
21. SHARKS AND RAYS

by DAVID J. WARD

Despite being one of the more common finds on a washed clay surface, there 
has never been a serious attempt to describe the shark and ray teeth from the 
English Gault, an omission that this chapter may partially rectify. However, 
the shark and ray assemblage from a similar facies in north-eastern France 
has been described by Biddle (1993).

Sharks and rays (Elasmobranchii) have cartilaginous skeletons, so after 
death little remains. Whole skeletons are rare, the usual remains being teeth 
and fin spines, less commonly, placoid scales, dermal denticles, prismatic 
calcified cartilage and calcified vertebrae. The presence of sharks’ teeth in 
a deposit does not mean sharks have died there. Sharks continually shed 
their teeth, so their presence in a deposit can equally well indicate they 
were actively feeding in the waters above. The numbers of teeth present 
in a sediment are not only a reflection of the abundance of sharks in the 
ecosystem but, inversely the ability of the benthic fauna to destroy them. In 
some environments, principally those that are well oxygenated and with low 
rates of sediment deposition, they can be totally destroyed. Those from the 
Gault Clay are well mineralised but have undergone a degree of post depo-
sitional damage, principally to their roots. They are most abundant in the 
phosphatic lags, principally the cristatum nodule bed, but they are almost 
invariably corroded or broken. Better-preserved material can be found by 
collecting from shelly lags or layers of clay that have been concentrated 
by winnowing. Being phosphatic, they are fairly resistant to weathering, 
surviving where frost damage and pyrite decay has destroyed all but the 
most robust invertebrates. The presence of large numbers of the tiny belem-
nite Neohibolites, is usually a good indication of such a concentration.No 
attempt has been made to list species bed by bed. Sharks and rays evolved 
slowly, and although stratigraphically useful changes probably took place 
during the duration of the Gault Clay, these are too subtle to be useful at our 
current state of knowledge. The sample size needed to acquire a representa-
tive suite of lamniforms from each horizon, is in the order of several tonnes 
of clay. Although large bulk samples have been taken from some of the more 
productive levels e.g. the Folkestone Beds II(iv), VII, IX, X etc, it is unlikely 
that more than a superficial guide to the abundance of the larger species will 
ever be obtained. For the smaller species, our impression is that most occur 
in all horizons, but with varying abundance and quality of preservation. 
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The Gault Clay elasmobranch fauna, based on preserved teeth, is 
essentially modern in composition. It is dominated by large pelagic hex-
anchiforms (cow sharks) and lamniforms (mackerel sharks), with several 
genera of smaller bottom-dwelling scyliorhinids (dogfish). Where it dif-
fers from the Recent fauna is in the paucity of skates and rays, which had 
yet to evolve. Their place is taken by the shell-crushing sharks, Ptychodus, 
Lissodus and Protospinax, as well as the guitarfish Squatirhina. The angel 
shark, Squatina, is present but rare, probably preferring shallower waters 
and less murky substrates.

The material figured in this chapter was selected from the collections 
of the Natural History Museum, London, and from a combination of sys-
tematic bulk sampling and surface collecting conducted between the years 
1985 and 2000. The samples, typically in excess of 100 kg each, were 
dried and screened to 350 microns in an automatic sediment processing 
machine (Ward 1981). The residue was graded and picked under a binocular 
microscope.

SYSTEMATIC DESCRIPTIONS

The classification and basic terminology used here is based on that in Cappetta 
(1987) ‘Handbook of paleoichthyology, volume 3b Chondrichthyes’. See 
also Welton and Farish (1993) ‘The collector’s guide to fossil sharks and 
rays from the Cretaceous of Texas’ for a more detailed explanation of sharks’ 
tooth terminology. Text-figure 21.1 provides a guide to the commonly used 
terms.

Class CHONDRICHTHYES

Subclass ELASMOBRANCHII

Cohort EUSELACHII

Order HYBODONTIDEA

Family HYBODONTIDAE

Genus LISSODUS

This extinct genus is known from both teeth and fragmentary skeletal 
remains (Duffin 1981, 1985). The teeth display a variety of morpholo-
gies, but are generally low crowned, lozenge-shaped, lightly ornamented 
and bear a prominent labial peg. The crown bears a low central cusp, 
an occlusal crest and a number of vertical striae. The crown over-
hangs the root, which is offset lingually. The root is penetrated by a 
large number of irregularly placed foraminae giving it a sponge-like  
appearance. 
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Lissodus teeth are more commonly found in freshwater and brackish 
deposits than in marine sediments, and range from the Early Triassic to the 
Early Cretaceous (Rees and Underwood 2002). 

Lissodus levis (Woodward)
Plate 52, figures 1–2

Description. As for genus. The teeth are large and robust, often exceeding 
10 mm. The crown is smooth with a fine occlusal ridge and very light verti-
cal striae. The labial peg is not very prominent.
Remarks. This species was originally described by Woodward (1887) as a 
species of Acrodus, but was reassigned to Lissodus by Duffin (1985, p. 127). 
Despite its large size, the root is rarely preserved due to its trabecular nature. 
It is possible to speculate that the roots of some hybodonts undergo a degree 
of absorption before being shed, explaining the unusually low number of 
complete teeth encountered.

TEXT-FIG. 21.1. Shark and ray tooth terminology. A, tooth of a lamniform shark, Dwardius siver-
soni (Zhelezko). B, ray tooth, Squatirhina thiesi Biddle.
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Family POLYACRODONTIDAE

Genus POLYACRODUS

Polyacrodus is a poorly defined genus with wide, low-crowned Hybodus-
like teeth. Species currently included in Polyacrodus have previously oscil-
lated between Acrodus, Hybodus and Synechodus.

Polyacrodus illingworthi (Dixon)
Plate 52, figure 3

Description. A species only known from its large (up to 30 mm) coarsely 
ornamented teeth. The crown consists of a low conical principal cusp with 
raised striae converging on the apex, and 4 to 10 similar but smaller cusplets 
on either side. There is a well-defined cutting traversing the entire width of 
the crown and lateral cusplets. The crown bears a labial protuberance aris-
ing below the apex of the principal cusp. The root is high, basally flat, very 
porous and strongly lingually directed (see Woodward 1911, pl. 46, figs 5–6).
Remarks. Polyacrodus is a rare in the marine Albian of north-western 
Europe, although more common in the shallower Late Albian sediments of 
Russia and Kazakhstan. The specimen figured (Pl. 52, fig. 3) is incomplete, 
but characteristic of the species.

Family PTYCHODONTIDAE

Genus PTYCHODUS

Teeth of this extinct shark are rare in the Gault Clay. They are first encoun-
tered in the Albian, and range through to the Campanian. The genus is 
known solely from teeth and calcified cartilage and vertebrae. Usually only 
isolated teeth are found; however a few articulated dentitions have been 
found (Dibley 1911; Woodward 1912).

Ptychodus has a pavement dentition, made up of a series of closely 
packed parallel files of large squarish teeth. In the lower dentition there is a 
large central file with the more lateral files becoming progressively smaller. 
In the upper dentition there is a moderately small central file, flanked by a 
file of large teeth. Thereupon the files become smaller, as in the lower den-
tition. The more lateral files contain small, more irregularly, shaped teeth. 
The individual teeth have a domed crown that overhangs a smaller root on 
all sides. On the lingual margin there is a shallow depression into which the 
labial margin of the preceding tooth articulates.

The occlusal surface (top) of the crown is strongly ornamented with a 
series of parallel ridges or whorls, surrounded by smaller ridges or raised 
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granules. Species of Ptychodus are based on this ornament as well as the 
general tooth shape and crown height.

Ptychodus was a bottom-feeder; judging from its dentition, it lived on a 
diet of bivalve molluscs and other invertebrates.

Ptychodus decurrens Agassiz
Plate 52, figure 4

Description. As for genus. The low crown bears around 10 ridges, fewer in 
the more lateral rows. These ridges either blend into the marginal ornament 
or are recurved to form whorls. The surrounding marginal ornament is made 
up of lines of short ridges or granules directed towards the crown margin. 
Individual teeth range from 8 mm to 60 mm in width.
Remarks. Ptychodus is extremely rare in the English Gault. It is not 
recorded from France, but occurs in the Late Albian of the southern United 
States (Welton and Farish 1993, p. 59).

Subcohort NEOSELACHII

Superorder SQUALOMORPHII

Order SYNECHODONTIFORMES

Family PALAEOSPINACIDAE

Genus SYNECHODUS

This genus is known from partial skeletons, associated tooth sets and, most 
commonly, isolated teeth. The anterior teeth have a tall, conical principal 
cusp and a relative smooth apron overhanging the root labially. The more 
lateral teeth have low crowns that are ornamented with radiating enamel-
oid ridges. The root is mesio-distally wide, basally flat or slightly concave, 
with a series of deep parallel lingually-directed grooves in which foramina  
arise.

Synechodus dubrisiensis (Mackie)
Plate 52, figures 5–8

Description. A small common species with teeth between 5 and 10 mm 
wide. Anterior teeth (Pl. 52, fig. 5) have a broadly triangular crown, virtu-
ally devoid of ornamentation on the labial face and with a poorly developed 
cutting edge. There is a centrally situated principal cusp with faint apically-
directed striae lingually and between 2 and 6 lightly ornamented cusplets 
on each side which diminish in size laterally. The labial crown base (apron) 
overhangs the root. More lateral teeth (Pl. 52, figs 7–8) have far lower, 
stockier crowns and much more pronounced ornamentation. The specimens 
figured in Plate 52, figures 5, 7–8 are from the same associated dentition. 



PLATE 52
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Presumed upper teeth (Pl. 52, fig. 6) are more asymmetric and have more 
distally inclined principal cusps. The mesial cusplets tend to be greater in 
number but reduced in size when compared with the distal cusplets.
Remarks. Three morphotypes of Synechodus are present in the Gault Clay 
sharks’ tooth assemblage. They are normally referred to as:

i) S. dubrisiensis (Mackie). A virtually symmetrical, low-crowned 
coarsely ornamented species, showing a mild gradient heterodonty (Pl. 
52, figs 7–8). 
ii) S. nitidus Woodward. A slender, asymmetric, distally inclined, lightly 
ornamented species of Synechodus (Pl. 52, fig. 6).
iii) S. tenuis Woodward. A stocky, apparently unornamented triangular-
crowned species (Pl. 52, fig. 5).
The holotype of S. dubrisiensis, NHM 36908, from the late Cenomanian 

Chalk of Kent, a block with upper and lower jaws preserved, shows both 
dubrisiensis and nitidus morphotypes. Similarly, the type specimen of 
S. nitidus NHM P.1295 also from the Late Cenomanian Chalk of Kent, UK, 
shows all three morphologies present. A further set of jaws of Synechodus 
dubrisiensis, NHM 41675, figured by Woodward (1886), shows the tenuis 

EXPLANATION OF PLATE 52

Figs 1–2. Lissodus levis (Woodward). 1, NHM P66219; Upper Gault Clay, D. cristatum 
Subzone; occlusal view; × 4·0. 2, NHM P66220; Upper Gault Clay, H. varicosum Subzone; 
Greatness Lane, Sevenoaks, Kent; lingual view; × 3. (p. 277).

Fig. 3. Polyacrodus illingworthi (Dixon) (NHM P66221); labial view; × 4. (p. 278).
Fig. 4. Ptychodus decurrens Agassiz (NHM P66222). Upper Gault Clay, M. inflatum Zone; 

Ford Place, Wrotham, Kent; occlusal view; × 4. (p. 279).
Figs 5–8. Synechodus dubrisiensis (Mackie). 5, NHM P66223; Bed XI, C. auritus Subzone; 

anterior tooth, labial view, part of an associated dentition. 6, NHM P66224; Bed VI,  
E. lautus/nitidus Subzone; 7, NHM P66225; Bed XI, C. auritus Subzone; lateral tooth, 
labial view, part of an associated dentition. 8, NHM P66226; Bed XI, C. auritus Subzone; 
lateral tooth, 8a, labial view; 8b, lingual view, part of an associated dentition. All × 4.  
(p. 279).

Fig. 9. Paraorthacodus recurvus (Trautschold) (NHM P66227). Upper Gault Clay, H. vari-
cosum Subzone; Greatness Lane, Sevenoaks, Kent; anterolateral tooth, labial view; × 3. 
(p. 282).

Figs 10–11. Notorynchus aptiensis (Pictet). 10, NHM P66228; Bed VIII(i) D. cristatum 
Subzone; upper anterior tooth, lingual view. 11. NHM P63651; Lower Gault Clay, H. spathi 
Subzone; Mundays Hill Quarry, Leighton Buzzard, Bedfordshire; left lower anterolateral 
tooth, labial view. Both × 3. (p. 283).

Fig. 12. Notidanodon lanceolatus (Woodward); Late Albian sands; Stari Oskol Pit, Belograd 
Province, Russia; right lower anterolateral tooth, labial view; × 1·5. (p. 283).

Fig. 13. Protosqualus sigesi Cappetta (NHM P66229). Lower Gault Clay; E. meandrinus 
Subzone; St. Mary’s Platt, Kent; lower right anterolateral tooth: a, lingual view; b, labial 
view; × 15. (p. 284).

All specimens from the Gault Clay of Folkestone, Kent, unless otherwise stated.
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and nitidus morphologies, both apparently in the upper jaw. Based on these 
observations, it is reasonable to regard S. nitidus and S. tenuis as junior 
synonyms of S. dubrisiensis.

Genus PARAORTHACODUS

Paraorthacodus teeth are similar in appearance to those of Synechodus. 
They differ in having more widely spaced or separate lateral cusplets. The 
labial crown is flatter and does not overhang the root. All teeth bear vertical 
branching raised striae and a distinct cutting edge. Lateral teeth tend to be 
lower-crowned with separate cusplets. 

Paraorthacodus recurvus (Trautschold)
Plate 52, figure 9

Description. As for genus. The teeth are generally larger than Synechodus 
and can exceed 15 mm in width.
Remarks. This is a large, easily recognized species. Owing to its fragility, 
it is more usual to find fragments of broken crown and detached lateral cus-
plets than a complete specimen in sieved concentrates.

Order HEXANCHIFORMES

Family HEXANCHIDAE

The lower teeth of this family are large, with flattened and coarsely serrate 
crowns, resembling a cockscomb. The principal cusp is situated mesially to 
between 4 and 10 accessory cusps that decrease in size distally. The mesial 
cutting edge of the principal cusp bears a number (2 to 5) cusplets. The 
upper teeth are smaller and more numerous.

Until the 1970’s most fossil hexanchids were lumped together in the 
genus ‘Notidanus’; many old collections still bear this name. This was 
principally due to a lack of information about the dentitions of living six- 
and seven-gilled sharks. Now, due to the work of Bass et al. (1975), Herman 
et al. (1987, 1994) and Cappetta (1975, 1987) they are quite easy to 
separate. 

Genus NOTORYNCHUS

Lower teeth have a large principal cusp with 3 to 5 distal cusplets. The 
mesial portion of the tooth bears between 5 and 10 distinct mesial cusplets. 
The root is high, with a height to width ratio in the order of 1:3. Upper teeth 
have a more quadrate root with a single elongate cusp and between 0 and 4 
distal cusplets.
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Notorynchus aptiensis (Pictet)
Plate 52, figures 10–11

Description. As for genus. This is a small species of Notorynchus with teeth 
about 10 mm across with fewer distal cusps than the Recent genus. In a 
significant proportion of the lower teeth, the mesial cusplets are reduced to 
serrae or are absent.
Remarks. This is a rare species in the Gault Clay of Kent and Sussex, but is 
common in Leighton Buzzard area of Hertfordshire (Smart 1995). 

Genus NOTIDANODON

Notidanodon is known only from isolated teeth. The lower teeth are large, 
with flattened and coarsely serrated crown, resembling a cockscomb. The 
principal cusp is situated mesially to between four and ten accessory cus-
plets that decrease in size distally. The mesial cutting edge of the principal 
cusp bears 2 to 5 cusplets, almost as large as the distal cusplets. The upper 
teeth are smaller and more numerous.

Notidanodon lanceolatus (Woodward)
Plate 52, figure 12

Description. As for genus. A large species; the lower teeth usually exceed 
30 mm across.
Remarks. Woodward’s holotype is an incomplete right lower anterolateral 
tooth, not an upper tooth as he supposed. The specimen figured (Pl. 52, fig. 
12) is from the Albian of southern Russia, as only incomplete teeth from 
the English Gault Clay were available. Although only known from isolated 
teeth, this species is often found in association with ichthyosaur, plesiosaur 
or mosasaur bones, suggesting that Notidanodon was either a predator of 
marine reptiles, or scavenged their carcasses.

Order SQUALIFORMES

Family SQUALIDAE

Genus PROTOSQUALUS

An extinct genus with teeth that closely resemble those of the modern piked 
dogfish, Squalus, and which probably gave rise to it. Both genera have small, 
labiolingually-compressed teeth, rarely exceeding 5 mm in width. The cusp 
is short, distally inclined with a smooth or serrated mesial cutting edge and 
a smooth semicircular distal heel. There is a low, rounded, unserrated distal 
blade. The lingual surface bears a small medial protuberance. The labial 
crown bears a broad apron and a centrally placed flange. The root is low, 
with a flat or slightly concave base. Upper teeth have narrower crowns than 
those from the lower jaw.
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Protosqualus is distinguished from Squalus in usually having a large 
rounded triangular labial flange and, in most teeth, separate basal and lin-
gual foraminae rather than a singular centrally placed vascular opening 
(infundibulum).

Protosqualus sigesi Cappetta
Plate 52, figure 13

Description. As for genus. A small delicate species, the lower teeth rarely 
exceed 3·0 mm across, upper teeth 2·5 mm. In smaller specimens the labial 
flange is more rectangular, suggesting that the triangular flange seen in 
larger specimens is a derived character.
Remarks. Protosqualus is quite common in some horizons in the Gault 
Clay, particularly the phosphoritic nodule beds, where, due to its compact 
shape, it survives more readily than other teeth. It is probable that more 
than one species of Protosqualus is present in the Gault clay. A very sim-
ilar species, P. albertsi Thies, occurs in the Barremian, Early Cretaceous 
of Germany (Thies 1981), and Underwood and Mitchell (1999) described 
Protosqualus pachyrhiza, from the Albian of South Ferriby, Lincolnshire, 
UK. The differences between P. albertsi and P. sigesi appear minor and the 
former may well be a junior synonym. P. pachyrhiza is distinguished by its 
rather more chunky design.

Superorder SQUATINOMORPHII

Order SQUATINIFORMES

Family SQUATINIDAE

Genus SQUATINA

Angel sharks (genus Squatina) are flat-bodied benthic sharks; their teeth are 
fairly distinctive and have not changed significantly since first appearing in 
the Jurassic. Their size varies from about 4 mm wide to 12 mm. The crown 
bears a single upright cusp with wide heels and a distinct cutting edge that 
is continuous over the principal cusp. The labial crown is wide and has a 
centrally placed, rounded labial flange. The lingual crown enamel covers the 
upper part of the lingual protuberance. The root is triangular, basally flat-
tened or concave and at right angles to the principal cusp. The labial surface 
of the root usually bears a series of regularly placed foramina just basal to 
the root-crown junction. There is a central hollow in the basal surface of the 
root, which shallows labially into which several foramina open. The medio-
lingual duct is closed and a medio-lingual foramen emerges at the tip of the 
lingual protuberance. 
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Squatina cranei Woodward
Plate 53, figure 1

Description. As for genus. Teeth are small, rarely exceeding 5 mm in width. 
Lateral teeth have a broad triangular crown in labial view with a small flange. 
Remarks. Their morphology varies far more than one would consider rea-
sonable for a species, begging the question as to whether more than one 
species is present. Woodward’s type specimen is an ‘Imperfect head, etc.’ 
from the Late Cenomanian of Sussex, housed in the Willett Collection in 
Brighton Museum (Woodward 1888, 1889, 1912). It shows numerous teeth, 
some of which Woodward figured. 

Squatina decepiens Dalinkevicius
Plate 53, figure 2

Description. As for genus. Teeth are quite large, with a rectangular labial 
flange.
Remarks. Teeth of Squatina decepiens are about double the size of those of 
S. cranei. Teeth of Recent species of Squatina are difficult or impossible to 
distinguish from each other, and size is not a good character in any shark. 
Considering the varied environments present in the Gault and the relatively 
long time involved, it is extremely likely that more than one species of 
Squatina was present. In this genus, specific names for fossil forms should 
be regarded with suspicion and perhaps better avoided unless a particularly 
distinctive character is present.

Superorder GALEOMORPHII

Order HETERODONTIFORMES

Family HETERODONTIDAE

Genus HETERODONTUS

Heterodontus, or Port Jackson sharks, have altered little since the late 
Jurassic. Teeth display fairly extreme differences between those in the ante-
rior files and more posterior teeth. Anterior teeth are small (1–4 mm), have 
a triangular cusp and between 0 and 2 robust lateral cusplets. The crown is 
often constricted below the cusplets, expanding laterally and basally to form 
a broad, sometimes bifid apron which may be coarsely ornamented. The root 
is low, V-shaped in basal view with the lingually directed apex forming a bul-
bous lingual protuberance and pierced by the medio-lingual duct. The more 
lateral teeth are wider, tabular in shape, some exceeding 20 mm, with low 
heavily ornamented slightly domed crowns. There is usually a cutting edge 
traversing the crown. In more derived species, the anterior teeth may totally 
lack lateral cusplets and have very large, often unornamented lateral teeth.
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Heterodontus canaliculatus (Egerton, in Dixon)
Plate 53, figures 3–4

Description. This is a small species, with lateral teeth rarely exceeding 
8·0 mm. The anterior teeth (Pl. 53, fig. 4) have one or two pairs of lat-
eral cusplets. The lateral teeth (Pl. 53, fig. 3) are ovoid to sub-rhomboidal 
in occlusal view, centrally elevated, with a fine ornamentation of raised 
upwardly anastomosing enameloid ridges. There is a complete sigmoidal 
cutting edge.
Remarks. This species differs only slightly from the Recent species 
H. francisci (Girard).

‘Heterodontus’ upnikensis (Dalinkevicius)
Plate 53, figure 5

Description. Anterior teeth have a relatively tall crown lacking lateral cus-
plets. The crown is apically convex, becoming hollowed on the apron. The 
base of the apron is inflated, slightly bifid and overhangs the root-crown 
junction. 
Remarks. The lateral teeth referred to by Dalinkevicius (1935, p. 13) are 
coarsely ornamented and do not appear to share any characters with the 
anterior teeth. They may be large examples of H. canaliculatus. Although 
referred to Heterodontus, this curious species would be better placed in its 
own genus within the Heterodontidae

Order ORECTOLOBIFORMES

Family ORECTOLOBIDAE

Genus ORECTOLOBOIDES

The teeth of this extinct genus are small, less than 2 mm high, symmetrical, 
with a low principal cusp and paired lateral cusplets. The labial crown bears 
a vertical crest with one or two vertical raised striae, terminating basally in 
a small labial flange. The lateral cusps may also be similarly striated. The 
root is low, basally concave with a prominent lingual protuberance. There is 
a narrow, open root groove.

Orectoloboides parvulus Dalinkivicius
Plate 53, figures 6–8

Description. As for genus. Lateral teeth (Pl. 53, fig. 6) are relatively lower, 
wider and have more irregular and more ornamented lateral cusplets.
Remarks. This is a tiny and poorly known species, anterior teeth may be 
less than 1 mm wide.



Sharks and rays 287

Family PARASYLLIDAE

Genus PARARHINCODON

The teeth of this extinct genus of small carpet shark are in the order of 
1 mm, symmetrical in the symphyseal and parasymphysial files, other-
wise strongly asymmetric. The cusp is large in relation to the whole 
tooth, lingually inclined with a basally incomplete cutting edge and no 
cusplets. The base of the crown is bulbous and may be ornamented. The 
root is basally flat, with a longer mesial than distal lobe in anterolateral  
teeth.

Pararhincodon lehmani Cappetta
Plate 53, figures 9–11

Description. As for genus.
Remarks. The Gault specimens are referred to the Cenomanian species P. 
lehmani rather than the late Cenomanian and Turonian species P. crochardi 
Herman because they more closely resemble the former in their slenderness 
and size (Herman 1977, p. 257). However, variability in these small teeth 
is high, and it is likely that only one species will prove to be represented, in 
which case P. crochardi will prove to be the senior synonym. 

Family INCERTAE SEDIS

Genus ANNEA

Teeth very small, less than 1·5 mm high, with an asymmetric crown. The 
principal cusp is tall, upright and needle-like with a pair of sharp distal cus-
plets. Both the cusplets may bear an accessory cusplet towards its base. The 
mesial cusplets arise from lower on the crown than the distal cusplets. There 
are two or three vertical raised anastomosing striae on the labial surface of 
the crown and single stria on the cusplets. There is a rounded labial flange 
and a large lingual protuberance. The roots are wide, extending laterally 
beyond the crown.

Annea sp.
Plate 53, figures 12–13

Description. As for genus. The labial crown bears 5 fine raised enameloid 
striae and a single pair of smooth cusplets.
Remarks. This genus was only been previously known from two teeth from 
the German Jurassic (Thies 1993, p. 138). 
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Order LAMNIFORMES

During the Albian, the lamniform sharks underwent a major radiation and 
at least 11 species are present in the Gault Clay. The tooth morphologies 
of many of these species have not diverged sufficiently from each other 
to be easily differentiated. In particular some tooth positions of the gen-
era Cretoxyrhina, Cretalamna, Dwardius and Cardabiodon can be diffi-
cult to separate (Siverson 1999), as are the teeth of Protolamna, Cretodus 
and Leptostyrax. The species included in this chapter almost certainly 
underrepresent the true lamniform diversity.

Family ODONTASPIDAE

The teeth of these sand sharks are osteodont (i.e. having a solid, osteoden-
tine core). The tooth files can be divided into anterior and latero-posterior 
files. In some fossil genera, the differences can be so extreme that it can be 
difficult to relate the two, and different species and genera have been erected 
to accommodate them.

Genus CARCHARIAS

In Carcharias, the anterior teeth are tall, slender and can exceed 40 mm 
high. The tall crown is flattened labially, convex lingually often ornamented 
with fine apically directed striae. The crown is lingually recurved, the lower 

EXPLANATION OF PLATE 53

Fig. 1. Squatina cranei Woodward (NHM P66230). Bed IV, D. subdelaruei Subzone; labial 
view; × 5. (p. 285).

Fig. 2. Squatina decepiens Dalinkevicius (NHM 47120); labial view; × 5. (p. 285).
Figs 3–4. Heterodontus canaliculatus (Egerton, in Dixon). 3, NHM P66231; Bed VIII(i), 

D. cristatum Subzone; lateral tooth, occlusal view; 4, NHM P66232; Bed VII, A. daviesi 
Subzone; anterior tooth, labial view. Both × 7·5. (p. 286).

Fig. 5. ‘Heterodontus’ upnikensis (Dalinkevicius) (NHM P66233); Bed VI, E. nitidus Subzone; 
anterior tooth, labial view; × 5. (p. 286).

Figs 6–8. Orectoloboides parvulus Dalinkivicius. 6, NHM P66259; Bed IV, D. subdelaruei 
Subzone; labial view. 7, NHM P66258; E. meandrinus Subzone; St. Mary’s Platt, Kent; 
labial view. Both × 25. 8. NHM P66257; Bed VIII, D. cristatum Subzone; a, occlusal view; 
b, labial view; c, oblique apicolateral view. All × 25. (p. 286).

Figs 9–11. Pararhincodon lehmani Cappetta. 9, NHM P66261; Bed IX, H. orbignyi Subzone; 
anterolateral tooth; 9a, oblique apicolateral view; 9b, labial view; × 15. 10, NHM P66262; 
Lower Gault Clay, E. meandrinus Subzone; St. Mary’s Platt, Kent; anterior tooth, 10a, 
oblique apicolateral view; 10b, labial view; × 15. 11, NHM P66235; Bed IX, H. orbignyi 
Subzone; lower symphyseal tooth; 11a, oblique labial view; 11b, basal view; × 20. (p. 287).

Figs 12–13. Annea sp. 12, NHM P66234; Bed VII, E. lautus Zone, A. daviesi Subzone; ante-
rolateral tooth, labial view. 13, NHM P66260; Bed IX, H. orbignyi Subzone; anterolateral 
tooth, a, labial view; b, oblique apicolateral view. Both × 20. (p. 287).

All specimens from the Gault Clay of Folkestone, Kent, unless otherwise stated.
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teeth more so than the uppers. There is usually a single, occasionally a  
double pair of unornamented, incurved, lateral cusplets. The root is high, 
well separated into two branches, with a strong medially-situated lingual 
protuberance and an open groove. In lateral teeth the crown is lower, more 
triangular in labial view. The root is wider, more basally flattened.

Carcharias striatula (Dalinkevicius)
Plate 54, figures 1–2

Description. As for genus. A small species, the anterior teeth rarely exceed 
12 mm, laterals 5 mm. The lingual surface of the crown is finely striated. 
The labial crown base bears a series of short vertical folds.
Remarks. Fragments of this species are abundant in some of the phosphatic 
conglomerate beds, but in general uncommon in the intervening clay. 

Family MITSUKURINIDAE

Genus SCAPANORHYNCHUS

The teeth of this extinct genus are very similar to those of Carcharias. 
Anterior teeth may exceed 60 mm high. The lingual crown is strongly  
convex and heavily striated, the labial surface, virtually flat with a well-
developed cutting edge. Anterior teeth may lack lateral cusps; lateral teeth 
may have several pairs of cusps. Some species referred to Scapanorhynchus 
on the basis of their tooth morphology alone probably belong to other 
genera.

Scapanorhynchus praeraphiodon Sokolov
Plate 54, figure 4

Description. As for genus. This is a small to medium-sized species, with 
anterior teeth about 10–15 mm high.
Remarks. These teeth, particularly small specimens are very difficult to 
separate from those of Carcharias striatula.

Genus PARANOMOTODON

The teeth of this extinct genus are up to 20 mm high and similar in shape to 
Carcharias, though lower crowned, more triangular, as well as lacking both 
ornamentation and lateral cusplets. Anterior teeth have tall crowns, wide at 
the base. Lateral files are increasingly distally recurved. Paranomotodon is 
placed here, tentatively, in the Mitsukurinidae, although Cappetta (1987, 
p. 106) supposed that it was more closely related to the thresher sharks, 
Alopias.
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Paranomotodon angustidens (Reuss)
Plate 54, figure 5

Description. As for genus.
Comments. A rare species in the Gault Clay.

Family CRETOXYRHINIDAE 

Genus CRETOXYRHINA

Cretoxyrhina teeth are generally large and thus overrepresented in col-
lections due to collecting bias. The genus ranges from Albian to early 
Campanian. Anterior teeth from the late Cretaceous can exceed 60 mm in 
height, but in the Albian they are usually less than half that size and pos-
sess lateral cusplets. The tooth follows the basic lamniform design, as in 
Carcharias, but the crown is much more massive and triangular, giving a 
cutting dentition rather than the piercing dentition of the sand sharks. The 
crown is unornamented, the lateral cusps, when present are triangular or 
rounded in labial view. There is a cutting edge continuous over the whole 
crown. The root is stout, basally flat with a prominent lingual protuberance. 
The basal surface is flat, and lacks a root groove; a typical cretoxyrhinid 
character. Lower anterior teeth tend to have upright crowns, whilst the rest 
are, to varying degrees, distally inclined.

Cretoxyrhina aff. vraconensis (Zhelezko)
Plate 54, figures 6–7

Description. Large teeth, up to 30 mm high, although fairly small for the 
genus. The large triangular crown bears, large, well separated, round or  
triangular cusps. 
Remarks. Despite its size, this is a rare species in the Gault Clay. Teeth are 
readily confused with those of Dwardius and Cretalamna.

Genus CRETODUS

An extinct genus, with large robust teeth of a basic lamniform design. 
Anterior teeth may exceed 40 mm in the Albian. The entire principal cusp 
and one or two pairs of cusplets are ornamented with raised enameloid 
ridges, with the exception of the upper half of the labial crown. The root 
lobes are relatively close together and there is a very pronounced lingual 
protuberance. The basal surface of the root is generally flat to gently rounded 
with the root groove absent or present but indistinct.
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Cretodus semiplicatus (Munster in Agassiz)
Plate 54, figure 8

Description. As for genus. The teeth are large, with a well-striated triangu-
lar cusp and a single pair of lateral cusps, well separated from the principal 
cusp. 
Remarks. The species Cretodus crassidens (Dixon) may be based on very 
large specimens of C. semiplicatus (Herman 1977, p. 200).

Family OTODONTIDAE

Genus CRETALAMNA

The anterior teeth of this extinct genus are up to 30 mm high with an upright 
triangular, unornamented crown. There is a single pair of well-developed, 
triangular lateral cusplets situated lateral to and virtually separate from the 
principal cusp. The labial surface of the main cusp is flattened, the lingual 
face, convex. The cutting edge is entire over the whole crown. The root has 
a mesial protuberance and lacks a root groove. The neck between the base 
of the crown and the root is distinct and widens medially. In lateral teeth, 

EXPLANATION OF PLATE 54

Figs 1–3. Carcharias striatula (Dalinkevicius). 1, NHM P66236; Bed II (iii), A. intermedius 
Subzone; left first lower anterior tooth; 1a, labial view; 1b, lingual view; × 3. 2, NHM 
P56822; Lower Gault Clay, L. lyelli Subzone; Small Dole, Sussex; ?left first upper lateral 
tooth; 2a, lingual view; 2b, labial view; × 3. 3, NHM P66237; Upper Gault Clay, H. varico-
sum Subzone; Naccolt, Kent; left lower lateral tooth; 3a, labial view, 3b, lingual view; × 4. 
(p. 290).

Fig. 4. Scapanorhynchus praeraphiodon Sokolov (NHM P66238). Upper Gault Clay, H. vari-
cosum Subzone; Naccolt, Kent; left first upper anterior tooth, lingual view; × 4. (p. 290).

Fig. 5. Paranomotodon angustidens (Reuss) (NHM P66239). Bed VIII(i), D. cristatum 
Subzone; lower tooth, a, lingual view; b, labial view; × 1·5. (p. 290).

Figs 6–7. Cretoxyrhina aff. vraconensis (Zhelezko); Bed VIII(i), D. cristatum Subzone, 
Folkestone, Kent. 6, NHM P66240; lower tooth, a, lingual view; b, labial view. 7, NHM 
P66241; upper tooth, a, lingual view, b, labial view. Both × 1. (p. 291).

Fig. 8. Cretodus semiplicatus (Munster in Agassiz) (NHM P66242). H. varicosum Subzone; 
lower anterolateral tooth; a, lingual view; b, labial view; × 2. (p. 293).

Figs 9–10. Cretalamna appendiculata (Agassiz). 9, NHM P49023; anterior tooth; a, lingual 
view, b, labial view. 10, NHM P66243; Bed II (iii), A. intermedius Subzone; right lower 
lateral tooth, lingual view. Both × 1·5. (p. 293).

Figs 11–12. Archaeolamna kopingensis (Davis). 11, NHM P49800; Lower Gault Clay, Badbury 
Wick, Wiltshire; left upper lateral tooth, a, lingual view, b, labial view. 12, NHM P.26244; 
Upper Gault Clay, H. varicosum Subzone, Naccolt, Kent; lower lateral tooth, a, labial view; 
b lingual view. Both × 1·5. (p. 294).

Fig. 13. Dwardius siversoni (Zhelezko) (NHM P9); right upper anterior tooth, a, lateral view, 
b, labial view; × 1. (p. 295).

All specimens from the Gault Clay of Folkestone, Kent, unless otherwise stated.
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the crown is lower, triangular and, in upper teeth, distally recurved. The cus-
plets may be separate from the principal cusp. The root lobes are short and 
squared laterally. The base is flat, slightly convex medially below the lingual 
protuberance. There may be a short root groove.

Cretalamna appendiculata (Agassiz)
Plate 54, figures 9–10

Description. As for genus.
Remarks. This is not a common species in the Gault Clay. Despite this, in 
older geological literature, the name ‘Lamna’ appendiculata tended to be 
used for virtually all the lamniforms. Cretalamna is thought to have given 
rise to the genus Otodus, an ancestor of the giant megatooth sharks includ-
ing Carcharoles megalodon, one of the world’s largest carnivores. During its 
range, a span of approximately 50 Ma, the tooth morphology of Cretalamna 
appendiculata, a basic lamniform design, is virtually unchanged. Those 
small changes that do occur are probably biostratigraphically useful.

Genus ARCHAEOLAMNA

An extinct genus, with medium to large teeth of a basic lamniform design. 
The anterior teeth can reach 25 mm high, with triangular, smooth crowns 
and divergent, almost separate triangular lateral cusplets. There is a distinct 
parallel neck. The root has a lingual protuberance with no root groove and 
rounded lobes. Lateral teeth are similar in shape and, particularly in upper 
files, distally inclined. They retain the rounded root.

Archaeolamna kopingensis (Davis)
Plate 54, figures 11–12

Description. As for genus. 
Remarks. A fairly common Gault Clay species. Biddle (1993, p. 206) 
recorded this species from the Albian of north eastern France, where it is 
also fairly common. Teeth of the Albian population are much smaller than 
those from the Late Cretaceous.

Genus DWARDIUS

An extinct genus with large, attractive teeth of a basic lamniform design. 
Anterior teeth are tall, reaching 30 mm, triangular, with smooth crowns 
and divergent almost separate triangular lateral cusplets. The cutting edge 
is complete and continuous over the principal cusp and cusplets. There 
is a distinct neck that widens medially. The root is basally flattened, has 
a lingual protuberance, an absent or faint root groove and rounded lobes. 
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Upper lateral teeth are lower-crowned and distally inclined, lower lateral are 
upright. Both retain the rounded root.

Dwardius siversoni (Zhelezko)
Plate 54, figure 13; Text-figure 21.1A

Description. As for genus.
Remarks. This is an uncommon species in the Gault. Specimens can reach 
25 mm high. Teeth from young individuals are very difficult or impossible 
to separate from those of Archaeolamna. D. siversoni may prove to be a 
junior synonym of the Cenomanian species D. woodwardi (Herman).

Genus LEPTOSTYRAX

The teeth of this extinct genus have a distinctive appearance akin to those of 
Cretodus that have been compressed laterally. Anterior teeth are tall, up to 
30 mm, sigmoid with a flat to slightly labial surface and a strongly convex 
lingual face. The labial crown is folded at the base and the lingual crown 
bears a series of short vertical ridges. The lateral cusps are long, sharp, 
basally striated and arise labially to and generally separate from the princi-
pal cusp. Lateral teeth are similar in appearance, lower crowned and wider, 
and may have multiple lateral cusps.

?Leptostyrax sp.
Plate 55, figures 1–2

Description. The teeth from the English Gault Clay are very similar to those 
figured by Biddle (1993, pl. 4, figs 5–8). They differ from specimens from 
the Albian of Texas, USA figured by Cappetta (1987, fig. 88) and Welton 
and Farish (1993, p. 106) in having their lateral cusps more closely applied 
to the principal cusp, being less laterally compressed, and in having a lightly 
striated lingual crown.
Comments. The taxonomy of Leptostyrax is complicated and outlined by 
Cappetta (1987, p. 100) and Cappetta and Case (1999, p. 24).

Genus PARAISURUS

Teeth of this extinct (late Aptian to Cenomanian) genus are tall, up to 
40 mm high, laterally compressed, smooth crowned and lacking cusplets. 
The crown is low, stubby, and labially extended basally and laterally over 
the root lobes. The crown has a flat labial and strongly convex lingual sur-
face. The neck is well developed and parallel. The root is very high, bifid 
with very elongate and a large lingual protuberance. It is basally concave. 
The dentition is almost homodont (i.e. shows little difference between the 
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anterior and lateral files). One can only speculate as to what prey animal 
would require such a massive dentition, and why it became extinct so soon.

Paraisurus macrorhiza (Pictet and Campiche).
Plate 55, figure 3

Description. As for genus.
Remarks. This is a rare but unmistakable species. 

Family ANACORACIDAE

Genus SQUALICORAX

This genus is more like tiger-sharks (Galeocerdo) than a typical lamniform. 
Teeth vary from 5 to 25 mm high, are labiolingually compressed, and usu-
ally have a serrated cutting edge. The principal cusp is distally inclined 
with, in some species, a rounded distal heel. The root is basally flattened or 
slightly concave. There is no root groove, and the lingual root bears several 
irregularly situated foraminae.

Squalicorax primaevus (Dalinkevicius).
Plate 55, figures 4–6

Description. Anterior teeth (Pl. 55, fig. 4) have tall narrow crowns, unser-
rated cutting edges, and a small distal heel. Upper lateral teeth (Pl. 55,  

EXPLANATION OF PLATE 55

Figs 1–2. ?Leptostyrax sp. 1, NHM P66245; H. varicosum Subzone; Naccolt, Kent; left lower 
lateral tooth; a, labial view; b, lingual view. 2, NHM P66246; Bed VIII(i), D. cristatum 
Subzone; anterior tooth, oblique labial view. Both × 2. (p. 295).

Fig. 3. Paraisurus macrorhiza (Pictet and Campiche) (NHM P51664); ?upper tooth; a, lateral 
view; b, labial view; × 1·5. (p. 295).

Figs 4–6. Squalicorax primaevus (Dalinkevicius). 4, NHM P66247; H. varicosum Subzone; 
Greatness Lane, Sevenoaks, Kent; a, lingual view; b, labial view; × 2. 5, NHM P66246; 
Bed VII, A. daviesi Subzone; anterior tooth; a, lingual view; b, labial view; × 5. 6, NHM 
P66249; Bed VII A. daviesi Subzone; left lower lateral/posterior tooth; a, lingual view, b, 
labial view; × 5. (p. 296).

Fig. 7. ‘Scyliorhinus’ dubius Woodward (NHM P66250). Lower Gault Clay, E. meandrinus 
Subzone; St. Mary’s Platt, Kent; a, labial view; b, lingual view; × 15. (p. 298).

Fig. 8. Cretascyliorhinus destombesi (Cappetta) (NHM P66251). Lower Gault Clay, E. mean-
drinus Subzone; St. Mary’s Platt, Kent; a labial view; b, lingual view; × 15. (p. 298).

Fig. 9. Protospinax heterodon (Underwood and Mitchell) (NHM P66252). Bed IV, D. sub-
delaruei Subzone; a, lingual view; b, labial view; × 20. (p. 299).

Figs 10–13. Squatirhina thiesi Biddle. 10, NHM P66253; Lower Gault Clay, E. meandrinus 
Subzone; St. Mary’s Platt, Kent; a, basal view. b, occlusal view. 11, NHM P66254; Bed 
VII, A. daviesi Subzone; a, occlusal view, b, lateral view. 12, NHM P66255; basal Bed VII, 
E. nitidus Subzone; occlusal view. 13, NHM P66256; basal Bed VII, E. nitidus Subzone; 
occlusal view. All × 12·5. (p. 299). 

All specimens from the Gault Clay of Folkestone, Kent, unless otherwise stated.
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fig. 5) are lower crowned and strongly distally directed. Lower lateral teeth 
(Pl. 55, fig. 6) have distally directed triangular crowns and a very reduced 
distal heel.
Remarks. This is an unusual species with teeth intermediate in form 
between a primitive lamniform and the more derived Late Cretaceous  
species of Squalicorax.

Order CARCHARHINIFORMES

Family SCYLIORHINIDAE

Genus ‘SCYLIORHINUS’

Some fossil species of carcharhiniform resemble those of modern 
Scyliorhinus, but it is far from certain that they were produced by a directly 
related shark. A scyliorhinid shark has small (1–3 mm) orthodont teeth (i.e. 
possessing an open pulp cavity). The crown is generally upright or slightly 
lingually inclined, with 1 to 3 pairs of lateral cusplets. Both surfaces of 
the crown bear raised vertical striae. The root is generally relatively large, 
basally flat, with a large lingual protuberance through which the median 
lingual foramen emerges. The base of the root may be divided by a groove 
or possess a median duct. The labial face of the root is generally covered in 
enamel. The root is constricted immediately below the root crown junction.

‘Scyliorhinus’ dubius Woodward
Plate 55, figure 7

Description. The teeth are scyliorhinid and small, up to 1·5 mm. The princi-
pal cusp is tall, slender and smooth with a pair of slightly divergent, needle-
like lateral cusps, lightly striated at their labial base. The root is relatively 
small and has a rounded lingual protuberance with a median duct.
Remarks. This species is very easily recognized by its tall crown and long 
lateral cusps. 

Genus CRETASCYLIORHINUS

A compact, robust scylliorhinid with about 1·5 mm tall teeth. There is a 
low principal cusp and a pair of slightly divergent relatively large lateral 
cusps. The labial surface of the crown and cusplets is strongly ornamented 
by apically-directed, evenly-spaced folds and overhangs the root. The lin-
gual surface is smooth or lightly ornamented. The root is basally flat, widely 
flared with a partial covered median duct forming a groove labially.

Cretascyliorhinus destombesi (Cappetta)
Plate 55, figure 8

Description. As for genus.
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Remarks. Currently this genus ranges from the Albian to the Campanian.

Superorder and Order INCERTAE SEDIS

Family PROTOSPINACIDAE

Genus PROTOSPINAX

The outline of this genus is intermediate between that sharks and rays, and 
has been classified as both (Cappetta 1987, p. 67). The teeth are of little help 
in determining its relationships. They are tiny (1 mm), ray-like, with a low, 
flattened labial surface with an apron overhanging the root, a low lingually 
directed cusp and a small, triangular uvula. The root is basally flat, with a 
lingually situated groove, passing into a median duct. 

Protospinax heterodon (Underwood and Mitchell)
Plate 55, figure 9

Description. As for genus. The labial surface is flattened.
Remarks. The single specimen so far encountered closely resembles that 
figured by Underwood and Mitchell (1999, pl. 35, figs 5–7). They referred 
this species to the genus Pseudospinax, an orectolobiform. However, despite 
their arguments to the contrary, I found that the very close similarity of this 
species with teeth of Protospinax annectans proved more persuasive.

Superorder BATOMORPHII

Order RAJIFORMES

Family RHINOBATIDAE

Genus SQUATIRHINA

An extinct genus of ray with teeth up to 5 mm high. The crown is meso-
distally compressed with a tall, lingually directed crown. There is a large 
apron at the base which may be slightly bifid or crenulated. In anterior teeth 
it extends below the level of the root. A lingual uvula is developed over the 
centrally situated protuberance. The root is basally flattened and divided 
by a large groove. Lateral teeth are symmetrical, have lower crowns and 
reduced aprons.

Squatirhina thiesi Biddle
Plate 55, figures 10–13

Description. As for genus.
Remarks. This is a fairly common species in the Gault clay, but rarely found 
complete. Juvenile teeth have relatively wide and lower crowns, more remi-
niscent of the guitar fish, to which they are distantly related (Underwood and 
Mitchell 1999, p. 48).


