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A new hadrosauriform dinosaur from the Wessex Formation, Wealden Group
(Early Cretaceous), of the Isle of Wight, southern England

Jeremy A. F. Lockwooda,b� , David M. Martilla and Susannah C. R. Maidmentb

aSchool of Environment, Geography and Geosciences, University of Portsmouth PO1 2DT, UK;bDepartment of Earth Sciences,
Natural History Museum, Cromwell Road, London SW7 5BD, UK

(Received 7 May 2021; accepted 4 September 2021)

A new genus and species of non-hadrosaurid hadrosauriform dinosaur,Brighstoneus simmondsigen. et sp. nov., is
described from the Lower Cretaceous Wessex Formation of the Isle of Wight. The new taxon has two autapomorphies,
a nasal having a modest nasal bulla with convex sides, and primary and accessory ridges on the lingual aspect of the
maxillary crown. The dentary has at least 28 alveolar positions, which is the highest number recorded in an ornithopod
with non-parallel sided alveoli, creating a character combination that is unique within Iguanodontia. The hadrosauriform
fauna of the Barremian–Aptian Wealden Group on both the Isle of Wight and mainland England has been represented
for almost a century by just two taxa, the robustIguanodon bernissartensisand the more gracileMantellisaurus
atherfieldensis, with referred material often being fragmentary or based on unassociated elements. This discovery
increases the known hadrosauriform diversity in England and, together with recent discoveries in Spain, suggests that
their diversity in the upper Wealden of Europe was considerably wider than initially realized. This find also has
important implications for the validity of theMantellisaurus atherfieldensishypodigm, and a reassessment of existing
material is suggested.

http://zoobank.org/urn:lsid:zoobank.org:pub:31F0D48F-C1DA-406E-A811-1F5937ED19F4

Keywords: Iguanodontia; Hadrosauriformes; diversity; Wealden Group; Lower Cretaceous; Isle of Wight

Introduction

Iguanodontia is a major clade of ornithischian dinosaurs
that originated in the Middle Jurassic (Ruiz-Ome~naca
et al. 2007) and became increasingly widespread and
diverse during the Cretaceous (McDonaldet al. 2010a).
It includesCamptosaurus, the iconicIguanodonand the
hadrosaurids and is defined by Sereno (2005) as the
most inclusive clade containingParasaurolophus wal-
keri Parks, 1922 but not Hypsilophodon foxiiHuxley,
1869or Thescelosaurus neglectusGilmore,1913.

The Wealden Group exposed on the Isle of Wight,
southern England, represents deposition in an Early
Cretaceous near coastal floodplain, spanning the
Barremian and earliest Aptian (Kerth & Hailwood1988;
Hughes & McDougall1990). Although these strata yield
fossils from a diverse range of dinosaurs, the palaeoeco-
system was dominated by large basal iguanodontians,
whose remains heavily outnumber those of other tetra-
pods (Martill & Naish2001). This iguanodontian mater-
ial is usually referred to either Mantellisaurus
atherfieldensis(Hooley, 1925), or the larger and more
robust Iguanodon bernissartensisBoulenger in Van
Beneden, 1881 (Martill & Naish 2001; McDonald
2012a; Norman 2012). Historically other names have

been proposed for this material, such asIguanodon see-
lyi Hulke, 1882 and Vectisaurus valdensisHulke, 1879,
although these are generally regarded as synonyms of
Iguanodon bernissartensis(Naish & Martill 2008) and
Mantellisaurus atherfieldensis(Norman 1990), respect-
ively. Other iguanodontian material from the dryosaurid
Valdosaurus canaliculatus(Galton, 1975) is less com-
mon (Barrett et al. 2011; Barrett 2016). The Isle of
Wight’s Wealden Group has been closely linked with
iguanodontians since the early nineteenth century, when,
in 1829, William Buckland (1835) identified a large
phalanx (OUMNH K859) from Sandown Bay as show-
ing similarities to Gideon Mantell’s then recently
described‘ Iguanodon’ (Mantell 1825). An iguanodon-
tian sacrum from Brook Bay (NHMUK PV OR37685),
then held in William Devonshire Saull’s private London
museum, was also to provide the crucial datum spurring
Richard Owen to invent the clade Dinosauria (Owen
1842; Torrens2014). Gideon Mantell also knew the Isle
of Wight well and produced a comprehensive guide-
book, Geological excursions round the Isle of Wight,
which included a section on‘ Iguanodon’ (Mantell
1847). Here, he alluded to some of the problems in
dealing with material from the Isle of Wight.“The
quantity of bones collected from the seashore… is
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very considerable … and must have belonged to
between 150 and 200 individuals… though from their
abraded and mutilated condition, but few of the speci-
mens were instructive” (Mantell 1847, p. 310). That par-
ticular problem remains to this day. The gradual
exposure of the bone-bearing horizons and the destruc-
tive nature of marine erosion frequently leads to epi-
sodic finds of isolated and fragmentary material, which
are then often collected by different individuals, a pro-
cess that obscures the fact that in many casesin situ
material might have been articulated or at least associ-
ated. The perception that the bones of large iguanodon-
tians are plentiful on the Isle of Wight is certainly true,
but associated material in public collections, especially
from the cranium, is rare. In addition, the informal attri-
bution of larger material to eitherMantellisaurus athe-
rfieldensis or Iguanodon bernissartensisis commonly
based on little more than the relative size and robustness
of the bones rather than on autapomorphies or viewing
the bone in the context of associated material, while
smaller examples, especially from character-poor regions
of the skeleton such as the axial column and distal
limbs, are currently difficult to distinguish from dryo-
saurids. These factors, when combined with poorly
refined stratigraphy, may well be obscuring a wider
diversity in populations with low disparity or evolving
through phyletic gradualism. Here, we describe an asso-
ciated partial skeleton from the Wessex Formation,
which, although incomplete, has several character-rich
cranial and postcranial elements that allow its interpret-
ation as a new, large hadrosauriform. This represents
the first discovery of a well-characterized, novel hadro-
sauriform taxon from the Isle of Wight in the one hun-
dred years since Hooley obtained the skeleton of
Mantellisaurus atherfieldensisin 1914 (Hooley 1917).
This has important implications for the interpretation of
material currently referred toMantellisaurus atherfiel-
densis and for our understanding of hadrosauriform
diversity in the Barremian–Aptian non-marine sequences
in Britain and other European countries.

Institutional abbreviations

AMNH , American Museum of Natural History, New
York City, NY, USA; CEUM, College of Eastern Utah
Prehistoric Museum, Price, UT, USA;GDF, Fossils
from the Gadoufaoua locality stored at the Mus�ee
National du Niger, Niamey, Niger;IWCMS , Isle of
Wight County Museum Service (MIWG , Museum of
Isle of Wight Geology, was also used for accessions
prior to 1994), Dinosaur Isle Museum, Isle of Wight,
UK; MAP, Museo Aragon�es de Paleontolog�õa
(Fundaci�on Conjunto Paleontol�ogico de Teruel-

Din�opolis), Teruel, Spain;NHMUK , Natural History
Museum, London, UK;OUMNH , Oxford University
Museum of Natural History, Oxford, UK; PIN,
Palaeontological Institute Nauk, Moscow, Russia;
SBDE, The Sino-Belgian Dinosaur Expedition, stored at
the Inner Mongolian Museum, Hohhot, China;SMU,
Southern Methodist University, Shuler Museum of
Paleontology, Dallas, TX, USA;USNM, National
Museum of Natural History, Washington, DC, USA;
XMDFEC , Xixia Museum of Dinosaur Fossil Eggs of
China, Xixia, China; YHZ , Yizhou Fossil Museum,
Yixian City, China;YPM, Yale Peabody Museum, New
Haven, CT, USA;ZMNH , Zhejiang Museum of Natural
History, Zhejiang, China.

Geological setting

The Wealden Group on the Isle of Wight (Fig. 1) com-
prises two distinct formations. The older Wessex
Formation is composed primarily of varicoloured over-
bank mudstones and siltstones with interbedded fluvial
sandstones, and represents deposition in a meander-belt,
fluvio-lacustrine setting (Stewart1978). The overlying
Vectis Formation, represented by argillaceous deposits
and occasional interbedded sandstone and shelly lime-
stones, was deposited predominantly in a shallow

Figure 1. A, the south coast of England;B, an enlarged view
of the Isle of Wight (scale bar¼5 km). Arrow labelled MIWG
6344 marks the locality of theBrighstoneus simmondsigen. et
sp. nov. excavation site.
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coastal lagoon of fluctuating salinity (Radley & Barker
1998, 2000; Radley et al. 1998; Fig. 2). The Wessex
Formation also contains plant debris beds (sensu
Oldham 1976; see Sweetman & Insole2010) that,
although a tiny fraction of the overall succession (Fig.
2), are the main sources of dinosaur and other vertebrate
fossils on the Isle of Wight. Sweetman & Insole (2010,
p. 409) interpreted these beds as representing a“ locally
generated sheet flood, which was then transformed on
the floodplain into a debris flow by the acquisition of
localised surface material” .

The Wealden Group is well-exposed on the south-
west coast of the Isle of Wight with a smaller exposure
on the east coast at Yaverland (Fig. 1). These exposures
form the cores of two anticlines, one centred on
Brighstone Bay and the other on Sandown Bay.
Estimates vary but the Wessex Formation on the Isle of
Wight is approximately 180 m thick (Stewart1978) and
the Vectis Formation is 40 m or more (Radley &
Barker1998).

The central core of the Brighstone anticline lies to the
west of Sudmoor Point and has been placed close to
Hanover Point at the so called‘Pine raft’ , a collection
of fossilized logs of the coniferPseudofrenelopsis
(Robinson & Hesselbo2004), although much of this has
now been destroyed by storms. The exposed core of the
Brighstone anticline is composed of variegated mud-
stones, which are poorly correlated across the Isle of
Wight. The strata at Hanover Point represent the oldest
units of the exposed Wealden Group, although using
borehole data Falcon & Kent (1960) showed that the
Wealden Group on the Isle of Wight reaches a total
thickness of 592 m. The lack of volcanics and biostrati-
graphically useful fossils has hampered accurate dating;
however, studies including palynological evidence sug-
gest that the exposed Wessex Formation on the Isle of
Wight is entirely Barremian in age (Hughes &
McDougall 1990; Allen & Wimbledon 1991), while car-
bon-isotope stratigraphy places the‘Pine Raft’ within
Chronozone CM3 (Robinson & Hesselbo2004) and just
above the Hauterivian–Barremian boundary. Studies on
the overlying Vectis Formation show that the
Barremian–Aptian boundary lies within the Shepherds
Chine Member, which forms the youngest unit of the
formation (Kerth & Hailwood 1988; Robinson &
Hesselbo2004).

The palaeoenvironment has been interpreted as a
sequence of alluvial meander plains, that overran the
Wessex Sub-basin (Allen1998), together with season-
ally ephemeral lakes and ponds (Martill & Naish2001).
The climate was variable‘Mediterranean’ and the differ-
entiated palaeosols that dominate the succession show
swelling and shrinkage features typical of modern,

warm, semi-arid areas (Allen1998). The uneven growth
rings in the locally abundant coniferPseudofrenelopsis
paraceramosaalso indicate a probable annual change
from hot-drier to cool-wetter weather of a
Mediterranean type rather than monsoonal (Francis
1987), but still with times of considerable precipitation.
Higher ground to the north had forested areas of pino-
phytes and ginkgophytes, with pteridophytes, cycado-
phytes and angiosperms also present (Sweetman &
Insole 2010, and references therein). Forest fires and
floods were common, depositing plant debris into the
basin (Sweetman & Insole2010). High-sinuosity rivers
in the basin would have provided for a rich riparian eco-
system (Sweetman2011), while the locality more gener-
ally provided a diversity of habitats, which appeared
stable until the late Barremian, when marine influences
became more pronounced.

Systematic palaeontology

Dinosauria Owen,1842
Ornithischia Seeley,1887
Ornithopoda Marsh,1881
Iguanodontia Dollo, 1888

Ankylopollexia Sereno,1986
StyracosternaSereno,1986

Hadrosauriformes Sereno,1997
Brighstoneusgen. nov.

Etymology. Brighstoneusis named after the village of
Brighstone on the Isle of Wight, which is close to the
excavation site and was home to the Reverend William
Fox, a celebrated Victorian fossil collector whose dis-
coveries had a major impact on early dinosaur-
ian research.

Type species.Brighstoneus simmondsigen. et sp. nov.

Diagnosis.As for type and only species (see below).

Locality and horizon. Wessex Formation, early
Barremian, Lower Cretaceous. MIWG 6344 was exca-
vated during 1978, from a plant debris bed (L9 of
Stewart1978) to the west of Grange Chine on the south
coast of the Isle of Wight (Fig. 2).

Comment on association.The skeleton was found asso-
ciated with one of the UK’s most complete theropods,
Neovenator saleriiHutt et al., 1996 (MIWG 6348;
Brusatteet al. 2008). Both individuals were contained,
with some overlap, in an area of� 3 � 6 m. There was
no articulated material, but preservation was consistent
across individual elements and there was no replication
of material or other iguanodontian material found during
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the excavation. The material was stored at the Museum
of the Isle of Wight Geology, who were also involved
in the excavation. The then curator is confident that the
material was associated (S. Hutt, pers. comm. 2021).
Some photographs and drawings of the site are included
in Supplementary material(Figs S1–S5) and hard copies
of other contemporaneous records have been acces-
sioned under MIWG 6344.

Comment on stratigraphy. The base of the Barremian
stage within the Wessex Formation lies west of
Sudmoor Point and has been dated to 126.5 Ma (Gale
et al. 2020), while the Barremian–Aptian boundary at
the base of Chron M0, on the basis of dates from
Svalbard (Zhanget al. 2019), is given as 121.4 Ma
(Gale et al. 2020). This gives the Barremian a duration
of approximately 5.1 Ma compared to earlier estimates

Figure 2. Generalized stratigraphical log modified from Allen & Wimbledon (1991). Schematic lithological logs of Wealden
exposure between Sudmoor and Atherfield on the Isle of Wight showing sites ofBrighstoneus simmondsigen. et sp. nov. (MIWG
6344) and theMantellisaurus atherfieldensisholotype (NHMUK PV R5764). Adapted from Sweetman (2007). Abbreviations: Mbr ,
member;SS, sandstone.
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of 4.5 Ma based on phosphorus burial rates (Bodinet al.
2006). The Mantellisaurus atherfieldensisholotype was
found following a cliff fall from the Shepherds Chine
Member of the Vectis Formation in 1914 (Hooley1925)
and was probably from earliest Aptian strata, making it
approximately 4.0 Ma younger thanBrighstoneus sim-
mondsi, assuming uniform depositional rates.

Brighstoneus simmondsigen. et sp. nov.
(Figs 3–22, 24)

Etymology. The specific name honours Mr Keith
Simmonds who made the discovery of the specimen.

Holotype. MIWG 6344, a partial skeleton composed of
the following elements: dorsal process of right premax-
illa; both maxillae; both jugals; left palpebral; left nasal;
both dentaries; predentary; one transitional dorsal and
seven dorsal vertebrae; sacrum; six caudal vertebrae;
dorsal ribs, nine from the left side and five from the
right side; both ilia; right ischium; possible prepubic
process; and the right femur. Some parts of the same
individual (including two dorsal vertebrae and other
fragments) remain in private ownership and are not
described herein.

Diagnosis.Differs from all other iguanodontians by pos-
sessing the following autapomorphies and unique com-
bination of characters (autapomorphies indicated with an
asterisk): maxillary crowns possessing both a primary
ridge and mesially placed accessory ridges on the lin-
gual surface� ; nasal expanded postnarially to produce a
modest nasal bulla with convex lateral walls� . A charac-
ter combination of at least 28 dentary tooth positions in
a dentary with one active crown and one replacement
tooth for each position and non-parallel alveolar septa.

In addition, Brighstoneuscan be distinguished from
other Barremian–Aptian Wealden Group iguanodontians
by possession of the following combination of features:
ratio of precoronoid length of the dentary to minimum
depth> 6.0; coronoid process projects at approximately
90� with respect to the dorsal margin of dentary; bilobed
‘heart-shaped’ ventral predentary process with promin-
ent anterior denticles with concave mesial and distal
edges; posteriorly positioned maxillary ascending pro-
cess in lateral view with length of the anterior section
approximately twice the length of the posterior section;
prominent anterodorsal process present on maxilla;
anterior (maxillary) process of jugal relatively long
(60% of overall length) and tapers distally to form a tri-
angular ending; ventral section of the posterior margin
of the jugal (heel) projects posteriorly to form a spur-
like feature; in dorsal view the jugal is straight; ventral
border overlapped by maxillary process of premaxilla;

anteroventral nasal process forms posteroventral margin
of external narial opening; ventral surface of ischiadic
peduncle of ilium parallel with the anteroventral margin
of the postacetabular process; ischiadic peduncle of
ilium has flat lateral wall with no pronounced postero-
lateral boss; ventral shelf at base of iliac preacetabular
process weakly developed; dorsoventrally deep preace-
tabular process with little or no axial twist; deep and
short iliac central plate with ratio of depth to length
> 1.2.

Description

Overall, MIWG 6344 is excellently preserved with little
distortion or crushing (measurements are available in
the Supplementary material). Many of the bones exhibit
unusual eroded areas, which have left smooth,‘scooped
out’ regions extending down to and including the
internal trabecular bone. Some of these areas are par-
tially covered by the original sediment, suggesting these
features formed prior to, or soon after, burial. It is
unlikely that this damage resulted from prolonged sub-
aerial exposure as the cortical surface is generally well
preserved (Behrensmeyer1978). As many of these
eroded features are associated with highly cartilaginous
regions, it is possible that they are examples of inverte-
brate bioerosion, potentially by isopterans (Brittet al.
2008, and references therein; Huchetet al. 2011), which
are known from the Wealden Group (Jarzembowski
1981). The term‘eroded’ is used in the descriptive text
to indicate these areas. There is also evidence, particu-
larly on the ribs, of shallow circular pits varying
between 2–4 mm in diameter, which might represent
dermestid beetle activity (Brittet al. 2008).

Premaxilla
Only the dorsal (nasal) process of the right premaxilla is
preserved, but without its posterior-most tip (Fig. 3). In
lateral view, the fragment has a long mediolaterally thin
process, which is gently curved, convex dorsally and
gradually tapers as it extends posteriorly. The lateral
surface is rounded and grooved in the posterior three-
fifths of its length for contact with the anterodorsal pro-
cess of the nasal (Fig. 3A: this area is described as
‘bevelled’ in Mantellisaurus atherfieldensisrather than
grooved: Norman1986). Anteriorly the ventral margin
curves ventrally forming a thin blade of bone, which is
incomplete but would have contributed to the internarial
septum. The medial surface of the dorsal process is flat
for articulation with its antimere.

New hadrosauriform from the Isle of Wight 5
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Maxilla
Both maxillae are present, with the left being the better
preserved. The left maxilla (Fig. 4) is almost complete,
although it has lost parts of the anterior ends of the
anteroventral and anterodorsal processes. Between the
anterior processes a fragment of bone has been glued
into a position that is probably anatomically incorrect
(Fig. 4A, C). The ascending process is almost complete,
having a thin fractured margin, but preserving the
groove for reception of the maxillary process of the pre-
maxilla. The maxilla has been subjected to minor trans-
verse lateral compression that has slightly relocated the
incomplete jugal process medially.

The maxilla is a robust bone but is relatively thinner
in dorsal and ventral views than that ofMantellisaurus
atherfieldensis(NHMUK PV R5764). Its general shape
in lateral view is of an anteroposteriorly expanded tri-
angle. The apex is directed dorsally as the ascending
process but is situated in a markedly posterior position,
and if complete the section anterior to this process
would have been approximately twice the length of the
posterior section. A ratio of� 2.0 or higher is also seen
in Altirhinus kurzanovi (2.1: Norman 1998),
Zhanghenglong yangchengensis(2.3: Xing et al. 2014),
Protohadros byrdi (2.3: Head 1998), Proa valdearin-
noensis(2.4: McDonaldet al. 2012a) andOuranosaurus
nigeriensis(2.6: Taquet1976). In contrast the ratio is
1.4 in Mantellisaurus atherfieldensis(NHMUK PV
R5764). In lateral view the ventral edge of the maxilla
is shallowly concave, the tooth row being almost
straight for most of its length. There are 29 tooth posi-
tions: most of the alveoli are empty but two established
and two emerging replacement crowns are present (see
below). In ventral view the tooth row is straight for
most of its length but posteriorly the last quarter curves
laterally. The bone preservation of the lateral surface is
better in the right maxilla, which has eight small

nutrient foramina (1–3 mm in diameter) that open ante-
rolaterally and form an anteroposteriorly orientated row
in the ventral half of the maxilla. Anteriorly, the ventral
surface of the maxilla forms an anteroventral process
that, although incomplete, follows the curve of the tooth
row and tapers anteriorly in lateral view. The first alveo-
lus is situated at the base of this process, anterior to
which the process is edentulous. Although the area dor-
sal to the anteroventral process has suffered some dam-
age, a prominent anterodorsal process is present.
Posteriorly the transverse cross-section of this process is
triangular with a gently dorsoventrally concave lateral
surface, a flat ventromedial surface and a dorsomedial
surface that is roughened and has a longitudinal groove
in its posterior section. Extending anteriorly, the process
becomes increasingly compressed transversely to form a
thin blade, whose end is missing. Possession of an ante-
rodorsal process is considered ancestral for Archosauria
(Wagner & Lehman2009) and has been employed as a
character in iguanodontian phylogeny (e.g. Sues &
Averianov 2009; Xing et al. 2014; McDonald et al.
2017). Its presence has been used to distinguish
Saurolophinae from Lambeosaurinae (Wagner &
Lehman2009), but it is also present in non-hadrosaurids
such as Altirhinus kurzanovi (Norman 1998),
Bactrosaurus johnsoni(Godefroitet al. 1998), Eolambia
caroljonesa (CEUM 35492: McDonaldet al. 2012b)
and Gilmoreosaurus mongoliensis(Prieto-M�arquez &
Norell 2010), and is especially prominent in
Protohadros byrdi(Head1998).

The anterior and posterior dorsal edges of the lateral
wall of the maxilla meet to form the apex of the trans-
versely compressed ascending process. The jugal pro-
cess arises from the base of the posterior edge of the
ascending process (Fig. 4A, D). The trough between the
jugal process and lateral body of the maxilla expands
posteriorly to form a mediolaterally broad ectopterygoid
shelf. When viewed dorsally the posterior maxilla is
more ovoid (long axis anteroposterior) and the medial
wall more convex than inMantellisaurus atherfieldensis
(NHMUK PV R5764). Below the apex of the ascending
process and situated posteriorly is a depressed area,
which would presumably have contributed to the antor-
bital fenestra and might have formed a small antorbital
fossa (Fig. 4A). This depressed area is also present in
Iguanodon bernissartensis (Norman 1980),
Mantellisaurus atherfieldensis(NHMUK PV R5764),
Ouranosaurus nigeriensis(Taquet1976), Camptosaurus
dispar (Gilmore 1909) and Bolong yixianensis(Wu &
Godefroit 2012). There is no evidence of an antorbital
fenestra in Altirhinus kurzanovi (Norman 1998) or
Jinzhousaurus yangi(Wang & Xu 2001; Barrett et al.
2009) and this feature is not described inEquijubus

Figure 3. Brighstoneus simmondsigen. et sp. nov. (MIWG
6344), right dorsal process of premaxilla inA, lateral andB,
medial views.C, cross-section at anterior end.Abbreviations:
gr, groove for anterodorsal process of nasal;ins, internarial
septum; lat, lateral; med, medial; na, external naris.
Scale bar¼50 mm.
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normani (McDonald et al. 2014). Anteriorly, the lateral
part of the dorsal surface is furrowed to form the pre-
maxillary groove for contact with the premaxilla (Fig.
4A, B). Medially the maxilla has a vertical surface that

has an elongate rectangular outline with the ascending
process rising above its dorsal edge. Above the tooth
row is a concave arcade of circular special foramina
(sensuEdmund 1957) or replacement foramina (sensu

Figure 4. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), left maxilla inA, lateral, B, dorsal,C, medial andD, ventral
views. Abbreviations: adp, anterodorsal process;aod, antorbital depression;ap, ascending process;avp, anteroventral process;eps,
ectopterygoid shelf;frag, fragment of bone, probably erroneously placed;jp, jugal process;ms, medial shelf;pmg, premaxillary
groove;sf, special foramina. Scale bar¼100 mm.
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Jin et al. 2010), the curve of which is considerably
deeper than the ventral edge (Fig. 4C). Between the spe-
cial foramina and the tooth row the bone is thin with a
textured surface and forms the alveolar parapet.
Dorsally there is a medial shelf that is damaged anteri-
orly but appears to have a rounded edge.

Nasal
Only the left nasal is preserved (Fig. 5). It is undistorted
but broken at both ends, so missing the posterior articu-
lation for the frontal and prefrontal. The nasal is elong-
ate anteroposteriorly, relatively broad and convexly
curved mediolaterally so that with its antimere the exter-
nal surface formed a vault over the nasal cavity.

Anteriorly the nasal is divided into two processes.
The anterodorsal process is dorsoventrally deeper in lat-
eral view than the anteroventral process. The anterodor-
sal section, which articulated with the dorsal process of
the premaxilla, is incomplete but the area that contrib-
uted to the posterior margin of the external naris is
intact. The base of the anteroventral process is present
showing that the nasal also made a contribution to the
posteroventral margin of the external naris. There is no
anteroventral process inIguanodon bernissartensis
(Norman1980), Mantellisaurus atherfieldensis(Norman
1986), Protohadros byrdi (Head 1998), Bactrosaurus
johnsoni (Godefroit et al. 1998), Equijubus normani
(McDonald et al. 2014) or Gobihadros mongoliensis
(Tsogtbaataret al. 2019). In hadrosaurids an anteroven-
tral process is usually present, for example in
Maiasaura peeblesorumand Gryposaurus notabilis
(Prieto-M�arquez & Norell 2010) and is particularly
prominent in Brachylophosaurus canadensis(Prieto-
M�arquez 2001) and Edmontosaurus annectens
(Campione & Evans2011). Among non-hadrosaurid
hadrosauriforms, an abbreviated anteroventral process is
present in Altirhinus kurzanovi (Norman 1998), with
longer processes inOuranosaurus nigeriensis(Taquet
1976), Jinzhousaurus yangi(Wang & Xu 2001; Barrett
et al. 2009) and Bolong yixianensis(Wu & Godefroit
2012). The posterior margin of the external naris is
almost straight and posteroventrally orientated. The ven-
tral border of the lateral surface of the nasal has a shal-
lowly bevelled surface (Fig. 5C, E) and presumably
underlapped the maxillary process of the premaxilla as a
scarf joint, although anteriorly there is also a slight
groove along the dorsal edge of this surface. The nasals
of Gobihadros mongoliensisand Choyrodon barsboldi
have a grooved ventrolateral surface (Tsogtbaataret al.
2019) and both appear to underlap the posterolateral
process of the premaxilla;Bactrosaurus johnsoni
(Godefroit et al. 1998) and Altirhinus kurzanovi
(Norman1998) are grooved along their ventral borders.

The medial border of the dorsal surface is grooved
anteriorly inBrighstoneus simmondsi, presumably where
it articulated with the dorsal process of the premaxilla,
but tapers to a thin blade posteriorly that most likely
formed a simple butt joint with its antimere (see
Weishampel1984) as in Altirhinus kurzanovi(Norman
1998) and Jinzhousaurus yangi(Barrett et al. 2009),
although in Ouranosaurus nigeriensisthe nasals are
asymmetrical with one having a blade and the other a
groove along the dorsal edge (Taquet1976).

When viewed laterally in life position the dorsal bor-
der of the nasal is sinusoidal and forms a distinct anter-
ior convexity with the most dorsal part of the curve
situated posterior to the posterior border of the external
naris. The section of the lateral wall of the nasal, poster-
ior to the naris, is slightly convex in ventral view.
Collectively these features would have produced a
rounded bulge and formed a distinct step between the
anterior and posterior sections of the nasal (Fig. 5E).
This is less prominent but similar in shape and position
to the nasal bulla of the iguanodontian
Muttaburrasaurus langdoni (Bartholomai & Molnar
1981), although in Muttaburrasaurusthe lateral walls
are slightly concave. A high arched region, dorsal to the
posterior narial, is also seen inAltirhinus kurzanovi
(Norman 1998), Choyrodon barsboldi (Gates et al.
2018) and in some hadrosaurids, for example
Gryposaurus notabilis(Lambe 1914) and Kritosaurus
navajovius (Brown 1910). Ouranosaurus nigeriensis
also has a rounded protuberance, but this is situated
more posteriorly on both nasals, just anterior to the
suture for the frontals (Taquet 1976), while
Jinzhousaurus yangihas mediolaterally convex nasals
with a sagittal depression between them (Barrettet al.
2009), a feature also seen inAltirhinus kurzanovi
(Norman 1998) and Choyrodon barsboldi(Gateset al.
2018). There is no evidence of a sagittal trough in
Brighstoneus simmondsi. Temporal and geographical
separation, together with the pattern of phylogenetic
relationships and variety of morphologies in these exam-
ples, suggests that nasal ornamentation evolved inde-
pendently on several occasions in iguanodontids. This
feature also appears to be unique among the Wealden
Group iguanodontids.

Jugal
Both jugals are preserved and are almost complete (Fig.
6). The dorsal sections of the postorbital process and the
process overlapping the quadratojugal are broken.

It is a triradiate bone with an anteriorly directed max-
illary process, a central dorsally projecting postorbital
process and a posterior dorsally projecting quadratojugal
process. Both jugals are very straight and narrow in
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dorsal view (Fig. 6E, F) compared toMantellisaurus
atherfieldensis(NHMUK PV R5764), which is laterally
convex with a relatively wider orbital shelf.

The maxillary process in lateral view occupies 60%
of the total length of the jugal (ratio of length anterior
to midpoint of postorbital process/maximum length¼
0.60). This ratio varies considerably in iguanodontians,
from 0.29 in Xuwulong yueluni(You et al. 2011) and
0.33 in Iguanodon bernissartensis(Norman 1980) to
0.56 in Mantellisaurus atherfieldensis(NHMUK PV R
5764) and 0.62 inOuranosaurus nigeriensis(Taquet
1976). However, in most hadrosauriforms including
hadrosaurids this ratio ranges between 0.40 and 0.54.
For example, Altirhinus kurszanovi (0.46: Norman
1998), RBINS R57 (0.52: Norman1986), Equijubus
normani (0.49: You et al. 2003), Eolambia caroljonesa
(0.48: McDonald et al. 2012b), Brachylophosaurus

canadensis (0.51: Prieto-M�arquez 2001) and
Gryposaurus latidens(0.48: Prieto-M�arquez2012). The
maxillary process in lateral view is gently curved with a
convex ventral margin and a concave dorsal margin.
The process is quite gracile and lacks the dorsoventral
expansion seen in many hadrosauriforms, such as those
present inProbactrosaurus gobiensis(Norman 2002);
Eolambia caroljonesa(McDonald et al. 2012b) and
Gobihadros mongoliensis(Tsogtbaatar et al. 2019),
instead the anterior dorsal margin slopes anteroventrally
to join the ventral margin as a point. This slope forms a
facet for articulation with the lacrimal. A maxillary pro-
cess with a pointed end, lacking dorsoventral expansion,
is also seen inAltirhinus kurzanovi (Norman 1998),
Batyrosaurus rozhdestvenskyi(Godefroit et al. 2012),
Dakotadon lakotaensis(Weishampel & Bjork1989) and
Choyrodon barsboldi(Gateset al. 2018). The maxillary

Figure 5. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), left nasal inA, ventromedial (internal surface),B, dorsolateral
(external surface),C, ventral,D, dorsal,E, lateral (in life position) andF, anterior views.Abbreviations: adp, anterodorsal process;
avp, anteroventral process;bev, bevelled surface;bull , nasal bulla;grdp, groove for dorsal process of the premaxilla;grmp, groove
for maxillary process of the premaxilla;na, external naris. Scale bar¼100 mm.
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process of the jugal inMantellisaurus atherfieldensis
(NHMUK PV R 5764) is not dorsoventrally expanded
but has a much blunter, less tapered anterior end, albeit
with some damage ventrally. Medially the maxillary
process is deeply excavated to form an anteroposteriorly
elongate facet with a roughened surface for reception of
the finger-like jugal process of the maxilla. The jugal is
expanded medially at the posterior end of the maxillary
facet to form a buttress (Fig. 6E, F) for the distal end of
the jugal process of the maxilla. Posterior to the maxil-
lary facet is a posterodorsally orientated ridge that sepa-
rates the facet from a shallow oval fossa for the
ectopterygoid. Between the maxillary and postorbital
processes, the dorsal surface is concave in lateral view
and provided a shelf, forming the ventral margin of the
orbit. The orbit is bounded posteriorly by the postorbital
process, which is long, straight and ascends

perpendicular to the main axis of the jugal body.
Dorsally it develops an anterolaterally facing facet for
suture with a reciprocal facet on the jugal process of the
postorbital. Between the postorbital process and the
quadratojugal process is a‘U’-shaped embayment that
forms the ventral border of the lateral temporal fenestra.
On its medial surface, the posterior and ventral margins
of the fenestra have a subtle, smooth and shallowly con-
vex rolled edge (Fig. 6B, C), which is not readily appar-
ent in other hadrosauriforms, includingMantellisaurus
atherfieldensis(NHMUK PV R 5764), Eolambia caro-
ljonesa(McDonaldet al. 2012b) andSirindhorna khora-
tensis(Shibataet al. 2015).

The right jugal has a nutrient foramen� 1 mm in
diameter, located medially below the ventral border of
the fenestra and postorbital process, while on the left
jugal two foramina are present (with diameters of 4 mm

Figure 6. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344). Left (A, B) and right (C–F) jugals in A, lateral, B, medial, C,
medial,D, lateral,E, ventral andF, dorsal views.Abbreviations: bu, buttress;epf, ectopterygoid facet;ls, lacrimal suture;ltf , lateral
temporal fenestra;mxs, maxillary suture;orb, orbit; os, orbital shelf; pop, postorbital process;qjs, area of suture with the
quadratojugal;re, rolled edge. Scale bar¼50 mm.
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and 2 mm). The presence or absence of a relatively large
foramen ventral to the postorbital process is a character
used by McDonaldet al. (2017: character 51), but the
configuration in Brighstoneus simmondsisuggests that
there may be considerable individual variation in this
feature, perhaps calling into question its phylogen-
etic utility.

In lateral view, the ventral border of the jugal is sinu-
ous, being concave ventral to the postorbital process and
convex ventral to the maxillary and quadratojugal proc-
esses, the latter forming the ventral flange of the quadra-
tojugal process (Fig. 6). The posterior border of the
quadratojugal process is slightly concave in its ventral
half, although the posteroventral corner of the ventral
flange is developed posteriorly and forms an angular
heel-like expansion, although damage makes the full
extent of this unknown. Posterior expansion of the ven-
tral flange is seen inCamptosaurus dispar(Gilmore
1909), Equijubus normani (McDonald et al. 2014:
where it is spur-like),Zalmoxes robustus(Weishampel
et al. 2003) and Z. shqiperorum(Godefroit et al. 2009),
although inZalmoxesspp. this is due to the presence of
a posterior quadratojugal recess that is not present in
other iguanodontians. On the medial surface of the pos-
terior process a faint ridge extends anteroposteriorly,
slightly ventral to the ventral margin of the lateral tem-
poral fenestra. Above this is a roughened area that pre-
sumably denoted the area of overlap with the
quadratojugal, although this is neither as deeply marked
nor as well-defined as inMantellisaurus atherfieldensis
(NHMUK PV R 5764), Altirhinus kurzanovi(Norman
1998), Probactrosaurus gobiensis(Norman 2002) or
Zalmoxes robustus(Weishampel et al. 2003). Faint
muscle scars are present on the medial surface of the
heel area.

Palpebral
Only the left palpebral is preserved (Fig. 7). It is largely
complete although the posterior tip is a recent fracture,
so it is unknown whether an accessory palpebral was
present. An accessory palpebral is known inIguanodon
bernissartensis(Norman1980) and Jinzhousaurus yangi
(Barrett et al. 2009). Anteriorly the palpebral has an
ovate and anteroposteriorly concave articular surface
that faces anteromedially, presumably for articulation
with the convex surface of the prefrontal. It extends pos-
teriorly as a tapering process that is almost straight and
dorsoventrally compressed in lateral view but broader
and curved with concave internal and convex external
surfaces in dorsal and ventral views. The ventral and
medial surfaces are smooth, but the lateral and dorsal
surfaces are rugose. The posterior rim of the articular
surface is expanded medially, forming a process that

stands proud of the main body of the palpebral (Fig.
7A, C), such that when articulated the body of the pal-
pebral would have been raised clear of the prefrontal
and postorbital. A similar palpebral is found in RBINS
R57 (formerly known as IRSNB 1551: Norman1986),
Ouranosaurus nigeriensis(Taquet1976), Altirhinus kur-
zanovi (Norman 1998), Bactrosaurus johnsoni
(Godefroit et al. 1998), Bolong yixianensis(Wu &
Godefroit 2012), Gobihadros mongoliensis(Tsogtbaatar
et al. 2019) and Xuwulong yueluni(You et al. 2011).
The body of the palpebral is more rod-like in
Tethyshadros insularis(Dalla Vecchia2009) and it has
been suggested that it became fused with the prefrontals
in hadrosaurids (Marya�nska & Osm�olska1979).

Predentary
The predentary is exceptionally well preserved but
slightly compressed transversely (Fig. 8). In dorsal view
it has a horseshoe-shaped outline, with the convex anter-
ior section overlying the dentary symphysis, and almost
parallel lateral processes extending posteriorly, which
curve slightly medially in their distal portions. This is
similar to the ‘U’ -shape seen in all non-hadrosaurid
hadrosauriforms except forProa valdearinnoensis
(McDonald et al. 2012a), in which the sides diverge

Figure 7. Brighstoneus simmondsigen. et sp. nov. (MIWG
6344), left palpebral inA, ventral,B, medial,C, dorsal andD,
lateral views. Abbreviations: apf, articular surface with
prefrontal;mp, medial process;rug, rugosity. Scale bar¼50 mm.

New hadrosauriform from the Isle of Wight 11



posteriorly and form a‘V’ -shaped angle of� 50� anteri-
orly. The ventral surface is bevelled and fits against a
groove on the anterior dentaries. The lingual surface has
a rough texture compared to the smooth ventral and lat-
eral surfaces. There is no posteriorly projecting dorso-
medial process extending in the sagittal plane from the
posterodorsal surface of the ventral process, nor a dorso-
medial process arising from the distal lateral processes.
A dorsomedial process is known inEotrachodon orien-
talis (Prieto-M�arquez et al. 2016), Plesiohadros dja-
dokhtaensis (Tsogtbaatar et al. 2014), Proa
valdearinnoensis (McDonald et al. 2012a),
Iguanacolossus fortis(McDonald et al. 2010a) and
Bayannurosaurus perfectus(Xu et al. 2018), and on the
distal lateral processes inGobihadros mongoliensis

(Tsogtbaataret al. 2019) and Plesiohadros djadokhtaen-
sis (Tsogtbaataret al. 2014). However, inBrighstoneus
simmondsia midline process arises from the ventral sur-
face and projects posteriorly as a bilobed‘heart-shaped’
structure, which has a similar morphology to the process
in Proa valdearinnoensis(McDonald et al. 2012a) and
Bayannurosaurus perfectus(Xu et al. 2018). It is likely
that this would have enclosed the ventral surfaces of the
dentaries, thereby bracing the symphysis. The lateral
walls of the predentary curve convexly dorsoventrally,
while anteriorly the surface is flatter and directed ante-
rodorsally forming a slope of� 45� . The entire occlusal
margin is highly irregular, with five prominent denticles
anteriorly, the central one situated sagittally. These den-
ticles are pointed and prominent with distinct concave

Figure 8. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), predentary inA, dorsal,B, anterior,C, left lateral,D, ventral and
E, right lateral views.Abbreviations: d, denticle;fo, foramina;vg, vascular groove;vp, ventral process. Scale bar¼50 mm.
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mesial and distal edges, giving the interdenticle spaces a
circular appearance. More posteriorly, some of the
irregularity probably represents much smaller denticles.
Prominent anterior denticles are reported widely across
Iguanodontia fromTenontosaurus dossi(Winkler et al.
1997) to hadrosaurids, for exampleEotrachodon orien-
talis (Prieto-M�arquezet al. 2016). Below the occlusal
margin is a series of foramina. The largest of these fora-
mina are situated anteriorly on either side of the median
denticle and, although the area has some damage, there
appear to be ventrally directed vascular grooves associ-
ated with them.

Dentary
Both dentaries are preserved with little distortion (Fig.
9). The left dentary has a damaged and incomplete sym-
physis. In lateral view, the dentary forms an elongate
rectangle that is ventrally deflected anteriorly. The dor-
sal edge of the dentary is straight apart from anteriorly
where it initially curves convexly. The ventral edge in
lateral view forms a gentle concave arc so that the depth
of the dentary is lowest in the central section and great-
est in the anterior and posterior sections. The posterior-
most part of the ventral margin is missing in
both dentaries.

Anteriorly the ventral deflection of the dentary twists
so that its medial wall faces dorsally, while also curving
medially to meet its antimere at the symphysis. When
viewed laterally the anterior margin of the ventrally
deflected section is slightly concave. In dorsal view, the
medial margin of the symphysis and the lateral margin
of the dentary diverge posteriorly. Ventral deflection of
the dentary symphysis is common in iguanodontians. In
early-diverging taxa such asZalmoxes robustus
(Weishampel et al. 2003), Tenontosaurus tilletti
(Thomas2015), Mochlodon vorosi(  Osi et al. 2012) and
Dysalotosaurus lettowvorbecki(H ubner 2010) the den-
tary is almost straight, but the distal tip is deflected
slightly. In Brighstoneus simmondsithere is a more pro-
nounced ventral deflection of the anterior third of the
body, the ventral border of which, in lateral view, forms
an angle of 16� with the ventral border of the midsec-
tion. The range of deflection angles in hadrosauriforms
varies, butBrighstoneus simmondsihas a similar angle
to that found inProa valdearinnoensis(18� : McDonald
et al. 2012a), Mantellisaurus atherfieldensis(20� :
NHMUK PV R5764: Fig. 10), Batyrosaurus rozhdest-
venskyi (15� : Godefroit et al. 2012) and Choyrodon
barsboldi (19� : Gateset al. 2018). Some hadrosaurids
have much greater deflections and several non-hadro-
saurid taxa are not deflected at all, including
Ouranosaurus nigeriensis(Taquet1976), Hypselospinus

fittoni (Norman 2015) and Kukufeldia tilgatensis
(McDonaldet al. 2010b).

The tooth row includes 28 alveolar positions although
a small pit at the anterior end of the row of the right
dentary may signify a further diminutive alveolus. This
represents the highest number of dentary alveolar posi-
tions recorded in any hadrosauriform taxon that pos-
sesses one active and one replacement crown per
alveolar position and alveolar septa shaped by the teeth
(Supplementary material, Table S2), in contrast to more
deeply nested taxa with higher numbers of replacement
teeth. Other non-hadrosaurid hadrosauriforms with simi-
lar alveolar counts first appeared in the Cenomanian
with 30 in Eolambia caroljonesa (Kirkland 1998;
McDonald et al. 2012b) and 28 in Protohadros byrdi
(Head 1998), although both of these taxa possess more
hadrosaurid-like dentaries with parallel-sided alveolar
septa as well as more teeth in each tooth position (two
active and two replacement teeth for each alveolar pos-
ition in the former [McDonaldet al. 2012b] and at least
three and possibly four teeth per tooth file in the latter
[Head 1998]). In dorsal view the alveolar row forms a
slight sigmoid curve but is essentially straight for most
of its length, except posteriorly where it curves laterally
to meet the base of the coronoid process. The alveolar
septa are not parallel and reflect tooth crown shape.
This is the usual morphology in early-diverging hadro-
sauriforms such asAltirhinus kurzanovi(Norman1998),
Fukuisaurus tetoriensis(Kobayashi & Azuma 2003),
Proa valdearinnoensis (McDonald et al. 2012a),
Lanzhousaurus magnidens(You et al. 2005),
Mantellisaurus atherfieldensis(NHMUK PV R5764)
and Iguanodon bernissartensis(Norman1980). In more
derived hadrosauriforms such asProbactrosaurus
gobiensis (Norman 2002), Bactrosaurus johnsoni
(Godefroit et al. 1998) and all hadrosaurids the alveolar
walls are parallel (Horneret al. 2004). In Brighstoneus
simmondsithe tooth sizes (estimated from the mesiodis-
tal diameters of alveoli) are maximal in the mid-section
of the tooth row and become progressively smaller at
both ends. In dorsal view the alveolar row is situated
medially, as in all iguanodontians, while laterally there
is a buccal shelf that is widest posteriorly (Fig. 9E, F).
There appears to be a relative difference in the width of
this shelf between the two dentaries, with the right side
being bulkier, especially in its posterior half, although
this has been exaggerated by an area of taphonomic
crushing. The buccal shelf ofBrighstoneus simmondsi
tapers anteriorly but extends to the end of the tooth row
and, as in Ouranosaurus nigeriensis(Taquet 1976),
Sirindhorna khoratensis(Shibata et al. 2015) and
Zhanghenglong yangchengensis(Xing et al. 2014), is a
relatively narrow structure. In most non-hadrosaurid
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hadrosauriforms the shelf has a relatively greater trans-
verse width, especially posteriorly, including in
Iguanodon bernissartensis (Norman 1980),
Mantellisaurus atherfieldensis(NHMUK PV R5764),
Proa valdearinnoensis (McDonald et al. 2012a),
Eolambia caroljonesa(McDonald et al. 2012b) and
Shuangmiaosaurus gilmorei(You et al. 2003), with a
markedly wider shelf in Bactrosaurus johnsoni
(Godefroit et al. 1998) and Probactrosaurus gobiensis

(Norman2002). The shelf has a steep margin that forms
the lateral wall of the dentary. This is predominantly
dorsoventrally convex but becomes vertically flat anter-
ior to the sixth tooth position. There are several large
foramina along the dorsolateral surface. Anteriorly these
are replaced by pairs of smaller, closely associated fora-
mina that are orientated dorsoventrally, signifying bifur-
cation of the arteries prior to exiting the dentary. In
both dentaries there are four nutrient foramina arranged

Figure 9. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), right (A–E) and left (F, G) dentaries inA, ventral,B, medial,C,
lateral, D, posterior,E, dorsal, F, dorsal andG, medial views.Abbreviations: af, adductor fossa;bs, buccal shelf;cp, coronoid
process;dc, dentary crown;fo, foramen;gpd, groove for predentary;mc, Meckelian canal;sym, symphysis. Scale bar¼100 mm.
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along the inflected section of the dentary as it descends
to the symphysis. In dorsal view, the middle section of
the lateral wall is slightly convex.

Anteriorly the tooth row is preceded by a diastema of
approximately three tooth positions in length, as also
seen in Choyrodon barsboldi (Gates et al. 2018),
Mantellisaurus atherfieldensis(NHMUK PV R5764)
and Bolong yixianensis(Wu & Godefroit 2012). There
is no diastema inDakotadon lakatoensis(Weishampel
& Bjork 1989) or Fukuisaurus tetoriensis(Kobayashi &
Azuma 2003) and only a short diastema inIguanodon
bernissartensis(Norman 1998). The edentulous rim
almost immediately begins to descend ventrally leaving
only a small horizontal element, before forming a mod-
erately long convex arc that broadens transversely to
form an articular surface for the predentary.

On the medial wall of the dentary below the tooth
row, an anteroposteriorly orientated line of special
(replacement) foramina is present, forming a ventrally
convex arcade, although the dorsal margins of the fora-
mina and the alveolar parapet are largely incomplete in
both dentaries. Those foramina that remain intact are
elliptical in outline with their long axes extending ante-
roposteriorly. The Meckelian canal is exposed ventrally
and becomes broader posteriorly, eventually merging
with the adductor fossa. The adductor fossa is undis-
torted and narrower than inMantellisaurus atherfielden-
sis (NHMUK PV R5764). The Meckelian canal is
visible on the right dentary as little more than a groove
in the anterior third, which ends just anterior to the first
alveolar position. Anterior to this is a flat surface that
extends for a few millimetres separating the Meckelian
canal from the groove for the predentary. The alveolar
parapet and all the teeth are missing from the left den-
tary, although the alveolar sockets are perfectly pre-
served. The first four alveolar sockets are round and
small. There is a replacement tooth socket placed medial
to the alveolus for the functional dentary crown.

The medial surface of the coronoid process is divided
into anterodorsal and posteroventral areas by a low
ridge, which extends diagonally across the surface in an
anteroventral direction to meet the most posterior alveo-
lar socket at the midpoint of the base of the coronoid
process. The posteroventral area is heavily striated with
the striae lying parallel to the ridge. This contrasts with
Mantellisaurus atherfieldensis(NHMUK PV R5764),
where there is a much more pronounced ridge but
weaker striae. There is no buccal platform in
Brighstoneus simmondsiseparating the base of the cor-
onoid process from the tooth row and the posterior
alveoli excavate the base of the coronoid process. The
absence of a buccal platform is plesiomorphic in iguano-
dontians and is common in hadrosauriforms prior to the

Aptian, for example Mantellisaurus atherfieldensis
(NHMUK PV R5764), Iguanodon bernissartensis
(Norman 1980), Hypselospinus fittoni(Norman 2015),
Hippodraco scutodens(McDonald et al. 2010a) and
Lanzhousaurus magnidens(You et al. 2005), with the
possible exception ofTenontosaurus tilletti(Thomas
2015). By the Albian its presence in iguanodontians
becomes almost universal.

Dentition
Maxillary dentition. The left maxilla preserves three
crowns, one broken, one emergent and one in position
six that is nearly complete and leaf-shaped with no wear
facet (Fig. 11B, H). The lingual side of this crown is
not as heavily coated with enamel as the labial surface.
The labial surface of the crown has a strong and straight
primary ridge, which extends from the base of the
crown to its apex and is set distally, dividing the crown
at its widest point into a distal third and a mesial two-
thirds. A primary ridge, set distally to this degree, is
also seen inBayannurosaurus perfectus(Xu et al. 2018)
andAltirhinus kurzanovi(Norman1998). As the apex is
set so far distally the crown is asymmetrical with a
more gently convex curve mesially, which bears more
marginal denticles (14 mesially, although the base is
damaged, and the total count was probably nearer 20,vs
nine on the distal margin). The marginal denticles are
wedge-shaped and distally larger, more robust and
obliquely positioned, whereas mesially they are set more
vertically. The apical margins are mammillated, with up

Figure 10. Preliminary reconstructions of the skulls ofA,
Brighstoneus simmondsigen. et sp. nov. (MIWG 6344) andB,
Mantellisaurus atherfieldensis(NHMUK PV R5764) in lateral
view. Shaded areas represent material present in the holotypes.
Scale bar¼100 mm.
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to three small, spherical mammillae arranged labiolin-
gually on the marginal denticles approaching the apical
region of the crown, reducing to one or two at the apex.
An emergent crown on the left maxilla has three or four

mammillae, reducing to two at the apex, implying that
the numbers are variable within the dentition. The mam-
millae are not as pronounced as on the dentary crowns
(see below).

Figure 11. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), maxillary crowns.A, right crown in buccal view;B, left crown
in buccal view;C, left broken crown dorsal view;D, close-up of A showing mammillae on denticles;E, left broken crown in ventral
view; F, ventral view of A; G, left crown in ventral view;H, lingual view of B showing primary and accessory ridges. Arrow
labelled b¼buccal primary ridge, unlabelled¼lingual ridge.Abbreviations: ar , accessory ridge;d, denticle;da, damaged area;m,
mammilla;pr, primary ridge. Scale bars¼5 mm (A, B, C, E, F, H) and 2 mm (D, G).
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Accessory ridges are present on the labial surface, sit-
uated mesial to the primary ridge. In the complete
crown there are six accessory ridges: the distal four
extend basally but the mesial two terminate very rap-
idly. Five accessory ridges are visible on the emergent
crown in the left maxilla. Other crowns are more dam-
aged but appear consistent with this morphology.

The complete crown on the left maxilla is also visible
lingually. There is a primary ridge on this surface,
which is straight, extends up to the alveolar margin and
is distally offset, mirroring the position of the primary
ridge on the labial surface. This lingual ridge is much
less prominent but appears to be a distinct feature rather
than a change in slope between the lingual surface and
the facet for the adjacent replacement crown. Under low
power magnification some faint accessory ridges are vis-
ible, all located mesial to the primary ridge (Fig. 11H).
A primary ridge on the lingual side of a maxillary
crown has only been described inKoshisaurus kat-
suyama(Shibata & Azuma2015), a contemporaneous
basal hadrosauriform from the Kitidani Formation in
Japan (Barremian–early Aptian), where the character
was considered autapomorphic. No accessory ridges
were observed on the lingual surface of the maxillary
crowns ofKoshisaurus katsuyamaand to our knowledge
are not reported in other iguanodontians. Among non-
iguanodontians, in the basal ornithopodHypsilophodon
foxii, numerous faint longitudinal ridges are seen on the
lingual surfaces of the maxillary teeth (Galton1974).
However, an isolated tooth referred toHypsilophodon
foxii shows stronger ridges on the lingual and labial
maxillary tooth surfaces, although this feature is not
described in the text (Galton2009, fig. 3N, O). Within
Iguanodontia, we regard the presence of primary and
accessory ridges on the lingual surface of the maxillary
crown as an autapomorphy ofBrighstoneus simmondsi.
This character is only properly observable on the one
maxillary crown ofBrighstoneus simmondsi, although a
lingually placed primary ridge also appears to be present
in some of the cross-sections of broken crowns (Fig.
11C, E, F, G), being perhaps more prominent anteriorly.
A primary ridge is also seen on the lingual surface of a
maxillary crown from another partial skeleton from the
Wessex Formation of the Isle of Wight (IWCMS
2001.445), which is possibly referable toBrighstoneus
simmondsi, but that is currently unprepared.

Dentary dentition. Several functional and emerging
dentary crowns are present in the right dentary, of which
three are sufficiently intact to allow a description. They
are heavily enamelled and ornamented on their lingual
surfaces. All are virtually complete, lack an occlusal
wear facet and possess a marked primary ridge that is
placed slightly distal to the midline, marking the apex

of the tooth, thus making the crown slightly asymmet-
rical (Fig. 12). A distally placed primary apical ridge
occurs in non-hadrosaurid hadrosauriforms such as
Iguanodon bernissartensis(Norman 1980), Equijubus
normani (You et al. 2003) and Telmatosaurus transsyl-
vanicus (Weishampelet al. 1993) but it is centrally
positioned in most hadrosaurids such asEdmontosaurus
annectens (Prieto-M�arquez & Norell 2010) and
Lambeosaurus lambei(Prieto-M�arquez & Norell 2010)
and may be either central or mesially positioned in ear-
lier diverging ornithopods such as inHypsilophodon
foxii (Galton1974), Dryosaurus altus(Galton1983) and
Tenontosaurus tilletti(Thomas 2015). In one crown
with a slightly worn surface a distinct secondary ridge
is present, which extends to the occlusal surface and lies
mesial to the primary ridge, separated from it by a shal-
lowly mesiodistally concave groove (Fig. 12C). A short
accessory ridge is also present mesially. In the other
two crowns, secondary and accessory ridges are not
clearly defined. The crowns are mesiodistally expanded
with denticulate margins, the denticles being wedge-
shaped and largest in the mid-height region. The mar-
ginal denticles are approximately the same size on both
surfaces but mesially they become more vertically orien-
tated towards the apex. The occlusal surfaces of the den-
ticles generally support three or more small spherical
mammillae arranged labiolingually.

Axial skeleton
Dorsal vertebrae. Eight dorsal vertebrae are preserved
(Fig. 13) that have been labelled A–H based on their
estimated sequence in the axial skeleton, which has
been established largely on centrum shape, the orienta-
tion of transverse processes and the positions of the par-
apophyses. Vertebrae A and B represent anterior
dorsals; C, D and E probably represent middle dorsals,
possibly dorsals 8, 9 and 10; F is an early posterior dor-
sal; and G and H are placed posteriorly due to the rela-
tive height of the centra, although both are distorted by
compaction. The neurocentral sutures of the dorsal ser-
ies are fused but remain clearly visible, at least where
the surface is better preserved in vertebrae C–E.

Dorsal vertebra A. This vertebra is opisthocoelous,
the centrum having a shallowly concave posterior articu-
lar surface and a moderately convex anterior articular
surface (Fig. 14A–C). Although these features are often
found in iguanodontian cervicals, other characteristics of
dorsal A are more consistent with a transitional dorsal
vertebra than a posterior cervical. The relatively large
parapophysis is shallowly concave and slightly ovoid
with its long axis orientated posterodorsally, which sug-
gests a relatively substantial rib attachment. The
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neurocentral suture is not visible but the parapophysis
appears to be situated entirely on the neural arch. The
centrum articular surfaces are broader than high (ratio
of maximum width/height of anterior articular surface¼
1.32) whereas in those iguanodontians where this feature
is preserved and visible in the first dorsal vertebra, the
centra are usually more laterally compressed as, for
example, inEquijubus normani(0.82: McDonaldet al.
2014), Magnapaulia laticaudus(0.98: Prieto-M�arquez
et al. 2012), Ouranosaurus nigeriensis(1.04: Bertozzo
et al. 2017), Zhanghenglong yangchengensis(1.16: Xing
et al. 2014), Uteodon aphanoecetes(1.19: Carpenter &
Wilson 2008) and Eolambia caroljonesa (1.24:
McDonald et al. 2012b). In lateral view, the centrum of
vertebra A is only slightly anteroposteriorly longer than
dorsoventrally high (length/height ratio¼ 1.04),
although this may have been exaggerated by crushing.
A similar ratio is seen in the first dorsal vertebra of
Eolambia caroljonesa(1.06: McDonaldet al. 2012b),
while Iguanodon bernissartensisis taller than long
(0.96: Norman1980) and others are considerably longer
than high, for exampleProbactrosaurus gobiensis(1.24:

Norman 2002), Ouranosaurus nigeriensis (1.29:
Bertozzo et al. 2017), Mantellisaurus atherfieldensis
(1.32: Norman 1986), Equijubus normani (1.46:
McDonald et al. 2014) and Uteodon aphanoecetes
(1.48: Carpenter & Wilson2008). In ventral view, the
lateral walls of the centrum are concave and despite
some damage a definite keel is present on the ventral
surface. Dorsal to the parapophyses the transverse proc-
esses extend slightly posterodorsolaterally although dis-
tally the diapophyses are missing. Seated on the dorsal
surfaces of the transverse processes, close to their ori-
gin, the prezyapophyses have large, flat dorsomedially
facing facets that are ovoid in shape, with their long
axes extending anteroposteriorly. The postzygapophyses
are missing. The neural spine curves slightly posterodor-
sally into a hook-like shape, but has lost its apex. This
morphology is commonly seen in the first transitional
dorsal vertebrae of hadrosauriforms, although the spine
of Brighstoneus simmondsiis considerably taller than
most of this clade and exceeds the height of its centrum.
The ratio of neural spine height above the postzygapo-
physeal facet to height of centrum forBrighstoneus

Figure 12. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), crowns from right dentary (posterior is to the right).A, dentary
crown in lingual view; B, close-up of A showing denticles;C, dentary crown in lingual view;D, close-up of denticle from A
showing mammillae.Abbreviations: ar, accessory ridge;d, marginal denticle;ma, mammilla; pr, primary ridge;sr, secondary
ridge. Scale bars¼10 mm (A), 5 mm (B, C) and 1 mm (D).
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simmondsiis 1.14, compared toIguanodon bernissarten-
sis (0.76: Norman1980), Mantellisaurus atherfieldensis
(0.55: Norman1986), Probactrosaurus gobiensis(0.79:
Norman 2002) and Zhanghenglong yangchengensis
(0.66: Xing et al. 2014). An exception isOuranosaurus
nigeriensis(Bertozzoet al. 2017), which is known for
its exceptionally tall dorsal neural spines and has a ratio
of 1.57.

Dorsal vertebra B. The anterior articular surface of
the centrum is essentially flat but has a very slight con-
vexity in lateral view although this is probably due to
distortion (Fig. 14D–F). The posterior articular surface
is slightly concave. The centrum has been crushed ante-
roposteriorly on the left side and its ventral surface has
been distorted although it appears that a keel was pre-
sent. The lateral surfaces of the centrum are concave
anteroposteriorly, convex dorsoventrally and continuous
dorsally with the neural arch. The parapophysis is more
circular, more dorsally placed on the neural arch and
larger than in dorsal A. The transverse processes have
eroded lateral ends and are angled dorsolaterally. They
are broadly triangular in cross-section with an angular
ventral surface and a slightly anteroposteriorly convex

dorsal surface. The neural spine curves posterodorsally
and is relatively short although still taller and more
expanded anteroposteriorly than in dorsal A. These char-
acters indicate that this vertebra was close to the transi-
tion between the cervical and dorsal vertebrae, possibly
the second or third dorsal. The neural canal is narrow
and dorsoventrally compressed. The articular facets of
the prezygapophyses face dorsomedially. The neural
spine appears to be intact, but its dorsal end is obscured
by matrix. It is inclined slightly posterodorsally with a
gently convex anterior margin in lateral view. Just pos-
terior to the anterior margin a faint groove lies parallel
to it. The neural spine to centrum height ratio is 1.7.
The postzygapophyseal facets face ventrolaterally and
extend considerably beyond the posterior articular sur-
face of the centrum. A fragment of extraneous bone has
become attached to the posterior neural arch, obscuring
detail. Dorsals A and B appear to represent transitional
dorsals. Dorsal A has a relatively tall neural arch and
both have relatively tall neural spines, making them
closer in appearance to transitional dorsals ofIguanodon
bernissartensis(Norman1980) andOuranosaurus niger-
iensis (Bertozzo et al. 2017) than to those of
Mantellisaurus atherfieldensis(Norman1986).

Figure 13. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), dorsal vertebrae series arranged in probable anterior to posterior
order.A–H, left lateral views of dorsals A–H; A0, dorsal A anterior view;B0, dorsal B anterior view;C0 dorsal C anterior view;D0,
dorsal D posterior view;E0, dorsal E anterior, view;F0, dorsal F anterior view;G0, dorsal G anterior view;H0, dorsal H posterior
view. Scale bar¼100 mm.
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Dorsal vertebrae C–F. Vertebrae C–F (Figs 13, 15)
appear to be middle dorsals. The centra are amphi-
platyan although the anterior and posterior articular sur-
faces exhibit minimal concavity, which is slightly more
pronounced posteriorly. The articular surfaces of the
centra are all a little taller than wide and the posterior
surfaces are all slightly larger than the anterior surfaces.
Dorsal F has evidence of a notochordal boss in the
centre of each articular surface, which is more pro-
nounced anteriorly. Among ornithopods this has also

been seen in some posterior dorsal vertebrae of
Iguanodon bernissartensis(Norman1980) andZalmoxes
robustus(Weishampelet al. 2003). The centra in lateral
view are mostly taller than long (length/height ratios: C
¼ 0.8; D ¼ 1.1; E¼ 0.9; F¼ 0.9). Dorsal C has a mid-
line ventral prominence anteriorly, but taphonomic dam-
age makes it unclear if this extended posteriorly as a
keel. Dorsals D, E and F have faint ventral keels. The
parapophyses migrate up the neural arch onto the trans-
verse processes along the series. The neural spines of

Figure 14. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), anterior dorsal vertebrae.A–C, ‘dorsal A’ , probably D1 inA,
right lateral,B, anterior andC, posterior views.D–F, ‘dorsal B’ , probably D2 inD, right lateral,E, posterior andF, anterior views.
Abbreviations: bf , extraneous bone fragment;nc, neural canal;ns, neural spine;pa, parapophysis;poz, postzygapophysis;prz,
prezygapophysis;tp, transverse process. Scale bar¼50 mm.
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dorsals C–H have all been affected by possible bioero-
sion at the apex of the spine. Dorsals C and E have suf-
fered pre-mortem fracture damage, with C showing a

displaced fracture, presumably splinted in place by a
partially intact ossified tendon meshwork (Fig. 15A, B,
C, E), and vertebra E showing callus formation

Figure 15. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), dorsal vertebrae.A–E, 'dorsal C’ in A, right lateral,B, dorsal (of
neural spine),C, anterior,D, ventral andE, posterior views.F, close-up of fracture site on neural spine of‘dorsal E’ . G, fragment of
pathological dorsal neural spine.H, section of neural spine with bite marks.Abbreviations: afc, anterior surface of centrum;ca,
callus; ch, channel;gr, groove;nc, neural canal;ns, neural spine;os, ostosis;ot, ossified tendons;pa, parapophysis;pfc, posterior
surface of centrum;poz, postzygapophysis;prz, prezygapophysis;tm, tooth marks;tp, transverse process;vk, ventral keel. Scale
bars¼100 mm (A–E) and 50 mm (F–H).
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undergoing remodelling (Fig. 15F); therefore, the true
height of the spines is unknown. However, measure-
ments on the available material show that the neural
spines were at least three times as long as the centrum
height and possibly much longer (neural spine to cen-
trum height ratios: C¼ 2.8; D ¼ 3.4; E ¼ 3.0; F ¼
3.3). In most iguanodontians the ratio of neural spine to
centrum height is< 3.0 and in earlier diverging taxa,
< 2.0. Taxa where the ratio exceeds three include
Hypselospinus fittoni(3.7: Norman2010), RBINS R57
(3.1: Norman 1986), Ouranosaurus nigeriensis(5.1:
Bertozzo et al. 2017), Bactrosaurus johnsoni(3.7:
Gilmore 1933) and Morelladon beltrani (4.0: Gasulla
et al. 2015).

Dorsal vertebrae G and H.The articular surfaces
of the centrum are damaged in dorsal G, but it appears
to be amphiplatyan (Fig. 13). Ventrally the centrum is
smoothly convex and does not have a keel. Dorsal H is
badly crushed ventrally with the suggestion of a ventral
keel. Unplaceable neural spine fragments are also pre-
served, two showing notable features. One dorsal frag-
ment appears to show callus formation and a displaced
fracture (Fig. 15G), which is similar to that on dorsal C,
while a second appears to have theropod (or possibly
crocodilian) bite marks on its surface (Fig. 15H).

Dorsal ribs. Fourteen partial and complete dorsal ribs
are preserved, nine from the left side and five from the
right. As far as can be ascertained, there appears to be
little difference between those ofBrighstoneus sim-
mondsi and those of Iguanodon bernissartenesis
(Norman 1980) and Mantellisaurus atherfieldensis
(Norman1986). It is not possible to accurately place the
ribs in specific positions but there are examples from
the anterior, middle and posterior members of the dorsal
series (Fig. 16) and general descriptions are given
of these.

The capitulum or head of the rib bears a medially fac-
ing articular facet, which is supported by a medially
directed process. The dorsal surface of this process is
either flat or forms a gentle ridge and is quite rugose.
Laterally, the tuberculum is circular or ovoid, with a
posteromedially facing articulation on a slightly raised
pedestal. From here the shaft of the rib extends ven-
trally, and in the anterior and middle part of the dorsal
series forms an angle of� 90� with the capitulum.
Immediately below the tuberculum the cross-section of
the rib shaft is sub-triangular with anteromedially, post-
eromedially and laterally facing surfaces. In anterior
view a rounded ridge extends ventrally from the base of
the tuberculum and crosses the shaft diagonally to the
anterior leading margin of the blade of the rib, below
which the cross-section is ovoid with the long axis

directed anteroposteriorly. Posteriorly, below the tuberc-
ulum a shallow costal groove develops laterally that
extends ventrally and is bounded at the lateral margin
by a relatively thin ridge. The ridge and groove dis-
appear in the middle third of the rib shaft, although the
groove reappears in the ventral third in one of the com-
plete specimens. This groove was presumably for a neu-
rovascular bundle, with the ridge perhaps providing
attachment for intercostal musculature and additional
protection in the proximal region. The anterior dorsal
ribs appear to terminate in a point, but the middle dorsal
series increase in length and have a blunt spatulate end,
which suggests that they might have articulated with the
sternal cartilaginous ribs (Norman1980).

The posterior dorsal ribs become gradually shorter
and the angle between the shaft and the capitulum-bear-
ing process becomes more oblique. The tuberculum,
which is ovoid or circular in the anterior and middle
series, is smaller and becomes more elongate poster-
iorly. The tuberculum and capitulum also move closer
to each other although a small gap remains between
them (Fig. 16D) for the passage of a vertebral artery
(Romer 1956). In one posterior specimen (Fig. 16D) it
appears that the transverse process and tuberculum have
started to fuse.

Sacral vertebrae. The sacrum ofBrighstoneus sim-
mondsi (Fig. 17) consists of six co-ossified vertebrae
although the anterior part of the first vertebra is missing.
It is likely that it originally had a sacral count of seven
co-ossified vertebrae, as the possession of a sacrodorsal
(SD) vertebra is present in all non-hadrosaurid hadro-
sauriform taxa with intact sacra. A sacral count of
6þ SD is seen inBarilium dawsoni (Norman 2011),
Mantellisaurus atherfieldensis (Norman 1986),
Gobihadros mongoliensis(Tsogtbaatar et al. 2019),
Bactrosaurus johnsoni(Godefroit et al. 1998) and
Ouranosaurus nigeriensis(Bertozzo et al. 2017). A
count of 5þ SD is present inMorelladon beltrani
(Gasulla et al. 2015), Equijubus normani(You et al.
2003) and probablyCedroestes crichtoni(Gilpin et al.
2007), although it is difficult to determine in disarticu-
lated material, such as that ofMorelladon beltraniand
Equijubus normani, if a sixth true sacral vertebra failed
to fuse until late in ontogeny and did not preserve. S1 is
distorted, eroded on its right lateral surface and is
obscured by a sacral rib on the left. The posterior half
flares out to meet a similar anterior expansion on S2.
Due to distortion, it is difficult to interpret the incom-
plete ventral surface of S1 but a keel was probably pre-
sent. When viewed ventrally S2 expands anteriorly to
meet S1 and is firmly fused to S3 posteriorly, which in
turn is fused to S4, so that S2–4 form a rod of broadly
uniform width. The ventral surfaces of S2–4 are flat

22 J. A. F. Lockwoodet al.



with no central keel and are bounded laterally on each
side by a shallow rounded ridge, although this does not
form a true sulcus. S5 is expanded a little posteriorly.
Its ventral surface has been transversely crushed but
probably lacked a keel. S6 is much more robust and
flares out considerably posteriorly, where the margin of
the centrum is heavily striated. Its posterior articular
surface is ovoid with the long axis orientated dorsoven-
trally (Fig. 17B). The vertebra has been anteroposter-
iorly crushed, which has affected the posterior articular
surface. The ventral surface is smooth and transversely
convex without a keel.Morelladon beltrani (Gasulla
et al. 2015) has keeled ventral surfaces on S1–4

(anterior half only in S2–4) and a flat S5;
Mantellisaurus atherfieldensis, based on referred mater-
ial, is described by Norman (1986) as having keeled sur-
faces on S1–3 and a flat ventral surface or sulcus on
S4–5. Hooley’s (1925) description of the holotype dif-
fers, however, giving the ventral surface of S1 as being
transversely flat. S2 is not described, presumably due to
damage, S3 and S4 have a wide sulcus ending at S5,
and there is a slight keel on S6.Iguanodon bernissar-
tensis(RBINS R55) has a ventral keel on S1–3, a sulcus
on S4–6 and flat surface on S7 (Norman1980). The sit-
ing of ventral keels and sulci shows intraspecific vari-
ation in some taxa, for example inBactrosaurus

Figure 16. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), dorsal ribs.A, proximal section of right rib in posterior view;B,
specimen‘A’ in anterior view (image reversed);C, close-up of F showing possible bioerosion;D, posterior series rib head with distal
transverse process;E, anterior series, left rib, anterior view andE0, dorsal view;F, middle series (image reversed), left rib, posterior
view andF0, dorsal view;G, middle series (image reversed), left rib, posterior view andG0, dorsal view;H, posterior series, right
rib, posterior view andH0 dorsal view.Abbreviations: be, bioerosion;cap, capitulum;ef, elliptical foramen;fr , fracture;rr , rounded
ridge; rug, rugosity; se, spatulate end;sg, shallow groove;sr, sharp ridge;tp, transverse process;tub, tuberculum. Scale
bars¼50 mm (A, B, D, E’ , F’ , G’ , H’), 100 mm (E–H) and 5 mm (C).
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johnsoni(Godefroit et al. 1998), and caution is required
interpreting their phylogenetic significance. The sacral
neural spines are robust and tall, being approximately
360 mm long and directed posterodorsally at an angle of
approximately 45� in lateral view, presumably due to
taphonomic distortion. The neural spines have been
eroded dorsally where an anteroposterior groove has
formed, therefore the heights are a minimum value. The
anterior surface is wider than the posterior surface and
grooved so that the sacral neural spines would have
locked against each other. In lateral view, as the neural
spines extend dorsally, they also expand slightly antero-
posteriorly and become gently curved, concave anteri-
orly. Fragments of the dorsal section of three neural
spines were recovered, which also have grooves anteri-
orly and probably represent the missing three anterior

sacral neural spines. In the reconstruction (Fig. 17A) it
appears that the anteroposterior width of the spines in
lateral view diminishes posteriorly. Sacral ribs are pre-
sent but damaged and distorted. They appear to be
firmly fused and form a sacricostal yoke for attachment
to the ilium.

Caudal vertebrae. Six caudal vertebrae are preserved
(Fig. 18), four from the proximal series (possessing cau-
dal ribs) and two from the middle series (possessing
chevron facets but no caudal ribs). They have been
labelled A–F in presumed anterior to posterior order
although this does not imply an articulation sequence.

Proximal caudal series.Caudal A (Fig. 18A, B)
has a centrum with a very rounded anterior articular sur-
face with a slight bulge on the dorsal half (also noted

Figure 17. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), sacrum inA, right lateral, B, posterior andC, ventral views.
Abbreviations: da, depressed area;er, eroded area;ns, neural spine;nsf, neural spine fragments in presumed position;pfc, posterior
surface of centrum;poz, postzygapophysis;s, sacral vertebra;sr, sacral rib;sy, sacral yoke;vk, ventral keel. Scale bars¼100 mm.

24 J. A. F. Lockwoodet al.



by Norman [1986] in the first caudal of RBINS R57).
The anterior articular surface is slightly wider than tall
and is essentially flat but minimally concave with an
everted margin. The posterior articular surface also has
an everted margin but is more heart-shaped and a little
more concave than the anterior articular surface. There
is a boss situated dorsal to the centre of the posterior
surface that might represent a notochordal remnant. The
lateral walls of the centrum are deeply striated close to
its anterior and posterior margins, especially anteriorly.
There is no keel or chevron facet ventrally, the latter
indicating that caudal A is probably the first caudal. The
bases of the caudal ribs are present but badly damaged
and the zygopophyses are angled steeply dorsally, with
the facets of the prezygapophyses diverging approxi-
mately 20� from the sagittal plane. The neural spine is
tall and angled slightly posterodorsally. A shallow
groove extends dorsoventrally just posterior to the anter-
ior margin in the ventral half of the spine. Near the dor-
sal extremity the spine expands transversely, while the
dorsal surface itself has been eroded to expose a cavity,
which is interpreted as pathological. The loss of the dor-
sal surface means the true length of the spine is
unknown, but it is consistent with the sacral neural
spine height and probably almost complete. The ratio of
the incomplete neural spine height to centrum height is
3.9, which is greater than the ratio seen in the first cau-
dal of Ouranosaurus nigeriensis(3.4: Bertozzoet al.
2017) and an anterior caudal inHypselospinus fittoni
(3.2: Norman2015), both of which have long dorsal
neural spines. No caudals are preserved in the‘sail-
backed’ iguanodontian Morelladon beltrani (Gasulla
et al. 2015). By contrast, the first caudal inIguanodon
bernissartensis is 1.8 (Norman 1980). The
Mantellisaurus atherfieldensisholotype (NHMUK PV
R5764) has no surviving caudal neural spines and
RBINS R57 has been heavily restored, although the
ratio in the latter, based on Norman (1986, fig. 39), is
approximately 2.6. The lack of keel in the first caudal is
shared with Barilium dawsoni (Norman 2011),
Iguanodon bernissartensis (Norman 1980) and
Mantellisaurus atherfieldensis(Norman 1986), but dif-
fers from Ouranosaurus nigeriensis, which has a keel
on the first and second caudals, and a faint keel on the
third (Bertozzoet al. 2017). Caudal B (Fig. 18C, D) is
slightly more platycoelous than caudal A. It is otherwise
similar except that it has a posterior chevron facet but
lacks an anterior facet, suggesting a second caudal pos-
ition. As with caudal A there is no ventral keel. The
articular surfaces of the centrum are of almost equal
height and maximum width, and both are heart-shaped.
The neural spine is also eroded dorsally and expanded
transversely, with the latter again interpreted as

pathological. The incomplete neural spine to centrum
height ratio is 3.6. The caudal ribs, which are incom-
plete, extend laterally and are almost horizontal. In
anterior view they describe a gentle curve that is con-
cave ventrally. The posterior centrum and caudal ribs of
caudal C (Fig. 18E, F) are crushed. It is essentially
amphiplatyan but both articular surfaces are minimally
concave. The articular surfaces are both heart-shaped
but are slightly taller than wide. Ventrally it has anterior
and posterior chevron facets, but no definite ventral
keel, although crushing damage makes this uncertain.
The neural spine is shorter than in caudals A and B
(neural spine to centrum height ratio 3.4) and also
angled more posterodorsally. As with caudals A and B
the apex of the neural spine has been eroded into a shal-
low anteroposterior groove, therefore the true length is
unknown, but the presumed pathological transverse
expansion in caudals A and B is not apparent. The rate
at which the height of the neural spines decreases in
more posterior anterior caudal vertebrae varies between
taxa. In Ouranosaurus nigeriensisthe height of the
neural spines decreases rapidly after the third caudal
(Bertozzoet al. 2017), but they reduce more gradually
in RBINS R57 (Norman1986) and Iguanodon bernis-
sartensis(Norman 1980). Caudal D (Fig. 18G–K) has
similar morphology to caudal C but lacks its neural
spine. The size of the centrum is a little smaller than in
caudals A–C so it was presumably more posteriorly
positioned. Ventrally the posterior chevron facet forms a
‘B’ -shaped outline, the straight margin being posterior,
while the anterior facet is‘D’ -shaped, the straight mar-
gin being anterior. Broad ridges connect the two facets
laterally leaving a shallow anteroposteriorly directed sul-
cus in between (Fig. 18K).

Middle caudal series.Two vertebrae in good condi-
tion are preserved from the middle part of the caudal
series. Both are of similar size, with amphiplatyan cen-
tra, although caudal E (Fig. 18L, M) has a slight con-
cavity posteriorly. The articular surfaces of the centrum
are sub-circular, being a little taller than wide. There is
a very weakly developed longitudinal ridge extending
anteroposteriorly along the midline of the centrum in
lateral view and some irregularity at the base of the
neural arch that could indicate a vestigial caudal rib.
This would mark caudal E as transitional between the
anterior and middle caudal series. Anterior and posterior
chevron facets are present, the anterior facet being semi-
circular and the posterior having a double-headed‘B’ -
shaped outline. A broad ridge extends anteroposteriorly
between each of the two posterior facet heads and the
anterior facet, producing a shallow midline sulcus. The
neural spine is angled posteriorly at approximately 45�

and gradually expands anteroposteriorly as it extends
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Figure 18. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), caudal vertebrae.A, ‘caudal A’ in left lateral view;B, ‘caudal
A’ in posterior view;C, ‘caudal B’ in right lateral view;D, ‘caudal B’ in posterior view;E, ‘caudal C’ in left lateral view; F,
‘caudal C’ in anterior view;G, ‘caudal D’ in anterior view;H, ‘caudal D’ in left lateral view; I, ‘caudal D’ in posterior view;J,
‘caudal D’ in dorsal view;K, ‘caudal D’ in ventral view; L, ‘caudal E’ in left lateral view; M, ‘caudal E’ in anterior view;N,
‘caudal E’ in ventral view; O, ‘caudal F’ in right lateral view; P, ‘caudal F’ in posterior view.Abbreviations: ahf, anterior
haemapophyseal facet;lr , lateral ridge;ns, neural spine;phf, posterior haemapophyseal facet;plp, pleurapophysis (caudal rib);poz,
postzygapophysis;prz, prezygapophysis;sb, small boss. Scale bars¼100 mm.
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dorsally (in contrast to the anterior series, which have
almost parallel margins). The incomplete neural spine
has a spine to centrum height ratio of 1.3, which is
much lower than in the anterior series. Caudal F (Fig.
18O, P) is of similar size and shape to caudal E but has
no trace of a caudal rib and a stronger lateral ridge on
the centrum, which gives the articular surfaces a dis-
tinctive hexagonal shape, which can be observed in
many iguanodontians (Barrett & Bonsor2021).

Ilium
Both ilia are preserved (Fig. 19). The right has suffered
considerable erosive damage with most of the ventral
border including both peduncles missing. Furthermore,
some of the medial surface and the posterior postacetab-
ular process has been eroded, as has the tip of the prea-
cetabular process. However, what is preserved of this
bone appears to be free from major distortion, apart
from some possible slight transverse compression. The
left ilium is more complete and forms the basis for
much of this description. Its preacetabular process has
been crushed transversely in its most distal section and
the very tip of the preacetabular process is also missing.
The posterodorsal section of the postacetabular process
has been lost to post-mortem fracture and erosion, and
the distal end of the pubic peduncle is damaged
by erosion.

The preacetabular process is transversely compressed
along its length, forming a robust and uniformly deep
strap-like structure. At the base of the left process, the
facet for the transverse process of the first true sacral
vertebra is bounded ventrally by a ridge, although its
prominence may have been enhanced somewhat by
crushing. Proximally the cross-section of the preacetabu-
lar process has the outline of a dorsoventrally expanded
capsule, which is shallowly concave on its lateral sur-
face (Fig. 19B). This contrasts withIguanodon bernis-
sartensis (Norman 1980) and Mantellisaurus
atherfieldensis(NHMUK PV R5764), where the prox-
imal process is sub-triangular in cross-section with an
almost horizontal ventral shelf. Norman (1986) has also
commented on this character difference in two
Barremian-aged ilia, which he referred to
Mantellisaurus atherfieldensis, noting a well-developed
shelf in NHMUK PV R5347 from the Wessex
Formation of the Isle of Wight, but a weak one in
NHMUK PV R6462 from Weald Clay Formation of
Surrey. The preacetabular process ofMantellisaurus
atherfieldensis(NHMUK PV R5764) is also less strap-
like in lateral view, being slightly waisted and more gra-
cile in its midsection. In dorsal view, the thickness of
the dorsal surface of the process tapers very slightly as
it extends distally. The dorsal surface is mediolaterally

rounded but unequally, so that the dorsolateral surface is
flatter and forms a bevelled surface. Also, in dorsal
view the outline of the left process is gently sinusoidal,
being convex laterally in its proximal half and concave
laterally in its distal section as it curves slightly out-
wards. On the right side the process curves gently lat-
erally but the proximal convexity is much less evident.
There is no evidence of axial twisting in either of the
preacetabular processes. Axial twisting, when present,
typically causes the lateral surface to turn dorsolaterally
as it extends distally and is seen inMantellisaurus athe-
rfieldensis (NHMUK PV R5764), Barilium dawsoni
(Norman 2011), Iguanodon bernissartensis(Norman
1980), Ouranosaurus nigeriensis(Bertozzoet al. 2017)
and Bactrosaurus johnsoni(Godefroit et al. 1998), but
is absent in some iguanodontians, for example
Camptosaurus dispar(McDonald 2011), Hypselospinus
fittoni (Norman 2015) and Magnapaulia laticaudus
(Prieto-M�arquezet al. 2012). In lateral view, the preace-
tabular process is moderately decurved, the dorsal mar-
gin forming a gentle convex arc extending
anteroventrally, and the long axis of the process forming
an angle of 20� with the dorsal margin of the iliac cen-
tral plate. This value is typical of many basal iguano-
dontians such asUteodon aphanoecetes(19� : Carpenter
& Wilson 2008), Osmakasaurus depressus(19� :
McDonald 2011), Mantellisaurus atherfieldenis(21� :
NHMUK PV R5764) and Ouranosaurus nigeriensis
(17� : Taquet 1976). Hadrosaurids tend to have greater
angles, as in Edmontosaurus annectens(48� ) and
Magnapaulia laticaudus(40� : Prieto-M�arquez et al.
2012); however, variation in this character can differ
significantly between individuals of the same taxon, for
example in Gilmoreosaurus mongoliensis(holotype,
AMNH 6551, 23� [McDonald et al. 2010c], lectotype
AMNH FARB 30735, 39� , referred ilium AMNH
FARB 30736, 40� [Prieto-M�arquez & Norell2010]) and
Iguanodon bernissartensis(holotype RBINS R51, 51�

[Norman 1980], referred ilium RBINS R352, 2� ) (for a
full discussion see Verd�u et al. 2017a). The ventral mar-
gin of the preacetabular process is concave in lateral
view but forms an obtuse angle at the anterior end,
which continues horizontally as the base of a boot-like
structure, although this is incomplete anteriorly. A boot-
shaped distal preacetabular process is commonly seen in
many iguanodontians but is most marked in
Iguanacolossus fortis (McDonald et al. 2010a),
Eolambia caroljonesa (McDonald et al. 2012b),
Ouranosaurus nigeriensis(Bertozzo et al. 2017), Proa
valdearinnoensis (McDonald et al. 2012a) and
Mantellisaurus atherfieldensis(NHMUK PV R5764).
Some have a more tabulate ending such as
Tenontosaurus tilletti (Forster 1990), Camptosaurus
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dispar (McDonald 2011), Bactrosaurus johnsoni
(Godefroit et al. 1998) and Edmontosaurus annectens
(Brett-Surman & Wagner2007). On the medial surface
of the preacetabular process, a prominent ridge (Fig.
19A, B, D) is continuous with the ridge bordering the
ventral margin of the first sacral facet. It extends distally
along the medial wall of the preacetabular process,
dividing it into a larger dorsal section which faces medi-
ally and a smaller ventral section that faces medioven-
trally, forming an angle of approximately 20� with the
vertical dorsal section in anterior view. The ventral sec-
tion corresponds to the horizontal ventral shelf in
Mantellisaurus atherfieldensis(NHMUK PV R5764).
The ridge gradually decreases in prominence so that
anteriorly the preacetabular process is represented by a
vertical thin structure with flat medial and lateral walls.
On the proximal half above the prominent ridge of the
better-preserved right preacetabular process the dorsal
section is further divided by a fainter secondary ridge
(Fig. 19A) that lies parallel to the prominent ridge and
is separated from it by a broad but shallow groove,
perhaps acting as a vascular channel. The position of
the main ridge is variable between taxa, forming the
ventral angle to the ventral shelf inMantellisaurus

atherfieldensis(NHMUK PV R5764), positioned one-
third of the way up inBrighstoneus simmondsi(MIWG
6344) and close to the dorsal margin inMorelladon bel-
trani (Gasullaet al. 2015).

The body of the ilium inBrighstoneus simmondsiis
relatively short, with its maximum dimensions forming
a vertical rectangular plate with its long axis extending
dorsoventrally, with a ratio of depth to length> 1.2
(ratio measured following methodology in Prieto-
M�arquez & Norell [2010], character 234). This is also
the case in earlier-diverging ornithopods such as
Zalmoxes shqiperorum (Godefroit et al. 2009),
Tenontosaurus tilletti(Ostrom1970) andHypsilophodon
foxii (Galton 1974), but also in the more derived
Jinzhousaurus yangi(Wang & Xu 2001; Barrett et al.
2009); others have the long axis oriented anteroposter-
iorly, for example Iguanodon bernissartensis(Norman
1980), Gilmoreosaurus mongoliensis(Prieto-M�arquez &
Norell 2010) and Dryosaurus altus (Gilmore 1925),
while others such asBarilium dawsoni(Norman 2011)
and Mantellisaurus atherfieldensis(Norman 1986) are
almost square. The dorsal margin of the ilium is trans-
versely rounded, moderately rugose and expands in
thickness as it extends posteriorly. The lateral wall of

Figure 19. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), ilia.A, preacetabular process of right ilium in medial view;B,
cross-section of base of A.C–F, left ilium in C, dorsal,D, medial, E, lateral andF, ventral views.G, H, right ilium in G, lateral
and H, medial views.Abbreviations: ac, acetabulum;bs, brevis shelf;dms, dorsomedial surface;er, eroded area;ftp, facet for
transverse process;gr, groove; ip, ischiadic peduncle;lp, lateral process;poap, postacetabular process;pp, pubic peduncle;pr,
primary ridge;prap, preacetabular process;sr, secondary ridge. Scale bars¼100 mm.
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the ilium, including the proximal preacetabular process
and the postacetabular process, is concave dorsoven-
trally. In lateral view the anterior margin of the iliac
body is deeply concave, producing an embayment
extending from the base of the preacetabular process as
a thin ridge of bone, which continues as the anterome-
dial angle of the pubic peduncle.

The pubic peduncle has been eroded distally and its
length cannot be reliably estimated. The peduncle is tri-
angular in cross-section with medially, posterolaterally
and anteriorly facing surfaces. The anterior surface is
smooth and flat, while the medial surface is heavily stri-
ated with the striae orientated anteroventrally in line
with the long axis of the peduncle. The medial surface
is depressed to form a shallow fossa at the base of the
peduncle. The posterolateral side of the peduncle forms
the smooth surface of the anterior section of the acetab-
ular component, which curves around to meet the ischia-
dic peduncle. The smooth acetabular surface ends where
it meets the ischiadic peduncle. This peduncle is trans-
versely expanded, being broadest posteriorly. The ven-
tral surface is heavily rugose. Laterally the wall is
smooth and forms a dorsoventrally deep rim. The ischia-
dic peduncle is oriented posterolaterally and as it is
broadest posteriorly this creates a relatively modest lat-
eral protrusion or step, which then curves medially to
continue as the postacetabular process. However, the lat-
eral wall of the ischiadic peduncle is essentially flat and
lacks a distinct posterolateral boss. A boss causing a dis-
tinct step between the anterior and posterior sections of
the lateral wall of the ischiadic peduncle (‘posteroventral
protuberance’ and ‘ ischial tuberosity’ of some authors)
is seen in some non-hadrosaurid hadrosauriforms such
as Mantellisaurus atherfieldensis(NHMUK PV R5764),
Altirhinus kurzanovi(Norman1998, fig. 32), Choyrodon
barsboldi (Gates et al. 2018), Hypselospinus fittoni
(Norman 2015), Gilmoreosaurus mongoliensis(Prieto-
M�arquez & Norell2010) and all hadrosaurids, although
in the latter clade the articular surface is also divided by
a groove into anterior and posterior segments (Prieto-
M�arquez & Norell 2010). A boss is absent in
Morelladon beltrani(Gasullaet al. 2015), Proa valdear-
innoenesis(McDonald et al. 2012a), Iguanodon bernis-
sartensis(Norman 1980) and Ouranosaurus nigeriensis
(Taquet1976).

The ventral margin of the ischiadic peduncle in lateral
view is inclined posterodorsally compared to the dorsal
margin of the iliac blade and is almost parallel to the
angle of the ventral margin of the postacetabular pro-
cess. This is also seen inGilmoreosaurus mongoliensis
(McDonald et al. 2010a), Eolambia caroljonesa
(McDonald et al 2012b), Bactrosaurus johnsoni
(Godefroit et al. 1998) and Ouranosaurus nigeriensis

(Taquet1976), and appears to become increasingly com-
mon in more derived hadrosauriform taxa including
hadrosaurids (Supplementary material, Fig. S8). In ear-
lier-diverging taxa, the articular surface of the ischiadic
peduncle is more horizontal and closer to being parallel
with the dorsal margin of the iliac blade, for example in
Hypsilophodon foxii(Galton 1974), Zalmoxes robustus
(Weishampelet al. 2003), Rhabdodonsp. (Chanthasit
2010), Camptosaurus dispar (Gilmore 1909),
Mantellisaurus atherfieldensis(NHMUK PV R5764)
andIguanodon bernissartensis(Norman1980).

In the lateral viewBrighstoneus simmondsihas virtu-
ally no notch or embayment between the posterior
ischiadic peduncle and the postacetabular process. The
ventral surface of the postacetabular process is incom-
plete posteriorly, but what remains suggests there was
only a modestly developed brevis shelf. The postacetab-
ular process is angled medially to the main body of the
ilium (Fig. 19F) and whereas the lateral wall is flat
above the acetabulum it is dorsoventrally concave in the
postacetabular process. In lateral view, a very gently
everted dorsal rim begins at the posterior end of the pre-
acetabular process. This continues posteriorly, eventu-
ally expanding dorsoventrally and slightly transversely
at the level of the junction between the ischiadic ped-
uncle and the postacetabular process to form a lateral
(supraacetabular) process, which slightly overhangs the
lateral wall in similar fashion to that seen in many other
iguanodontians such asIguanodon bernissartensis
(Norman 1980), Ouranosaurus nigeriensis(Taquet
1976) and Mantellisaurus atherfieldensis(NHMUK PV
R5764) but it is not as everted as it is inAltirhinus kur-
zanovi or hadrosaurids (Norman1998). In lateral view
the dorsal margin is almost horizontal anteriorly, but
slightly convex over the acetabulum and slightly con-
cave posteriorly.

A broad ridge is seen when the ilium is viewed medi-
ally, extending anteroposteriorly across the surface of
the iliac blade. Above this ridge the surface of the ilium
is slightly concave dorsoventrally and angled so that it
faces dorsomedially and overhangs the lateral wall. Its
surface is weakly striated with the striations orientated
dorsoventrally in the midsection and posterodorsally in
the posterior section. There are four crescentic facets
ventral to this ridge that are buttressed dorsally by the
ridge. These become shallower but much broader poster-
iorly and would have articulated with the transverse
processes of the first four true sacral vertebrae. Posterior
to these facets the ridge is heavily rugose. Ventral to the
facets the surface of the bone is smooth except for the
area just above the ischiadic peduncle, which is striated.
The area ventral to the ridge is also heavily striated
where it extends across the postacetabular process.
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Ischium
Only the dorsal half of the right ischium is preserved
(Fig. 20). As with other parts of this individual there are
deep erosions into the articular surfaces, which affect
the pubic and iliac peduncles and the obturator process.
The shaft of the proximal ischium has a triangular
cross-section, with lateral, anteromedial and posterome-
dial surfaces. In lateral view, the surface of the distal
section of the surviving shaft is almost flat. However, as
it extends dorsally a wide, shallow central groove devel-
ops bounded by two rounded ridges. As the shaft
reaches the head the groove on the lateral surface flat-
tens out and expands into a shallowly concave area that
forms the ventral margin of the acetabulum. A stout
posterodorsally directed iliac peduncle is present poster-
iorly. This is transversely compressed and probably
formed an elliptical articular surface, although an
unknown amount of bone has been lost to erosion.
There are no deep striae present for ligamentous attach-
ment, indicating that the process was originally much
longer. Anteriorly the pubic peduncle is well developed:
this is also transversely compressed especially ventrally,
and in lateral view it flares out distally. Again, the distal
articular surface has been lost and there is little evidence
of rugosity. Ventrally the pubic peduncle tapers to a nar-
row blade, which curves concavely to form an anterior
embayment before expanding anteriorly to form the
obturator process. This process curves laterally to pro-
duce a concavity that probably would have supported
the postpubic rod (Norman1986). The ventral margin
continues distally as a keel, which curves diagonally
from anterior to posterior before merging with the shaft.
The ischium ofBrighstoneus simmondsiis too incom-
plete to draw many useful comparisons. The
Mantellisaurus atherfieldensisholotype includes only
fragments of the ischium (Hooley1925) but that of
Brighstoneus simmondsidiffers from Iguanodon bernis-
sartensis (Norman 1980) in having a relatively more
robust shaft and a more deeply curved anterior embay-
ment between the pubic peduncle and obturator process.
In this respect it more closely resembles the ischium of
Ouranosaurus nigeriensis(Taquet1976).

Pubis
A thin bone fragment might represent the distal end of
the prepubic process. It shares similarities in size and
shape with the distal end of the prepubic blade of
Altirhinus kurzanovi (Norman 1998) and a small
Iguanodon bernissartensis(Norman 1980) but is not
compatible with the paddle-shaped processes of
Mantellisaurus atherfieldensis (Norman 1986) or
Ouranosaurus nigeriensis(Bertozzo et al. 2017). The
orientation of the fragment is unknown, but assuming

the position inFig. 21A, the ventral margin is approxi-
mately 3 mm thick and cortical bone is visible along its
length. The thickness of the specimen in the central
region is approximately 9 mm, thinning to 2 mm dor-
sally. The dorsal margin is obscured by a layer of pyrite
but given the thinness of the bone was probably close to
the margin. The curved margin (on the left inFig. 21A)
has been eroded, so its shape cannot be defined with
certainty but it is compatible with a distal iguanodontian
pubic blade. The right margin is curved laterally and
has a pathologic appearance perhaps due to hypertrophic
callus formation from chronic non-union in a dis-
placed fracture.

Femur
Only the right femur is preserved (Fig. 22). There are
deeply excavated areas proximally that have affected the
femoral head, greater trochanter and the dorsal surface
of the anterior trochanter, while much of the distal end
of the femur, including the condyles, is missing. Other
than these eroded areas the bone surface is generally
well preserved although is there crushing to the diaph-
ysis posteriorly.

The femur is slender in anterior and posterior views
and essentially straight except distally where it curves
medially to create a concave medial margin. In medial
view the anterior diaphysis describes a gently con-
vex curve.

Figure 20. Brighstoneus simmondsigen. et sp. nov. (MIWG
6344), ischium inA, lateral, B, dorsal andC, medial views.
Abbreviations: ac, acetabular component;er, eroded areas;gr,
lateral groove;ip, iliac peduncle;op, obturator process;pp,
pubic peduncle. Scale bar¼100 mm.

30 J. A. F. Lockwoodet al.



The head of the femur is directed medially but
damage to the dorsal surface means that there is little
anatomical information, although the presence of a sad-
dle-shaped surface and an anteroposteriorly elongate
greater trochanter seem likely. The anterior trochanter
has some erosion dorsally but forms a mediolaterally
compressed flange that is separated from the greater tro-
chanter by a definite cleft (although this is filled with
matrix). The lateral surface of the anterior trochanter
has dorsoventral striations while its anterior margin is
also roughened and mediolaterally wider than the poster-
ior margin. The anterior margin continues ventrally as a
rounded ridge that extends diagonally down the shaft of
the femur towards the medial condyle, gradually becom-
ing smoother and less prominent.

The fourth trochanter is transversely compressed and
forms an elongate trapezium (Fig. 22B). Although the
femur is incomplete, the fourth trochanter was almost
certainly situated predominantly in the dorsal half of the
femoral shaft, but it also extended onto the ventral half.
The ventral border is angled posterodorsally and is con-
tinuous with the concave curve of the posterior surface
of the distal femur, while the posterior border for most
of its length is parallel with the axis of the mid-diaph-
ysis before curving convexly to join the shaft of the
proximal femur. A similarly shaped fourth trochanter is
also seen in NHMUK PV R1148, the holotype of
‘ Iguanodon hollingtoniensis’ (currently regarded as a
synonym of Hypselospinus fittoni: Norman 2015),
NHMUK PV R2503, the femur of‘ Iguanodon seelyi’

(Hulke 1882), in adult (Verd�u et al. 2017b) and perinate
(Verd�u et al. 2015) Iguanodon galvensis, and in RBINS
R347 a‘sub-adult’ specimen ofIguanodon bernissarten-
sis (Verd�u et al. 2017a). NHMUK PV R2503 has also
been referred toIguanodon bernissartensis(McDonald
2012a) and these differences probably represent intra-
specific variation from the more usual triangular config-
uration. The shaft of the femur is shallowly excavated
just medial to the base of the fourth trochanter and is
heavily scarred.

The ventral articular surface of the femur has been
lost but part of its mediolateral expansion is preserved.
Anteriorly, the intercondylar extensor groove is narrow
and extends distally becoming deeper,‘U’ -shaped in
mediolateral cross-section and slightly wider trans-
versely. Posteriorly the intercondylar flexor groove is
broader and relatively shallower. Both grooves are
slightly ventromedially directed.

Phylogenetic analysis

The systematic position ofBrighstoneus simmondsiwas
assessed cladistically using a modified version of the
matrix of Xu et al. (2018), which is modified from
Norman (2015) and McDonald (2012b). The matrix was
chosen as it focuses on non-hadrosauriform and hadro-
sauriform ankylopollexians but is not overly skewed
towards hadrosaurids. We rescoredMantellisaurus athe-
rfieldensis using only material from the holotype

Figure 21. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), possible fragment of anterior pubic process inA, lateral, B,
medial, C, anterior and D, posterior views. Views assume that the distal end is to the left.Abbreviation: py , pyrite.
Scale bar¼50 mm.
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specimen (NHMUK PV R5764), given concerns about the
taxonomic status of referred material (e.g. Paul2012).
Initially, the analysis was run with the original 123 charac-
ters scored in the Xuet al. (2018) data matrix with the
addition of Brighstoneus simmondsi(41 taxa), which pro-
duced an unresolved polytomy amongst those hadrosauri-
forms nested outside of Hadrosauroidea. To further
explore the relationships between these earlier diverging
hadrosauriforms, two characters (124 and 125) were added
based on the observations that: (1)Brighstoneus simmondsi
and Ouranosaurus nigeriensispossess a ventral nasal pro-
cess, which is not present inIguanodon bernissartensisor
Mantellisaurus atherfieldensis; and (2) the markedly post-
erodorsally orientated articular surface to the ischiadic ped-
uncle which is present inBrighstoneus simmondsiand
Ouranosaurus nigeriensisis not present inBarilium daw-
soni, Iguanodon bernissartensis, Mantellisaurus atherfiel-
densisor Hypselospinus fittoni.

Character 124: Nasal. Morphology of the nasal
contact with the posterodorsal region of the lateral

maxillary process of the premaxilla at the posterior
margin of the narial foramen; the nasal forms a
sub-rectangular flange, which does not contribute
to the ventral border of the narial foramen (0);
nasal has anteroventral process, which contributes
to the ventral border of the narial foramen. (1)
(modified from Prieto-M�arquez & Norell 2010,
character 78).

Character 125: Ilium. The angle in lateral view
between the articular surface of the ischiadic
peduncle and the dorsal margin of the iliac central
plate is less than 15� (0); is 15� or above (1). (See
Supplementary material, Figs S6–S8 and
Table S3).

The matrix was compiled in Mesquite v. 3.61
(Maddison & Maddison2015) and analysed in TNT v.
1.5 (Goloboff & Catalano2016), using a traditional
search under the tree bisection reconnection (TBR)
swapping algorithm, saving 100 trees per replication.

Figure 22. Brighstoneus simmondsigen. et sp. nov. (MIWG 6344), right femur inA, anterior,B, medial,C, posterior,D, lateral,E,
dorsal andF, ventral views. Reconstruction of distal femur shown in A is based onMantellisaurus atherfieldensis(Norman1986).
Abbreviations: 4t, fourth trochanter;at, anterior trochanter;dr, diagonal ridge;eig, extensor intercondylar groove;es, eroded
surface;fh, femoral head;fig, flexor intercondylar groove;gt, greater trochanter;mc, medial condyle. Scale bar¼100 mm.
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Lesothosaurus diagnosticuswas set as the outgroup.
Consistency index, rescaled consistency index and reten-
tion index were calculated using the TNT script
STAT.RUN and clade support using the TNT script
BREMER.RUN and TNT bootstrap, set to 1000

replicates, reporting groupings found in> 50% of pseu-
doreplicate datasets. The analysis resulted in 10 most
parsimonious trees (MPTs), each with a tree length of
338 steps. The consistency index¼ 0.583, rescaled con-
sistency index¼ 0.510 and the retention index¼ 0.874.

Figure 23. Three cladograms depicting the phylogenetic relationships ofBrighstoneus simmondsi.A, strict consensus tree based on
the matrix of Xuet al. (2018) with two additional characters added. Tree length¼ 338 steps, consistency index¼ 0.583, rescaled
consistency index¼ 0.510, retention index¼ 0.874;B, section of strict consensus tree obtained after excluding new nasal character
(124) and ilium character (125). Bootstrap values given above line, Bremer support below line;C, section of 50% majority rule
consensus of 10 MPTs (for full tree seeSupplementary material, Fig. S9).
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The relationships of the early diverging iguanodon-
tians and hadrosaurids recovered by our analysis did not
differ significantly from those of Xuet al. (2018) as
shown in the strict consensus tree (Fig. 23). However,
among hadrosauriforms nested outside of
Hadrosauroidea, Xuet al. (2018) recovered a monophy-
letic clade (Iguanodontidae) containingMantellisaurus,
Iguanodon and Barilium with the latter two as sister
taxa, while Ouranosaurus fell outside of
Hadrosauriformes. The addition ofBrighstoneusand the
rescoring ofMantellisaurusrecovered these five taxa as
a polytomy in Hadrosauriformes, which persisted when
nasal character 124 was introduced (Fig. 23B). When all
125 characters were used a large polytomy was recov-
ered in Hadrosauriformes, which included five styracos-
ternans, Proa, Bayannurosaurus, Lanzhousaurus,
Hypselospinusand Iguanacolossus, which had previ-
ously fallen outside of this clade (Fig. 23A). Due to this
poor resolution a 50% majority rule consensus was per-
formed (Fig. 23C; full cladogram in Supplementary
material, Fig. S9). This recovered the same topology as
originally described in Xu et al. (2018) but with
Brighstoneusas the sister taxon ofOuranosaurus, out-
side of Hadrosauriformes. Apart from characters 124
and 125,Ouranosaurusand Brighstoneusalso differed
from other Wealden Group taxa by scoring state‘0’ in
character 100 (absence of axial twist in the preacetabu-
lar process). However, when a 50% majority rule con-
sensus analysis was run without characters 124 and 125,
Brighstoneusfell outside of Iguanodontidae as the most
basally branching taxon in Hadrosauroidea. This demon-
strates the volatility of these topologies and this study
relied on the strict consensus tree to define the position
of Brighstoneus simmondsias an early diverging
hadrosauriform.

These results neither support nor refute the dissolution
of the Iguanodontidae node but confirm the fragile and
inconsistent resolution seen among early-diverging styr-
acosternans, especially the non-hadrosauroids at the base
of hadrosauriform clade. This includes five genera from
the Wealden Group, Barilium, Hypsilospinus,
Mantellisaurus, Iguanodonand Brighstoneus, the latter
three represented in the Wessex Formation of the Isle of
Wight. The Wealden Group taxa are usually included in
Hadrosauriformes (e.g. Prieto-M�arquez & Norell 2010;
Wu & Godefroit 2012; Norman 2015; Xu et al. 2018;
Tsogtbaataret al. 2019) although Barilium was found
outside of this group by McDonald (2011), McDonald
et al. (2017) and Mantellisaurus atherfieldensisin
Hadrosauroidea by McDonald (2012b). Further work is
clearly required to improve resolution in what is a major
section of the iguanodontian clade spanning the
Valanginian–early Albian.

Discussion

The number of dentary tooth positions in
hadrosauriforms
Although the majority of non-hadrosaurid hadrosauri-
form taxa are represented by single specimens or lack
relevant cranial material, there is evidence to support an
increase in the number of tooth positions in this clade
during ontogeny. Examples where data are available
include Eolambia caroljonesa (Kirkland 1998;
McDonald et al. 2012b), Telmatosaurus transsylvanicus
(Weishampelet al. 1993) and Bolong yixianensis(Wu
et al. 2010; Zheng et al. 2014), although these largely
compare very immature juveniles and perinates with
mature specimens. The perinates ofIguanodon galvensis
were also noted to have relatively low tooth counts
compared to a matureIguanodon bernissartensis(Verd�u
et al. 2015).

Dinosaurs may continue to grow as adults, but this
represents an asymptotic stage of marked slowing
(Erickson et al. 2001). There is evidence from hadro-
saurids that extra tooth positions are generated during
normal growth but do not continue once maturity has
been reached. Prieto-M�arquez (2001) noted that in
Brachylophosaurus canadensisthe dentary tooth count
with one exception was 33 in four adult and four sub-
adult dentaries. Fondevillaet al. (2018) recorded a non-
linear increase in tooth positions describing an asymp-
tote in hadrosaurids. Also, an increase in dentary length
during ontogeny can occur without requiring an associ-
ated isometric increase in tooth positions, for example
by the elongation of the diastema inEdmontosaurus
spp. (Campione & Evans2011) and the widening of the
tooth positions inDysalotosaurus lettowvorbecki, where
an increase in alveolar positions during ontogeny from
10 to 13 was accompanied by a 100% increase in den-
tary length (H ubner2010).

Tooth counts, therefore, may have taxonomic utility
in mature individuals, and indeed have often been used
as a diagnostic character in hadrosauriforms. Norman
(1986) cited 21 dentary tooth positions for
Mantellisaurus atherfieldensisand up to 25 forI. ber-
nissartensis. Paul (2008) stated that there were 22 den-
tary tooth positions in his diagnosis ofMantellisaurus
atherfieldensisand indicated that 23 were visible in
RBINS R57 (the holotype of‘Dollodon bampingi’ )
although it is unclear how a tooth count was obtained.
Paul (2008) also suggested that the high number of den-
tary tooth positions in MIWG 6344 (Brighstoneus sim-
mondsi) might make it referable to‘Dollodon’ .

A partial iguanodontian skeleton, NHMUK PV
R11521, from the Wessex Formation that has been
referred toMantellisaurus atherfieldenesis(Barrett et al.
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2009; McDonald 2012a; Norman 2013), is an animal
whose femoral length is 14% shorter than the holotype
of Mantellisaurusbut whose dentary has 20 teeth (9%
less).Brighstoneus simmondsihas an estimated femoral
length that is 10% greater than the holotype of
Mantellisaurusbut has at least six extra tooth positions
(27% more). Ideally, ontogenetic stage should be deter-
mined histologically, but it can be observed that dorsal,
sacral and caudal vertebral neurocentral sutures are
fused in all three of these specimens. Fusion of verte-
brae is not a reliable indicator of a fully mature adult
(Bailleul et al. 2016; Hone et al. 2016) and does not
preclude further linear growth (Griffinet al. 2020) but it
is indicative of an animal that is reasonably skeletally
mature, and it is unlikely that any of these specimens
represents a juvenile (note that Horner [2000] and
Evans [2007] define the term‘ juvenile’ as being< 50%
of adult size). Although the sample size is small, the
implication is thatBrighstoneus simmondsiis not part of
an ontogenetic series with NHMUK PV R11521 and
NHMUK PV R5764, and its high tooth count is an auta-
pomorphic feature. Similar arguments to those applied
to the number of tooth positions could also be raised
against ontogenetic explanations for the formation of an
elongated rostrum or a nasal bulla.

Hadrosauriform alpha diversity
In the upper Campanian Dinosaur Park Formation of
Alberta, Canada, an alluvial flood plain that experienced
increasing transgressive events and had a similar aver-
age sediment accumulation rate to the Wessex
Formation (40 mm/Ka), Mallonet al. (2012) identified
two primary assemblage zones each lasting 600 Ka, both
of which can be further sub-divided using rarer species
into 300 Ka assemblages. Evidence was also seen for
phyletic gradualism in hadrosaurids rather than popula-
tion changes due to migration through those assemblage
zones. Dodson (1990) showed that in the better expo-
sures that contained stratigraphically superimposed for-
mations at a specific location (e.g. the Judith River,
Horseshoe Canyon and Scollard formations in Alberta,
Canada, of late Campanian–Maastrichtian age, and the
Djadochta, Barun Goyot and Nemegt formations in the
Gobi Desert of Mongolia, of late Santonian–early
Campanian to Maastrichtian age), faunal turnover
appeared especially rapid. Schopf (1984) has suggested
that if the same criteria were applied to fossil groups
that are used for modern species, average species lon-
gevity might be as little as 200 Ka. This is in stark con-
trast to the conventional view that from the end of the
Hauterivian to the early Aptian, the Wealden Group of
England, and the wider‘Wealden’ of western Europe,
were dominated by two unchanging hadrosauriform

taxa: Iguanodon bernissartensisand Mantellisaurus
atherfieldensis.

Historically, new hadrosauriform species and genera
were erected on the basis of Isle of Wight Wealden
Group material, such asIguanodon seelyi and
Vectisaurus valdensis, but these have generally entered
into synonymy (Normanet al. 2004). In recent years
other hadrosauriform genera have been proposed as con-
tributing to the Isle of Wight fauna includingDollodon
seelyi (Hulke, 1882), Proplanicoxa galtoniCarpenter &
Ishida, 2010 and the BelgianDollodon bampingiPaul,
2008. However, subsequent revisions have relegated
these taxa to junior synonyms of eitherMantellisaurus
atherfieldensisor Iguanodon bernissartensis(McDonald
2012a; Norman 2012). In the more recent examples,
novel taxa had been erected without first-hand examin-
ation of the specimens, or were based on a single char-
acter or element, leading to problems such as the
misinterpretation of taphonomic distortion (McDonald
2012a). However, recent work on material from the
Early Cretaceous of Spain is beginning to show a wider
range of fauna from the upper Hauterivian–lower Aptian
than appreciated even less than a decade ago.
Iguanodon bernissartensisand Mantellisaurus atherfiel-
densishave been joined byIguanodon galvensis(Verd�u
et al. 2015), Magnamanus soriaensis(Vidarte et al.
2016), Morelladon beltrani (Gasulla et al. 2015),
Portellsaurus sosbaynati(Santos-Cubedoet al. 2021)
and Delapparentia turolensis(Ruiz-Ome~naca 2011),
although the latter may be anomen dubium(Norman
2015; Verd�u et al. 2017a).

The description ofBrighstoneus simmondsitogether
with the work in Spain suggests that the
Barremian–early Aptian hadrosauriform fauna in west-
ern Europe is probably more diverse than usually appre-
ciated and that the evolutionary stability and durability
of a two-species-dominated fauna needs to be re-eval-
uated. It also calls into question some of the referrals
that have previously been made toMantellisaurus athe-
rfieldensis and Iguanodon bernissartensis, often based
principally on size or robusticity rather than
autapomorphies.

The question of dinosaur species longevity and
expected diversity is complex, and can be subject to
biases, which may over-estimate the species duration.
These include:
1. More ephemeral taxa are less likely to be preserved

in the fossil record than those with a high
generic longevity.

2. Waste-basket taxa such as‘ Iguanodon’ and
‘Megalosaurus’ , which existed prior to the 1990s,
were to some degree a reflection of the pre-cladistic
era, where symplesiomorphies were used to unite
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groups or species rather than using unique character
combinations and autapomorphies to identify
individual taxa. Of course, technology and the
relative ease of accessing data have also facilitated
this change. Work prior to this is perhaps likely to
have underestimated diversity and therefore
overestimated species longevity.

These factors have probably influenced the taxonomy
of Wealden Group hadrosauriforms.Mantellisaurus
atherfieldensisand Iguanodon bernissartensiseach have
reasonably complete and well-preserved holotypes that
have been monographed (Norman1980, 1986). Their
remains are found from the Hauterivian–Barremian
boundary on the Isle of Wight (Martill & Naish2001;
McDonald 2012a; Norman 2013) and Mantellisaurus
atherfieldensisis also recorded from the lower Aptian,
Hythe Formation of Kent (McDonald2012a), and so
crosses one and possibly two stage boundaries. Bones,
for example dorsal vertebrae, are frequently referred to
one taxon or the other based on size, centrum length to
height ratio and relative neural spine height. These char-
acters adequately distinguish theMantellisaurus hypo-
digm (although the holotype has lost nearly all neural
spine material) fromIguanodonbut are not autapomor-
phic and therefore give no diagnostic information at a
specific level. Similar arguments can also be raised
against referrals (albeit often tentative) to
Mantellisaurus atherfieldensisfor fragmentary remains
in the Barremian–Aptian deposits of Spain (Serrano
et al. 2013; Ruiz-Ome~nacaet al. 1998, and references
therein), Germany (Huckriede1982; Norman 1987),

France (Martin & Buffetaut1992; Knoll 2009) and
Romania (Posmosanu2003).

An important implication of the discovery of
Brighstoneus simmondsiis that Barremian–early Aptian
hadrosauriform finds from the Wealden Group should
not be referred toMantellisaurus atherfieldensisor
Iguanodon bernissartensisunless specific autapomor-
phies are present. A detailed review of the material
from the Isle of Wight is currently being undertaken,
but efforts should be made to actively protect and acces-
sion Wealden Group iguanodontian specimens, particu-
larly associated and cranial material, which in the past
might have been dismissed as being unlikely to provide
new data.

Conclusions

Brighstoneus simmondsi(Fig. 24) is recognized as a
new genus and species of hadrosauriform ornithopod
from the Wealden Group of the Isle of Wight, on the
basis of two autapomorphies and a unique combination
of characters. It is likely that the holotype specimen is
� 4 Ma older than that ofMantellisaurus atherfieldensis,
reinforcing the view that the Wealden Group is likely to
have supported a higher diversity of iguanodontians
than previously realized, both in the Wessex Formation
and perhaps in coeval mainland exposures. This study
also has systematic implications, questioning the validity
of the composite operational taxonomic unit that has

Figure 24. Brighstoneus simmondsi. gen. et sp. nov. Life restoration by John Sibbick.
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generally been used to scoreMantellisaurus atherfiel-
densisin phylogenetic analyses. To provide better reso-
lution of relationships within Iguanodontia and a more
complete understanding of iguanodontian alpha diversity
in the Wessex Sub-basin, a reassessment of Isle of
Wight material is necessary.
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