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Abstract: Fossils of post-Palaeozoic sharks and rays are common and well known, and have
been extensively studied. Early studies, especially the monographic works of Agassiz and
Woodward, described species based on macroscopic remains of isolated teeth, fin spines and
rostral ‘teeth’ as well as rare specimens of articulated skeletons and skulls. This material was
obtained from a range of sources but especially from commercial collectors in Britain and
mainland Europe. Additional research over subsequent decades also concentrated on large
specimens, giving a very biased perception of the chondrichthyan record. The use of large
scale bulk sampling in the latter part of the 20th Century revealed a previously unknown
wealth of small fossils, especially teeth, and vastly improved knowledge of ancient sharks and
rays. Widening use of these techniques to obtain small specimens has let to a dramatic
increase in the fossil taxa known. In addition, re-assessment of previously known taxa has
allowed has allowed generic diversity of some clades to be appreciated. Detailed work on

skeletal anatomy, in part aided by new non-destructive methods, continues to improve
knowledge of shark and ray diversity, phylogeny and radiation.

The fossils of sharks and rays have been well known and recorded in numerous
publications since the early part of the nineteenth Century. Primarily represented as
isolated teeth, shark and ray fossils have been extensively collected, and remain some
of the most iconic of fossils. Key publications by Agassiz (1833-1844) and
Woodward (1889) provide an accurate summary of the knowledge of fossil sharks
and rays at the times of publication. The knowledge of the fossil record of postPalaeozoic chondrichthyans has improved dramatically since the publication of these
early works. Monographic studies of the fish, including sharks, of the British Purbeck
(mostly Berriasian; Woodward 1916-1918) and Chalk (Cenomanian to Campanian;
Woodward 1902-1912), updated the earlier studies but added relatively little, with a
greater emphasis placed on actinopterygian fish preserved as complete or partial
skeletons. In the subsequent century, improvements in knowledge of the diversity of
fossil species, their taxonomic affinity and their palaeobiological context has
dramatically changed our understanding of fossil chondrichthyan faunas (e.g.
Underwood 2006, Guinot et al. 2013). Whilst this improvement in knowledge is a
global phenomenon, it is especially striking when the shark and ray faunas of Britain,
which formed the basis for most of Woodward’s work and provided a lot of Agassiz’s
type specimens are considered.

Sampling methods

Field collecting

Different parts of the skeleton of a chondrichthyan have very different preservation
potentials. The endoskeleton is comprised of cartilage, with different skeletal
elements having varying degrees of secondary mineralization by apatite tesserae.
Whilst some elements of the skeleton, such as the jaw cartilages and vertebral centra,
may be heavily mineralized, the tesserae readily disarticulate during decomposition of
interstitial organic matter. As a result, well-preserved skeletal remains are far less
common than is the case with osteichthyans and tetrapods where the skeleton is
composed of bone. In contrast, the teeth, as well as placoid scales, rostral ‘teeth’ of
sawfishes and similar groups, tail spines of stingrays and dorsal fin spines are formed
of robust and strongly mineralized dentine and enameloid. Shark and ray teeth, as
well as these other dermal elements, therefore have a very good preservation
potential. In addition, the dentition of sharks and rays is deciduous and teeth are shed
regularly thoughout life and each individual can produce large numbers of potential
fossils in its lifetime. Larger shark and ray teeth are therefore frequently common and
conspicuous fossils in the field. It is therefore not surprising that a large diversity of
these teeth was recorded by early workers. Material collected from Britain featured
disproportionately in these early studies, in part due to the long history of “gentleman
collectors” on that country.

Within the British Mesozoic and Cenozoic, early finds of shark and ray remains were
collected by a number of methods. Some of the richest fossil shark and ray sites in
Britain are actively eroding coastal exposures of soft mudstone, with many of the hard
and dense vertebrate remains being collected loose on the beach. This is especially

true of the Isle of Sheppey, the source of many holotypes of sharks and rays (e.g.
Agassiz 1845), where very few fossils are seen in situ and the vast majority of fossils
recorded have been collected from beach concentrations (e.g. Clouter et al. 2000).
Many other specimens were recovered from active quarries. It is probable that many
of the early finds from quarries were collected by quarry workers for sale as a means
of supplementing their income, much as is the case in the phosphorite quarries of
northern Morocco today. As a result, there is a significant overrepresentation of large
and robust teeth in museum collections, as they represent the most conspicuous and
durable specimens for beach collection, and would have represented the most obvious
and valuable specimens exposed during quarrying. In addition, unusual and rare
specimens are likely to have been more valuable for commercial trade, and are likely
to have been more sought after than smaller and commoner material. An example of
these biases is seen in the teeth of the enigmatic chondrichthyan Ptychodus. Whilst
present throughout the Late Cretaceous Chalk facies of northern Europe, teeth are
almost always rare in the British Chalk, even in the most fossiliferous levels (e.g.
Guinot et al. 2013). In contrast, large numbers of teeth, as well as partial articulated
and associated dentitions, are present in museum collections of British Chalk fossils.
This extreme bias is almost certainly the result of extensive commercial collecting by
quarry workers, with the large, shiny and dark coloured teeth being very conspicuous
in white Chalk matrix, and the large and impressive articulated dentitions being
especially sought after for sale. Similar bias toward large but rare remains due to
quarry-based commercial collecting is manifested by the partial skeletons of a number
of shark species from the Chalk of the Lews area, SE England, and the teeth,
dentitions and skeletons of hybodont sharks from the Early Jurassic Lias of Lyme
Regis, southern England (e.g. Dineley and Metcalf 1999). Outside Britain, active

quarrying remained the source of a large proportion of shark and ray fossils entering
collections. This is especially true of the laminated late Jurassic limestones of
Solnhofen and Nusplingen in Germany and Cretaceous laminated limestones of
Lebanon, where rare but excellently preserved skeletons of and many other
vertebrates were, and still are, traded after being excavated within working quarries
(e.g. Davis 1887, Kriwet and Klug 2004). This collection of large and conspicuous
remains resulted in large numbers of specimens of sharks and rays being acquired for
private collections, many of which were later passed to museums.

In 19th Century collections from Britain, Jurassic sharks are largely represented by
hybodont teeth and fin spines from Lyme Regis (Hettangian and Sinemurian) and
Stonesfield (Bathonian) and to a lesser extent Peterborough (Callovian) and
Weymouth (Kimmeridgian). Cretaceous non-marine hybodonts are well represented
from Swanage (Berriasian) as well as some Wealden sites (Valangianian to
Barremian). In the Upper Cretaceous Chalk, lamniforms and Ptychodus are well
represented, along with rarer Heterodontus and Synechodus, but few other taxa seen.
Paleogene sharks and rays are likewise dominated by teeth of lamniform sharks as
well as dentitions of myliobatid rays. Whilst material from many parts of the world
was known during the latter part of the nineteenth Century, British specimens are
disproportionally represented in the monographic work of Agassiz (1833-1844), and
formed much of the museum collection catalogued by Woodward (1889). As a result,
the early published record of sharks and rays had a strong bias towards material from
a relatively small number of localities in Europe in general and southern England in
particular.

Monographic works from the earlier parts of the 20th Century (e.g. Woodward 19161919;1902-1912), largely relied on ex-situ material from other collectors, and this led
to a continuation of these older biases. Site specific studies (e.g. White 1931) based
on the collection largely or exclusively by the author removes some of the biases that
had been present in older works, but still only focused on macroscopic material.
Throughout much of the remainder of the 20th Century, studies focusing on British
material provided only small numbers of new taxa, although increasing amounts of
work elsewhere was adding to the number of species known globally. Additional
species represented by large teeth are still being recorded in Tethyan regions of
Europe (e.g. Vullo et al. 2007) as well as further afield.

Bulk sampling

In addition to a geographical bias, the earlier work on sharks and rays was strongly
biased towards larger specimens, typically representing larger taxa. Skeletal remains
of a number of Jurassic and Cretaceous sharks and rays were recorded by Agassiz
(1833-1844) and Woodward (1889) demonstrated that many species present within
the Mesozoic were small and possessed small to minute teeth. The lack of smalltoothed taxa within the assemblages of isolated teeth was not mentioned by
Woodward or contemporary workers and it is uncertain whether this bias was
recognized as such.

A very large proportion of modern sharks and the majority of modern batoids have
teeth that are four millimetres or less in maximum dimension. The size and taxonomic

affinities of the majority of shark and ray skeletons known from Jurassic sites such as
Solnhofen (Münster 1842) and Cretaceous sites such as those in Lebanon (Davis
1887) suggested from the early days of chondrichthyan palaeontology that the same
situation was likely to have been the case in the past. It is therefore surprising, with
the hindsight of modern knowledge at least, that there was no systematic attempt to
study isolated small teeth until the latter part of the 20th Century.

Probably the earliest record of large scale and systematic processing of Mesozoic
rocks for vertebrate remains was the study by Moore (1860) of Triassic fissure fill
deposits in the quest for mammal remains. It is recorded that this study collected
70,000 fish remains in addition to tetrapod fossils, including 45,000 perfect teeth of
Acrodus (now Lissodus) minimus (Macfadyen, 1970, Moore 1860). Later study of the
same and other sites by Kühne (1946 and later publications) also processed very large
samples and collected large numbers of fish remains.

Whilst large numbers of small shark teeth had been collected as a byproduct of bulk
sampling for mammal remains, the method was not used in any systematic manner for
over a century after the work of Moore as a technique specifically for collecting small
shark and ray teeth. There are a number of published studies that contain teeth of a
size that suggest that bulk sieving was carried out, but there is no discussion of the
methodology. Arambourg (1952) monographed material from the Cretaceous and
Paleogene of the phosphorites of Morocco and clearly used some form of sieving to
concentrate small specimens. The size range and diversity of the species figured
suggests that a mesh size of approximately two millimetres was used. Whilst this
allowed the collection of many small species, the mesh was not fine enough to catch

many of the smallest species, many of which were monographed subsequently by
Noubhani and Cappetta (199), with the disparity between the species recorded in the
two works clearly showing the importance of collecting small specimens.

Sieving for small specimens was first used extensively in site-specific studies of the
European Cenozoic (e.g. Cappetta 1970), but few of these earlier studies gave an
account of the methodology. The first monographic work to include bulk collected
Mesozoic material was a study of Late Cretaceous and Paleocene of northern Europe
by Herman (1977). Faunas from some of the localities covered include some very
small teeth, which would have necessitated the use of a fine sieve mesh, but the
methods were not described, and some of the other faunas appear to only comprise
macroscopic material.

The first detailed accounts of bulk collecting methods (e.g. Ward 1981) was closely
followed by the first publications based on the extensive use of bulk sieving of
Jurassic rocks for sharks and rays by Thies (1983). The use of sieving techniques
occurred alongside the first extensive use of acids to collect microvertebrates from
post-Palaeozoic rocks. These were used both to remove shelly material from bulk
sieve residues, greatly aiding the study of very large samples, and to break down more
lithified carbonate rocks or clastic rocks with a carbonate cement (e.g. Sykes 1971).
Additional extensive studies of faunas from a number of British Jurassic, Cretaceous
and Paleogene were carried out but not published (see provisional species lists by
Ward in Dineley and Metcalf 1999). The use of large scale sieving became standard
practice for studies of chondrichthyan faunas during the latest part of the 20th
Century, with the application of this methodology being fundamental to the dramatic

rise in the number of figured species (Fig. 1). It is notable that many of the most
significant contributions to chondrichthyan taxonomy at this time were nonprofessional workers, both in Europe and North America.

The use of large scale sieving as a method of obtaining small teeth has made a very
significant impact on the known diversity of sharks and rays. Most Mesozoic and
Cenozoic fossil chondrichthyan assemblages are prove to be dominated by species
with very small teeth, and it is now generally recognized that sampling for very small
material is essential to achieve a realistic assessment of the fauna (e.g. Guinot et al.
2013).

It is therefore evident that collection of macroscopic specimens of isolated teeth alone
is not likely to yield a meaningful census of the chondrichthyan fauna present. Whilst
there are obviously constraints on the practicality of bulk sampling for small
specimens, bulk sampling should be regarded as the standard method for collecting
shark and ray teeth, with surface collecting only used when this not possible or to
supplement the collected assemblage with larger, rare, specimens. As assemblages
recovered are also strongly biased by the sieve mesh size used, recording mesh sizes
used should be regarded as an essential part of specimen collection. Samples from
Mesozoic rocks (e.g. Underwood and Ward 2004, Guinot et al. 2013) have yielded
teeth absent in coarser samples in mesh sizes of 355m. In these studies, finer mesh
sizes only produced additional teeth of species present in coarser fractions. It is
therefore evident that any assemblage from a sample which cannot be readily sorted
to 355m (typically due to the abundance of other grains) may be missing some of the
species present and this should be acknowledged when the fauna is described.

Improving study methods

Taxonomy and phylogeny

It was recognized at a very early stage that Palaeozoic chondrichthyan remains could
not readily be accommodated within living groups Agassiz (1833-1844). Whilst some
post-Palaeozoic forms (such as hybodonts and Ptychodus) were also clearly unrelated
to any living taxa and have never been considered as closely related to them, there are
similarities between many other fossil forms and extant species. As a result many
fossil species, especially of lamniform sharks, were placed within extant genera. This
assignment of lamniform, and to a lesser extent other sharks and rays, into extant
genera continued until a large number of new genera were erected by Glickman
(1957). Although these new genera were often poorly diagnosed and figured, a
number of Cretaceous genera were accepted by Herman (1977) giving the first idea of
the true diversity of lamniform sharks in the European Cretaceous. The general
conservatism towards fossil genera has led to misconceptions such as that a close
relationship existed between Carcharocles megalodon and Carcharodon carcharias
and the converse close relationships between Otodus and Carcharocles and between
Cosmopolitodus and Carcharodon (e.g. in Applegate and Espinosa-Arrubarrena
1996).
Whilst most taxonomic study of fossil shark and ray teeth has focused on gross
morphology, tooth microstructure and ultrastructure has been invaluable in
understanding higher level taxonomic relationships. Agassiz (1833-1844) figured
sections through teeth of several shark and ray species and showed that major

differences were present in the microstructure. Glickman (1964) used differences in
tooth histology to divide sharks and rays into high level taxonomic groups. Whilst this
proved to be of limited use due to repeated convergence, it has some utility at familial
and ordinal level. Study of the microstructure of chondrichthyan enameloid, however,
proved invaluable in ascertaining the affinities of many of the more poorly understood
taxa of the Upper Palaeozoic and Triassic. Reif (1973) recognized that different
chondrichthyans possessed different microstructures, and subsequent work (e.g. Cuny
and Benton 1999 and refs. therein) allowed the separation of neoselachians from other
groups, and of the batoids from neoselachian sharks. Continued application of this
method shows there is still potential in using this method to study interrelationships
within the neoselachian sharks (e.g. Guinot and Cappetta 2011).

Detailed study of skeletal material

Whilst the skeletons of sharks and rays are rare in the fossil record, they are critical to
the understanding of the palaeobiology and phylogeny of many groups. Well
preserved skeletons representing a number of species were well known from the
Upper Jurassic of southern Germany during the 19th Century (e.g. Agassiz 1833-1844,
Münster 1842, Wagner 1862) but for the most part the descriptions of these
concentrated more on overall morphology than skeletal anatomy. The exceptional
overall preservation of shark and ray skeletons from some sites (such as Solnhofen in
Germany, sites in Lebanon and Monte Bolca in Italy) belies the lack of detail that is
often present (e.g. Kriwet and Klug 2004). The skeletons are typically crushed and
elements such as the skull difficult to interpret. In addition, the dermal covering of
denticles, and sometimes preserved soft tissue, often obscures the endoskeleton. Teeth

are often concealed below other skeletal elements and may be crushed and broken. As
a result, whilst the overall body form is readily studied, anatomical details are often
obscure and only accessible through study of a number of specimens of the same
taxon showing different preservational styles (e.g. Carvalho and Maisey 1996,
Carvalho et al. 2008). The difficulty in studying the some aspects of the skeletal
anatomy of these compressed skeletal fossils has led to a general lack of systematic
restudy of species with a generalized or conservative body outline, such as the diverse
suite of Lebanese Cretaceous batoids referred to the extant genus Rhinobatos by
Cappetta (1980), and poor understanding of the batoids in the Eocene rocks of Monte
Bolca, Italy (Jaekel 1894).

Three dimensional skeletal material of sharks and rays is even less common than
compression fossils. These fossils are also commonly in well indurated rocks that
render preparation and study difficult. Three dimensionally preserved skulls of the
Cretaceous hybodont Egertonodus and neoselachian Synechodus were described by
Woodward (1889), but the anatomical detail present in these specimens only became
apparent when the material was re-analysed by Maisey (1983, 1985).

Non-destructive penetration of specimens

As with other fossils, study of many of the more complete shark and ray specimens
has always been limited by the preparation work that has been possible to expose
parts of the skeleton from the enclosing matrix. The general fragility of the
chondrichthyan skeleton makes preparation of the specimen difficult, with prismatic
mineralised cartilage commonly partly disarticulating during decay, and being partly

broken within the rock. In addition, the lack of a solid bone surface renders acid
preparation very difficult, with individual tesserae often being liberated during the
preparation process, damaging the surface of the skeletal elements. For specimens
preserved flattened in laminated rocks, preparation of the specimens is only capable
of exposing one surface, and the detail visible is highly dependent on the orientation
of the skeleton relative to the bedding surface. Transfer preparation, where the
exposed surface of the specimen is coated in supportive resin before preparation of
the other side of the specimen, requires considerable time to be invested and has not
been used on chondrichthyan fossils to reveal their anatomy.

The advent of non destructive imaging techniques has allowed features concealed
within the matrix to be studied for the first time. X-Rays have been used as a means
of studying fossils for some time (e.g. Stürmer 1973), but this has rarely been allied to
fossil chondrichthyans. X-ray microtomography (Micro-CT) allows three dimensional
images to be generated from X-rays. With this method it is possible to produce a
rendered ‘virtual fossil’ of a specimen, even if it is partly or wholly enclosed in
matrix. This technique is most readily applied to uncrushed specimens, and has
proven critical to the study of the neurocrania of Palaeozoic chondrichthyans (e.g.
Maisey 2001). Whilst application of this method in the study of post-Palaeozoic
chondrichthyans is in its infancy, it has allowed the study of specimens that could not
be readily prepared from the matrix (e.g. Lane 2010, Claeson et al. 2013). Even
though the direct application of this method to chondrichthyans may be more limited
than in other vertebrate fossil groups, it has vast potential and allows additional
information to be extracted from specimens (Fig. 2).

Perception of the post-Palaeozoic chondrichthyan fossil record
The knowledge of the shark and ray fossil record in the 19th Century was heavily
biased towards large specimens from a small number of sites, many of them collected
commercially. As a result of that, faunas from a small number of formations from
central and northern Europe in general, and southern England in particular, dominated
the perception of the fossil record. As a result, known faunas from the Triassic and
Jurassic comprised almost entirely of medium to large hybodonts, with smaller
neoselachian sharks and rays being known primarily from the Tithonian limestones of
southern Germany. Early Cretaceous (pre Aptian) faunas comprised almost entirely of
non-marine hybodonts from the Purbeck and Wealden facies. Mid to late Cretaceous
faunas comprised of largely open marine taxa of lamniform sharks and Ptychodus;
smaller-toothed forms being largely known from diverse skeletons from Lebanon
(Davis 1887) and rare partial skeletons from Chalk facies (Woodward 1912).
Paleogene faunas were likewise known largely from lamniforms, as well as
myliobatid rays and the rostral “teeth” of pristid sawfish, with larger taxa of
carcharhinids also being well known from the Neogene. As in the Jurassic and
Cretaceous, rare whole skeletons (e.g. Jaekel 1894) gave the only insight into smaller
toothed forms, in particular diverse batoids.

This biased view of chondrichthyan diversity remained relatively unchanged until the
1960s. Although numerous new species were described from both within Europe and
elsewhere, virtually all of the new species described conformed to the same general
groupings as had been known during the previous century. In addition, little attempt
was made to apply a more rigorous analysis to the generic affinities of fossil remains,
especially of lamniforms.

Increasing use of bulk sampling and sieving during the 1970’s and 1980’s, associated
with the widespread usage of new genera erected for extinct lamniform sharks, saw
the start of a renaissance in fossil selachian study, culminating in the publication of
the first review of known genera since the 19th Century (Cappetta 1987). Subsequent
studies in both North America (e.g. Case 1987) and Europe (e.g. Müller 1989)
established the ubiquity of small shark and ray teeth in Mesozoic rocks. It is notable
that some of the richest sources of new species have been rock units that have
previously been published without inclusion of small material. One only has to
compare the species mentioned from the English Chalk by Woodward (1912) and the
recent works of Underwood & Ward (2008) and Guinot et al. (2012a,b, 2013) in order
to highlight how modern sampling and processing methods have changed our
perception of the composition of an elasmobranch assemblage. In the latter studies,
the majority of species reported are represented by teeth under five millimetres (Fig.
3), which in some samples constituted over 99% of the specimens recovered. These
small teeth include many species of carcharhiniforms, rajiforms and orectolobiforms,
all clades previously thought to be of minor significance in the Chalk. It is also
evident that rock units that have been studied for larger vertebrate remains over a very
long time period, such as the Bathonian of southern England, have recently proved to
contain diverse but previously overlooked faunas (Underwood and Ward 2004).

There have been great advances in the understanding of the taxonomy and phylogeny
of fossil sharks and rays, and it is now recognized that many of the genera that were
in common use until recently were groupings of superficially similar species,
sometimes with only very distant relationships. Continued increase in the data

available from preserved skeletal remains, used in parallel with new analyses of the
phylogeny of extant forms, is providing an integrated pattern of the development of
post-Palaeozoic chondrichthyan faunas.

Future directions

Despite the great improvements in the knowledge of post-Palaeozoic sharks and rays
over recent decades, there is still much improvement to be made. Basic taxonomic
knowledge is still best regarded as poor. Even within the most intensively studied
parts of Europe and North America, most reasonably extensive collections of shark
and ray fossils contain species that are unfigured and unnamed. It is not uncommon
for unnamed species to be in the majority, at least as far as small-toothed taxa are
concerned. Even where taxa have been described and figured, there is commonly a lot
of basic taxonomic work remaining to be done. Whilst the generic diversity of
lamniform sharks is now relatively well known, the same cannot be said of many
other shark and ray groups. Groups urgently requiring detailed reassessment of their
generic level taxonomy include hybodont sharks, especially those of the Triassic,
Jurassic orectolobiform sharks, Paleogene carcharhinid sharks, Paleogene myliobatid
and dasyatid rays, and ‘rhinobatid’ rays of all ages. Despite the requirement for a
detailed primary taxonomic knowledge for almost any applied palaeontological study,
one of the main obstacles to publishing the results of studies of this type is the low
priority placed on these essential primary taxonomic studies by institutions, funding
bodies and journals.

The rare but very significant articulated skeletal remains of Mesozoic
chondrichthyans offer vast potential for study, with batoids in particular having
undergone very little detailed reassessment. This material is likely to prove invaluable
for the construction of phylogenies when combined with phylogenetic data of modern
chondrichthyans. There are many aspects of chondrichthyan phylogenetics that
remain poorly understood, such as the Triassic and Jurassic radiations of the
neoselachians, the Cretaceous diversification of the batoids, squaliforms and
lamniforms and the Danian recovery of shark and ray faunas. Integrating data from
exceptionally preserved fossils and studies of modern taxa is likely to help improve
the understanding of these issues.

Conclusions

Shark and ray fossils typically comprise isolated teeth and other fragmentary remains,
but these can be large and conspicuous. Along with rare examples of well preserved
skeletal remains, these isolated teeth have been extensively collected and studied. In
contrast to the macroscopic remains of sharks and rays, microscopic remains, such as
the teeth of the majority of fossil shark and ray species, received very little attention
until the latter part of the 20th Century. The advent of widespread use of sieving
technology and acid digestion of carbonate rocks allowed the collection and study of
teeth and other small remains of a vast range of previously unrecognised species.

Improvements in taxonomy and detailed study of shark and ray skeletal remains have
been invaluable in placing fossil taxa within a meaningful taxonomic framework and
given a true insight into past diversity. This has been especially true of the lamniform

sharks, which are now recognised as representing an extremely diverse group, of
which only a small number of clades survive today. Further insight into the anatomy
and hence phylogenetics of fossil sharks and rays is given by non destructive methods
of studying the interior of fossil material.
The work of non-professional palaeontologists has been critical to the study of fossil
sharks and rays. Much of the investigation and early use of large scale sieving was
carried out by non-professionals, and they continue to carry out many important
studies. It should also be noted that many key specimens of sharks and rays, including
the majority of articulated skeletons, have been the product of commercial fossil
collection. Without commercial collection of material from active quarries and rapidly
eroding coastlines, a large proportion of the most significant scientific specimens
would have been destroyed.

This paper has involved a lot of input from a large number of people, notably Chris Duffin, John
Maisey and Dave Martill. Gilles Cuny and Jim Bourdon are thanked for their comments. Paul Siedlecki
is thanked for the use of the Burnhamia scan data, and the staff at the NHM Image and Analysis Centre
for scanning the specimen.
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Figure captions.

Fig. 1. Cumulative number of shark and ray species figured (including under incorrect
names) from the UK and total Europe (excluding European Russia) showing the
impact of certain publications and increase in known species since the widespread use
of sieving for small fossils. Time bins represent 5 years.

Fig. 2. Micro-CT render of the Holotype of the batoid Burnhamia davisi, showing
details of many teeth of both upper and lower jaw and the form of the jaw cartilages.
Compare this with the figure by Woodward (1889) (inset) showing just the exposed
part of the lower dentition.

Fig. 3. Maximum tooth dimension of species recorded from the British and French
Chalk by Guinot et al. 2012a, b, 2013. Records relate to the fist figure of each species
encountered. Black crosses indicate isolated dental material; grey crosses indicate
skeletal material or associated tooth sets. Note unequal time bins.

