 

1971; D, from Simpson 1928). 

 

In addition to these specimens Gill (2004) described two additional 

spalacotheriid lower molars recovered by Kermack et al. from Tighe 

Farm (Text-fig. 6.6, 1-2) and a further specimen recovered from Cliff End 

(Text-fig. 6.6, 3). The former are possibly referable to S. taylori but are 

somewhat larger than the type specimen and may represent an 

additional species of Spalacotherium. The latter is interpreted as a distal, 

deciduous, premolar, probably of S. tricuspidens which, as noted above, 

has also been recorded at the same locality.  
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Text-fig. 6.6. Isolated spalacotheriid teeth. 1-2, left lower molars possibly 

referable to Spalacotherium taylori in: a, lingual view; b, distal view; c, 

occlusal view. 3, deciduous left lower molar probably referable to S. 

tricuspidens in: a, lingual view, b, buccal view; c, occlusal view. Insert A-

B, indeterminate ?therian deciduous premolar in; A, lateral view; B, 

occlusal view. (1-3, from Gill 2004; insert A-B from Clemens 1963). 

 

Upper molars of a dryolestid were also recovered from Tyghe Farm and 

a single lower molar was recovered from Cliff End. These were originally 

assigned to Melanodon Simpson, 1927, but a reappraisal by Martin 

(1999) has demonstrated that a bifid metaconid of the type seen in the 

Cliff End specimen is an autapomorphy of the dryolestid Laolestes 

Simpson, 1927, known also from the Late Jurassic Morrison Formation 

of the USA and the late Jurassic or Early Cretaceous of Portugal (Martin 

1999). 
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Text-fig. 6.7. Laolestes hodsoni (Clemens and Lees, 1971). 1, holotype 

anterior upper right molar; 2, anterior upper right molar; 3, lower right 

molar. All in: a, buccal view; b, occlusal view; c, distal view. (From 

Clemens and Lees 1971, scale adjusted as for Text-fig. 6.3b). 

 

Perhaps the best known specimen from the Wealden Supergroup of 

Mainland Britain is a lower molar with a distinctive basined heel (Text-fig. 

6.8). Described by Kermack et al. in 1965, Aegialodon dawsoni 

represented the earliest record of a mammal with tribosphenic dentition 

until new discoveries from the Berriasian of North Africa and Britain were 

reported in the 1990s (Sigogneau-Russell 1991a,1992,1995; Sigogneau-

Russell and Ensom 1994; Sigogneau-Russell et al. 2001). 
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Text-fig. 6.8. Aegialodon dawsoni Kermack, Lees and Mussett, 1965. 

Holotype and only specimen in: a, lingual view; b, buccal view; 

c, distal view; d, mesial view; e, occlusal view. (From Kermack et al. 

1965). 

 

For a short time in the late 1960s and early 1970s knowledge of the 

discovery of new mammal fossils from the Wealden of mainland Britain 

prompted a small number of enthusiasts to search for mammal remains 

in Wealden strata of the Isle of Wight (e.g. Freeman 1975; Butler and 

Ford 1975). Relatively crude bulk screening techniques were employed 

and only Freeman (1975) processed residues using high-density liquid 

separation techniques (the late R. L. E. Ford pers. comm. 1976). 

Freeman (1975) failed to recover mammal remains and of the others 

who tried only Ford was successful. He discovered two multituberculate 

teeth, a left m2 and a left I2 (Text-fig 6.9a-f; Text-fig. 6.13, right; Text-fig. 

6.17), both from the same horizon, CL3, (Stewart 1978) in Compton Bay 

(Butler and Ford 1975). These were provisionally but, in light of more 

recent discoveries, incorrectly referred to Loxaulax (see below). 
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Text-fig. 6.9. a-f, multituberculate teeth from the Wessex Formation of 

the Isle of Wight tentatively referred by Butler and Ford (1975) to 

Loxaulax sp. a-c, left m2 in: a, occlusal view; b, buccal view; c distal view 

(see also Text-fig. 6.13). d-f left I2 in: d, lateral view; e, distal view; f, 

occlusal view. (From Butler and Ford 1975). g, for comparison, I2 from 

Cliff End provisionally referred to Loxaulax valdensis by Clemens (1963).  

 

The amount of work required to recover these specimens was 

considerable (the late R. L.E. Ford pers. comm. 1976) and mammal 

remains were not recovered from any of the other horizons sampled in 

both the Barremian Wessex Formation and Upper Barremian to Lower 

Aptian Vectis Formation. Discouraged by this, Ford and others at that 

time ceased work to recover mammalian fossils from the Wealden Group 

of the Isle of Wight. At about the same time work to recover mammal 

remains from the Wealden Supergroup of mainland Britain also stopped 

and no further mammal remains were recovered from the Wealden of 

Britain until commencement of the study reported here. 
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Wessex Formation mammals: introduction 

 

Mammal remains, representing at least six taxa have been recovered 

during the course of this study from a number of horizons and localities 

on both the south-west and south-east coasts of the Isle of Wight (Text-

fig. 6.10). However, of these, bed 38 at the top of the succession at 

Yaverland (Text-figs 1.2-3) was the most productive. 

 

The fauna includes: a gobiconodontid (Sweetman 2006); one or possibly 

two multituberculates; a spalacotheriid (Sweetman in press); a dryolestid; 

a stem boreosphenidan, possibly a member of Aegialodontia; and more 

than one other taxon of as yet uncertain affinities. The latter are currently 

represented by ante-molariform teeth and a ?milk tooth. The Wealden 

mammal faunas of mainland Britain and of the Isle of Wight show some 

similarities in general composition. However, the faunas appear to be 

entirely different in detail with no shared genera. Furthermore, the 

Valanginian fauna of mainland Britain, which includes the spalacotheriid 

Spalacotherium tricuspidens, appears to have more in common with the 

mammal fauna of the Berriasian Purbeck Limestone Formation, which 

also contains S. tricuspidens, than it does with the Barremian fauna of 

the Isle of Wight. However, the sample size is as yet small for both 

Wealden faunas. The apparent absence to date of mammal-bearing, 

mainland Wealden Supergroup strata amenable to bulk processing 

techniques means that, for the time being at least, additional mammal 

material from mainland Britain is likely to be slow in coming forth. In 

contrast, the potential exists to add greatly to the material so far 

recovered from the Wessex Formation of the Isle of Wight. Limiting 

factors are the sporadic exposure of productive horizons and the time 

required to pick fossils from residues.  
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Text-fig. 6.10. Schematic lithological logs of the Wessex Formation 

showing horizons yielding mammal remains, between (left) Sudmoor 

Point and Barnes High, SZ 392827 - 438807, on the south-west coast of 

the Isle of Wight (Based in part on Stewart 1978) and (right) north-east of 

Yaverland Landslip, SZ 616851-618853, on the south-east coast (after 

Radley 1994). Bed CL3 occurs c. 48 m above the base of the exposed 

Wessex Formation c. 250 m north-west of Hanover Point on the south-

west coast (Stewart 1978) (Text-fig. 1.2). Correlation with the Sudmoor 

Point section is uncertain. 
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Order Eutriconodonta 

Family Gobiconodontidae  

 

Appendix c is a manuscript published in the journal Palaeontology 

(Volume 49, Part 4, 2006, pp 889-897) entitled: 

A GOBICONODONTID (MAMMALIA, EUTRICONODONTA) FROM THE 

EARLY CRETACEOUS (BARREMIAN) WESSEX FORMATION OF THE 

ISLE OF WIGHT, SOUTHERN BRITAIN 

 

Subclass Allotheria 

Order Multitubercuberculata 

 

The phylogeny and systematics of multituberculate mammals is the 

subject of considerable debate and controversy (see Kielan-Jaworowska 

et al. 2004 for a general review and Hahn and Hahn 2004 for a review of 

Plagiaulacida). At present, despite multituberculates being the best 

known of all Mesozoic mammals, no consensus on phylogeny and 

systematics has been reached. There is support for one monophyletic 

clade, Cimolodonta McKenna, 1975 (Simmons 1993; Kielan-Jaworowska 

and Hurum 2001) and more recently Hahn and Hahn (2004) have argued 

for a monophyletic Plagiaulacida Ameghino, 1889. However Kielan-

Jaworowska et al. (2004, p. 301) (prior to publication of Hahn and Hahn’s 

2004 paper) consider Plagiaulacida to be a “plesiomorphic, apparently 

paraphyletic group of Multituberculata”. Taking a conservative approach, 

Kielan-Jaworowska et al. (2004) followed Kielan-Jaworowska and Hurum 

(2001) in grouping the families of “Plagiaulacida” into three informal 

lineages: the allodontid line, accommodating Late Jurassic (Morrison 

Formation) North American families; the paulchoffatiid line; and the  

plagiaulacid line. Hahn and Hahn’s (2004) phylogeny (Text-fig. 6.11), 

while not universally accepted and differing significantly in some respects 

to that proposed by Kielan-Jaworowska et al. 2004, is now largely 

accepted by Kielan-Jaworowska (pers. comm. 2006) and other 

multituberculate workers and is adopted here. 
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Text-fig. 6.11. Phylogeny of the Plagiaulacida. From Hahn and Hahn 

2004, with modifications and amendments. 

 

Lying outside Cimolodonta and Plagiaulacida is a suborder incertae 

sedis accommodating two families representing the earliest record to 

date of Multituberculata. The specimens relating to these taxa were 
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recovered from the British, Late Bathonian, Forest Marble Formation and 

described by Butler and Hooker (2005). 

 

Temporal and geographic distribution of the Plagiaulacida. 

 

Within Plagiaulacida (sensu Hahn and Hahn 2004), paulchoffatoid 

multituberculates have been recorded from: the Kimmeridgian of 

Portugal (G. Hahn 1969, 1971, Hahn and Hahn 1998, 1999, 2004); the 

Berriasian of Portugal (Hahn and Hahn 1999), the UK (Kielan-

Jaworowska and Ensom 1992, 1994) and the ?Berriasian of Morocco 

(Sigogneau-Russell 1991b; Hahn and Hahn 2003); from the Barremian 

of Spain (Hahn and Hahn 1992, 1999, Canudo and Cuenca-Bescós 

1996); and possibly from the Early Cretaceous of north-east China 

(Wang et al. 1995). They have not yet been recorded from Wealden 

Supergroup strata.  

 

The Allodontoidea accommodates multituberculates restricted to the 

Upper Jurassic (Tithonian) Morrison Formation of the US (Marsh 1879, 

1889; Simpson 1926; Bakker and Carpenter 1990; Bakker 1992, 

Engelmann and Callison 1999). Arginbaataroid multituberculates have 

been recorded from the Aptian or Albian of Mongolia (Trofimov 1980; 

Hahn and Hahn 1983) and also, with some reservation (Hahn and Hahn 

2004), from the Cenomanian of North America (Eaton and Cifelli 2001). 

 

Plagiaulacoid multituberculates have been recorded from: the Berriasian 

of Britain (Falconer, 1857; Owen, 1871; Gill 1872; Cope 1884; Simpson 

1928; Kielan-Jaworowska and Ensom 1994); the Valanginian of Britain 

(Woodward 1911; Clemens 1963; Clemens and Lees 1971); the 

Barremian of Spain (Crusafont-Pairó and Adrover 1966; Hahan and 

Hahn 1992, 2001; Cuenca-Bescós, Canudo and Ruiz Omeńaca 1996); 

the Barremian of Britain (Butler and Ford 1975; this study); the 

Barremian of China (Hu and Wang 2002); and the Aptian or Albian of 

Mongolia (Kielaan-Jaworowska et al. 1987). A plagiaulacoid 

multituberculate has also been recorded with reservation (Hahn and 
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Hahn 2004) from the latest Albian – earliest Cenomanian Cedar 

Mountain Formation of the US (Eaton and Cifelli 2001).  

 

As outlined above, the first undisputed mammal remains obtained from 

the Wealden Supergroup of Britain are a tooth and tooth fragment 

pertaining to a multituberculate. The plagiaulacoid Loxaulax valdensis 

Simpson, 1928, (Woodward 1911 as Dipriodon valdensis), is now placed 

in the family Eobaataridae Kielan-Jaworowska, Dashzeveg, and 

Trofimov, 1987, which includes: Eobaatar Kielan-Jaworowska et al., 

1987, known from the Barremian of Spain and the Aptian-Albian of 

Mongolia, Parendotherium Crusafont-Pairó and Adrover, 1966 also from 

the Barremian of Spain, Sinobaatar Hu and Wang 2002 from the Early 

Cretaceous Yixian Formation of Liaoning Province, China and possibly 

Monobaatar Kielan-Jaworowska et al., 1987, which occurs together with 

Eobaatar in the Aptian-Albian of Mongolia. 

 

Until this study the only mammal remains to be recovered from the 

Wealden Group of the Isle of Wight were also those of a plagiaulacoid 

multituberculate (Butler and Ford 1975). The left m2 described by these 

authors (Text-fig. 6.13, right) is accessioned in the collections of the 

Staatliches Museum für Naturkunde, Stuttgart, accession number SMNS 

51981. It is heavily worn and has been chipped and abraded post 

mortem rendering a detailed comparison of its cusp morphology and 

disposition to those of other multituberculates problematic. However, as 

Butler and Ford (1975) point out, both this specimen and an I2 recovered 

from the same locality (accessioned with the m2 under the same 

number) are too small to be placed with Loxaulax valdensis. The 

undescribed tooth fragment reported by Buffetaut and Ford (1978), also 

accessioned under the same number, may or may not be a tooth 

fragment and if it is it may or may not be mammalian. Based on present 

observations this specimen is considered indeterminate.  
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SYSTEMATIC PALAEONTOLOGY 

 

Order MULTITUBERCULATA Cope, 1884 

Suborder PLAGIAULACIDA Ameghino, 1889 

[nomen correctum McKenna, 1971, ex PLAGIAULACOIDEA Ameghino, 

1889] 

Superfamily PLAGIAULACOIDEA Hahn and Hahn, 2004 

Family EOBAATARIDAE Kielan-Jaworowska, Dashzeveg, and Trofimov, 

1987 

Genus EOBAATAR Kielan-Jaworowska, Dashzeveg, and Trofimov, 1987 

 

Type species. Eobaatar magnus Kielan-Jaworowska, Dashzeveg, and 

Trofimov, 1987, from the Early Cretaceous (Aptian or Albian), Khoboor 

(“Höövör Beds”), Gobi Desert, Mongolia. 

 

Eobaatar sp. nov. 

Text-figure 6.12 

 

Holotype. A well preserved, lower left, m1 tooth crown, specimen number 

BMNH M 45482 (Text-fig. 6.12A-B). 

 

Referred material. A well preserved but somewhat worn, lower left m1 

from which only part of the mesial root is missing, specimen number 

BMNH M 45557 (Text-fig. 6.12C) 

 

Horizons and localities. Holotype, BMNH M 45482, bed L9 (Stewart 

1978) exposed c. 300 m north-west of Grange Chine on the south-west 

coast of the Isle of Wight, NGR SZ 41781 81880. Referred specimen, 

BMNH M 45557, bed 38 (Radley 1994) exposed c. 600 m north-east of 

Yaverland car park on the south-east coast of the Isle of Wight, NGR SZ 

61693 85223 (Text-figs 1.2-3).  

 

Diagnosis. m1 with two crescentic lingual cusps and three buccal cusps 

of which the mesial-most two comprise blunt cones. The distal-most 
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buccal cusp is a complex structure incorporating pits, grooves and 

ridges. The lingual margin is convex, shorter than the straight buccal 

margin and the distal margin lies at an acute angle distally to the 

mesiodistal axis of the crown.  

 

Differential diagnosis. Differs from Loxaulax but resembles Eobaatar 

magnus (lower molars unknown for E. minor and E. hispanicus)  and 

Bolodon in possession of two lingual cusps. Differs from Eobaatar 

magnus in lack of subdivision of mesial lingual cusp. Differs from 

Bolodon but resembles Eobaatar and Loxaulax in asymmetry of the 

crown. Differs from Eobaatar but resembles Loxaulax and Bolodon in 

possession of three buccal cusps. Differs from Loxaulax in complex 

morphology of the distal-most buccal cusp and from Bolodon, but 

resembles Eobaatar and Loxaulax, in oblique orientation of the distal 

margin of the crown. Where known, differs from Paracimexomys group 

cimolodonts in confinement of coalescence of cusps and cusp 

ornamentation to the distal-most buccal cusp. Differs from Arginbaatar in 

cusp morphology and possession of ornamented enamel (m1 

incompletely known for Ameribaatar). 

 

Description. (Cusp abbreviations as set out in Text-fig. 6.13). BMNMH M 

45482 is the well preserved and almost unworn crown of a lower left m1 

of a plagiaulacoid multituberculate. Crown length is 1.4 mm buccally, 1.1 

mm lingually and crown width is 0.9 mm. There are two rows of cusps 

aligned mesiodistally separated by a valley. Two cusps are present 

lingually and three buccally. As in other plagiaulacoid multituberculates, 

cusps on the lingual margin are higher than those on the buccal margin. 

The lingual margin is convex and significantly shorter than the straight 

buccal margin. The mesial margin of the crown lies at right angles to the 

central valley whereas the distal margin lies at about 45 degrees to it. 

The crown strongly overhangs the roots but of the latter almost no trace 

remains (but see below a description of BMNH M 45557). 
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Lingual cusps are crescentic, convex lingually and concave buccally. l1 

is mesiodistally longer than l2. Distobuccally the margins of both cusps 

bear narrow, vertical, wear facets covered by very fine horizontal 

scratches. The facet on the distobuccal margin of l1 extends to and 

across the valley separating it from b2. It also extends up the 

mesiolingual margin of that cusp. The facet on the distobuccal margin of 

l2 extends across the distal extremity of the valley separating the cusp 

rows and onto the distal margin of the distal-most cuspule of b3 (see 

below). The mesiobuccal margin of l1 is unworn. The mesiobuccal 

margin of l2 bears numerous horizontal scratches but is not faceted. 

Apically, both lingual cusps are recurved distally, this being more 

pronounced in l1 than l2. The apex of l1 is more pointed than that of l2, 

which has been blunted by wear or post mortem abrasion. The cusps are 

separated by a deep transverse groove the base of which is U-shaped. 

This is formed by the almost vertical distal surface of l1 and the less 

steeply inclined mesial surface of l2. The base of the trough lies above 

the base of the valley separating the lingual and buccal cusp rows. In 

buccal view it lies at the level of the apex of b2, which is the tallest cusp 

in the buccal row. The valley separating the cusp rows is little affected by 

wear and the enamel exhibits a number of shallow pits and grooves. The 

distal margin of the valley is raised above the level of the valley floor 

along most of its length. Wear at the distal margin does not extend 

deeply enough to allow wear of the valley floor except at its mesial end 

and in the area between the distobuccal margin of l1 and the 

mesiolingual margin of b2. 

 

On the buccal side of the crown, two distinct cusps, b1 and b2, are 

present mesially. The distal half of the buccal cusp row is occupied by a 

more complex structure as further described below. b1 is the smallest 

cusp in the row. It is convex mesially and buccally. The lingual surface 

comprises a small, steeply inclined wear facet covered with very fine, 

mesiodistally aligned, horizontal scratches extending to the base of the 

valley separating the cusp rows. The distal surface is slightly concave 

and the shallow transverse trough separating it from b2 is U-shaped. b2 
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is the largest and tallest cusp in the buccal row. It is somewhat convex 

buccally, more so lingually. It is concave mesially and distally, the 

concavity being more pronounced on the distal surface. The lower half of 

the mesiolingual margin of b2 bears a wear facet as described above. 

The apices of this cusp and b1 are blunt, sloping downward mesially at a 

shallow angle. Fine mesiodistally aligned scratches can be seen on the 

apex of b2 indicating that it and b1 have been blunted by wear rather 

than post-mortem abrasion. The distal half of the buccal margin of the 

crown bears a structure unlike all other cusps. It comprises two cuspules 

partially separated distobuccally by a comma-shaped pit. A very small pit 

is also present on the extreme buccal margin of the crown mesial to the 

comma-shaped pit. The mesial surface of this cuspidate area also differs 

from all others in that it does not rise smoothly from the transverse 

trough separating it from the adjoining cusp. Also, its steeply inclined 

lingual surface is somewhat rugose and ridged. The apex of the distal-

most of the two cuspules is lower than that of the cuspule mesial to it and 

is very slightly worn or abraded. The base of the distolingual margin of 

the distal cuspule bears a steeply inclined facet as described above. This 

area probably represents the division of a single large cusp (b3) by the 

inclusion of pits and grooves but it may represent the coalescence of two 

small cusps. 

 

BMNH M 45557 

 

BMNH M 45557 (Text-fig. 6.12, C) is slightly larger than BMNH M 45482 

but proportionately and in general morphology both are very similar. 

Crown length is 1.6 mm buccally and 1.4 mm lingually. Crown width is 

1.1 mm. Intraspecific variation in molar size is commonly observed in 

multituberculates (e.g. Kielan-Jaworowska et al. 1987) and in view of the 

close similarity of the morphology of this specimen to that of BMNH M 

45482 it is placed with confidence with the same taxon. The most 

noticeable difference between BMNH M 45557 and 45482 is the extent 

of wear affecting the former. All cusps remain well defined but wear  
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Text-fig. 6.12. Eobaatar sp. nov. A-B, BMNMH M 45482: holotype left 

m1 from bed L9 (Stewart 1978) exposed c. 300 m north west of Grange 

Chine on the south west coast of the Isle of Wight, NGR SZ 41781 

81880. In: A, occlusal view, stereo pair; B, oblique distolingual view. C, 

BMNH M 45557: referred left m1 from bed 38 (Radley 1994) occurring c. 

4 m below the top of the Wessex Formation, exposed at Yaverland on 
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the south-east coast of the Isle of Wight, NGR SZ 61693 85223; occlusal 

view, stereo pair. Above, outline drawing based on BMNH M 45482 to 

show disposition of cusps and pits, and cusp abbreviations used in the 

text.  

 

extends to affect the whole of the valley separating the lingual and 

buccal cusps. It has also largely, but not entirely, obliterated the 

concavities seen on the buccal surfaces of l1-2 as seen in BMNH M 

45482, and has entirely obliterated the distal cuspule forming part of b3. 

Wear here has removed the enamel to reveal the underlying dentine. It is 

evident that before wear the morphology of b3 in BMNH M 45557 would 

have been similar to that of b3 in BMNH M 45482. However a groove 

defining the mesiolingual margin of the mesial cuspule is considerably 

broader than a similar groove, the mesial end of the comma-shaped pit, 

seen in BMNH M 45482. This suggests that the morphology of b3 is 

somewhat variable. A further difference between BMNH M 45482 and 

45557 is the proportionately larger b1 seen in the latter. The lingual 

surfaces of l1-2 are unaffected by wear whereas the buccal surfaces of 

buccal cusps have been worn. Wear here takes the form of a facet which 

forms an oblique angle (apicobuccally) to the apicobasal axis of the 

crown. The facet is more strongly developed distally where it is 

particularly noticeable on the distobuccal margin of b2 and along the 

entire margin of b3. 

 

The crown strongly overhangs the roots. The distal root is preserved in 

its entirety and is strongly mesiodistally compressed. It tapers apically 

both mesiodistally and labiolingually and is somewhat recurved mesially. 

The mesial and distal surfaces of the root are slightly concave whereas 

the very much narrower lingual and buccal surfaces are uniformly 

convex. The pulp cavity is open but the opening is small at the apex of 

the root. Apically, about three quarters of the mesial root is missing. The 

preserved basal part while of similar general morphology to the distal 

root is considerably more gracile being narrower both mesiodistally and 

labiolingually. A labiolingually narrow ridge separates the roots. This 
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continues as a faint ridge on the mesial surface of the distal root where it 

extends for approximately half the distance to the apex. 

 

Discussion. While these specimens share a number of characters of the 

m1 of members of Plagiaulacidae and some members of the 

Paracimexomys group cimolodonts the unique combination of characters 

seen in BMNH M 45483 and 4557 set them apart from any of these and 

place them in Eobaataridae Kielan-Jaworowsket et al., 1987. As set out 

in the differential diagnosis above, differences exist between the 

morphology of the Wessex Formation specimens and, where known, the 

m1 of other eobaatarids. However, these differences are not considered 

to be diagnostic at the generic level (Zofia Kielan-Jaworowska pers. 

comm. 2006). That being the case, similarities indicate that they 

represent a new species of Eobaatar Kielan-Jaworowsk, et al., 1987. 

The new species will be formally described and named in due course. 

 

 

 

Text-fig. 6.13. BMHH M 45482, left, and the m2 forming part of SMNS 

51981, right, to show possible association of the m2 described by Butler 

and Ford (1975) with the m1 described here. 

 

m2 forming part of SMNS 51981 and its possible association with BMNH 

M 45482. 

 

The heavily worn and abraded left m2 forming part of SMNS 51981 

(Text-figs 6.9a-c; 6.13, right) was recovered from bed CL3 on the south 
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west coast of the Isle of Wight (Text-figs 1.2-3; Text-fig. 8.9a-c) (Butler 

and Ford 1975). Exact locality unknown but close to NGR SZ 3785 8391. 

 

The m2 forming part of SMNS 51981 (Text-fig 6.14, right) shares with 

BMNH M 45482 and 45557 an asymmetrical outline in which the lingual 

margin is shorter than the buccal margin. It is also similar in that the 

lingual margin is convex whereas the buccal margin (before post-mortem 

damage) is straight. Unfortunately, the mesiobuccal corner of the tooth is 

broken away and elsewhere heavy wear from occlusion with the upper 

dentition has obliterated the buccal cusps. Little can therefore be 

determined with regard to buccal cusp morphology. Lingually, two 

relatively robust cusps are present but these have also been affected by 

wear, abrasion and breakage. The worn, chipped and abraded condition 

of the specimen renders an accurate determination of its pre-ware 

morphology problematic. However, it now seems unlikely that this 

specimen represents a new species of Loxaulax. The m2 forming part of 

SMNS 51981 is slightly larger than would be expected with reference to 

BMNH M 45482 but close to what would be expected with reference to 

BMNH M 45557. As discussed above, such intraspecific size variation in 

the dentitions of multituberculates is commonly observed. The m2 

described by Butler and Ford (1975) is here assigned to the taxon 

represented by BMNH M 45482 and 45557. However, in view of the 

heavy wear and abrasion affecting the specimen this referral remains 

tentative. 

 

BMNMH M 45483 

 

BMNH M 45483 is the well preserved and unworn crown and partial root 

of a multituberculate left I3 (Text-fig. 6.14), recovered from bed 38 at 

Yaverland on the south east coast of the Isle of Wight, NGR SZ 61693 

85223 (Text-figs 1.2-3).  

 

Description. In distal view, the crown of left I3 BMNH M 45483 is 1.1 mm 

high measured from the top of the buccal central crown cusp to the base 
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of the enamel above the root. In occlusal view it measures 0.8 mm at its 

widest point on the buccal side, and buccolingually it measures 0.9 mm. 

The crown strongly overhangs the single root which is thin-walled with a 

wide pulp cavity. This, together with the entirely unworn condition of the 

crown, suggests that, while fully formed, the tooth may have been 

unerupted. The tooth is essentially tricuspid but a cuspule is also present 

close to the base of the crown at its distobuccal extremity (Text-fig. 

6.14B-C). The central cusps are strongly mesiodistally compressed and 

separated apically by a V-shaped notch (Text-fig. 6.14A-B). The 

distolingual surface is relatively smooth whereas the mesial surface is 

rugose. The distolingual surface of the lingual cusp is slightly convex with 

a faint central ridge. The lingual margin is convex apicobasally. It is 

sharp apically and expanded basally into a smooth buccally convex 

surface. The buccal central cusp bears a more pronounced central ridge 

which descends lingually at a steep angle to meet the central distolingual 

convexity of the lingual cusp about two thirds of the distance below the 

tip of the cusp to the base of the crown. The ridge then curves smoothly 

buccally where it extends to and expands into the distobuccal cuspule. 

The buccal surface enclosed by this ridge is convex. Buccally a 

sigmoidal groove extends from the apex of the buccal cusp to the point 

where the crown retreats to meet the root. The base of the crown is here, 

as elsewhere, convex and smooth. Mesially the sigmoidal groove is 

bounded by a similarly sigmoidal ridge, which is more pronounced than 

that bounding it distally. It extends from the apex of the buccal cusp to 

the base of the strongly V-shaped valley separating the central cusps 

from a prominent mesiobuccal cusp (Text-fig. 6.14A). The latter 

comprises a mesiodistally compressed cone from the apex of which 

extending basally there are a number of ridges. Mesially the central 

cusps are slightly convex but there is a slight concavity at the lingual 

margin of the lingual central cusp. 

 

Affinities. In their review of the dentition of Plagiaulacida Hahn and Hahn 

(2004) state in their diagnosis of Plagiaulacoidea that the I3 of  
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plagiaulacoid multituberculates is small with only one anteriobuccal 

cuspule. Also in their description of the dentition of Eobaataridae they 

state that I3 are unknown in Eobaatar, Loxaulax and Monobaatar. 

However, as further discussed below, it is possible that an upper incisor 

figured by Clemens and Lees (1971, pl. 2, figs A-B) (Text-figs 6.3b, G-H; 

6.15, right) may be an I3 of Loxaulax valdensis. I3 is also unkown for 

Parendotherium and that of Sinobaatar is inadequately described. At 

present, therefore, very little is known about the morphology of I3 in 

members of Eobaataridae. 

 

 

 

Text-fig. 6.14. BMNH M 45483 a multituberculate left I3 from bed 38 

(Radley 1994) at Yaverland on the south east coast of the Isle of Wight 

(Text-figs 1.2-3) in: A, mesial view; B, distal view; C occlusal view, stereo 

pair. 

 

Kielan-Jaworowska et al. (2004) in their emended diagnosis of 

Plagiaulacidae Gill, 1872, state (p. 314) the following: “Differ from 

Allodontidae and Glirodon in having enlarged, paulchoffatiid-like I3, with 

two or three cusps, rather than a single cusp (or with basal cuspule). 

Differ from Paulchoffatiidae in having I3 roughly triangular (rather than 

trapezoidal) in occlusal view and in lack of an obliquely arranged, ridge-
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like main cusp.” BMNH M 45483 exhibits most of these characters but it 

does possess an obliquely arranged, ridge-like main cusp, which, based 

on the diagnosis provided by Kielan-Jaworowska et al., would appear to 

exclude attribution to Plagiaulacidae. However, the triangular outline of 

BMNH M 45483 and the presence of a single mesiobuccal cusp indicate 

that it can not be assigned to a member of the Paulchoffatiidae. An 

indeterminate eobaatarid upper right, deciduous I3 from the upper 

Barremian of Spain has been described and figured by Cuenca-Bescós 

et al. (1995, fig. 4). This shows some similarity in gross morphology to 

BMNH M 45483 but being a deciduous tooth no direct comparisons can 

be made. Nevertheless, on the basis of the above, it seems reasonable 

to conclude that BMNH M 45483 could be an I3 of an eobataarid. 

 

 

 

Text-Fig. 6.15. Left, BMNH M 45483; right, a multituberculate upper 

incisor from Cliff End figured by Clemens and Lees (1971, pl. 2, fig. B), to 

show similarity in cusp disposition and difference in size. 

 

The much abraded upper incisor from Cliff End assigned with question to 

Loxaulax valdensis by Clemens and Lees (1971, pl. 2, fig. B) is stated by 

them to be shown in lingual view. If the tooth is in fact shown in mesial 

view it would have a cusp disposition similar to BMNH M 45483 (Text-fig.  
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Text-fig. 6.16. Left, Loxaulax valdensis m1 and tentatively assigned ?I3 

(modified from Clemens and Lees 1971); right, Wessex Formation m1 

and I3, to show relative sizes of m1 and I3. 

 

6.15). If this is an I3 of Loxaulax valdensis, its size in relation to that of 

m1 would (bearing in mind the intraspecific size variation observed in 

multituberculate dentitions referred to above) be similar to the size of I3 

BMNH M 45483 in relation to that of m1 BMNH M 45482 and 45557 

(Text-fig. 6.16). However, as Hahn and Hahn (1983) point out, significant 

differences exist between the two M2s currently assigned to Loxaulax 

valdensis and only one (Text-fig. 8.16, left) may be conspecific with L. 

valdensis. That being the case, and bearing in mind the fact that I3 is 

effectively unknown in other members of Eobaataridae, doubt must 

remain with regard to the taxonomic identity of the Cliff End incisor. 

Nevertheless, assignment of BMNH M 45483 to the taxon represented 

by BMNH M 45482 and BMNH M 45557 seems reasonable. If this 

assignment is correct, BMNH M 45483 is the first well preserved I3 of a 

member of Eobaataridae to be described. 

 

I2 forming part of SMNS 51981 

 

The left I2 forming part of SMNS 51981 (Text-fig. 6.17) is a well 

preserved crown recovered from bed CL3 on the south-west coast of the 

Isle of Wight (Text-figs 1.2-3) (Butler and Ford 1975). Exact locality 

unknown but close to NGR SZ 3785 8391. 
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Text-fig. 6.17. Left I2 forming part of SMNS 51981, in buccal view. 

 

Isolated I2s apparently representing plagiaulacoid multituberculates have 

been recovered from many sites yielding more diagnostic material. In 

most cases they are considered to be indeterminate but one is the 

holotype of Parendotherium Crusafont-Pairó and Adrover, 1966, 

assigned to Eobaataridae on the basis of the similarity of associated, 

isolated premolars to those of Eobaatar. I2 for Loxaulax (Text-fig. 6.3a) 

may also be known and both are similar to I2s recovered from the Cherty 

Freshwater Member of the Purbeck Limestone Formation of Dorset, 

southern England. Among the latter is one specimen assigned to the 

plagiaulacid Bolodon osborni (Kielan-Jaworowska and Ensom 1992, pl. 

4, figs 1-3). As noted above, the I2 described by Butler and Ford (1975) 

is too small to be placed with Loxaulax valdensis and it also differs from 

the I2 of this taxon in the morphology of the basal cusp; a single cusp is 

present in the Isle of Wight specimen whereas the I2 assigned (with 

some reservation) to L. valdensis has a basal cusp comprised of three 

cuspules (Clemens 1963). Enamel completely covers the crown in 

SMNS 51981 and in the I2 tentatively assigned to L. valdensis. In 

Eobaatar the lower incisor is gliriform leading Hahn and Hahn (1992, 

2004) to postulate that I2 would be similarly gliriform. I2 is unknown in 

currently described species of Eobaatar but indeterminate I2s referable 

to an eobaatarid have been reported from the Upper Barremian of Spain 

(Cuenca-Bescós et al. 1995). These also appear to have normal enamel. 

However, if Hahn and Hahn are correct the Wessex Formation I2 does 

not belong with the m1s described above. 
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I2 in the holotype of Bolodon crassidens is broken off but the base of the 

root is preserved, Simpson (1928) recording its maximum length as 2.2 

mm. The broken I2 assigned to B. osborni by Kielan-Jaworowska (1992, 

pl. 4, fig. 3) measures just 0.9 mm at an apparently similar position. In 

comparison, at the same point, the Isle of Wight specimen measures 1.2 

mm. BMNH M 21100, the I2 tentatively assigned to Loxaulax valdensis, 

measures 1.6 mm and the indeterminate I2s figured by Kielan-

Jaworowska and Ensom (1992) measure 1.4 mm (pl. 4, fig 1) and 1.3 

mm (pl. 4, fig 2). In the case of plagiaulacoid I2s exhibiting normal 

enamel cover, gross morphology is broadly similar in all taxa but some 

intraspecific variation in tooth size can be anticipated. In view of this, 

while it is possible to identify the Wessex Formation I2 as that of a 

plagiaulacoid, it is not possible with currently available data to provide a 

higher taxonomic identification. It is considered here to be indeterminate 

but it may represent a second Wessex Formation plagiaulacoid. 

 

 

Trechnotheria 

Family Spalacotheriidae 

 

Apomorphies diagnosing Trechnotheria McKenna, 1975, were provided 

by Lou, et al. (2002). As currently recognized (Kielan-Jaworowska et al. 

2004) the clade comprises the last common ancestor of 

Zhangheotherium plus all of its descendants, including living therians. 

Spalacotheriidae range from the Berriasian to the Campanian and 

constitute the stem taxon of Trechnotheria. 

 

The following account is a manuscript accepted for publication in the 

journal Palaeontology. The comments of Alexander O. Averianov, 

Zoological Institute, Russian Academy of Sciences, and an anonymous 

referee were of considerable assistance. References are available in the 

consolidated bibliography. 
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A SPALACOLESTINE SPALACOTHERIID (MAMMALIA, 

TRECHNOTHERIA) FROM THE EARLY CRETACEOUS (BARREMIAN) 

OF SOUTHERN ENGLAND AND ITS BEARING ON SPALACOTHERIID 

EVOLUTION 

 

ABSTRACT. Bulk screening of Early Cretaceous (Barremian) Wealden 

Group strata of the Wessex Formation exposed on the south-west and 

south-east coasts of the Isle of Wight, southern England, has resulted in 

the recovery of fragmentary remains pertaining to a new spalacolestine 

spalacotheriid mammal, Yaverlestes gassoni gen. et sp. nov. These 

represent the first European record of the Spalacolestinae. The remains 

comprise a dentulous incomplete dentary and isolated upper and lower 

molariforms, the former representing the most substantial mammal 

remains yet recovered from the Wealden Group. Hitherto, six species of 

spalacotheriid mammal were known from the Lower Cretaceous of 

Europe. All are referred to the genus Spalacotherium but in the case of 

taxa diagnosed on the basis of isolated lower teeth and other specimens 

where the post-canine dentition is incompletely known, it is now evident 

that these referrals should be treated with caution. Furthermore, the new 

Wessex Formation spalacotheriid and recently described spalacotheriids 

from the ?Barremian of Japan, and the Barremian and Aptian of China 

exhibit combinations of characters that suggest that spalacotheriids were 

more diverse and that their evolution was more complex than previously 

recognized. The systematic position of an isolated tooth from the basal 

Cretaceous Lourinhã Formation of Portugal is discussed and the tooth 

reassigned to the Spalacotheriidae. Together with the new Wessex 

Formation taxon, eight species are now known from the Lower 

Cretaceous of Europe. The discovery of a spalacolestine in the 

Barremian Wessex Formation supports the concept of faunal 

interchange between Europe, Asia and North America during the Early 

Cretaceous. It also supports derivation of North American spalacotheriids 

from a European or Eurasian ancestor.  
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America, Spalacolestinae, Spalacotheriidae. 

FOLLOWING discoveries made in the nineteenth Century (e.g. Buckland 

1829), the vertebrate macro-fauna of the Early Cretaceous (Barremian) 

Wessex Formation of the Isle of Wight, southern England, has received 

considerable attention. Despite the fragmentary nature of much of the 

material, the diverse fauna recovered from the Wessex Formation is 

without parallel elsewhere in Europe (e.g. Benton and Spencer 1995; 

Martill and Naish 2001, and references therein; Naish and Martill 2002; 

Hutt and Newbery 2004; Naish et al. 2004; Sweetman 2004; Steel et al. 

2005) and is of international importance. In contrast, until recently the 

microvertebrate fauna was largely unknown despite efforts by a number 

of workers to investigate it (Butler and Ford 1975; Freeman 1975; 

Buffetaut and Ford 1979; Evans et al. 2004). The discovery of two 

multituberculate teeth in the Wessex Formation (Butler and Ford 1975) 

and the earlier discovery of mammal teeth in the Wealden of the Weald 

(Clemens 1963; Kermack et al. 1965; Clemens and Lees 1971; Gill 

2004) indicated that a comprehensive search of Wessex Formation 

strata might yield more mammal material, but the nature of residues 

obtained from bulk screening of these strata, which are usually 

voluminous and poor in vertebrate remains, served to deter most from a 

sustained search. The discovery of rich microvertebrate-bearing horizons 

within the Early Cretaceous (Berriasian) Purbeck Limestone Formation of 

southern England (e.g. Ensom 1987, 1988; Ensom et al. 1991, 1994; 

Kielan-Jaworowska and Ensom 1992, 1994; Ensom and Sigogneau-

Russell 1998, 2000; Evans and McGowan 2002; Evans and Searle 2002; 

Sigogneau-Russell 2003a) and the discovery of lizard and amphibian 

remains from the Wealden of mainland Britain (Milner and Evans 1998) 

called into question the perceived paucity of the Wessex Formation 

microvertebrate fauna and prompted further sampling for 

microvertebrates (Evans et al. 2004; Sweetman 2004, 2006a, b; 

Sweetman and Underwood 2006). 
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Mammal remains have now been obtained from six horizons in the 

Wessex Formation of the Isle of Wight (Text-figs 1-2). The fauna 

comprises at least six taxa, including two multituberculates (Butler and 

Ford 1975; Sweetman 2006b; Appendix d), a gobiconodontid (Sweetman 

2006a; Appendix c), a stem boreosphenidan, currently represented by 

premolars only (Sweetman 2006b; Appendix d), a dryolestid (Sweetman 

2006b; Appendix d) and the spalacotheriid described here. The Wessex 

Formation mammal fauna is therefore significant in the context of Early 

Cretaceous mammal faunas worldwide, which are for the most part very 

poorly represented, and further sampling of the productive horizons of 

the Wessex Formation is taking place in an effort to obtain additional 

material.  

 

GEOLOGY 

 

The Wessex Formation, which on the Isle of Wight occupies a large part 

of the Wealden Group outcrop area (Text-fig.1) is very well exposed in 

sections on the south-west and south-east coasts. Estimates for the total 

thickness of exposed Wessex Formation strata vary but Stewart (1978, 

1981) determined the thickness to be c. 180 m. The Wessex Formation 

was deposited on a low gradient, near-coast floodplain by a high 

sinuosity river system providing considerable habitat diversity (Martill and 

Naish 2001 and references therein; Underhill 2002). It comprises 

interbedded non-marine, massive, varicoloured overbank mudstones, 

crevasse splay deposits, sandstones, calcrete conglomerates and plant 

debris beds (sensu Oldham 1976). A Barremian age has been 

established for these strata Allen and Wimbledon 1991; Feist et al. 1995; 

Robinson and Hesselbo 2004) but palynological data (Harding 1986; 

Hughes and McDougall 1990), supported by fossil wood carbon isotope 

data (Robinson and Hesselbo 2004), indicate that the Hauterivian-

Barremian boundary may lie at or slightly below the level of the ‘Pine 

Raft’ (White 1921), which is exposed at low water on the foreshore at 

Hanover Point (NGR SZ 3798370). The Wessex Formation is overlain by 
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c. 70 m of lagoonal strata of the late Barremian to early Aptian Vectis 

Formation (Kerth and Hailwood 1988; Stewart et al. 1991; Feist et al. 

1995; Robinson and Hesselbo 2004) (Text-fig. 2). 

 

 

TEXT.FIG. 1. Outline geological and location maps of the Isle of Wight. 

 

Plant debris beds, formerly termed lignites (White 1921), make up only 

about 1 per cent of the succession (Stewart 1978) but have yielded the 

majority of vertebrate fossils recovered from the Wessex Formation. 

They represent deposits derived from local fire and storm events 

resulting from seasonal aridity caused by high summertime evaporation 

rates and year-round thunderstorm activity (Batten 1998; Haywood et al. 

2004; but for an alternative interpretation of the cause of seasonal aridity, 

see Allen 1998). The locally derived fauna present in these beds is, 

therefore, representative of that existing in a very different complex of 

environments to that obtained from lignite deposits (sensu stricto) 

elsewhere, such as the Kimmeridgian lignites encountered at Guimarota 

in central Portugal (e.g. Martin and Krebs 2000). The microvertebrate 

fauna comprises chondrichthyan and osteichthyan fishes, 

lissamphibians, lepidosaurs, archosaurs and mammals (Butler and Ford 
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1975; Freeman 1975; Buffetaut and Ford 1979; Evans et al. 2004; 

Sweetman 2004, 2006a, b; Sweetman and Underwood 2006). 

 

 

 

TEXT-FIG. 2. Schematic lithological logs of the Wessex Formation between 

(left) Sudmoor Point and Barnes High, SZ 392827 – 438807, on the south-

west coast of the Isle of Wight (based in part on Stewart 1978), and (right) 

north-east of Yaverland Landslip, SZ 616851 – 618853, on the south-east 

coast. (After Radley 1994). 

 

Spalacotheriid remains have been recovered from three horizons, beds 

L2, L9 and L14 (Stewart 1978) on the south-west coast of the Isle of 

Wight, and one horizon, bed 38 (Radley 1994) on the south-east coast 

(Text-fig. 2), all of which are, in terms of their sedimentology, typical 

Wessex Formation plant debris beds (Stewart 1978, 1981; Insole and 
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Hutt 1994). The absolute ages of these beds are poorly constrained and 

correlation between different exposures on the south-west coast and 

between these exposures and those occurring on the south-east coast is 

problematic due to the laterally discontinuous nature of most Wessex 

Formation strata. However, as further discussed below, it is evident from 

the stratigraphic distribution of spalacotheriid remains that the taxon 

concerned was probably present throughout deposition of the exposed 

Wessex Formation, which commenced in the earliest Barremian and 

terminated in the mid to late Upper Barremian (Robinson and Hesselbo 

2004). 

METHODS 

Samples totalling c. 3 tonnes were obtained from 27 of the more easily 

accessible plant debris beds and the position of each was recorded 

using GPS. When dry, these were processed using bulk screening 

techniques (modified from Ward 1981) incorporating a sieve with a mesh 

size of 330 µm. After processing, the residues were graded using a nest 

of sieves, and plant material in the finer fractions was removed 

hydromechanically. Fossils were picked from the finer residues using a 

binocular microscope, and in view of a desire not to lose hitherto 

unrecorded calcareous invertebrate and plant fossils, the residues were 

not subject to secondary processing using acid digestion and/or high 

density liquid separation techniques. Fossils were not picked from the 

finest residues (<500 µm) but these have been retained for further study. 

In addition, samples totalling c. 450 kg dry weight were taken by a 

private collector, Mr Brian Gasson, from Bed 38 (Radley 1994) exposed 

at Yaverland (Text-figs 1-2). These were processed by him using hand-

held sieves, the finest of which had a mesh size of 500 µm. One of these 

samples yielded the incomplete dentary (BMNH M 45368) and another 

the m5 (BMNH M 45563) described here. Casts were made of BMNH M 

45368, and digital images of these and isolated teeth were obtained 

using scanning electron microscopy. An environmental chamber was not 

available but satisfactory images of uncoated isolated teeth were 

obtained using an acceleration voltage of 1 kV. Standard optical and x-
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ray photography was also used to obtain images of BMNH M 45368, but 

in view of the fragile nature of the specimen it was not subjected to 

scanning electron microscopy. Measurements were taken digitally using 

digital image capture, analysis and processing software (SemAfore 

version 4.00, Insinööritoimisto J. Rimppi Oy). No attempt has been made 

to ascertain measurement error, which relates primarily to the 

establishment of scale and measurement methods employed by this 

software, and to orientation of the specimens when obtaining scanning 

electron micrographs. Measurement conventions and dental terminology 

follow those of Cifelli and Madsen (1999, figs 2-3), but in view of 

uncertainties concerning tooth replacement and the occurrence of a 

molariform posterior-most premolar in Symmetrolestes (Tsubamoto et al. 

2004), teeth in the post-canine series are referred to as premolariform 

and molariform. A phylogenetic analysis was carried out using the 

characters of Li and Luo (2006), with minor modifications.  

 

Institutional abbreviation. BMNH, The Natural History Museum, London.  

 

SYSTEMATIC PALAEONTOLOGY 

 

Class MAMMALIA Linneaus, 1758 

Superlegion TRECHNOTHERIA McKenna, 1975 

Superfamily SPALACOTHERIOIDEA Marsh 1887 

Family SPALACOTHERIIDAE Marsh, 1887 

Subfamily SPALACOLESTINAE Cifelli and Madsen, 1999 

 

Type genus. Spalacolestes Cifelli and Madsen, 1999. 

Included genera. Spalacotheroides Patterson, 1955; Symmetrodontoides 

Fox, 1976; Spalacotheridium Cifelli, 1990; Shalbaatar Nessov, 1997; 

Heishanlestes Hu, Fox, Wang and Li, 2005.  

 

Genus YAVERLESTES gen. nov. 
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Derivation of name. From Yaverland, the name of the settlement closest 

to the outcrop from which the holotype specimen was obtained, and 

lestes, Greek for hunter, robber or plunderer, a commonly used suffix for 

the generic names of apparently predatory Mesozoic mammals. 

 

Type species by monotypy Yaverlestes gassoni gen. et sp. nov. 

Text-figs 3-6 

 

Derivation of name. In honour of Mr Brian Gasson who found the 

holotype and one of the paratype specimens, and who generously 

donated them and other important Wessex Formation microvertebrate 

material in his private collection to the collections of the Natural History 

Museum, London. 

 

Diagnosis. A small spalacolestine spalacotheriid displaying a unique 

combination of primitive and derived characters. Five lower molariforms 

present; autapomorphy. Six or seven present in all other spalacolestines. 

Condition unknown for Spalacotheroides. m5 with enlarged mesial 

cingular cusp and lacking metaconid. Dental formula i?.c1.p3.m5. 

Cingulum on upper molariforms entirely lacking (condition unknown for 

Heishanlestes).  

 

Differential diagnosis. Differs from Spalacotheroides but resembles other 

spalacolestines in presence of a distinctive cusp B 1 on upper 

molariforms. Condition unknown for Heishanlestes. Differs from 

Heishanlestes in having three premolariforms. Four present in 

Heishanlestes. Condition in other spalacolestines unknown. Differs from 

Heishanlestes but resembles other spalacolestines in acute triangulation 

of m1. Resembles Spalacotheroides but differs from other 

spalacolestines in retention of three distinct cusps on upper molariforms. 

Condition unknown for Heishanlestes. Resembles Spalacotheroides but 

differs from other spalacolestines in retention of upper cusp C 

(metacone). Condition unknown for Heishanlestes. Differs from other 

spalacolestines in retention of a well developed Stylocone. Condition 
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unknown for Spalacotheroides and Heishanlestes. Resembles 

Spalacotheroides but differs from other spalacolestines in lack of distal 

protrusion of the distal stylar cusp. Condition unknown for Heishanlestes.  

 

Holotype. BMNH M 45368 (Text-figs 3-5), an incomplete right dentary 

with: alveoli for p1 and dp2; substantially incomplete dp3 (but see 

discussion below with regard to the anterior dentition); partial m1; 

substantially complete m2; complete m3; and alveoli for m4-5. 

 

Paratypes. BMNH M 45562 a partial left m4 (Text-fig. 6, C-D); and 

BMNH M 45563 a right m5 (Text-fig.6, E-F); BMNH M 45480 (Text-fig. 6, 

G-H), an upper right molariform; BMNH M 45481 (Text-fig. 6, I-J), an 

upper left molariform; BMNH M 45561, an abraded lower left molariform 

(not figured). 

 

Horizons and localities. Holotype, BMNH M 45562 and BMNH M45563: 

bed 38 (Radley 1994) occurring c. 4 m below the top of the Wessex 

Formation, exposed at Yaverland on the south-east coast of the Isle of 

Wight, southern England, NGR SZ 61693 85223. BMNH M 45480: bed 

L14 (Stewart 1978), exposed at beach level near Barnes High on the 

south-west coast of the island, NGR SZ 43890 80530. BMNH M 45481: 

bed L9 (Stewart 1978), exposed at beach level west of Grange Chine on 

the south-west coast of the island, NGR SZ 41781 81880. BMNH M 

45561: bed L2 (Stewart 1978), exposed high in the cliff near Sudmoor 

Point on the south-west coast of the island, NGR SZ 39451 82727 (Text-

figs 1-2). 

 

Description  

 

Mandible and anterior dentition. BMNH M 45368 is an incomplete 

horizontal ramus of a right dentary of which the anterior and posterior 

ends are missing (Text-figs 3-5). The dentary is very gracile and is only 

marginally dorsoventrally higher than the preserved molariforms in the 

region below them (Table 1). The height of the bone decreases anteriorly 
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reflecting curvature of the ventral margin, which is somewhat convex, the 

convexity being most pronounced below the alveoli for m4. In dorsal view 

the alveolar margin is straight posteriorly as far as the intermolariform 

septum separating m2 from m3. Distal to this it is laterally deflected 

reflecting deflection and thickening of the posteroinferior border of the 

dentary, the thickening representing a ventral masseteric ridge. In medial 

 

 

 

TEXT-FIG. 3. Yaverlestes gassoni gen. et sp. nov. Holotype specimen 

BMNH M 45368. Stereo pairs in: A, lingual view; B, buccal view. Scale bar 

represents 2 mm. 

 

view the dorsal border is straight anteriorly but posterior to m3 it 

becomes somewhat upturned. This would indicate that, unlike the 

condition observed in Spalacotherium tricuspidens Owen, 1854 and 

somewhat less so in Spalacolestes cretulablatta Cifelli and Madsen, 

1999 and Heishanlestes changi Hu, Wang, Luo and Li, 2005, but similar 

to that observed in Spalacotherium hookeri Gill, 2004, there was no 

diastema separating the posteriormost molariform from the ascending 

ramus. In medial view, no rugosity or other evidence of the 

intermandibular symphysis can be observed at the anterior end of the 

specimen. Therefore, in contrast to Heishanlestes changi, in which the 

posterior margin of the intermandibular symphysis extends to underlie 

p4, and in Spalacotherium tricuspidens (Simpson 1928) and 

Symmetrolestes parvus Tsibamoto and Rougier, 2004 (inTsubamoto et 

al. 2004) in which the posterior margin of the symphisial region underlies 
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p1, the intermandibular symphysis in Yaverlestes was comparatively 

short, extending posteriorly no further than the (missing) alveolus 

anterior to the partially preserved anteriormost alveolus. The identity of 

teeth occupying the anteriormost alveoli is further discussed below. 

There is no sign of a Meckelian groove, the bone is broken anterior to  

 

 

 

TEXT-FIG. 4. A, scanning electron micrographs of a cast of the holotype, 

BMNH M 45368, in occlusal view, stereo pair. (Note. The apex of the 

protoconid of m3 was not reproduced in this cast). Scale bar represents 2 

mm; B, scanning electron micrograph of the anterior end of a cast of BMNH 

M 45368 in occlusal view showing the distal alveolus for p1, the distal 

alveolus for dp1 (arrowed), the alveolus or alveoli for dp2 and the broken 

crown of dp3. (See text for a discussion of the identity of alveoli and dp3). 

Scale bar represents 1 mm. 
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the mandibular foramen and no part of the pterygoid process is 

preserved. The mandibular canal is sub-circular in cross-section as seen 

at the broken anterior end of the specimen and resembles an obliquely 

inverted teardrop posteriorly. A minute nutritive or mental foramen, 

diameter c. 35 µm, opens laterally below the distal alveolus for dp2; 

otherwise foramina are absent.  

 

Anteriorly, the fractured surface exposes the posterior surface of an 

apparently small alveolus that is situated somewhat buccal to the centre-

line of the bone. This is curved laterally and somewhat posteriorly. 

Posterior to this is a diastema of c. 0·25 mm that separates the 

anteriormost alveolus from that posterior to it, and from alveoli for the 

remainder of the dentition. The alveolus immediately posterior to the 

diastema is relatively large and accommodated an apparently robust 

tooth. If this was a single-rooted tooth, a slight constriction of the centre 

of the lingual surface of the alveolus suggests that the tooth may have 

been incipiently double-rooted or that the roots diverged apically but 

were fused basally. Intruding into the posterior margin of this alveolus is 

another small, circular alveolus (Text-fig. 4B, arrowed), the function of 

which is problematic. The posterior margin of the large alveolus is 

indented by the anterior margin of the small alveolus and it seems 

unlikely that the latter accommodated a small distal root for the tooth 

occupying the larger alveolus. Examination of an x-ray of the specimen 

(Text-fig. 5) is uninformative there being no root or roots present in the 

larger alveolus and no observable root in the smaller alveolus. It seems 

likely, therefore, that the smaller of the alveoli either represents the 

alveolus for an incompletely resorbed root of a tooth from the milk 

dentition or that it accommodated a very small premolariform, perhaps, in 

evolutionary terms, in the process of being lost. Somewhat posterior to 

the posterior margin of this alveolus a mental foramen opens on the 

lateral side of the dentary into a shallow, oval pit which extends anteriorly 

to closely underlie the larger alveolus described above (Text-fig. 3B; Text 

fig. 4B immediately below arrow). Posterior to the mental foramen, the 

next alveolus in the series, which bears marked central constrictions both 
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lingually and buccally (Text-fig. 4A-B), appears to accommodate a 

double-rooted tooth, but if this is the case there is minimal separation 

between the roots. The tooth would, with the possible exception of that 

occupying the anteriormost alveolus, be the smallest of those in the 

preserved part of the dentary.  The crown is broken off at the level of the 

alveolar margin, which, unlike the condition seen at all other loci, is of 

equal height buccally and lingually. This, and the existence of the small 

alveolus intruding into the posterior margin of the large alveolus anterior 

to it, suggests that some pathology may be present but otherwise the 

bone does not exhibit any abnormality (see below for further discussion). 

Examination of the x-ray of the specimen (Text-fig. 5) confirms that there 

is no unerupted tooth at this locus, or indeed at any other. 

 

 

 

TEXT-FIG 5. X-ray photograph of BMNH M 45368 in lingual view. (For scale 

refer to Text-figs 3-4). 

 

At the next alveolus posteriorly a broken tooth is present, which in 

occlusal view appears to have been slightly rotated in a clockwise 

direction . Only a fragment of the crown is preserved buccally. It has a 

convex surface that is expanded mesially but lacks any trace of a 

cingulid or accessory cusps. The lingual margin appears to be 

unexpanded and before breakage, the crown was probably relatively 

broad mesially and narrow distally. Buccally the tooth appears to be 

single-rooted, but lingually there is a constriction in the alveolus 

indicating that the tooth may be double rooted (Text-fig. 5). The x-ray 
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(Text-fig. 5) shows the apex of a root mesially and suggests that a distal 

root lying very close to the mesial root may be present. There is no 

indication of an interradicular septum. It is possible, therefore, that the 

roots are fused basally. In contrast to the alveolus anterior to it, the 

buccal alveolar margin is substantially lower than the lingual alveolar 

margin. In view of these factors and the apparent presence of two 

discrete or fused roots at the next locus anteriorly, it seems unlikely that 

this root and crown fragment represents the distal part of a large and 

complex distal premolariform of the kind seen in Symetrolestes 

(Tsubamoto et al. 2004), the mesial part of which was supported by a 

root occupying the possibly abnormal alveolus immediately anterior to it. 

However, in view of the nature of the fracture and the possible presence 

of a pathology, this can not be entirely ruled out. The tooth posterior to 

this is clearly molariform, and it is evident that those anterior to it and 

posterior to the diastema are premolariforms.  

 

Remarks. The alveoli for the premolariforms posterior to the diastema 

are situated centrally on the ventral margin of the dentary with their 

mesiodistal axes aligned with the anteroposterior axis of the bone. In 

contrast, the alveolus at the extreme anterior end of the specimen is 

located somewhat buccally with its long axis aligned at an acute angle 

(anterobucally/distolingually) to the anteroposterior  axis of the bone. 

This suggests that it could be the distal alveolus of a double-rooted 

canine rather than an alveolus for a premolariform. If this interpretation is 

correct, the condition would be similar to that observed in 

Spalacotherium tricuspidens (Simpson 1928; Clemens 1963) and to that 

postulated for Symmetrolestes (Tsubamoto et al. 2004). A more 

satisfactory interpretation (A. Averianov, pers. comm. 2005) is that the 

incompletely preserved anteriormost alveolus is the anterior alveolus for 

a large double-rooted p1. The small circular alveolus impinging upon the 

posterior margin of the posterior alveolus for p1 is the posterior alveolus 

of the shed dp1. Posterior to this is the alveolus or alveoli for dp2 and 

posterior to this is the partially preserved dp3. Germs of the permanent 

p2 and p3 are not visible in the X-ray photograph (Text-fig. 5). However, 
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this may reflect lack of mineralization at the time of death, and the 

unusually large mandibular canal present in this region (Text-fig. 5) is 

consistent with incomplete tooth replacement.  In dryolestiods and early 

eutherians dp1 is the first tooth to be replaced and the same 

replacement pattern has been postulated for spalacotheriids (Kielan-

Jaworowska et al. 2004). Furthermore, late retention of deciduous 

premolariforms is an apomorphy of Spalacolestinae (Kielan-Jaworowska 

et al. 2004) and this interpretation of the anterior dentition of Yaverlestes 

is consistent with its placement in that clade. Despite difficulties in 

interpretation of the premolariform series, it seems most likely that three 

premolariforms were present. If that is the case, the premolariform count 

would be the same as that for Spalacotherium tricuspidens, lower than 

that postulated for Symmetrolestes, lower than that observed in 

Heishanlestes, and the dental formula for Yaverlestes would be i? c1 p3 

m5. 

 

Lower molariforms 

 

 m1 was evidently the largest tooth in the dental arcade being both 

longer and wider than any of those anterior or posterior to it (Text-figs 3-

4; Text-fig. 6A-F; Table 1). The protoconid is broken off at its junction 

with the paraconid and metaconid and as a result, it is not possible to 

make any estimate of crown height. The metaconid is also broken away 

with only a small part of the mesiobasal surface preserved and as a 

result of this, and breakage of the protoconid, no estimate of trigonid 

angle can be made. However, it was evidently acute but greater than the 

trigonid angles measured for the molariforms posterior to it. The 

paraconid is preserved in its entirety as are the base of the crown and 

the roots. In occlusal view m1 and m2 have very symmetrical profiles 

whereas m3, as described below, is somewhat less symmetrical due to 

the more lingual placement of the paraconid in this tooth (Text-fig. 4A). 

Buccally the protoconid is mesiodistally and apicobasally convex. A wear 

facet occupies the dorsal margin of the paraconid and truncates the apex 

of the cusp where it appears to have been somewhat modified by 
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abrasion. A well-developed cingulid extends around the base of the 

crown but abruptly it becomes very faint buccally above the buccomesial 

margin of the distal root and the buccodistal margin of the mesial root. It 

is flexed dorsally both lingually and buccally, somewhat more so buccally 

at the base of the protoconid than between the paraconid and 

metaconid. Small mesial and distal cingular cusps are present. The 

former and the cingulid on the mesial side of the crown, which bears a 

small cuspule buccal to the mesial cingular cusp, are unaffected by wear. 

The cingulid on the lingual margin of the crown is also unaffected by 

wear and bears two small cuspules between the paraconid and the 

metaconid. In contrast, an oblique wear facet truncates the distal cingular 

cusp and extends without interruption along the cingulid on the distal 

margin of the crown, terminating as the convex buccal margin is 

approached. As in other spalacotheriids (e.g. Tsubamoto et al. 2004), the 

lingual alveolar margin along the molariform series is substantially higher 

than the buccal alveolar margin, and the bases of molariform crowns 

descend buccally to reflect this. The roots are strongly mesiodistally 

compressed and separated by an interradicular septum that is higher 

than the preceding and succeeding intermolariform septa. Examination 

of the x-ray also shows that the mesial root is somewhat mesiodistally 

wider and slightly apicobasally shorter than the distal root, which lies 

parallel to it (Text-fig. 5). 

 

m2 is substantially complete, lacking only the paraconid, of which only a 

small part of the mesiobuccal surface remains (Text-figs 3-4; Text-fig. 

6A). In comparison to m1, the crown is mesiodistally compressed and is 

wider than long (Table 1). The buccal margin of the protoconid is 

mesiodistally and apicobasally convex. The lingual surface is excavated 

by a shallow trough in the centre of which is a narrow ridge extending 

apically from the base of the metaconid to approximately half the height 

of the protoconid.  A wear facet extends along the paracristid but 

terminates below the apex of the paraconid. This also extends to the 

apex of the paraconid where it is modified somewhat by abrasion. A 
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similar facet truncates the apex of the metaconid but, in contrast to the 

facet present on the paracristid, the facet on the protocristid extends to 

 

 

 

TEXT-FIG. 6. Scanning electron micrographs: A-B, casts of A, m2, B, 

m3, from the holotype specimen BMNH M 45368; C-D, BMNH M45562, 

partial left m4 in C, lingual view, D, buccal view; E-F, BMNH M 45563, 

right m5 in E, lingual view, F, buccal view; G-H, BMNH M 45480, a right 

upper molariform in G, occlusal view, stereo pair, H, mesiolingual view; I-

J, BMNH M 45481, a left upper molariform in I, occlusal view, stereo pair, 

J, buccodistal view showing a prominent wear facet extending from the 

metastyle to cusp C.  

 

and truncates the apex of the protoconid at an acute angle apicobasally. 

Abrasional wear also appears to have modified the wear facet at the 

apex of the protoconid. The trigonid angle is acute and estimated, in view 

of breakage of the paraconid, at c. 45 degrees. The cingulid and mesial 

and distal cingular cusps are essentially the same as those described for 

m1, but no trace of the cingulid can be seen in the region between the 

buccomesial margin of the distal root and the buccodistal margin of the 

mesial root. Also unlike m1, the mesial cingular cusp is mesiolingually 

bicuspid. However, although m2 and m3 are somewhat displaced in their 

alveoli it is evident that this plays no part in an interlock with m1, there 

being in Yaverlestes a simple imbricate relationship between the mesial 
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cingular cusp of m2 and the distal cingular cusp of m1. This is unlike the 

condition seen in Spalacotherium evansae (Ensom and Sigogneau-

Russell, 2000) in which some lower molars possess a distinct tinodontid-

like, but probably not homologous, cuspule (f) buccal to the mesial 

cingular cusp that lends buccal support to the distal cungular cusp of the 

adjacent molar. In m2 wear facets are also present both mesially and 

distally and the facet on the mesial side truncates the mesial cingular 

cusp. Two shallow wear facets are present on the distal side of the 

crown. The more extensive of these affects the distolingual margins of 

the protoconid and metaconid. Buccally it is intersected by a teardrop-

shaped facet on the distobuccal margin of the protoconid. This 

commences some 280 µm below the apex of the paraconid and extends 

basally to occupy about one third of the buccal height of the protoconid. 

 

m3, which is preserved in its entirety, is very similar to m2 but somewhat 

more gracile, slightly more acutely angled with a trigonid angle of c. 41 

degrees, and slightly less symmetrical (Text-figs 3-4; Text-fig. 6B). The 

mesial cingular cusp is somewhat larger than that seen on m1 and m2 

and as in m2, it is mesiolingually bicuspid. The wear facet, which 

truncates it and extends along the cingulid mesially, extends somewhat 

further buccally. Distally, a wear facet truncates the apex of the distal 

cingular cusp but does not otherwise affect the cingulid. The paraconid is 

somewhat shorter than the metaconid and is placed at a slightly more 

lingual position giving rise to the slight lack of symmetry mentioned 

above. Wear facets on the paracristid and protocristid are similar to 

those seen on m2. However, wear on the paracristid continues to cross 

the dorsal surface of the paraconid, the apex of which is worn in a similar 

way to the paraconid of m1. 

 

Posterior to m3 are the alveoli for m4 (Text-fig. 4A). The alveoli are of 

similar size to but perhaps slightly smaller than those accommodating 

m3. It would appear, therefore, that m4 was of similar size to or slightly 

smaller than m3. The alveoli are anteroposteriorly compressed but the 

smaller posterior alveolus is less so than the anterior alveolus. The long 
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axes of both are offset somewhat, intersecting the buccal alveolar margin 

at an obtuse angle posteriorly. At the extreme posterior end of the 

preserved part of the dentary is the mesial alveolus for m5 (Text-fig. 4A). 

This is notably smaller than the distal alveolus for m4 and is circular in 

outline. These factors, the somewhat upturned dorsal and ventral 

margins of the posterior part of the dentary and inflation and lateral 

deflection of the posteroinferior border of the bone, suggest that it is the 

mesial alveolus of the ultimate molariform in the series. That being the 

case, only five lower molariforms are present in comparison to seven 

occurring in Spalacotherium and, where known, North American 

spalacolestines. In this respect, Yaverlestes also differs from 

Heishanlestes, in which six lower molariforms are present (Hu et al. 

2005), and from Symmetrolestes, in which four are present (Tsubamoto 

et al. 2004). 

 

Three isolated lower molariforms have also been recovered: BMNH M 

45561 (not figured) from bed L2 (Stewart 1978) (Text-fig. 2) on the 

south-west coast of the Isle of Wight; and BMNH M 45562 and 45563 

(Text-fig. 6C-D and E-F respectively) from the same horizon as the 

holotype specimen, bed 38 (Radley 1994) at Yaverland on the south-

east coast. In contrast to bed 38, which occurs very close to the top of 

the Wessex Formation, and which is probably of mid to late Upper 

Barremian age (Robinson and Hesselbo 2004), bed L2 occurs low in the 

exposed Wessex Formation. Stewart (1978, fig. 5, p. 35) estimated the 

stratigraphic position of L2 to be c.160 m lower in the succession than 

bed 38. This places bed L2 some 16 m above the base of the exposed 

Wessex Formation implying a very early Barremian age for it (Harding 

1986; Hughes and McDougall 1990; Robinson and Hesselbo 2004). 

Comparison with the holotype specimen obtained from bed 38 at 

Yaverland indicates that BMNH M 45561 is a left m2 referable to the 

same taxon. These occurrences therefore provide a minimum a temporal 

range for Yaverlestes. The roots and much of the base of the crown are 

missing but the mesial cingular cusp and part of the cingulid on the 

mesial side of the tooth are preserved together with the protoconid, 
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paraconid and metaconid. Unfortunately, the specimen is considerably 

abraded and contributes little to an understanding of intraspecific 

variation in the molariform morphology of Yaverlestes. 

 

BMNH M 45562 (Text-fig. 6C-D) is a partial left lower molariform in which 

the metaconid is preserved in its entirety and in which the protoconid is 

preserved, except at its base buccally and mesially. The paraconid, 

mesial root and a large part of the distal root are missing. The preserved 

part of the crown indicates that the tooth, when complete, would have 

been slightly smaller than any of the molariforms preserved in the 

holotype specimen (Table 1). In light of this, the general similarity of the 

preserved elements to corresponding elements in m2-3 of the holotype 

specimen and the description of a well preserved m5 which follows, the 

specimen is identified as an m4 of Yaverlestes. 

 

In lingual view the apex of protoconid appears to be distally inclined but 

this primarly relates to the convex profile of the mesiolingual margin of 

the cusp and the relatively straight distolingual margin. The apex of the 

protoconid is also less elevated than those of m2-3 and does not rise as 

far above the apex of the metaconid as do the protoconids in m2-3. 

Buccally the cusp is mesiodistally and apicobasally convex. It bears a 

shallow concavity lingually in the area between the protocristid and the 

paracrisid. The former is as described for m2-3 and as in these elements 

of the dentition wear extends to the apex of the cusp. Also as in m2-3, 

wear on what can be seen of the paracristid does not extend to the apex 

of the cusp. The metaconid is as seen in m2-3 and is similarly affected 

by wear. The distal cingular cusp and cingulid are unaffected by wear. 

The buccal extent of the cingulid can not be determined due to breakage. 

What remains of the distal root indicates that it was more gracile then the 

distal root of m3 and somewhat less mesiodistally compressed. In all 

other respects its morphology can not be determined. Wear facets and 

scratches on the distal surface of the crown are similar to those 

described for m2-3 but the facets are less pronounced.  
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BMNH M 45563 (Text-figs 6E-F; 7A-B) is a lower right molariform tooth 

lacking only the mesial cingular cusp, which has been lost due to 

breakage. It is otherwise well preserved and in common with some North 

American taxa (Cifelli and Madsen 1999) it lacks a metaconid and is, 

therefore, readily identifiable as the ultimate molariform in the lower 

dentition. The roots are circular in outline and, by reference to the 

holotype specimen, BMNH M45563 is identified as m5 of Yaverlestes. 

Lack of a metaconid renders the crown asymmetrical. It is also unlike 

other molariforms in the lower dentition in being somewhat longer 

mesiodistally than it is buccolingually wide (Table 1). The protoconid is 

mesiodistally and apicobasally convex buccally and labiolingually convex 

 

 

 

TEXT-FIG. 7. m5, BMNH M 45563, in: A, occlusal view, stereo pair; B, 

diagrammatic representation of occlusal view to show points from which 

‘Length’ and  ‘ANW’ (Table 1) were taken.  

 

distally, but distally it is almost straight apicobasally (Text-fig. 6E-F). The 

protocristid is entirely lacking. The cusp is buccolingually convex lingually 

but is somewhat expanded mesially towards its base. The paracristid is 

considerably more mesially orientated than in m2-3 and the axis of the 

paraconid is less steeply inclined than in m2. Thus, the angle between 

the buccal surface of the paraconid and its intersection with the 

paracristid is somewhat obtuse whereas it is acute in m2. A cingulid 

encircles the base of the crown but it becomes faint at the base of the 

protoconid buccally in the region between the roots. Only the base of the 

broken mesial cingular cusp is preserved, but the distal cingular cusp is 

preserved in its entirety. It is considerably enlarged and conical. The 
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apex is distolingually inclined and unaffected by wear. Wear is present 

on the paracristid where it extends from the apex to the base of the 

protoconid. On the paraconid it is less pronounced. Two facets are 

present on the mesial surfaces of the paraconid and protoconid. These 

occupy discrete but closely similar planes and bear identical steeply 

inclined scratches. These facets occupy the upper mesial margin of the 

paraconid and the mesial surface of the protoconid below and buccal to 

the paracristid. Otherwise, the crown is unworn. 

 

Upper molariforms  

 

Two upper molariforms, BMNH M 45480, a right tooth, and 45481, a left 

tooth, have been recovered, both from beds exposed on the south-west 

coast of the Isle of Wight (Text-fig. 6G-I). Of these, BMNH M 45480 is 

largest and most robust (Table 1). With reference to the lower dentition, 

only four upper molariforms were present, of which M4 would be the 

smallest. M3 and M2 would be somewhat larger and sub-equal in size, 

and M1 would be the largest molariform in the series. Based on the 

relative sizes of the specimens and examination of them in approximate 

occlusal relationship with teeth of the holotype specimen, BMNH M 

45480 is identified as an M1 and 45481 as either an M2 or M3. Apart 

from differences in size, both upper molariforms share a number of 

important characteristics: both have a large parastyle and 

correspondingly large parastylar lobe; distolingually the base of the 

paracone is missing in BMNH M 45481 but elsewhere there is no trace of 

a cingulum and in BMNH M 45480, the base of the crown of which is 

complete, no cingulum is present; both specimens lack any trace of cusp 

B1. Having made these general observations the following sections 

provide detailed descriptions of each specimen. 

 

BMNH M 45480. The crown of this tooth (Text-fig. 6G-H), identified as a 

right M1, is well preserved but the roots are missing with the exception of 

a small part of the base of the mesiodistally compressed distal root 

(Text-fig. 6H). The paracone, which has a convex surface lingually and 



 197 

which is recurved buccally towards the apex, dominates the crown. The 

buccal surface is slightly concave apicobasally but slightly convex 

mesiodistally. The preparacrista and postparacrista occupy narrow but 

distinct ridges raised from the buccal surface of the paracone as an 

extension of the external mesial and distal surfaces of the cusp. The 

preparacrista is broadly U-shaped at the junction between the bases of 

the paracone and the stylocone and is affected by abrasional wear that 

commences from about half the height of the paracone below its apex 

and extends to the apex of the stylocone, truncating it. The stylocone is 

well-developed but, compared to that seen in BMNH M 45481 (Text-fig. 

6I), is a relatively small cusp. The mesial and distal surfaces of the cusp 

are convex, the latter being less so than the former. The distobuccal 

margin of the cusp is convex and comprises a narrow crest, unaffected 

by wear, which ascends to the base of the metastyle. Mesial and lingual 

to the stylocone is a well-developed parastylar lobe on the mesiolingual 

margin of which is a similarly well-developed parastyle, the apex of which 

is truncated by abrasion. The metastyle is a robust but relatively low 

cusp. There is a shallow ectoflexus between it and the stylocone. The 

distobuccal margin of the metastyle is angular and bears a teardrop-

shaped facet. The lingual surface is concave and surrounded by narrow 

crests affected by slight abrasional wear. Buccally the crest comprises 

the mesiobuccal moiety of a mesiodistally short stylar shelf and is raised 

at its midpoint to form a small cuspule (see below), the apex of which is 

chipped. The postparacrista ascends from the apex of the metastyle in a 

shallow curve to form a U-shaped junction with cusp C, which is 

truncated by abrasional wear representing the lingual extremity of wear 

extending from the apex of the metastyle. Wear on the postparacrista in 

this region has breached the enamel exposing the dentine in a shallow 

trough but there is no strong wear facet of the type seen in a similar 

position in BMNH M 45481 (Text-fig. 6J; and see below). The lingual 

edge of cusp C ascends almost vertically to form a tightly V-shaped 

notch at the base of the paracone and its mesial and distal surfaces are 

convex, the convexity being more pronounced mesially. The 

postparacrista on the paracone is affected by wear and, in contrast to the 
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preparacrista, wear becomes more pronounced apically and extends to 

truncate the paracone producing a concave, teardrop-shaped depression 

in which the dentine is exposed. The area between the principal cusps is 

basin-like. The distal wall of the basin comprising the metastyle and the 

postparacrista in the region between it and the base of cusp C is 

substantially higher than the margin formed by the preparacrista in the 

region between the base of the paracone and the apex of the stylocone. 

Externally, the crown bears a number of wear facets and striations. A 

shallow facet occupies the entire surface of the paracone mesially and 

extends onto the parastylar lobe lingually. Numerous parallel striations 

orientated at c. 45 degrees to the dorsoventral axis of the paracone are 

present. Distally the apex of the paracone bears three facets. Two are 

located lingually and are weakly demarcated. The third and most distinct 

of the distal facets occupies the buccal margin of the paracone midway 

between its apex and the junction between it and cusp C. It is well 

defined with respect to the more apical of the distolingual facets. 

Striations seen on these facets and elsewhere on the distal surface of 

the crown are orientated in a similar way to those seen on the mesial 

surface of the paracone.  

 

BMNH M 45481. With the exception of a very small fragment beneath 

the metasyle, roots are not preserved in this specimen. Also missing is 

the base of the paracone except on the mesial side, but otherwise the 

crown and all of its principal cusps are well preserved (Text-fig. 6I-J). As 

in BMNH M 45480, the paracone dominates the crown and is of 

generally similar morphology except for the buccal surface, which is 

planar with a narrow central swelling. The preparacrista, which is slightly 

abraded but otherwise unworn, rises steeply from the paracone to form a 

V-shaped notch at the base of the stylocone. The latter is a well-defined 

cusp with convex mesial and distal surfaces; it is proportionately larger 

than that seen in BMNH M 45480, being approximately two-thirds the 

height of the paracone. Enamel on the distal surface of the cusp is 

chipped, apparently postmortem. Mesiolingual to this is a well-developed 

parastylar lobe and parastyle, the latter being truncated horizontally by 



 199 

abrasion. The stylar shelf separating the stylocone from the metastyle is 

proportionately longer that that seen in BMNH M 45480 (Table 1). Little 

wear is apparent but distally it has been chipped. The chip occurs at a 

swelling in the stylar shelf at the base of the metastyle and it appears 

that a very small cuspule similar to that seen in BMNH M 45480 was 

present here. Only a shallow extoflexus is present and the buccal margin 

appears almost straight in occlusal view. The metastyle is much less 

robust than that seen in BMNH M 45480 and is only slightly raised above 

the stylar shelf. It is less angular externally and in contrast to BMNH M 

45480, the stylocone occupies the extreme distobuccal corner of the 

crown; it is offset lingually in BMNH M 45480. Apart from minor abrasion, 

the buccal edge of the metastyle is unaffected by wear. However, the 

distal edge bears a very strongly developed wear facet that intersects the 

occlusal edge of the cusp and the postparacrista as far as the apex of 

cusp C at an acute angle (Text-fig. 7B). Striations on this facet and other 

areas of the crown are less pronounced than those seen in BMNH M 

45480 but are of similar orientation. The lingual edge of cusp C is convex 

and ascends to the base of the paracone, where the notch separating 

the cusps is more acutely V-shaped than that separating the paracone 

and the stylocone. The postparacrista below the apex of cusp C is 

affected by wear orientated perpendicular to its occlusal margin. The 

facet extends along most of the lingual margin of cusp C but does not 

reach its base. As in BMNH M 45480, abrasional wear on the 

postparacrista extends to the apex of the paracone truncating it to 

produce a small teardrop-shaped facet. The area between the principal 

cusps is excavated and basin-like.  However, in contrast to BMNH M 

45480, in which the stylocone is reduced, the stylocone in BMNH M 

45481 is relatively large and sub-equal in size to cusp C. This combined 

with the low elevation of the metastyle in the latter, which is exaggerated 

by the removal by wear of a substantial portion of its distobuccal corner, 

gives the impression that there is no difference in height distally between 

the preparacrista and the postparacrista. The condition prior to wear may 

have been different with some height difference, but this would not have 

been as pronounced as that seen in BMNH M 45480. Externally, 
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striations as mentioned above are observable but wear facets of the sort 

described for BMNH M 45480 cannot be seen. 

  

PHYLOGENETIC ANALYSIS  

 

Yaverlestes was scored using the list of characters set out by Li and Luo 

(2006) with one additional character (29, Appendix 1). While agreeing in 

principal with proposals made by Rougier et al. (2003) in connection with 

homology of upper molariform cusps, their scoring relating to the 

presence or otherwise of cusp B1 (Tsubamoto, et al. 2004, Appendix 1, 

character 16) requires a score of 1 in respect of Kuehneotherium, not 0 

as shown.  The presence or lack of this cusp, irrespective of its 

homology, is informative when considering relationships within 

Spalacotheriidae, with presence of the cusp representing the 

plesiomorphic condition. For this reason, in this study the character has 

been scored as it was interpreted by Cifelli and Madsen (1999). 

Compilation of data and management of results were achieved using 

MacClade 4 (Maddison and Maddison 2000) and the data analysed 

using PAUP, version 4.0b10 (Swofford, 1993). The data relating to dental 

and mandible characters supplied by Li and Luo (2006, supplementary 

information) was run according to their search criteria but with PAUP’s 

‘MulTrees’ option in effect, (it was disabled in Li and Luo’s 2006 

analysis). This recovered 30 most parsimonious trees. These have a tree 

length of 47 with a consistency index of 0.70 and a retention index of 

0.82. In this analysis the position of Akidolestes and basal 

spalacotheroids is stable but that of Heishanlestes in particular is not. 

Bootstrap support values are low (38-67) for nodes within the 

spalacotheroids and strict and semi strict consensus trees provide poor 

resolution of taxa. Similar observations apply to an analysis using the 

same search criteria but incorporating data for Yaverlestes. This 

recovered 42 most parsimonious trees with a length of 52, a consistency 

index of 0·65 and a retention index of 0·80. In several trees Yaverlestes 

is placed in a clade together with Heishanlestes and in several 

Yaverlestes occupies a position above Heishanlestes and close to the  
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TEXT-FIG. 8. One of 42 most parsimonious trees depicting the 

phylogenetic position of Yaverlestes gassoni gen. et sp. nov., its 

temporal position and the temporal distribution of other spalacotheroids. 

Node A, Spalacotherioidea; node B, Spalacotheriidae; node C, 

Spalacolestinae. Abbreviations for Jurassic and Cretaceous stages: Ab, 

Albian; Ap, Aptian; Bm, Barremian; Bs, Berriasian; Ca, Campanian; Ce, 

Cenomanian; Co, Coniacian; Ha, Hauterivian; Ma, Maastrichtian; Sa, 

Santonian; Ti, Tithonian; Tu, Turronian; Va, Valanginian. 

 

crown of the tree. Bearing in mind the temporal distribution of taxa and 

the unique dental characters observed in Heishanlestes these  

relationships do not appear to be satisfactory. One tree (omitting all but 

one outgroup taxon) generated by the branch and bound search is 

shown in Text-fig. 8. However, in view of the observations made above, 

with the exception of a clade comprising Spalacolestes and 

Symmetrodontoides, which was recovered in all trees, this can not be 
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considered to be a robust representation of relationships among 

members of the Spalacolestinae. 

 

DIVERSITY AND EVOLUTION OF THE SPALACOTHERIIDAE 

 

Systematic position of a specimen from Porto Pinheiro, Portugal 

 

Krusat (1989) described and illustrated an apparently spalacotheriid-like 

lower molariform from the ?Berriasian at Porto Pinheiro near Lourinhã on 

the Portuguese west coast. Unfortunately, the specimen was largely 

destroyed during an attempt to obtain scanning electron micrographs, 

but the description, drawings and conventional photography do permit re-

examination of the specimen in light of material that has become 

available since its discovery.  Krusat (1989), choosing to discount the 

otherwise spalacotheriid-like features of the specimen, referred it to 

?Tinodon (now re-established in its own family, Tinodontidae Marsh, 

1887), primarily on the basis of the lack of a complete cingulid in the 

Porto Pinheiro specimen. It is has now been established that incomplete 

development of the cingulid at the base of the buccal margin of the 

protoconid is a feature found is some spalacotheriids, e.g. 

Spalacotherium evansae Ensom and Sigogneau-Russell, 2000 from the 

Berriasian Purbeck Limestone Formation of Dorset, southern England, 

Yaverlestes gassoni from the Barremian of the Isle of Wight, southern 

England and possibly Spalacotheroides birdwelli Patterson, 1955 from 

the Aptian-Albian Antlers Formation of Texas, USA. The trigonid angle of 

the Porto Pinheiro specimen measured from illustrations (Krusat 1989, 

tafel 3B) is c. 60 degrees, and this together with strong mesiodistal 

compression of the roots (Krusat 1989, tafel 3F), indicate that this 

specimen should be placed within Spalacotheriidae. The otherwise 

unique features of this specimen, including the apparent restriction of the 

cingulid to the lingual margin of the crown, also indicate that it is at least 

specifically distinct from any other spalacotheriid so far described. That 

being the case, eight species, including an unnamed species from the 

Valanginian Wadhurst Clay Formation of the Wealden Supergroup of 



 203 

south-east England (Gill 2004) can now be recognized from the Early 

Cretaceous of Europe. 

 

Origin of Spalacolestinae and evolution and diversity of Spalacotheriidae.  

 

As noted by many authors (Kielan-Jaworowska et al. 2004 and 

references therein; Gill 2004; Tsubamoto et al. 2004) the early and mid-

Cretaceous mammalian fossil record is poor and that relating to 

spalacotheriids poorer still. Notable exceptions are the Berriasian 

Purbeck Limestone Formation of Dorset, southern England, which in 

common only with the mid-Cretaceous Cedar Mountain Formation of 

Utah, USA, has produced more than one species. In the case of the 

Purbeck Limestone Formation, three species are known from a relatively 

small number of specimens: Spalacotherium tricuspidens Owen, 1854; 

S. evansae Ensom and Sigogneau-Russell, 2000; and S. hookeri Gill, 

2004. The Cedar Mountain Formation has produced at least four species 

based on a much larger sample mainly consisting of isolated teeth: 

Spalacolestes cretulablatta Cifelli and Madsen, 1999; S. inconcinnus 

Cifelli and Madsen, 1999; Spalacotheridium noblei Cifelli and Madsen, 

1999; and at least one other (Cifelli and Madsen 1999). It is evident 

therefore that spalacotheriids were relatively successful and diverse but 

at present the controls on diversity are not well understood. Cifelli and 

Madsen (1999, p. 210) suggested that “the distribution of 

Spalacotheriidae in the upper part of the Cedar Mountain Formation 

(was) due to differences in habitat preference among species, with 

Spalacolestes cretulablatta and, particularly, S. inconcinnus, being 

characterized by a far greater degree of habitat specificity than was 

evidently the case for Spalacotheridium noblei”. Unfortunately, the small 

number of sites producing spalacotheriid remains in the Purbeck 

Limestone Formation and the relatively small number of specimens 

available do not permit similar observations in respect of the British 

species, but the diversity of spalacotheriids found there may well reflect 

habitat specificity. As previously mentioned, the Wessex Formation 

floodplain provided considerable habitat diversity. However, the climate 
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was somewhat unusual (Haywood et al. 2004). Precipitation occurred 

throughout the year but was accompanied by substantial seasonal 

temperature variations, and during times of high ambient temperatures 

evaporation exceeded precipitation. This imposed considerable 

environmental stress on the Wessex Formation flora (e.g. Allen 1998), 

and may have exerted similar environmental stress on the fauna, limiting 

diversity to those taxa able to accommodate the climate or undertake 

seasonal migrations. In the case of the diminutive spalacotheriids, 

migration seems unlikely and the Wessex Formation spalacotheriid was 

probably a year-round resident of the floodplain environment.  

 

Based on material obtained to date, there is no reason to believe that 

more than one spalacotheriid taxon is present in the Wessex Formation; 

the upper molars are very similar in most respects and undoubtedly 

represent a spalacolestine and, so far as can be ascertained, are 

compatible with the lower dentition, which also shows characters 

consistent with those expected of a spalacolestine. However, with only 

six specimens available the sample size is insufficient to confirm that 

only a single spalacotheriid is present. With the exceptions mentioned 

above, elsewhere mammalian faunas are mono-specific with respect to 

spalacothreriids. Furthermore, some taxa, e.g. Spalacotherium taylori 

Clemens and Lees, 1971, from the Valanginian of mainland Britain and 

the ?Berriasian Porto Pinheiro taxon discussed above, are known from 

single isolated teeth only (but see Gill 2004 with regard to S. taylori). In 

other cases they are also represented by single specimens, but of a 

more complete nature, e.g. Symmetrolestes parvus Tsubamoto and 

Rougier, 2004 (in Tsubamoto et al. 2004) from the ?Barremian of Japan, 

Shalbaatar bakht Nessov, 1997 (Averianov 2002) from the Turonian and 

cf. Shalbaatar sp. from the ?Santonian of Uzbekistan (Averianov and 

Archibald 2003); Symmetrolestes being represented by a jaw with some 

teeth preserved and the latter edentulous dentary fragments. With the 

data available at present, it is, therefore, possible only to note the 

diversity observed in the earliest Cretaceous of Britain and the mid-

Cretaceous of North America and contrast it with the apparent lack of 
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diversity elsewhere, which in many cases probably represents a 

collecting artefact reflecting the generally poor mammalian fossil record.  

 

Yaverlestes represents the first record of a spalacolestine spalacotheriid 

from western Europe, the only other non-North American spalacolestines 

being Heishanlestes, a spalacolestine with a highly derived dentition 

from the Aptian Shahai Formation of north-eastern China, and possibly 

Shalbaatar from the Turonian, Bissekty and ?Santonian, Aitym 

Formations of Uzbekistan (Averianov 2002; Averianov and Archibald 

2003). Yaverlestes also represents the earliest record of the subfamily, 

its closest temporal relatives being the Aptian Heishanlestes and 

Spalacotheroides birdwelli from the Aptian-Albian Antlers Formation of 

Texas, USA. The occurrence of the apparently more primitive but closely 

related Zhangheotheriidae, comprising Zhangeotherium Hu et al., 1997 

of upper Valanginian or Barremian age (Swisher et al. 1999; Wang et al. 

2000) and the somewhat older Maotherium Rougier et al., 2003, both 

from the Yixian Formation of Liaoninng Privince, north-east China, 

together with the basal spalacotheriid, Symmetrolestes from the 

?Barremian of Japan, led Tsubomoto et al. (2004) to advocate a possible 

east Asian origin for Spalacotheriidae. However, they acknowledged the 

temporal problem posed by the occurrence of these apparently basal 

east Asian taxa. These are chronologically intermediate between the 

supposedly more derived but basal Cretaceous spalacotheriids occurring 

in the Purbeck Limestone Formation of southern Britain, and the then-

known crown-group spalacolestines occurring in North America.  

 

In their report concerning the Upper Cretaceous mammal fauna of the 

Aitym Formation of Uzbekistan, Averianov and Archibald (2003) 

concluded that there were three events involving faunal interchange 

between Asia, Europe and North America during the Cretaceous. 

According to these authors (contra Smith et al. 1994 and others), the 

Turgai Strait did not open until the early Turonian and the first of these 

events occurred during or before the Barremian. This involved westward 

migration of plagiaulacoid multituberculates and gobiconodontids from 
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Asia to Europe and then North America, and is palaeontologically well 

supported (e.g. Kielan-Jaworowska et al. 1987; Jenkins and Schaff 1988; 

Krause et al. 1990; Hahn and Hahn 1992; Kielan-Jaworowska and 

Dashzeveg 1998; Cifelli 2000; Cuenca-Bescós and Canudo 2003; 

Sweetman 2006). The second proposed dispersal event involved a 

westward dispersal from North America to Asia via Beringia during the 

Turonian but is less well supported. Averianov and Archibald (2003) 

suggest that during this event a spalacolestine spalacotheriid was able to 

disperse from North America giving rise in Middle Asia to Shalbaatar. At 

the time this was a reasonable assumption based on the well-

documented radiation of Spalacolestinae during Aptian – Campanian 

times (Cifelli and Madsen 1999) and the apparent confinement otherwise 

of spalacolestines to North America. The third event also involved 

dispersal via Beringia but in this case eastwards during or before the 

Santonian and is supported by the appearance in North America of 

‘Zhelestidae’ at that time (Nessov et al. 1998).  

 

The occurrence of a specialized spalacolestine in the Aptian of 

northeastern China is at odds with Averianov and Archibald’s (2003) 

proposed Late Cretaceous, North American ancestor for the Middle 

Asian spalacotheriid Shalbaatar, but the occurrence of both is consistent 

with a European or Eurasian ancestor and is supported by the European 

Barremian occurrence of the spalacolestine Yaverlestes reported here. 

European or Eurasian ancestry is also consistent with evidence for both 

west-east and east-west dispersal between Europe and eastern Asia 

during the Upper Jurassic and Lower Cretaceous; e.g. the occurrence of 

hypsilophodontid and iguanodontid dinosaurs in the basal Cretaceous of 

Japan (Manabe and Hasegawa 1995; Evans et al. 1998) in the case of 

the former; the occurrence of a gobiconodontid, Gobiconodon palaios 

Sigogneau-Russell, 2003b, in the basal Cretaceous of northern 

Gondwana; and the somewhat later European and North American 

occurrence of gobiconodontids and plagiolacoid multituberculates 

discussed above. Dispersal from Europe or Eurasia of a basal 
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spalacotheriid would also be consistent with the occurrence of 

Symmetrolestes in the Early Cretaceous of Japan. 

 

Luo (1999) suggested that the fauna present in the Yixian Formation 

represents that existing in a refugium for relict Late Jurassic lineages 

including the spalacotheriid-like zhangheotheriids. This was in part 

accepted by Manabe et al. (2000) when discussing the somewhat older 

(Valanginian or Hauterivian) Early Cretaceous terrestrial vertebrate fauna 

of the Kuwajima Formation of Ishikawa Prefecture, central Japan. 

However, Manabe et al. (2000) also note the occurrence of 

hypsilophodontid and iguanodontid dinosaurs in the Early Cretaceous of 

Japan, which is indicative of west to east faunal interchange between 

Europe and eastern Asia at that time. Therefore, while there are 

insufficient data with which to draw firm conclusions, those available 

appear to support the concept of a European or Eurasian ancestor for 

Zhangeotheriidae and Spalacotheriidae and suggest that 

Zhangeotherium, Maotherium and Symmetrolestes are relictual taxa of 

European or Eurasian origin. The occurrence of a spalacolestine in the 

Barremian of southern Britain also supports Cifelli and Madsen’s (1999) 

suggestion that the North American spalacolestines originated from a 

European ancestor. What is perhaps surprising, but supported by the 

occurrence of a spalacolestine in the Aptian of east Asia, is that this 

ancestor had already acquired spalacolestine characters. Yaverlestes 

demonstrates that a low number of molariforms can occur in a derived 

spalacolestine spalacotheriid indicating either retention of an apparently 

plesiomorphic character (Tsubamoto et al. 2004) or possibly secondary 

reduction in the number of molariforms.  This, together with the 

occurrence of a highly specialized spalacolestine in the Aptian of north-

east China and an apparently primitive spalacotheriid in the ?Barremian 

of Japan, indicates that spalacotheriid diversity was greater, and 

suggests that their evolution was far more complex, than previously 

realized.  
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APPENDIX 1 

 

Character definitions and states used in the phylogenetic analysis 

(modified from Li and Luo 2006) 

 

1. Prevallid (protoconid-paraconid) shearing surface at eruption: 

(0) Interrupted: Gobiotheriodon, Kuehneotherium, Maotherium, 

Tinodon, Zhangheotherium; 

(1) Continuous upon eruption: Akidolestes, Heishanlestes, 

Spalacolestes, Spalacotheridium, Spalacotherium, 

Spalacotheroides, Symmetrodontoides, Symmetrolestes, 

Yaverlestes; 

(?) Unknown: Morganucodon. 

2. Number of lower canine roots: 

(0) One: Akidolestes, Gobiotheriodon, Maotherium, Morganucodon, 

Kuehneotherium, Zhangheotherium; 

(1) Two: Spalacotherium, Symmetrolestes, Tinodon; 

(?) Unknown: Heishanlestes, Spalacolestes, Spalacotheridium, 

Spalacotheroides, Symmetrodontoides, Yaverlestes. 

3. Lower canine crown: 

(0) Caniniform: Akidolestes, Heishanlestes, Maotherium, 

Morganucodon, Spalacotherium; 

(1) Premolariform: Tinodon, Zhangheotherium; 

(?) Unknown: Gobiotheriodon, Kuehneotherium, Spalacolestes, 

Spalacotheridium, Spalacotheroides, Symmetrodontoides, 

Symmetrolestes, Yaverlestes. 

4. Number of premolariforms: 

(0) Four or more: Akidolestes, Heishanlestes, Kuehneotherium, 

Morganucodon, Symmetrolestes; 

(1) Three or fewer: Gobiotheriodon, Maotherium, Spalacotherium, 

Tinodon, Yaverlestes, Zhangheotherium; 

(?) Unknown: Spalacolestes, Spalacotheridium, Spalacotheroides, 

Symmetrodontoides. 
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5. Anterior molariform (m1) triangulation: 

(0) No triangulation: Morganucodon; 

(1) Obtuse triangulation: Gobiotheriodon, Heishanlestes, 

Kuehneotherium, Maotherium, Spalacotherium, Tinodon, 

Zhangheotherium; 

(2) Acute triangulation : Akidolestes, Spalacolestes, 

Spalacotheridium, Spalacotheroides, Symmetrodontoides, 

Symmetrolestes, Yaverlestes. 

6. Posterior molariform (m3 or more posterior) triangulation:  

(0) No triangulation: Morganucodon; 

(1) Obtuse triangulation: Gobiotheriodon, Kuehneotherium, Tinodon; 

(2) Acute triangulation: Akidolestes, Heishanlestes, Maotherium, 

Spalacolestes, Spalacotherium, Spalacotheridium, 

Spalacotheroides, Symmetrodontoides, Symmetrolestes, 

Yaverlestes, Zhangheotherium. 

7. Labial cingulid on lower molariform (scored for the penultimate lower  

molariform): 

(0) Incomplete: Akidolestes, Gobiotheriodon, Kuehneotherium, 

Maotherium, Morganucodon, Symmetrolestes, Tinodon, 

Zhangheotherium; 

(1) Complete or absent buccally only at the base of the protoconid: 

Heishanlestes, Spalacolestes, Spalacotheroides, Spalacotheridium, 

Spalacotherium, Symmetrodontoides, Yaverlestes. 

8. Molariform interlock structure: 

(0) Distal cuspule d fitting between cusps b and f of succeeding 

molariform: Morganucodon; 

(1) Distal cuspule d fitting into the proximal cuspules e and f: 

Kuehneotherium, Tinodon; 

(2) Distal cuspule d overlapping labially with the mesial cuspule e of 

the succeeding molar: Akidolestes, Gobiotheriodon, Heishanlestes, 

Maotherium, Spalacolestes, Spalacotheridium, Spalacotherium, 

Spalacotheroides, Symmetrodontoides, Symmetrolestes, 

Yaverlestes, Zhangheotherium. 
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9. Distal cingulid cuspule d of lower molariforms: 

(0) Large: Gobiotheriodon, Kuehneotherium, Morganucodon; 

(1) Small or absent: Akidolestes, Heishanlestes, Maotherium, 

Spalacolestes, Spalacotheridium, Spalacotherium, 

Spalacotheroides, Symmetrodontoides, Symmetrolestes, Tinodon, 

Yaverlestes,    Zhangheotherium. 

10. Paraconid and paracristid (scored for m2): 

(0) Higher than the metaconid and protocristid: Gobiotheriodon, 

Kuehneotherium, Maotherium, Spalacotherium, Symmetrolestes, 

Tinodon, Zhangheotherium; 

(1) Lower than the metaconid and protocristid: Akidolestes, 

Heishanlestes, Spalacolestes, Spalacotheridium, Spalacotheroides, 

Symmetrodontoides, Yaverlestes; 

(?) Unknown: Morganucodon. 

11. Paraconid (or cusp b) on posterior lower molariforms: 

(0) In alignment with metaconid (or cusp c): Akidolestes, 

Gobiotheriodon, Heishanlestes, Kuehneotherium, Maotherium, 

Morganucodon, Spalacotheridium, Spalacotherium, 

Spalacotheroides, Symmetrolestes, Tinodon, Zhangheotherium; 

(1) Paraconid more labially positioned: Spalacolestes, 

Symmetrodontoides. 

(?) Unknown: Yaverlestes. 

12. Height of lower molariform crowns: 

(0) Low crown: Gobiotheriodon, Kuehneotherium, Maotherium, 

Morganucodon, Tinodon, Zhangheotherium;  

(1) High crown: Akidolestes, Heishanlestes, Spalacolestes, 

Spalacotheridium, Spalacotherium, Spalacotheroides, 

Symmetrodontoides, Symmetrolestes, Yaverlestes. 

13. Preparacristid and postparacristid: 

(0) Absent: Gobiotheriodon, Kuehneotherium, Maotherium, 

Morganucodon, Spalacotherium, Tinodon, Zhangheotherium; 

(1) Present: Akidolestes, Heishanlestes, Spalacolestes, 

Spalacotheridium, Spalacotheroides, Symmetrodontoides, 

Symmetrolestes, Yaverlestes. 
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14. Upper molariforms: 

(0) Retaining three distinctive cusps: Akidolestes, Kuehneotherium, 

Maotherium, Morganucodon, Spalacotherium, Spalacotheroides, 

Tinodon, Yaverlestes, Zhangheotherium; 

(1) Compressed trigon without the three distinctive cusps: 

Spalacolestes,  Spalacotheridium, Symmetrodontoides. 

(?) Unknown: Gobiotheriodon, Heishanlestes, Symmetrolestes. 

15. Distinctive B1 cusp on upper molariforms: 

(0) Absent: Kuehneotherium, Morganucodon, Spalacolestes, 

Spalacotheridium, 

Symmetrodontoides, Tinodon, Yaverlestes; 

(1) Present: Maotherium, Spalacotherium, Spalacotheroides, 

Zhangheotherium; 

(?) Unknown: Akidolestes, Heishanlestes, Gobiotheriodon, 

Symmetrolestes. 

16. Upper cusp C (“metacone”): 

(0) Present: Akidolestes, Kuehneotherium, Maotherium, 

Morganucodon, Spalacotherium, Spalacotheroides, Tinodon, 

Yaverlestes, Zhangheotherium; 

(1) Absent: Spalacolestes, Spalacotheridium, Symmetrodontoides; 

(?) Unknown: Gobiotheriodon, Heishanlestes, Symmetrolestes. 

17. Stylocone: 

(0) Large: Kuehneotherium, Maotherium, Spalacotherium, Tinodon, 

Yaverlestes, Zhangheotherium; 

(1) Small: Spalacolestes, Spalacotheridium, Symmetrodontoides; 

(?) Unknown: Akidolestes, Gobiotheriodon, Heishanlestes, 

Morganucodon, Spalacotheroides, Symmetrolestes. 

18. Parastyle: 

(0) Small: Kuehneotherium, Maotherium, Spalacotherium, Tinodon, 

Zhangheotherium; 

(1) Large and hook-like: Spalacolestes, Spalacotheridium, 

Spalacotheroides, Symmetrodontoides, Yaverlestes. 

(?) Unknown: Akidolestes, Gobiotheriodon, Heishanlestes, 

Morganucodon, Symmetrolestes. 
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19. Distal stylar cusp: 

(0) Absent: Kuehneotherium, Tinodon; 

(1) Present but not protruding distally: Akidolestes, Maotherium, 

Spalacotherium, Spalacotheroides, Yaverlestes, Zhangheotherium; 

(2) Present and protruding: Spalacolestes, Spalacotheridium, 

Symmetrodontoides; 

(?) Unknown: Gobiotheriodon, Heishanlestes, Morganucodon, 

Symmetrolestes. 

20. Reduced and asymmetrical ultimate posterior upper molariforms:  

(0) Absent: Akidolestes, Maotherium, Spalacotherium,  

Spalacotheroides, Zhangheotherium; 

(1) Present: Spalacolestes, Spalacotheridium, Symmetrodontoides; 

(?) Unknown: Gobiotheriodon, Heishanlestes, Kuehneotherium, 

Morganucodon, Symmetrolestes, Tinodon, Yaverlestes. 

21. Internal cingulum on upper molariforms: 

(0) Complete: Kuehneotherium, Maotherium, Morganucodon, 

Spalacolestes, Spalacotheridium, Symmetrodontoides; 

(1) Incomplete: Spalacotherium, Spalacotheroides, Tinodon, 

Yaverlestes, Zhangheotherium; 

(?) Unknown: Akidolestes, Gobiotheriodon, Heishanlestes,  

Symmetrolestes. 

22. Extent of the pterygoid shelf: 

(0) Absent: Kuehneotherium, Morganucodon; 

(1) Present: Akidolestes, Gobiotheriodon, Spalacotherium, Tinodon, 

Zhangheotherium; 

(2) Present and broad: Heishanlestes, Spalacolestes, 

Spalacotheroides, Symmetrolestes. 

(?) Unknown: Maotherium, Spalacotheridium, Spalacotherium, 

Symmetrodontoides, Yaverlestes. 
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23. Deflected posteroventral border on the lateral side of the mandible: 

(0) Absent: Akidolestes, Gobiotheriodon, Kuehneotherium, 

Morganucodon, Tinodon, Zhangheotherium; 

(1) Present: Heishanlestes, Spalacolestes, Symmetrolestes, 

Yaverlestes. 

(?) Unknown: Maotherium, Spalacotheridium, Spalacotherium, 

Spalacotheroides, Symmetrodontoides. 

24. Meckel’s groove: 

(0) Present: Gobiotheriodon, Kuehneotherium, Morganucodon, 

Spalacotherium, Symmetrolestes, Tinodon, Zhangheotherium; 

(1) Absent: Heishanlestes, Spalacolestes, Symmetrodontoides, 

Yaverlestes; 

(?) Unknown: Akidolestes, Maotherium, Spalacotheridium, 

Spalacotheroides. 

25. Coronoid facet: 

(0) Present: Heishanlestes, Kuehneotherium, Morganucodon, 

Zhangheotherium; 

(1) Absent: Spalacolestes, Spalacotherium, Symmetrolestes; 

(?) Unknown: Akidolestes, Gobiotheriodon, Maotherium, 

Spalacotheridium, Spalacotheroides, Symmetrodontoides, Tinodon, 

Yaverlestes. 

26. Size of coronoid process: 

(0) Broad: Heishanlestes, Kuehneotherium, Morganucodon, 

Spalacolestes, Spalacotherium, Tinodon; 

(1) Narrow and gracile: Akidolestes, Maotherium, Symmetrolestes, 

Zhangheotherium; 

(?) Unknown: Gobiotheriodon, Spalacotheridium, Spalacotheroides, 

Symmetrodontoides, Yaverlestes. 
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27. Position of the dentary condyle: 

(0) Below or level with the alveolar margin: Kuehneotherium, 

Morganucodon;  

(1) Above the alveolar level: Akidolestes, Heishanlestes, 

Maotherium, Spalacotherium, Symmetrolestes, Zhangheotherium; 

(?) Unknown: Gobiotheriodon, Spalacolestes, Spalacotheridium, 

Spalacotheroides, Symmetrodontoides, Tinodon, Yaverlestes. 

28. Postdentary trough: 

(0) Present: Kuehneotherium, Morganucodon; 

(1) Absent: Akidolestes, Gobiotheriodon, Heishanlestes, 

Spalacotherium, Spalacotheroides, Symmetrolestes, Tinodon, 

Zhangheotherium; 

(?) Unknown: Maotherium, Spalacolestes, Spalacotheridium, 

Symmetrodontoides, Yaverlestes. 

29.  Number of lower molariforms: 

(0) Five or fewer: Gobiotheriodon, Morganucodon, Symmetrolestes, 

Tinodon, Yaverlestes; 

(1) Six or more: Akidolestes, Heishanlestes, Kuehneotherium, 

Maotherium, Spalacolestes, Spalacotheridium, Spalacotherium, 

Symmetrodontoides. Zhangheotherium; (?) Unknown: 

Spalacotheroides.  
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Data matrix. 

 

Character 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Gobiotheriodon 0 0 ? 1 1 1 0 2 0 0 0 0 0 ? ? 

Kuehneotherium 0 0 ? 0 1 1 0 1 0 0 0 0 0 0 0 

Morganucodon ? 0 0 0 0 0 0 0 0 ? 0 0 0 0 0 

Tinodon 0 1 1 1 1 1 0 1 1 0 0 0 0 0 0 

Akidolestes 1 0 0 0 2 2 0 2 1 1 0 1 1 0 ? 

Heishanlestes 1 ? 0 0 1 2 1 2 1 1 0 1 1 ? ? 

Maotherium 0 0 0 1 1 2 0 2 1 0 0 0 0 0 1 

Spalacolestes 1 ? ? ? 2 2 1 2 1 1 1 1 1 1 0 

Spalacotheridium 1 ? ? ? 2 2 1 2 1 1 0 1 1 1 0 

Spalacotherium 1 1 0 1 1 2 1 2 1 0 0 1 0 0 1 

Spalacotheroides 1 ? ? ? 2 2 1 2 1 1 0 1 1 0 1 

Symmetrodontoides 1 ? ? ? 2 2 1 2 1 1 1 1 1 1 0 

Symmetrolestes 1 1 ? 0 2 2 0 2 1 0 0 1 1 ? ? 

Yaverlestes 1 ? ? 1 2 2 1 2 1 1 ? 1 1 0 0 

Zhangheotherium 0 0 1 1 1 2 0 2 1 0 0 0 0 0 1 

                

                

Character 16 17 18 19 20 21 22 23 24 25 26 27 28 29  

Gobiotheriodon ? ? ? ? ? ? 1 0 0 ? ? ? 1 0  

Kuehneotherium 0 0 0 0 ? 0 0 0 0 0 0 0 0 1  

Morganucodon 0 ? ? ? ? 0 0 0 0 0 0 0 0 0  

Tinodon 0 0 0 0 ? 1 1 0 0 ? 0 ? 1 0  

Akidolestes 0 ? ? 1 0 ? 1 0 ? ? 1 1 1 1  

Heishanlestes ? ? ? ? ? ? 2 1 1 0 0 1 1 1  

Maotherium 0 0 0 1 0 0 ? ? ? ? 1 1 ? 1  

Spalacolestes 1 1 1 2 1 0 2 1 1 1 0 ? ? 1  

Spalacotheridium 1 1 1 2 1 0 ? ? ? ? ? ? ? 1  

Spalacotherium 0 0 0 1 0 1 1 ? 0 1 0 1 1 1  

Spalacotheroides 0 ? 1 1 0 1 2 ? ? ? ? ? 1 ?  

Symmetrodontoides 1 1 1 2 1 0 ? ? 1 ? ? ? ? 1  

Symmetrolestes ? ? ? ? ? ? 2 1 0 1 1 1 1 0  

Yaverlestes 0 0 1 1 ? 1 ? 1 1 ? ? ? ? 0  

Zhangheotherium 0 0 0 1 0 1 1 0 0 0 1 1 1 1  
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Teeth Height Length ANW POW 
Pad-
med 

Prd-
med 

Angle 

m1   0.826 0.762   0.510*   > m2 & m3 

m2 1.085 0.692 0.938*   0.560*   45* 

m3 1.025 0.565 1.010   0.448 0.695 41 

m4 0.930 0.475* 0.730*   0.275* 0.400 52* 

m5 0.714 0.663** 0.554**    N/A N/A  60**  

M1   0.875 0.845 1.060       

M2/3   0.735 0.622 0.895       

Dentary Below 
Molariforms 
1.45 

Preserved 
Part 

     

 6.74      

 

Table 1. Measurements (mm) of the teeth and dentary of Yaverlestes 

gassoni gen. et sp. nov. For lower molariforms, excluding m5, 

measurement conventions follow those of Cifelli and Madsen (1999) with 

the exception of height. This is measured in lingual aspect from the tip of 

the protoconid to a line connecting the bases of the mesial and distal 

stylar cusps. *denotes estimated measurements due to breakage. **Due 

to its unique morphology, measurements other than height applicable to 

m1-4 can not be taken for m5. For ‘Length’ and ‘ANW’ applicable to m5 

refer to Text-fig. 7B. ‘Angle’ is taken at the intersection of a line 

connecting the apex of the paraconid to the apex of the protoconid with a 

line parallel to the distal margin of the protoconid. 

 

** *** ** 

(End of manuscript) 
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Order Dryolestida  

Family Dryolestidae  

 

The Dryolestidae are a diverse family of Dryolestida. They differ from 

other dryolestidans in the possession of strongly mesiodistally shortened 

molars, particularly upper molars, and lower molars in which the mesial 

root is usually robust in comparison to the distal root.  

 

 

 

Text-fig. 6.18. Wessex Formation dryolestid molar structure and 

terminology. Top, upper left molar based on BMNH M 45564; bottom, 

lower right molar based on BMNH M 45558 in which the hypoconulid is 

missing. Both in occlusal view, terminology modified from Kielan-

Jaworowsk et al. 2004.  
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Kielan-Jaworowska et al. (2004) provide a detailed discussion of the 

terminology used in the description of dryolestoid molars and set out an 

emended terminology based on that provided by Martin (1999a). 

However, in the diagrams accompanying this (p. 373, figs B-C) they 

name the upper molar crest joining the stylocone with the paracone the 

preparacrista, a term usually applied to mammals with tribosphenic 

molars. The term used here is paracrista, which appears to have been 

the intended term of Kielan-Jaworowska et al. (2004). Also, the Wessex 

Formation upper molar does not possess the median ridge seen in the 

upper molars of some dryolestoids, including Laolestes Simpson, 1927, 

recorded from the Wealden Supergroup of mainland Britain (Clemens 

and Lees 1971) (Text-fig. 6.7). In contrast, it possess a strongly 

developed trough extending from the top of the trigon basin between the 

metastyle and cusp “C” to its base where it forms a small but steep sided 

pit. With the exception of the above, the terminology of Kielan-

Jaworowska et al. (2004) is adopted here (Text-fig. 6.18). 

 

Currently, including the new genus reported here, twelve genera are 

recognized, of which two are restricted to the Upper Cretaceous of 

Argentina (Bonaparte 1986, 1990). The remainder are Late Jurassic - 

Early Cretaceous taxa with a western European and North American 

distribution. The type genus, Dryolestes Marsh, 1878, is recorded from 

the Late Jurassic (late Kimmeridgian - early Tithonian) Morrison 

Formation of the western United States and from the Late Jurassic 

(Oxfordian or Kimmeridgian) of Portugal. Other genera occurring in both 

the US and Europe are Amblotherium Owen, 1871, recorded from the 

Late Jurassic Morrison Formation and the Early Cretaceous (Berriasian) 

Purbeck Limestone Formation of southern Britain and Laolestes 

Simpson, 1927, recorded from the Morrison Formation, USA, the 

Jurassic-Cretaceous boundary at Porto Pinheiro, Portugal, and from 

Valanginian strata of the Wealden Supergroup of southern Britain. 

Genera currently recorded only from the Iberian peninsula are: 

Crusafontia Henkel and Krebs, 1969 from the Barremian of Spain; 

Guimarotodus Martin, 1999a, from the Kimmeridgean of Portugal; 
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Krebsotherium Martin 1999a, also from the Kimmeridgean of Portugal; 

and Portopinheirodon Martin 1999a from the Jurassic-Cretaceous 

boundary, Portugal. Genera currently recorded only from Britain are 

Peraspalax Owen, 1871 and Phascolestes Owen, 1871, both from the 

Berriasian Purbeck Limestone Formation, and the Barremian Wessex 

Formation gen. et sp. nov. reported here.  

 

SYSTEMATIC PALAEONTOLOGY 

 

Order DRYOLESTIDA Prothero, 1981 

Family DRYOLESTIDAE Marsh, 1879 

Gen. et sp. nov. 

 

Type species. Dryolestes priscus Marsh, 1878, from the Late Jurassic 

Morrison Formation of the western United States 

 

Holotype. A well preserved lower right molar lacking only the hypoconulid 

and the apices of the roots, specimen number BMNH M 45558 (Text-fig. 

6.19A-C). 

 

Paratype. A well preserved, upper left molar crown, specimen number 

BMNH M 45564 (Text-fig. 6.19B). 

 

Referred material. A  partial right ?m1 lacking the roots, part of the base 

of the crown, the protoconid and the metaconid, specimen number 

BMNH M 45559 (Text-fig. 6.19E).  

 

Horizon and locality. All specimens from bed 38 (Radley 1994) exposed 

c. 600 m north-east of Yaverland car park on the south-east coast of the 

Isle of Wight, NGR SZ 61693 85223 (Text-figs 1.2-3). 

 

Diagnosis. Autapomorphies: Non-procumbent, mesiodistally 

compressed, labiolingually expanded, blade-like paraconid; paraconid 

and metaconid widely separated with the junction between the cusps 
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broad and U-shaped. (V-shaped in other genera, except Crusafontia, 

Groebertherium and Leonardus in which the metaconid is absent); 

metacone lingually placed at the base of the paracone; groove 

descending from the lingual extremity of a notch separating the 

metastyle from the median cusp and terminating in a pit in the floor of the 

trigon basin. (The groove is either absent or replaced by a variably 

placed ridge in other genera). Robust, cuspidate cingulid expanded 

buccomesially and extending onto the distal margin of the talonid in the 

holotype specimen. Strongly mesiodistally compressed upper molars 

with deep trigon basin. In addition to the paracone, upper molars 

incorporate a robust parastyle, a stylocone, median cusp, metastyle, 

cusp “C” and metacone. 

 

Description. BMNH M 45558 (Text-fig. 6.19A-C) is a lower right molar of 

a dryolestid dryolestidian. It has suffered slight damage to the talonid 

including loss of the hypoconulid and crushing of the roots but is 

otherwise well preserved. Crown height, measured lingually between the 

roots, is 0.8 mm, crown length, measured from the mesial extremity of 

the cingulid to the distal margin of the talonid, is 1.0 mm and crown width 

is 0.6 mm. 

 

In all areas the crown overhangs the roots. At the base of the crown 

mesially, buccally and distally there is a prominent, cuspidate cingulid. 

This extends from a point slightly lingual to the centre-line of the 

paraconid to the point where it is lost to breakage of the talonid. Four 

small but distinct cuspules are present on the mesial and mesiobuccal 

part of the cingulid which is expanded and ridge-like in this area. At the 

base of the protoconid mesially and buccally two mesiodistally and 

apicobasally broader cusps are present rendering the cingulid less well 

defined in this area. On the buccodistal margin of the protoconid the 

cingulid becomes well defined again bearing a sharply pointed cuspule. 

The remainder of the cingulid incorporates three cuspules. The largest of 

these, from which the apex has been lost post-mortem, extends onto the 

distobuccal extremity of the talonid. Lingual to this there is a slightly 
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smaller, pointed cuspule occupying what remains of the distal margin of 

the talonid. The latter forms a prominent shelf but the lingual end, 

including the hypoconulid, has been lost as a result of breakage.  

 

 

 

Text-fig. 6.19. Scanning electron micrographs of: A, BMNH M 45558, 

lower left molar in occlusal view, stereo pair; B, BMNH M 45559, a partial 

lower left molar in occlusal view; C, BMNH M 45564, upper left molar in 

occlusal view, stereo pair. 

 

The protoconid and metaconid are essentially conical whereas the 

Paraconid is buccolingually expanded, mesiodistally compressed and 

blade-like. In lingual view, the apicobasal axis of the metaconid lies 

close, but somewhat distal, to the apicobasal axis of the protoconid. Its 

surfaces form a smooth cone except towards the base where it 

approaches the protoconid. Here a narrow but sharp crest is developed 

which descends to the base of the cusp forming a strongly V-shaped 

notch where it adjoins a similar but more extensive crest on the 

distolingual margin of the protoconid. A narrow crest is also present at 

the base of the metaconid where it descends to meet the talonid. 
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Mesiolingually a very small cuspule is present at the base of the 

metaconid. In lingual view, the distal margin of the metaconid rises 

steeply from the base of the crown. Mesially it is less steep and even 

less so as the apex is approached. The same general comments apply 

to the protoconid and curvature of the mesial margins of the cusps gives 

the impression that both cusps are recurved distally. However, the distal 

margins are straight and this is not the case. 

 

 

 

Text-fig. 6.20. BMNH M. 45558. In: A, lingual view; B, labial view. 

 

As outlined above, the paraconid is sharply pointed and blade-like with 

sharp cutting edges buccally and lingually. Buccally the cusp is narrower 

and more sharply crested than lingually. Except where interrupted by the 

cuspule lying below the metaconid, the junction between the paraconid 

and the metaconid takes the form of a broadly U-shaped valley. In 

contrast the junction between the buccal edge of the paraconid and the 

mesial edge of the protoconid is V-shaped. The protoconid is essentially 

conical but it’s mesial and distolingual surfaces bear crests which form 

sharp cutting edges. Of these the mesial crest is more expanded and 

blade-like than the distolingual crest. Buccally the surface of the 

protoconid is uniformly convex. Mesiolingually, the mesial and 

distolingual crests join the body of the cusp at an oblique angle giving the 

impression of an almost planar surface with a convex central swelling. 
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The trigonid basin is concave basally, smooth and unaffected by wear. 

Wear facets and scratches are not present on any of the cusps. 

 

The apices of both the mesial and distal roots have been lost to 

breakage and both roots have suffered crushing. However, as in other 

dryolestids, (with the exception of m1-2 of Amblotherium [Martin 1999a]) 

the mesial root is substantially larger than the distal root. Before 

crushing, the mesial root, which underlies the paraconid and the 

protoconid, would have been more than twice the diameter of the distal 

root. The latter underlies the talonid and extends mesially to underlie at 

least the mesial half of the metaconid, but compaction damage obscures 

the full mesial extent of the distal root.   

 

BMNMH M 45564 (Text-fig. 6.19D) is the well preserved crown of an 

upper left molar of a dryolestid dryolestidian. It is typical of the family in 

being mesiodistally short and buccolingually wide. Crown length is 0.7 

mm, measured from the mid point of the paracrista to the midpoint of the 

metacrista. Crown width is 1.4 mm, measured from a line joining the 

buccal extremity of the parastyle and the distobuccal extremity of the 

crown to the lingual margin of the paracone. 

 

The paracone dominates the crown. Its lingual surface is convex 

apicobasally and mesiodistally. It is slightly concave on the mesial 

surface and convex distally. The mesiolingual surface bears a narrow 

and steeply inclined wear facet and mesially, a number of fine scratches 

are also present. These are steeply inclined, intersecting the apicobasal 

axis of the cusp at an acute angle basally and are somewhat convex 

lingually. The distal surface of the paracone bears two facets. At the 

apex a steeply inclined, very small, trapezoid facet intersects the apical 

margin of a much larger, triangular, and more steeply inclined facet. The 

buccal extremity of this facet extends onto the distal surface of the 

metacone and to c. two thirds of the distance from the apex of the 

paracone to the base of the crown. The buccal surface of the paracone is 

steeply inclined and somewhat convex distally. Mesially there is a narrow 
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concave trough. Mesiobuccally the margin of the cusp comprises a sharp 

crest whereas the distobuccal margin is truncated by a wear facet 

extending from the apex to the base of the cusp and onto the surface of 

the metacone. On the paracone, the facet has breached the enamel and 

its buccal extension renders the metacone indistinct in distal view.  

 

The metacrista incorporates two low cuspules both of which are slightly 

worn. Cusp “C” is a small but distinct cusp lying at the lingual extremity of 

the inflated buccodistal corner of the crown. The latter is convex 

mesiodistally and appears to slope lingually but the extreme base of the 

crown in this region is missing. At the buccomesial end of this swelling 

the metastyle is a small but distinct cusp, the apex of which is slightly 

worn. It is slightly convex buccally and separated from the slightly 

broader and taller median cusp by a sharply V-shaped notch. The 

median cusp is also convex buccally but is separated from the stylocone 

by a broadly U-shaped valley. The Stylocone is the broadest and tallest 

of the buccal cusps. Buccally it is convex and distolingually it is almost 

planar, forming the steeply inclined, triangular, mesiolingual surface of 

the trigon basin.  

 

The parastyle is convex apicobasally and mesiodistally on its buccal 

surface. The apex is lingually inclined and lies above a prominent 

parastylar lobe. This bears a minute cuspule immediately below the 

lingual extremity of the parastyle. The latter is separated from the 

stylocone by a V-shaped notch. The paracrista is a sharply defined, 

unworn crest extending without interruption into the buccomesial margin 

of the paracone. The distal surface of the trigon basin between the 

metacone and cusp “C” is slightly convex and steeply inclined.  

 

The area between cusp “C” and the metastyle is a U-shaped concavity 

mesiolingual to the distobuccal margin of the crown. Below this there is a 

small swelling and on the mesiobuccal margin of this there is a sharply 

defined trough. This descends from the lingual extremity of the notch 

separating the metastyle from the median cusp to the base of the trigon 
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basin where it forms a mesiodistally narrow, steep sided pit. The 

remnants of three roots are present. The largest is that underlying the 

paracone and appears to have been sub-circular in outline. The buccal 

root underlying the parastyle and the region between the metastyle and 

cusp “C” are strongly mesiodistally compressed. That occupying the 

buccodistal corner of the crown also appears to have been lingually 

inclined.  

 

BMNH M 45559 is a partial lower right molar lacking the roots, part of the 

base of the crown, the protoconid and the metaconid (Text-fig. 6.19E). 

The paraconid is blade-like and serves to confirm that BMNH M 45559 

belongs to the same taxon as the holotype specimen. Despite the 

fragmentary nature of this specimen, the preserved cusps provide further 

valuable information concerning the molar morphology of the Wessex 

Formation dryolestid. Crown length, measured from the mesial surface of 

the paraconid to the distal surface of the hypoconulid, is 0.85 mm and 

crown width is 0.74 mm. In other dryolestids, where complete or almost 

complete dentitions are known, (e.g. Simpson 1928), there is often little 

difference in tooth length along the lower molar series. However, m1 

tends to be the shortest tooth in the lower dentition. In some dryolestids 

the posterior-most lower molar is also somewhat reduced in length 

relative to the length of the molars anterior to it but the difference in 

length is usually less that that between m1 and m2. In view of this, the 

difference in length between BMNH M 45559 and BMNH M 45558 

suggests that the former is an m1. The paraconid of BMNH M 45559 

differs from that of BMNH M 45558 in that its lingual surface is erect, 

convex and unexpanded lingually. Buccally it resembles BMNH M 45558 

in having a blade like extension with a sharp cutting edge. The apex of 

the cusp bears a small facet but this appears to represent post-mortem 

damage. Its morphology is also consistent with identification of the 

specimen as an m1. The hypoconulid is preserved in its entirety. It is a 

substantial cusp lying at the lingual extremity of the talonid suggesting 

that the hypoconulid of BMNH M 45558 would also have been 

substantial and lingually placed. It is conical and convex lingually and 
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distally. Buccally it is concave and forms the lingual margin of the talonid. 

The apex of the hypoconulid is recurved mesiobuccally and bears a facet 

which probably represents post-mortem damage. The distal margin of 

the talonid has also suffered damage. probably post-mortem, but it 

appears to have been devoid of cuspules. The talonid is more steeply 

inclined than that seen in BMNH M 45558. The basin appears to have 

been unaffected by wear. 

 

Discussion. In the case of isolated upper and lower molars, or even 

dentitions, it is often difficult to determine whether or not upper teeth 

represent the same taxon as lower teeth and vice versa. There are 

numerous examples in the literature where different genera have been 

erected for lower and upper teeth/dentitions and a number of examples 

where genera based on upper teeth/dentitions have later been 

synonoymized with lower/teeth dentitions. For instance, it is now widely 

accepted that the spalacotheriid Peralestes longirostris Owen, 1871, 

based on an upper dentition, is synonymous with Spalacotherium 

tricuspidens Owen, 1854, based on a lower dentition. Within 

Dryolestoidea similar examples can be found: e.g. Martin (1999a) in his 

review of Dryolestida has suggested that Miccylotyrans Simpson, 1927, 

based on an upper jaw fragment with molars belongs to Amblotherium 

Owen, 1871, based on a lower jaw and dentition. Until such time as a 

lower jaw and teeth are found in association with an upper jaw and teeth, 

which is uncommon in the fossil record in general and extremely unlikely 

in the Wessex Formation (Chapter 1), doubt must remain as to whether 

or not BMNH M 45558 belongs with BMNH M 45564. However, while 

several dryolestoids occur together in deposits dating from the Jurassic 

and earliest Cretaceous, dryolestoid diversity appears to have been in 

decline during the latter part of the Early Cretaceous (Kielan-Jaworowska 

et al. 2004). Occurrences of dryolestids in the Valanginian of Britain and 

the Barremian of Spain are monospecific perhaps reflecting this decline 

in diversity, but also perhaps reflecting a collecting artefact. Based on 

size and general morphology there is no reason to exclude BMNH M 

45564 from the taxon represented by BMNH M 45558 (T. Martin pers. 
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comm. 2006). Both specimens are unequivocally distinct from the upper 

and lower teeth of any other dryolestid and until such time as it can be 

shown that they do not belong together it seems reasonable to assign 

them to the same genus rather than erect separate genera to 

accommodate them. 

 

Premolariforms and a canine. 

 

BMNH M 45634. Apart from a fracture separating the distal root and a 

section of the crown above from the remainder of the tooth, BMNH M 

45634 (Text-fig. 6.20) is very well preserved. It is either a lower left or an 

upper right premolariform. The height of the principal cusp, measured 

from its apex to the base of the enamel adjacent to the distal margin of 
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Text-fig. 6.21. BMNH M 45634 from bed 33 at Yaverland. NGR, SZ 

6164 8564. A, tooth crown in lingual view to show well-developed distal 

cusp and basin; B, lingual view including roots; C, occlusal view, stereo 

pair. Scale bars represent 1 mm. 

 

the mesial root is 1.1 mm. In occlusal view, the mesiodistal length, and 

buccolingual width (measured on a line passing through the apex of the 

principal cusp), are 1.5 mm and 0.6 mm respectively. From the apex of 

the principal cusp to a line joining the apices of the roots the tooth 

measures 3.0 mm. In the context of teeth of other mammals so far 

recovered from the Wessex Formation, BMNH M 45634 is, with the 

exception of multituberculate teeth, with which it is clearly not associated, 

a comparatively large tooth.  

 

The principal cusp is convex buccally and apicobasally. Its mesial 

surface is convex mesially and is also convex buccolingually towards the 

apex, but towards the base it narrows to form a blunt ridge. Buccally, the 

base of the principal cusp is somewhat expanded but there is no trace of 

a cingulid(um). Buccomesially there is a minute cuspule. Below this there 

is a narrow, well-defined groove rising distally and terminating at a 

position above the valley separating the roots, but this may be an 

artefact of abrasion. Mesially a small cusp is present, the apex of which 

lies c. 0.2 of the distance from the base of the crown to the apex of the 

principal cusp. The buccal surface of the mesial cusp is an extension of 

the buccal surface of the principal cusp but lingually it forms a distinct 

projection from its lingual surface. The apex of the mesial cuspule is 

blunted by wear. Distal to this there is a minute basin which appears 

unaffected by wear. The lingual surface of the principal cusp is convex 

lingually but slightly concave apicobasally rendering its apex somewhat 

lingually inclined (Text-fig 6.20C). Distally, the base of the principal cusp 

bears a crest commencing a little above the level of the apex of the 

mesial cusp and descending at c. 45 degrees. Distally this delineates the 

lingual margin of a substantial talonid-like basin as further discussed 

below. The apex of the principal cusp has been blunted by wear and this 
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extends basally for a short distance down a sharp crest extending 

buccodistally from the apex to the base. Basally this delineates the 

buccal margin of the basin mentioned above. The central portion of the 

crest is unaffected by wear but basally a buccolingually narrow facet 

lying at right angles to the axis of the crest is present. The distal margin 

of the basin comprises the concave mesiolingual surface of a substantial 

distal cusp. Distally, this cusp is convex apicobasally and mesiodistally. 

Buccally, the cusp is also convex apicobasally and mesiodistally but it is 

somewhat mesiodistally compressed so that the buccal surface forms a 

blunt ridge. The junction between the principal cusp and the distal cusp 

is U-shaped. The mesial and distolingual edges of the distal cusp 

comprise very narrow but well defined crests. The crests are 

uninterrupted by cuspules and unaffected by wear but the apex of the 

cusp is blunted. The concave surface of the basin is smooth and appears 

to be unaffected by wear. Scratches and wear facets, other than those 

described above, can not be seen. 

 

The distal root is slightly more robust then the mesial root. Both are 

somewhat buccolingually compressed and ovoid in cross-section. Both 

taper apically, the taper being more pronounced in the distal root. A very 

thin coating of enamel is present on a small area of the mesial root 

immediately below the base of the principal cusp. Otherwise the surfaces 

of the roots are smooth except at their apices where they become 

somewhat expanded and rugose. The lingually placed openings to the 

pulp cavities are very small. The axis of the mesial root is parallel to the 

apicobasal axis of the principal cusp. The distal root is slightly convex 

distally and its apex somewhat mesially inclined. 

 

Affinities. Premolars with a well-developed distal cusp, usually in teeth 

from posterior positions, are seen in a number of Mesozoic taxa, e.g. 

eutriconodontans, spalacotheroids, tinodontids and dryolestids. However 

cusp disposition and other morphological features of BMNH M 45634 

including the talonid-like basin seen in this specimen preclude its 

attribution to any of these. The premolars of zatherians such as 
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Nanolestes from the Kimmeridgian of Portugal (Martin 2002) are similar 

to BMNH M 45634 in many respects (Text-fig. 6.21). However, where 

known, the premolars of zatherians also lack a basined heel. 

Molarization of posterior premolars, particularly upper premolars, is 

commonly observed in eutherians but the presence of a talonid basin is 

usually accompanied by the addition on lower teeth of a metaconid and 

paraconid and a metacone and paracone on upper teeth (Kielan-

Jaworowska et al. 2004). BMNH M 45634 lacks any trace of these or 

accessory cuspules on the margin of the basin. It would appear therefore 

not to be attributable to a eutherian but such attribution can not be ruled 

out.  

 

 

Text-fig. 6.22. Posterior part of the left dentary of Nanolestes drescherae 

Martin, 2002, in occlusal view above and lingual view below. Modified 

from Martin 2002. 

 

The mesiodistal length of the molar representing the boreosphenidan 

Aegialodon dawsoni from the Valanginian of mainland Britain (Text-fig. 

6.8), as measured from figures provided by Kermack et al. (1965), is c. 

1.5 mm. The mesiodistal length of BMNH M 45634 is also 1.5 mm. The 

mesiodistal length BMNH M 51816, the holotype of Tribactonodon 

bonfieldi Sigogneau-Russell, Hooker and Ensom, 2001, a 
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boreosphenidan from the Berriasian Purbeck Limestone Formation of 

Dorset, southern England, is c. 2.7 mm as measured from the figures 

provided by Sigogneau-Russell et al. (2001). The size of BMNH M 45634 

would, therefore, not preclude attribution to a member of the 

Aegialodontidae. Unfortunately, among Early Cretaceous stem 

boreosphenidans premolars are only known for Slaughteria eruptens 

Butler, 1978. The dentary fragment representing this taxon contains an 

m2 and m1, a deciduous last premolar and a penultimate premolar in 

eruption, to which the species name alludes. The premolars in this 

specimen are therefore of little use in determining the morphology of the 

permanent premolars in Slaughteria. Bearing in mind comments above 

with regard to negative attribution to other Mesozoic taxa and the 

occurrence of stem boreosphenidans in the Berriasian and Valanginian 

of mainland Britain (Kermack et al. 1965; Sigogneau-Russell et al. 2001), 

it seems reasonable to assign BMNH M 45634 to a stem 

boreosphenidan and possibly to a member of the Aegialodontia. 

 

BMNH M 45484. BMNH M 45484 (Plate 6.1A-C) is a lower left or upper 

right premolar. It was recovered from the same sample site as that 

yielding the multituberculate m1, BMNH M45482, and the spalacotheriid 

upper molar, BMNH M 45481, described above, bed L9 on the south-

west coast of the Isle of Wight, NGR SZ 41753 81898. The mesial root is 

missing but the distal root and crown are well preserved. The height of 

the principal cusp, measured from its apex to the base of the valley 

separating the roots is 0.9 mm. In occlusal view, the mesiodistal length, 

and buccolingual width (measured on a line passing through the apex of 

the principal cusp), are 0.9 mm and 0.5 mm respectively. From the apex 

of the principal cusp to the apex of the distal root the tooth measures 2.2 

mm. 

 

The principal cusp is convex buccally and apicobasally, particularly 

towards its apex. The enamel is smooth and unaffected by wear. 

Lingually the principal cusp is concave apicobasally and this together 

with the convexity of the buccal surface renders the apex lingually 
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inclined. The lingual surface is convex but less so than the buccal 

surface. It is somewhat swollen basally, particularly in the region above 

and mesial to the distal root. There is no trace of a cingulum(id). The 

mesial margin is smoothly convex and slightly recurved distally. A small, 

conical, mesial cusp is present, the apex of which lies c. two thirds of the 

distance from the apex of the principal cusp to the base of the crown. 

The cusp forms a distinct projection from both the buccal and lingual 

surfaces of the principal cusp. Its surfaces are smooth and convex and 

its axis lies at c. 45 degrees to the apicobasal axis of the principal cusp. 

The mesial cusp is unaffected by wear. The distal margin of the principal 

cusp comprises a sharp crest, which continues along the mesial margin 

of a substantial distal cusp. The apex of the principal cusp bears a very 

small lingually placed facet but wear does not extend to the distal crest. 

The distal cusp is conical and unaffected by wear. Its surfaces are 

convex except mesially at the intersection with the crest extending from 

the apex of the principal cusp. The axis of the distal cusp is more steeply 

inclined than that of the mesial cusp. 

 

The distal root is ovoid, being slightly mesiodistally compressed. It tapers 

slightly apically and its surfaces are smooth. There is no rugosity or 

swelling at the apex. The pulp cavity opens centrally at the apex of the 

root. From its broken base, which reveals that the tooth has been slightly 

polished during  transport, the mesial root appears to have been of 

similar size to the distal root 

 

Affinities. BMNH M 45484 (Plate 6.1A-C) differs from BMNH M 45634 in 

mesiodistal compression of the roots; they are buccolingually 

compressed in BMNH M 45634 . Also, the distal crest in BMNH M 45484 

descends distolingually; it descends distobucally in BMNH M 45634 . It 

seems unlikely, therefore that BMNH M 45484 is an anterior premolar of 

the taxon represented by BMNH M 45634. In general morphology it is 

similar to the premolars of many non-allotherian Mesozoic mammals. 

However, among the collections of the Natural History Museum, London, 

and the Dorest County Museum Service, BMNH M 45484 most closely 
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resembles the premolars seen in BMNH M 47787 (pers. obs.) from the 

Berriasian Purbeck Limestone Formation of Dorset, southern England. 

This specimen is a partial left maxilla containing two premolars and 

fragments of three molars tentatively referred to the dryolestid 

Amblotherium pusillum Owen, 1866 and labelled Amblotherium c.f. 

pusillum. However, an anterior cuspule is present in BMNH M 45484 

which is not present, on the lower premolars at least, of Amblotherium 

(Simpson 1928). Matrix partially obscures the premolars in BMNH M 

47787 and the presence or otherwise of an accessory anterior cusp on 

the premolars of this specimen cannot currently be determined. Although 

somewhat larger, BMNH M 45484 also resembles the premolars seen in 

BMNH M 47752 the type specimen of Amblotherium soricinum Owen, 

1871 but these also lack an anterior cusp. In size there is nothing to 

prevent attribution of BMNH M 45484 to the dryolestid, gen. et sp. nov., 

described above but without a jaw in which molars and premolars are 

preserved such attribution would be unsound.  However, in view of the 

occurrence of a dryolestid in the Wessex Formation and, apart from the 

presence of anterior cuspule, the similarity in general morphology of 

BMNH M 45484 to the premolars of British species of Amblotherium, the 

specimen is tentatively assigned to the Dryolestidae. 

 

BMNH M 45635. The robust, double-rooted canine BMNH M 45635 

(Plate 6.1D) was obtained from bed 38 at Yaverland, NGR SZ 61693 

85223. It is either a tooth from the lower right or upper left dentition. 

From the apex of the crown to the apex of the distal root the tooth 

measures a little over 3.7 mm. The crown is conical and slightly 

buccolingually compressed, recurved distally and, towards the apex, 

somewhat lingually. The crown is unworn and bears no scratches. 

Towards the base the enamel is etched and at the base of the roots 

asterorhizal borings can be seen indicative of fungal or bacterial decay 

(Martill, in Martill and Naish 2001, p.54). The roots are somewhat 

flattened buccally, lingually, mesially and distally, and at their apices they 

have the profile of a square with rounded corners. Apically the root walls 

are thin and the pulp cavities large. This, together with the lack of wear of  
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Plate 6.1 
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Explanation of Plate 6.1. Premolars a canine and ?milk tooth from the 

Wessex Formation. A-C, BMNH M 45484, in: A, lingual view; B, occlusal 

view; C, buccal view.  D, BMNH M 45635 in lingual view. E-F, BMNH M 

45636, in E, buccal view; F, lingual view. G-H, BMNH M 45560, in: G, 

lingual view (cusp letter designation from Kielan-Jaworowska et al. 

2004); H, oblique occlusal view.  

 

the crown, indicates that the tooth may have been un-erupted or in the 

process of eruption at the time the animal died. The mesial root is curved 

mesially at its midpoint and is slightly shorter than the distal root. It is 

otherwise similar to the straight distal root.  

 

Affinities. Trenchant, double-rooted, canines appears to be a 

plesiomorphic character seen in a number of Mesozoic mammals but not 

in allotherians and spalacotheroids. They are present in docodontans, 

which have been recorded from the Middle Jurassic and Early 

Cretaceous of Britain (e.g. Sigogneau-Russell 2003a). They are also 

present in many eutriconodontans e.g. Trioracodon Simpson, 1928, 

fromthe Berriasian Purbeck Limestone Formation, but not in members of 

the Gobiconodontidae (Jenkins and Schaff 1988). They have been 

recorded for some dryolestids e.g. Phascolestes Owen, 1871 also from 

the Purbeck Limestone Formation and for some early eutherians (Kielan-

Jaworowska et al. 2004) although in many eutherians these teeth are 

single-rooted. The crown height of BMNH M 45635 can not be 

determined with accuracy due to etching and erosion of the enamel at its 

base but it is c. 1.9 mm. By comparison with Phascolestes, which has a 

comparatively large canine for a dryolestid, BMNH M 45635 appears to 

be too large to be referable to a dryolestid. Docodonts have yet to be 

recorded from the Wealden Supergroup of Britain and BMNH M 45635 

would in any event appear to be too large to be referable to a 

docodontan. It appears, therefore, that BMNH M 45635 may be the 

canine of a eutriconodontan, the most likely candidate, in view of 

occurrences in the Berriasian of Britain (e.g. Simpson 1928), being a 

member of the Triconodontidae Marsh, 1887. However, its assignment to 
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this family must remain tentative due to the current lack of postcanine 

teeth representing a triconodontid. It is also possible that it does 

represent a large member of one of the groups discussed above for 

which other remains are as yet unknown 

 

BMNH M 45636. Recovered from bed 38 at Yaverland, NGR SZ6 1693 

85223, BMNH M 45636 (Plate 6.1E-F) is a small premolariform tooth in 

which the crown is well preserved. It is either an upper right or lower left 

tooth. In buccal view the crown height, measured from the apex along 

the apicobasal axis to the base of the enamel, is 0.95 mm. Also in buccal 

view the maximum mesiodistal length is 0.66 mm. The crown is waisted 

basally and at the narrowest point above the roots its mesiodistal length 

is 0.62 mm. Lingually, crown height is 1.18 mm. The crown comprises a 

single cusp and is buccolingually compressed. It is swollen basally on 

the lingual side but becomes concave apically. Narrow crests are raised 

on the mesial and distal margins of the lingual surface of the crown and 

extend basally to the point where the base of the crown becomes 

waisted. These represent the lingual extremity of the buccal surface of 

the crown which is uniformly convex mesiodistally and apicobasally. The 

mesial margin of the crown is convex for two thirds of the distance from 

the apex of the crown to its base, where on the lingual side it is bounded 

by a crest. The mesial margin becomes distally concave basally but in 

this region it is also buccolingually rounded. In buccal and lingual view 

the distal margin comprises two concave surfaces. Apically, on the 

lingual side this is bounded by the crest described above but basally, as 

on the mesial margin, the distal surface is smooth and buccolingually 

rounded. The crown is entirely unaffected by wear. 

 

The partially preserved roots are somewhat unusual. In lingual view it is 

evident from the presence of two pulp cavities that two divergent roots 

were present but they are fused basally. In the area immediately below 

the crown the root is expanded to form a collar. In lingual and buccal 

view, the collar lies at an angle of c. 45 degrees to the apicobasal axis of 
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the tooth indicating that it may have been procumbent. The preserved 

surfaces of the roots are rugose. 

 

Affinities. Unfortunately, premolars of this type, and particularly anterior 

premolars, being of limited taxonomic use, tend to receive rather scant 

attention in the literature. BMNH M 45636 is evidently a tooth from an 

anterior position and lack of detailed descriptions of similar teeth render 

identification problematic. It is clearly not a multituberculate premolar nor 

is it a premolar of a member of Triconodontidae in which premolars are 

four-cusped. Procumbent anterior premolars are found in members of 

the Gobiconodontidae but BMNH M 45636 is double-rooted, does not 

posses basal cuspules and is otherwise dissimilar to the premolars of 

this family. In other members of Eutriconodonta premolars also bear 

more than one cusp. Until detailed descriptions of similar teeth in 

association with molariform teeth are available, BMNH M 45636, while 

undoubtedly the tooth of a mammal, remains indeterminate. 

 

BMNH M 45560. BMNH M 45560 (Plate 6.1G-H) is unworn and 

extremely well preserved, although it was recovered in two parts from 

residue obtained from a sample from bed 38 at Yaverland, NGR SZ 

61693 85223. The parts were assembled on an adhesive disc for 

scanning electron microscopy but the broken edges are extremely 

fragile. In view of this the parts had to be mounted in such a way as to 

avoid damage and as a result it was not possible to obtain an occlusal 

view. Neither was it possible to mount the parts satisfactorily for the 

purpose of obtaining a buccal view. 

 

BMNH M 45560 is a lower left molariform tooth. The mesiodistal length 

of the crown is 1.8 mm; crown height, measured from the apex of the 

principal cusp (a) to the base of the cingulid, in lingual view is 0.8 mm; 

the height of the tooth measured from the apex of cusp a to a line joining 

the apices of the roots is 1.6 mm. The crown is highly compressed 

buccolingually. It was not possible to obtain a measurement of the 

buccolingual width but this is estimated at c. 0.3 mm. Three principal 
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cusps are present, a-c (Plate 6.1G). They are serially arranged and while 

cusps b and c are somewhat lingually expanded in relation to the lingual 

surface of cusp a, there is no triangulation between the cusps (Plate 

6.1H). Cusp a dominates the crown. It is slightly convex lingually and 

significantly convex buccally. The mesial and distal surfaces of the cusp 

comprise sharp cutting edges. Cusp b is conical and separated from 

cusp a by a U-shaped valley. Its apex is pointed and unworn and it bears 

a sharp crest distally. Cusp c lies in close proximity to and basally 

coalesces with cusp a. It is also conical and unworn. Lingually a well 

developed cingulid is present at the distal and mesial ends of which are 

prominent cingular cusps, d and e respectively. Cusp d is conical, its axis 

lying at c. 45 degrees to the apicobasal axis of the crown. Cusp e is 

more buccolingually expanded than cusp d and its apex comprises a 

crest. This is not subdivided, neither is there any embayment between 

cusp e and b suggesting an imbricate association with the preceding 

tooth rather than a more complex interlock between cusps. Buccally the 

cingulid is continuous. It is expanded distally (Plate 6.1H), becomes faint 

below the buccal extremity of cusp a, and is well developed but 

unexpanded mesially. 

 

The roots are triangular in cross-section the mesial root being somewhat 

more robust than the distal root. The mesial root is straight but distally 

inclined apically. The distal root is similarly inclined but also curved 

lingually towards its apex. A pit is present on the distal surface of the 

mesial root and on the mesial surface of the distal root. The lingual 

surfaces of both roots are concave whereas their buccal surfaces are 

essentially planar. Apically both roots are slightly expanded and rugose. 

Openings to the pulp cavities are very small. 

 

Affinities. Significant characters of BMNH M 45560 are: mesiodistal 

alignment of cusps; cusps b and c of approximately equivalent height 

and significantly lower than cusp a; and buccal margin of the crown more 

convex than the lingual margin. These characters are key elements in 

the diagnosis of Amphilestidae Osborne, 1888, now regarded as a 
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paraphyletic assemblage (see Kielan-Jaworowska et al. 2004 for a 

discussion). However, cusp f is not present in BMNH M 45560 and the 

interlock between this tooth and adjacent teeth was not of the type seen 

in all members of the “Amphilestidae” with the exception of Klamelia 

Chow and Rich, 1984. In typical “amphilestids” cusp d fits between cusps 

e and f of the succeeding molar to achieve an interlock. Furthermore, no 

eutriconodontan with “amphilestid” tooth morphology of the type seen in 

BMNH M 45560 has been recorded from strata younger than the earliest 

Cretaceous (Sigogneau-Russell 2003b). Most taxa are restricted to the 

Jurassic and “amphilestid” grade eutriconodontans have not been 

recorded from the Berriasian Purbeck Limestone Formation of southern 

Britain. Nevertheless, while the “amphilestid”-like crown morphology of 

BMNH M 45560 is striking the root morphology suggests a tooth from the 

milk dentition. The tooth clearly represents a member of Eutriconodonta 

but as yet milk teeth remain undescribed. It is not clear therefore whether 

members of families other than “Amphilestidae” had deciduous 

premolariforms with the more plesiomorphic tooth morphology of this 

group. 

 

 

 

Text-fig. 6.23. Reconstruction of the Late Cretaceous multituberculate 

Nemegtbaatar to show typical multituberculate posture. From Kielan-

Jawrowska et al. 2004. 
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Chapter 7 

 

Brief Reports 

 

Elements of the microvertebrate fauna for which time and space 

constraints do not permit detailed descriptions, and elements of the 

invertebrate fauna and the flora to be considered as part of a wider 

study. 

 

Vertebrates 

 

Lissamphibia.  

 

Note. At the time of writing, the Natural History Museum, London, was unable to 

provide accession numbers due to technical difficulties. Specimens have, therefore, 

been assigned temporary numbers. When available permanent numbers will follow the 

sequence set out in the text. 

 

A diverse lissamphibian fauna was recovered comprising salamanders, 

frogs and albanerpetontids. Of these the remains of albanerpetontids are 

the most abundant but remains of lissamphibians occur throughout the 

succession. 

 

Urodela  

 

Based on atlas morphology, four salamanders are present in the Wessex 

Formation. Type B, atlantes occur most frequently and have been 

recovered from a number of horizons. Type D is the least common being 

represented by just two specimens, both obtained from bed 38 at 

Yaverland (Text-figs 1.2-3). In contrast to the albanerpetontid material 

and much of the frog material, salamander material, other than atlantes, 

is generally poorly preserved. Only one palatal element has been 

recovered and only a small number of trunk and caudal vertebrae. Of the 

trunk vertebrae both amphicoelous and opisthocoelous forms are 

present. 
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Text-fig. 7.1. Salamander atlantes. A, BMNH R 00026 in: a, rostral view; 

b, caudal view; c, dorsal view; d, ventral view. B, BMNH R 00027; C, 

BMNH R 00028; D, BMNH R 00029. Orientations as for A.  

 

Anura  

 

 

 

Text-fig. 7.2. Frog ilia. A, BMNH R 00030 and R 00031, partial left ilium 

in lateral view. C, BMNH R 00032, a partial right ilium in lateral view. 

 



 242 

At some horizons, most notably bed L14 on the south-west coast and 

bed 38 on the south-east coast of the Isle of Wight, remains of frogs are 

relatively abundant. Most skeletal elements are included in the material 

so far recovered and it is evident from differences in morphology of ilea 

that at least three taxa are present. The commonest of these is that 

represented by BMNH R 00030 (Text-fig. 7.2A). Bed 38 at Yaverland has 

produced a large number of ilia of this taxon representing all growth 

stages from juvenile to adult. All of the Wessex Formation frogs appear 

to be of discoglossid grade. 

 

Albanerpetontidae 

 

 

 

Text-fig. 7.3. Albanerpetontid bones: A, BMNH R 00033, a right 

premaxilla in lingual view; B, BMNH R 00034, a substantially complete 

right maxilla in lingual view; C, BMNH R 00035, a partial left dentary in 

lingual view; D, BMNH R 00036, partial fused frontals in which the 

internasal process is well preserved. In dorsal view to show polygonal 

ornamentation. E, BMNH R 00037, substantially complete fused frontals 

in ventral view. F, BMNH R 00038, a well preserved humerus. 
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The lissamphibian clade Albanerpetontidae (Fox and Naylor, 1982) is a 

highly derived group of small, superficially salamander-like amphibians 

characterized by synapomorphies including fused frontals with polygonal 

dorsal ornamentation (Text-fig. 7.3D-E), a unique craniocervical joint 

which convergently resembles the atlas-axis complex of mammals, 

strongly pleurodont, non-pedicellate teeth bearing labiolingually 

compressed, usually tricuspid, chisel-like crowns, and an interdigitating 

mandibular symphysis (Estes 1969; Estes and Hoffstetter 1976; Fox and 

Naylor 1982; Milner 1988; McGowan 1994, 1998a; McGowan and Evans 

1995; Gardner 2000a, 2001, 2002). An exceptionally preserved 

specimen from Spain (McGowan and Evans 1995) displaying soft tissue 

impressions shows that this species had scaly skin and eyelids (Text-fig. 

7.4), indicating a primarily or wholly terrestrial habitat preference.  

 

Text-fig. 7.4. Reconstruction of Celtedens ibericus from the Early 

Cretaceous of Spain. From McGowan and Evans 1995. 

Throughout the clade’s temporal range, extending for c. 162 My from the 

Middle Jurassic (late Bathonian) (Seiffert 1969; Estes 1981) to the early 

Pliocene (Venczel and Gardner 2005), albanerpetontids maintained a 

conservative body plan and until 1995 were accommodated within a 

single genus, Albanerpeton Estes and Hoffstetter, 1976. Subsequently, 

the recognition of taxonomically significant differences in the morphology 

of the jaws and frontals permitted the identification of three genera 

containing eleven species. The type genus, Albanerpeton Estes and 

Hoffstetter, 1976, was erected for material from the Miocene of southern 
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France (Estes and Hoffstetter, 1976; Estes, 1981; Gardner, 1999a; Rage 

and Hossini, 2000) and has a wide geographical and temporal range. It 

has also been reported from the Miocene of Austria (Sanchíz, 1988) and 

Germany (Böhme, 1999). In deposits of different age it has been 

recorded from the Pliocene of south-central Hungary (Venczel and 

Gardner 2005), from the Cretaceous (Aptian to Maastrichtian) of the 

United States of America and from the upper Palaeocene of Canada 

(Estes, 1981; Fox and Naylor, 1982; Gardner 1999a-d, 2000a, b, 2002) 

and from the Upper Maastrichtian of the Haţeg Basin, Romania 

(Grigorescu et al., 1999).  

The albanerpetontid Celtedens McGowan and Evans, 1995, from the 

Late Jurassic and Early Cretaceous of Europe currently contains two 

named species, C. megacephalus and C. ibericus (but see below) and 

additional species have been reported from the Upper Jurassic 

(Kimeridgian) at Guimarota, Portugal and the Early Cretaceous 

(Barremian) of Spain (Wiechmann 2000a, b, 2003). Albanerpetontid 

material from the Early Cretaceous of Sweden has also been tentatively 

referred to Celtedens (Rees and Evans 2002) but is too fragmentary for 

positive identification. Anoualerpeton Gardner, Evans and Sigogneau-

Russell, 2003 currently contains two species, An. unicus, the type 

species, from the Early Cretaceous (Berriasian) of Morocco and An. 

priscus from the Middle Jurassic (Bathonian) of England (Gardner, et al., 

2003), the former representing to date the only Gondwanan record of the 

clade. However, recent examination of the type specimen of Celtedens 

ibericus (LH 15710a,b) and of another specimen of the same taxon from 

Las Hoyas in which the internasal process is completely preserved (LH 

17069a, b), indicates that these specimens may represent a species of 

Anoualerpeton and not Celtedens (S. E. Evans and J. D. Gardner pers. 

comm. 2003; pers. obs.). Albanerpetontid material has also been 

reported from Asia (Nessov 1981, 1988, 1997) but the albanerpetontid 

genus Nukusurus Nessov, 1981 from the Late Cretaceous of Uzbekistan 

and the names of the two species it contains are now considered to be 

nomina dubia within the Albanerpetontidae and Bishara Nessov, 1997, 
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based on an incomplete atlantal centrum from Late Cretaceous of 

Kazakhstan, has been shown to be an indeterminate caudate, not an 

albanerpetontid (Gardner and Averianov 1998).  

 

Hitherto, there were three British records of the Albanerpetontidae: 

Anoualerpeton priscus from a Middle Jurassic (late Bathonian) horizon at 

Kirtlington Cement Quarry, Oxfordshire (Evans and Milner 1994; 

Gardner, et al., 2003 and references therein); Celtedens cf. 

megacephalus from the Early Cretaceous (Berriasian) Purbeck 

Limestone Group of the Isle of Purbeck, Dorset (McGowan and Ensom 

1997; Evans and McGowan 2002); and an isolated, indeterminate left 

articular from the Early Cretaceous (Barremian) Wessex Formation of 

the Isle of Wight (Evans et al. 2004). The latter was recovered following 

screening of a small sample of matrix (c. 45 Kg) taken from bed L9 (Text-

fig. 1.3) at the site of excavation of the allosauroid theropod Neovenator 

Hutt, et al., 1996.  

 

During this study a large number of albanerpetontid bones, including 

jaws and frontals (Text-fig. 7.3), have permitted diagnosis of a fourth 

albanerpetontid genus. However, jaws, and in particular premaxillae, 

show considerable variation in characters such as the shape, size and 

subdivision of the suprapalatal pit. There are also considerable 

differences in the size of these elements and some no doubt represent 

juveniles. Work on this material is at an advanced stage. However, it is 

evident that a statistical analysis is required in order to determine 

whether or not the observed differences represent a growth sequence in 

a taxon in which significant intraspecific variation in skeletal characters 

occurs or whether differences represent the co-occurrence of more than 

one species. In view of this and space constraints detailed anatomical 

descriptions have not been provided here. 
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Testudines 

 

Remains of turtles are uncommon in the Wessex Formation. They have 

been recovered from only five of the horizons sampled, CL2, CL3, L9, 

L14 on the south west-coast and bed 33 on the south east-coast (Text-

fig. 1.3). However, exquisitely preserved turtle remains, including a skull 

have been recovered in the past from bed CL2 (Text-fig. 1.3) (S. 

Chapman pers. comm. 2003). Those obtained during this study primarily 

comprise carapace and/or plastron fragments but one osteoderm was 

also found in the residue of a sample taken from bed 33 at Yaverland 

(Text-figs 1.3, 7.5A-B).   

 

Pleurosternidae. Carapace and plastron fragments of pleurosternid 

turtles bear a pustulate ornamentation rendering them easily 

distinguishable from the remains of other turtles. The osteoderm 

IWCMS.2002.22 (Text-fig. 7.5A) also bears a pustulate ornamentation 

and is of identical morphology to a number of those recovered from the 

Purbeck Limestone Formation of Durlston Bay and the Isle of Purbeck, 

Dorset. Formerly termed ‘granicones’, these were first found in 

association with teeth of the diapsid reptile Nuthetes, now known to be a 

velociraptorine dromaeosaurid (Milner 2002). This association led Owen 

(1878, 1879) to suggest that they were the dermal armour of Nuthetes.  
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Text-fig. 7.5. Wessex Formation turtle remains. A-B, IWCMS.2002.22 an 

osteoderm from bed 33 at Yaverland NGR, SZ 6164 8564. A. view from 

above; B, lateral view. C, carapace or plastron fragment of Helochelydra 

sp. from bed 33; D, carapace or plastron fragment of Plesiochelys sp. 

from bed L9. 

 

However, in a comprehensive study, Barrett et al. (2002) have shown 

them to be osteoderms relating to the limbs or tail of one of the Purbeck 

turtles; either Helochelydra anglica or H. bakewelli. Helochelydra, 

formerly Tretosternon (Milner 2004), has been recorded from the 

Wealden Group of the Isle of Wight (Nopcsa 1928a) and the mainland 

(Mantell 1833 as Trionyx bakewelli). Nopcsa (1928a) provided a 

diagnosis of the genus but no species name was erected. It was not until 

1999 that the latter was provided in a review of Europe’s Upper 

Cretaceous turtle fauna (De Lapparent de Brion and Murelaga 1999). 

The Isle of Wight material now bears the binomial Helochelydra nopcsai 

De Lapparent de Brion and Murelaga, 1999. IWCMS.2002.22 and 

isolated carapace and plastron fragments bearing a pustulate 

ornamentation can be assigned with confidence Helochelydra but these 

elements can not be identified to species level. Only one species of this 

genus has been reported from the Wealden Group of the Isle of Wight 

but more than one has been recorded from the Purbeck Limestone 

Formation. For this reason material obtained during this study is 

assigned to Helochelydra sp. The osteoderm is the first record of a 

solemydid osteoderm from the Wealden Supergroup of Britain. 

 

Plesiochelyidae. Carapace and/or plastron fragments of a second turtle 

have also been recovered from the Wessex Fprmation (Text-fig. 7.5D). 

These lack the discrete pustules found on the carapace and plastron of 

Helochelydra and are referable to the second previously recorded 

Wessex Formation turtle, Plesiochelys. Three species have been 

recorded from the Wealden Group of the Isle of Wight: P. brodiei 

Lydekker, 1889; P. valdensis Lydekker, 1889; and P. vectensis Hooley, 

1900. However, of these P. vectensis from the Vectis Formation may be 
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synonymous with P. valdensis (Benton and Spencer 1995). The material 

recovered during this study is not complete enough to permit 

identification to species level and is referred to Plesiochelys sp. 

 

Eggshell. 

 

A small number of eggshell fragments showing at least two different 

fabrics were recovered during this study. Time constraints did not permit 

the preparation and examination of this material using either optical or 

scanning electron microscopy. All fragments are small and occur at very 

low abundance, even in beds where calcareous fossils are common. 

This suggests that nesting sites were not sampled by the floodwaters 

responsible for genesis of the beds concerned. Nevertheless, these 

fragments are the first eggshell fragments to be obtained from the 

Wessex Formation and all have been retained for future study.  

 

Ostracoda 

 

 

 

Text-fig. 7.6. Wessex Formation ostracods. 
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There is considerable debate concerning marine influence in the Wessex 

Formation but there is currently no palaeontological evidence for raised 

salinities (Radley 1994; Radley and Barker 2000, Sweetman and 

Underwood 2006). Indeed, many of the plant debris beds and some of 

the pond/lake deposits contain a molluscan fauna that includes unionid 

bivalves and viviparid gastropods which Radley and Barker (2000, p. 

142) consider to represent “the best developed freshwater equilibrium 

fauna of the non-marine Lower Cretaceous of the Weald - Wessex 

Basin”. In addition, many beds also contain several other strong 

indicators of deposition in freshwater including an abundant and diverse 

lissamphibian fauna, planorbid gastropods and charophytes. In contrast, 

the plant debris beds also often contain abundant pyrite. Unless the 

plants were sulphur-rich there is no obvious sulphur source for the 

genesis of pyrite in the absence of marine influence.  

 

Ostracods have not previously been recorded from the Wessex 

Formation but have now been recovered from horizons on both the 

south-west and south-east coasts of the Isle of Wight. Some ostracods 

are good indicators of salinity and they have been used to provide a 

biostratigraphy for the Purbeck Limestone Formation and the Wealden 

Supergroup of southern England (Horne 1995). However, Horne (1995. 

p. 648) concludes that the ‘faunicycles’ of other authors, which were 

thought by them to represent fluctuations in salinity, “have more to do 

with the permanence of water bodies than with fluctuating salinities” and 

may, therefore reflect climatic fluctuation. Nevertheless, future study of 

the Wessex Formation ostracod fauna may yield information on salinity 

and provide concrete evidence for or against raised salinities at times 

during its deposition.  They may also aid correlation between sections. 

 

Gastropoda 

 

Two horizons, bed L2 on the south-west coast and bed 33 at Yaverland 

(Text-fig. 1.3), have yielded previously unrecorded gastropods. They 

have been retained for future study. 
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Text-fig.7.7. Previously unrecorded gastropods from the Wessex 

Formation. 

 

Plants 

 

Charophytes have not previously been recorded from the Wessex 

Formation but they have been used to provide a biostratigraphy of the 

Purbeck and Wealden successions of southern England (Feist et al. 

1995). Their occurrence in the Wessex Formation is, therefore of 

significance because it may be possible to use them, perhaps together 

with ostracods, to correlate between sections, which is currently 

 

 

 

Text-fig 7.8. Charophytes from the Wessex Formation. 

 

problematic due to the discontinuous nature of many of the beds and 

lack of other fossils suitable for correlation. Where charophytes occur in 

abundance large representative samples have been collected. Where 

they are less common all charophytes found in residues have been 

collected and all have been retained for future study. 
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Seeds and spores are occasionally encountered in the dense residue 

fraction from which vertebrate remains are recovered. They represent a 

flora that was more diverse than that recorded from macro-remains and 

may shed new light on the Wessex Formation palaeoenvironment. The 

flora appears to have included a diversity of angiosperms, possible 

seeds of which are shown in Text-fig. 7.9. One fruiting body with seeds 

measuring c. 1.75 cm across its distal surface which does not appear to 

have been previously recorded was also recovered. All determinate plant 

material has been retained as have samples of the low-density 

carbonaceous residues obtained from a number of beds. Cursory 

examination of the latter indicates that determinate plant remains are 

uncommon. These residues also contained a number of insect remains 

but from the limited observations made it is not clear whether these 

represent fossil material or modern contaminants. 

 

 

 

 

 

Text-fig. 7.9. Seeds and spores from the Wessex Formation. 
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Chapter 8. 

 

Summary, Conclusions and Further Work 

 

 

General conclusions 

 

At inception it was not at all clear if the Wessex Formation would yield a 

microvertebrate fauna. Some had argued that the environment of 

deposition was not conducive to the preservation of microvertebrate 

remains (Wright et al. 1998) and trials undertaken before this study 

appeared to confirm this (pers. comms. from private collectors, Butler 

and Ford 1975, Freeman 1975, Buffetaut and Ford 1979, Evans et al. 

2004). Bulk screening and the processing of residue reported in the latter 

study was undertaken in 2001 and the results were known before work 

commenced (S.E. Evans P.M. Barrett and D. J. Ward pers. comm. 

2001). While the recovery of lizard and amphibian remains recorded by 

these authors was encouraging, the state of their preservation was not. 

Nevertheless, work began in the hope of finding better material and with 

the knowledge that other lines of research would yield significant new 

data if it was not. 

 

In the event, the laborious techniques employed in this study resulted in 

the recovery of an abundant and very diverse microvertebrate fauna. It is 

now evident, therefore, that it was not the environment of deposition 

limiting the potential for fossilization that was responsible for the paucity 

of microvertebrate remains recovered in previous studies. It was factors 

associated with their isolation: - 

 

1.  Each plant debris bed is unique in terms of the fauna it yields, 

reflecting sampling biases of the flood waters responsible for its genesis. 

Some apparently contain very few small vertebrate remains but all are 

very variable laterally and vertebrate remains in many beds appear to 

occur in random concentrations (Chapter 1, p. 38). It is quite possible, 
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therefore, to take a sample of from part of a bed which, on lithological 

grounds looks promising so far as its microvertebrate content is 

concerned (based on results from other beds), only to find that it is very 

poor in vertebrate remains. Indeed, the majority of samples taken during 

this study were of this sort. Previous studies have involved the 

processing of relatively small amounts of matrix from a limited number of 

horizons and often from only one collection site within the beds 

concerned. It is now apparent that this is one of the factors contributing 

to the poor results reported by other workers; they simply did not sample 

extensively enough to achieve results. 

 

2.  The volume of residue obtained after sieving is often large and a 

cursory examination of it, without the benefit of a good binocular 

microscope, (unavailable to most of the private collectors) would give the 

impression that it is barren. Furthermore, fossils often occur at low 

abundance and it is necessary to examine every grain in order to recover 

the few significant fossils present. Wessex Formation residues are, 

therefore, very time-consuming to pick.   

 

3.  The small size of most microvertebrate remains in the Wessex 

Formation requires a sieve with a maximum mesh size of 500 μm for 

their recovery. The sieve used during the study reported here has a 

mesh size of 330 μm and that used by Evans et al. (2004) had a mesh 

size of 460 μm. Freeman (1975) used a nest of sieves, the finest of 

which had a mesh size of 600 μm. However, he concluded (p. 308), 

having examined the residue from a sample weighing just 2.5 kg, that 

residue with a particle size of less that 1.0 mm was “substantially free of 

vertebrate fossils” and he disregarded the finer fraction. It appears that 

this is the primary reason for his lack of success in recovering anything 

other than small crocodile and fish remains. Trials undertaken by private 

collectors (M. Green pers. comm. 2002) also employed sieves with a 

mesh size of c. 1 mm. Almost all of the microvertebrate remains reported 

here were obtained from residue with a particle size > 500 μm, < 1.18 
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mm and it is now evident that the fine mesh used in the primary sieving 

process was one of the factors leading to their successful recovery. 

 

4.  Another factor leading to the successful isolation of a significant 

microvertebrate fauna was the large amount of matrix processed. This 

was extremely arduous to collect (Text-fig. 8.1). In many cases it had to 

be carried long distances along shingle beaches before being hauled up 

the cliff and carried to the nearest point of vehicular access. In total c. 3 

tonnes of matrix was collected and processed. 

 

 

 

Text-fig. 8.1. Sample collection from bed L14 (arrowed) in an outcrop at 

beach-level near Barnes High on the south-west coast of the Isle of 

Wight. Each bucket weighs c. 25 kg. 

 

5. Before sieving samples had to be thoroughly dried and in view of their 

size they could not be oven dried. Samples had to be left to dry for 

periods of up to six months in an open barn before being processed and 
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the project was only viable due to domestic facilities (Text-fig 8.2) which 

allowed this. Some samples, even when dry, were slow to process and 

had to be attended to over extended periods. This would also have been 

difficult if samples had to be taken to University facilities for processing. 

 

 

 

Text-fig. 8.2. Samples being air-dried under cover prior to processing. 

 

The extensive sampling carried out, the mesh size used for bulk 

screening and the painstaking examination of residues undertaken 

during this study have resulted in the recovery of a remarkable 

microvertebrate fauna. It comprises at least 41 new tetrapod records for 

the Wessex Formation (Table 8.1). These together with the previously 

recorded macro fauna render the Wessex Formation tetrapod fauna one 

of the richest Early Cretaceous faunas yet recorded. Furthermore, in the 

combination of large and small forms present it is unique. Other diverse 

and otherwise remarkable Early Cretaceous faunas, e.g. that of the 

Purbeck Limestone Formation of Britain and the Jehol Biota of China, 

lack the diversity of large dinosaurs encountered in the Wessex 

Formation.  

 

Early Cretaceous strata yielding large dinosaur remains are scarce 

elsewhere in the world and most have yet to be sampled for 

microvertebrates or are of lithologies that are not amenable to bulk 
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screening. As a result the ecosystems in which the large fauna existed 

are poorly known. The microvertebrate fauna now recovered from the 

Wessex Formation sheds valuable new light on one of these. It is now 

evident that the Wessex Formation tetrapod fauna represents an 

essentially relictual assemblage more closely resembling those of the 

Upper Jurassic than the mid Cretaceous elsewhere. Many taxa are 

generically distinct from those occurring in other deposits of similar age, 

but in general aspect the faunas are comparable. Palaeoenvironmental 

differences appear to have affected the balance of taxa present but the 

faunas are dominated by small and often rare mammals, saurischian and 

ornithischian dinosaurs, crocodilians, pterosaurs, turtles, scincomorph 

and anguimorph lizards, frogs of discoglossid grade, salamanders and 

albanerpetontids. 

 

A comparison of previously recorded Wessex Formation tetrapod taxa 

and taxa recovered using the bulk screening techniques employed in this 

study. 

 

The previously recorded macro-tetrapod fauna is diverse comprising at 

least 32 genera and perhaps as many as 40 species (Table 8.1, Text-fig. 

8.3A). Although largely represented by fragmentary remains, saurischian 

dinosaurs dominate the fauna. Among these are eight sauropod genera 

and nine theropod genera (including Yaverlandia [Chapter 5, pp 139-

140]). Isolated theropod teeth are commonly encountered as macro-

remains but, despite apparently similar generic diversity, those of 

sauropods are extremely rare (e.g. Martill and Naish 2001, pp 420-422). 

During this study a large number of theropod teeth were recovered, 

some representing taxa unknown from macro skeletal remains, whereas 

no teeth referable with certainty to sauropods were recovered from sieve 

residues. In summary, the recovery of microvertebrate remains has shed 

valuable new light on theropod diversity in the Wessex Formation, 

demonstrating that the fauna was more diverse than previously realized. 

In contrast, it has added no additional information on sauropod diversity 



 257 

or community structure, although one new taxon was recovered as a 

result of surface prospecting. 

 

Four ornithischian genera are known from macro-remains and 

ornithischian bones are commonly encountered in the plant debris beds. 

Isolated teeth of Iguanodon and Valdosaurus are also occasionally 

encountered (Martill and Naish 2001; pers obs.) but isolated teeth of 

Hypsilophodon have not been recovered in the field. Teeth of 

ornithischian dinosaurs are very rare in sieve residues and only 

fragments pertaining to Iguanodon and Valdosaurus were recovered 

during this study. However, teeth representing three new ornithischian 

genera were obtained. These demonstrate that the ornithischian 

dinosaur fauna was significantly more diverse than that represented by 

macro-remains (Text-fig. 8.3A-B). 

 

 

 

 

 

 

 

 

 

 

 

Table 8.1. Wessex Formation tetrapod species. Previously unrecorded 

taxa recovered during this study are marked as ‘new records’. ‘Previous 

records’ include taxa recovered using bulk screening techniques 

employed in previous studies. •Crocodylia and •Testudines are in need of 

revision and may include taxa that are synonymous. *Saurischia 

including nonavian theropods also includes Yaverlandia (see Chapter 4).   

 

 

Wessex Formation Tetrapods Previous records New records 

Mammalia 1 (indeterminate) 6 

Aves 0 3 

*Saurischia (inc. nonavian theropods) 17 >4 

Ornithischia 5 3 
•Crocodylia 10-13 2 

Pterosauria >1 2 
•Testudines c. 4 0 

Scleroglossa 2 (indeterminate) 13 

Albanerpetontidae 1 (indeterminate) 1 

Anura 1 (indeterminate) 3 

Caudata 1 (indeterminate) 4 

TOTAL c. 46 >41 
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Text-fig. 8.3. Pie charts to show: A, total number of tetrapod genera 

know from macro skeletal remains prior to commencement of this study; 

B, total known, including related diminutive forms, following the study 

reported here. 
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Isolated teeth of crocodilians are often the most abundant tetrapod 

remains recovered from residues obtained from samples taken from the 

plant debris beds. While such teeth can usually be identified to family 

level higher taxonomic identification is often problematic. It is likely, 

therefore, that the estimated number of genera recovered during this 

study, and therefore as a whole, is an underestimate. Nevertheless, 

teeth representing two genera currently unknown from macro skeletal 

remains were obtained using the bulk screening techniques adopted 

here. The total number of genera present in the Wessex Formation 

ecosystem as set out in Text-fig. 8.4B probably represents the minimum 

present. Crocodilians were evidently a diverse, successful and important 

element of this ecosystem. 

 

While fragmentary remains of pterosaurs have been observed over a 

considerable period it is only recently that determinate pterosaur material 

has been recovered from the Wessex Formation (Steel et al. 2005). 

Screening for microvertebrates has resulted in the recovery of two or 

possibly three new taxa indicating that a relatively diverse pterosaur 

fauna may have been resident in the Wessex Formation ecosystem.  

 

Turtles do not appear to have been common in the aquatic environments 

represented by the Wessex Formation and no material indicative of 

previously unrecorded taxa was recovered. However, a solemydid 

osteoderm was recovered, the first from the Wealden Supergroup of 

Britain. 

 

While screening for microvertebrates has resulted in the recovery of c. 

11 new taxa related to those known from macro skeletal remains, the 

number of new small taxa recovered, c. 30, has far exceeded 

expectations. The total number of new records and the composition of 

the fauna represented by them is set out diagrammatically in Text-fig. 

8.4A. However, it should be noted that while some elements of this 

fauna, most notably albanerpetontids, make up only a small part of the 

generic diversity of the Wessex Formation microvertebrate fauna as a  
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Text-fig. 8.4. Pie charts to show: A, the number of new tetrapod genera 

recovered using the bulk screening techniques adopted in this study; B, 

faunal composition of the Wessex Formation tetrapod fauna as a whole 

incorporating data from both macro and micro remains. 

 



 261 

 

whole (c. 1% in the case of albanerpetontids) the abundance of their 

remains at certain horizons demonstrates that they were a highly 

significant element of that fauna.  

 

The faunal diversity of the of the Wessex Formation tetrapod fauna as a 

whole (Text-fig. 8.4B) is in stark contrast to that known from macro 

skeletal remains alone (Text-fig. 8.3A). It clearly demonstrates the utility 

of adopting bulk screening techniques when analyzing any fossil 

assemblage recoverable from lithologies suitable for processing using 

these techniques. 

 

Early Cretaceous terrestrial faunas and palaeobiogeography 

 

 

 

Text-fig. 8.5. Mid Kimmeridgian palaeogeography. From  

www.scotese.com. 

 

The Wessex Formation terrestrial microbiota is, in general aspect, similar 

to that occurring elsewhere in the Early Cretaceous of North America, 

Laurasia and northern Gondwana. As new discoveries are made it is 

becoming increasingly apparent that, despite evidence for the existence 
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of marine barriers separating these areas (Text-figs 8.5-6), faunal 

interchange between them did occur, albeit perhaps sporadically, during 

the Late Jurassic and Early Cretaceous. Three of the mammals and one 

of the lizards from the Wessex Formation lend further support to this 

concept.  

 

Isolated gobiconodontid teeth have now been recovered from the 

Barremian of both Spain (Cuenca-Bescós and Canudo 2003) and Britain 

(Sweetman 2006). Outside of Europe gobiconodontids are encountered 

in the Early Cretaceous (?Berriasian) of North Africa (Sigogneau-Russell 

2003), the Early Cretaceous of central and eastern Asia (e.g. Rougier et 

al. 2001 and references therein), and  the Aptian-Albian of North America 

(Jenkins and Schaff 1988). The diversity of gobiconodontids encountered 

in central and eastern Asia suggests that the Gobiconodontidae may 

have originated and diverged in that area (Cuenca-Bescós and Canudo 

2003). The currently known distribution of Gobiconodontidae appears 

therefore to represent dispersal events originating in central Asia and 

involving a westward dispersal to northern Gondwana and western 

Europe during the Late Jurassic and/or Early Cretaceous and a 

somewhat later eastward dispersal to western North America (Text-fig. 

8.6). However, lack of gobiconodontid remains from strata deposited to 

the east of the epicontinental sea which divided North America in the 

Cretaceous may well represent a collecting artefact reflecting the small 

number of Early Cretaceous mammal-bearing sites so far known from 

this area. 

 

The occurrence of a spalacolestine spalacotheriid in the Wessex 

Formation represents the earliest record of the subfamily (Sweetman in 

press), its closest temporal relatives being the highly specialized Aptian 

spalacolestine Heishanlestes Hu et al., 2005 from the Aptian Shahai 

Formation of north-eastern China and Spalacotheroides birdwelli 

Patterson, 1955 from the Aptian - Albian Antlers Formation of Texas, 

USA. Its occurrence therefore is also of significance when considering 

faunal interchange during the Early Cretaceous. The well documented 
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Text-fig 8.6. Hauterivian – Barremian palaeogeography (from Smith et 

al. 1994) showing hypothetical Late Jurassic and/or Early Cretaceous 

dispersal routes for:  spalacolestine spalacotheriids;  

gobiconodontids. 

 

North American radiation of Spalacolestinae during Aptian - Campanian 

times led Cifelli and Madsen (1999) to propose a European ancestor for 

Spalacolestinae, spalacolestines being known from North America only 

at that time. In view of this apparent confinement, Averianov and 

Archibald (2003) proposed a Late Cretaceous, North American ancestor 

for the mid-Asian, Turonian - ?Santonian ?spalacolestine spalacotheriid 

Shalbaatar. However, this now appears inconsistent with the recently 

reported occurrence of a specialized spalacolestine in the Aptian of 

north-eastern China (Hu et al. 2005). The occurrence of both is however 

consistent with a European or Eurasian ancestor now supported by the 

occurrence of a British, Barremian spalacolestine. European or Eurasian 

ancestry for the Spalacolestinae is also consistent with other evidence 

for both west-east and east-west dispersal between Europe and Asia 

during the Late Jurassic and Early Cretaceous, e.g. the occurrence of 

hypsilophodontid and iguanodontid dinosaurs in the basal Cretaceous of 

Japan (Manabe and Hasegawa 1995; Evans et al. 1998) in the case of 

the former and the occurrence, discussed above, of a gobiconodontid in 

the basal Cretaceous of northern Gondwana (Sigogneau-Russell 2003) 

in the case of the latter.  
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The presence of the allotherian mammal Eobaatar in the Barremian of 

Spain, Britain and Mongolia, and the presence of other members of 

Eobaataridae in the Early Cretaceous of these areas and in the Early 

Cretaceous of China (Hu and Wang 2002) is also strongly indicative of 

faunal interchange between Europe and Asia during the Late Jurassic 

and/or Early Cretaceous. The occurrence of the scincomorph lizard 

Meyasaurus, the multituberculate Eobaatar and a gobiconodontid in the 

Barremian of Spain and Britain also reinforces the concept of close 

faunal ties between Britain and Iberia during the Early Cretaceous, 

despite the generally accepted concept of Europe as an island 

archipelago at that time. However, at present data are limited and all 

palaeobiogeographical models must be treated with caution. 

 

Further work 

 

The first priority must be the publication of descriptions of all elements of 

the fauna as yet unpublished. Work on the dryolestid and 

multituberculate mammals, and on the albanerpetontid are at an 

advanced stage. Other elements of the fauna will receive attention as 

soon as possible. 

 

A small number of plant debris beds remain to be sampled due either to 

inaccessibility or lack of exposures and these will be sampled in due 

course. One of the productive horizons, bed L14, has been obscured by 

beach deposits and slipped material since 2003. Further samples will be 

taken from this bed as soon as exposures allow. Further samples will 

also be taken from bed L2 which has produced a wealth of 

albanerpetontid remains and as yet only fragmentary remains of a 

diverse lizard fauna. A further sample of about a quarter of a tonne of 

matrix has already been taken from bed 38 at Yaverland. This has been 

sieved and a large quantity of residue awaits examination. Trials will be 

undertaken to explore the possibility of using high density liquid 

separation techniques for the recovery of vertebrate fossils from this. It is 
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hoped that the sample will yield molariform teeth of mammals as yet 

represented only by antemolariform teeth and more complete remains of 

lizards currently represented by isolated teeth. If it does not, further 

samples will be taken because this bed, when exposures permit, is 

relatively easily accessible and the most productive of those sampled. 

 

Other projects and lines of research suggested by this study 

 

1.  Work on oxygen isotope analysis of spinosauroid remains from the 

Wessex Formation and elsewhere is already in progress. Preliminary 

results obtained by Romain Amiot, IVP&P, Chinese Academy of 

Sciences, indicates that spinosauroids have an oxygen isotope signature 

more typical of primarily aquatic forms such as turtles and crocodilians 

than obligate terrestrial theropods. It is hoped that remains of crocodiles, 

turtles and baryonychid spinosauroids obtained from the Wessex 

Formation will shed further light on this. 

 

2.  Modifications will be made to the design of Ward’s (1981) bulk 

processing machine to incorporate twin, cam-driven, oscillatory 

sprinklers. These modifications will overcome problems associated with 

using re-circulated water and should greatly speed the processing of 

argillaceous samples such as those obtained from the Wessex 

Formation. 

 

3.  Pathologies in albanerpetontid bones are rare but have been 

recorded from a number of localities, including the Isle of Wight, but have 

not been reported in the literature. They are to be described as part of a 

collaborative study with Jim Gardner, Royal Tyrrell Museum, Drumheller, 

Canada. 

 

4.  The Wessex Formation fishes, and in particular the hybodont sharks 

require review. 
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5.  In view of their palaeoenvironmental and temporal significance, new 

seeds, spores, charophytes and ostracods obtained during this study 

(Chapter 7) warrant further attention and description. 

  

6.  At the start of this study a considerable quantity of matrix was 

obtained from the Wadhurst Clay (Valanginian) exposed in a brick pit 

near Bexhill, East Sussex. The horizons concerned had already yielded 

salamander and lizard remains to a private collector and being amenable 

to bulk processing have the potential to yield a significant 

microvertebrate fauna. These samples, which have so far been ignored 

due to the wealth of material obtained from the Wessex Formation, will 

be processed. If they prove to be productive further samples will be 

obtained and comparisons made between the Barremian fauna of Isle of 

Wight and the Valanginian fauna of mainland Britain. This work will 

eventually be supplemented by samples from elsewhere in the Wealden 

Supergroup of the mainland obtained by members of the Natural History 

Museum, London. These samples have yet to be processed but 

microvertebrate remains have been observed in them and one may 

contain mammal remains (J. J. Hooker pers. comm. 2006). 
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