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ABSTRACT.

A new patrtial skeleton of the armoured ornithischian dinoBalacanthudound in the
Wadhurst Clay Formation (Valanginian std@f Bexhill, Sussex is the oldest recorded
occurrence of this taxon. Previous discoveries suggested that at least two armoured
ornithischians occur in the Wealden succesdrmtacanthusyhich wasmostlyrestrictedto

the Barremian, anHylaeosauruswhichwas recorded as present only in the Valanginian.
The new discovery extends the stratigraphic rang®&tdcanthusnto the Valanginian.
Although these two taxa appear to besely similar anatomicallytheir osteologyow
suggestghey arenotsynorymous The new specimen includes the first known jugal as well
as a comparatively rare polacanthid plate/spine (splate) which probably comes from the

shoulder (pctoral) area of these animals.
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1. Introduction

We describe here a partial skeletorPofacanthuscollected from Bexhill, SusseXhe
Lower Cretaceous sediments of southern Engjaeld a dinosaur faunthat isdominated by
iguanodontian ornithopods. By comgn armoured orninithischians (ankylosaurs) are rare.
HylaeosaurusarmatusMantell, 1833andPolacanthudoxii (attributed toOwen in
Anonymous, 186pare the two principal armoured taxa known from this area. Little
additional material oHylaeosaurusas been found since the 19th century because the
original quarries in the Tilgate Forest area have been closed andilleackPolacanthusvas
founded upon a more complete skeleton discovered on the Isle of Wight, and in recent
decades more material haesen discovered drdescribed (Blows, 1987; Normand Faiers,
1996; Pered&uberbiola et al 2007, Barrett and Maidment, 2011).

Institutional abbreviations: BEXHM Bexhill Museum, Bexhilon-Sea, Sussex;
CAMSM Sedgwick Museum, University of Cambridge, Gaidge; CEUM College of
Eastern Utah Prehistoric Museum; GM Gosport Museum, Hampshire; HORSM Horsham
Museum, West Sussex; IWCMS Isle of Wight Council Museum Service, Dinosaur Isle,
Sandown, Isle of Wight; MNS Museo Numantino, Soria, Spain; NNational Mugum of
Wales,Cardiff, NHMUK, Natural History Museum, London, UK; NMC National Museum of
Canada, Ottawa; MWC Museum of Western Colorado, Colorado; ROM Royal Ontario

Museum, Toronto, Canada; USNM United States National Museum, Washington.

2. Geological Seting

The Bexhill skeleton (BEXHM) was found in the Pevensey Pit at Ashdown Quarry,
Bexhill, East Sussex. The Pevensey Pit exposes a sequence of the Wadhurst Clay Formation,
which is comprised of upper and lower units, battillaceous irorigin. The unitsare

separated by an arenaceous sandgtdash and Sweetman, 2011, p. 48%)ownlocally as



the Northiam SandstonedeFig. 1). The remains were found in the upper clay unit
approximately 11 meters above the top of this sandstone. The Wadhurst @teyiéio has
proved very productiven terms of vertebrate remaingtably crocodiles, turtleéish and
WKLUWHHQ VSHFLHV RI GLQRVDXU +RZHYHUPoMtahthiuR QO\ WK
EHGY ZKLFK LV E HanZhitk @at hab Qdited the remains éfolacanthus
(Austen et al., 2010, p.13., Naish @&aeetman2011, p. 465 7 KPidlapanthusE HG Y KDV
also produced substantial remaindgefanodotian ornithopods

The Wadhust Clay Formationis part of the Hastings Beds, which is part of the Wealden
subbasin. The lithology consists of alternating argillaceous and arenaceou3ieds
argillaceous beds are thought to have been deposited in lakes, channels, lagoons and mudflats
of low salinity, whereas the arenaceous beds may be the result of meander plain to bridal plain

and fan environments (Radley 2006, p.110, Radley and Allen 2012, pR52%6

3. Systematics

OrnithischiaSeeley, 1887

Thyreophora Nopcsa, 1915 (sensu Norni®84)

Ankylosauria Osborn, 1923

Family Polacanthida&Vieland, 1911 (sensu Carpenter, 2001)

GenusPolacanthis (Owen in Anon, 1865)

Type speciesPolacanthus foxi{Owen in Anon, 1865)

Holotype NHMUK R175 a posterior partial skeleton lacking the sKollelimbs and some
anterior armour (Fox collection).

Type geology and localityrrom a plant debris bed in blue shale of the Wessex Formation,
Lower Cretaceous Barremian, east of Barnes Chine, south coast of the Isle of Wight, England

(Hulke, 1881).



Refered specimensNHMUK R9293 a partial skeleton with armour and three small possible
skull fragments (Blows, 1987and a privately held specimen lacking skull material, both
from the Barremian Wessex Formation of the Isle of Wight; BEXHM 1999-BEXHM
199934.15; BEXHM 2002.34.2; BEXHM 2002.50.23; BEXHM 2002.50.52; BEXHM
2002.50.58BEXHM 2002.50.70; BEXHM 2002.50.7BEXHM 2002.50.79; BEXHM
2002.50.81BEXHM 2002.50.92; BEXHM 2002.50.96; BEXHM 2002.50-B&XHM
2002.50.107; BEXHM 2002.50.11BEXHM 2002.50.122BEXHM 2002.50.125BEXHM
2002.50.131; BEXHM 2003.7/BEXHM 2003.70.1; BEXHM 2009-8EXHM 2009.4.7;
BEXHM 2011.3BEXHM 2011.4; BEXHM 2011.22BEXHM 2011.23.1 all parts of a single
skeleton with armour and a right jugal from the Wadhurst Clay Formation (\faiamgof
Ashdown Quarry, Bexhill, Sussex, (the multiple numbers are due to collection, donation and
accession over two decades, 1280.0); numerous other isolated bones and armour from the
Barremian of both England and Spain (see lists in Blows 198&d&8uberbiola 1993 and
PeredaSuberbioleet al, 2007).

Tentatively referred specimen partial neurocranium CAMSM X2624Rlorman and

Faiers, 1996jrom the Barremian of the Isle of Wight; one almost complete tooth from the
Barremian of the Isle of WidMIWG 5390 (Blows and Honeysett, in press). A second
neurocranium NHMUK R16498arrett and Maidment, 201ffpom the Valanginian of

Fairlight Cove, Sussex could P®lacanthus

Other species. Polacanthus rudgwickemmsws, 1996; holotype: HORSM 1988.154
incomplete postranial skeleton with armour from the Weald Clay Formation (Barremian) of
Rudgwick, West Sussex, England (Blows, 1996).

Differential Diagnosis(modified from Blows, 1987, 1996; Pere8aberbiola, 1993, 1994;
PeredaSuberbiola et al 2007; Barrett and Maidment, 2011). Moderate to large ankylosaur, 5

metres in mature body length; synsacrum of five dorsosacrals, four, sact@ne



sacrocaudal vertebragaudal vertebral transverse processes as far as disttdiahef the

tail; caudalvertebrae with unfuseldaemal arches; scapulae with fused coracoid in mature
animals (separate iHylaeosauru} acromion forms a ridge arising from, and remaining close
to, the dorsal edge of the scapula (located more centrally towards the gledgidaasaurus
andGastonig; preacetabular process of the ilium short and minimally divergent, abQut 15
distinct lesser trochanter near mdéhgth of the femur; tibi&3% the length othe femur;
cervicalhalf-ring armour of separate basaines eacbhearingamedium to large, triangular
flattened spine (significantly larger th&astonig; large flattened splates (shared character
with Hoplitosaurusbut not currently known in any other armour dinosaur); large (one metre
square) sacral shield composed of a mosaic of fused small tubercles surrounding larger
laterally and posteriorly placed bosses (mosaic pattern differ&dstonig unknown in
Hylaecsaurug; caudal armour of bilateral rows @il, laterally flattened plates witterrow
hollowed bases extending into the plate, decreasing size distally to small low keeled scutes.
Known biogeographic distributiofolacanthuss known currently from Egland and Spain,
(PeredaSuberbiola, 1991, 1994).

Known biostratigraphyThe frst appearance datum (FAD}) Polacanthuss the Valanginian
(Wadhurst Clay Formation) of England. Tlast appearance datuiitAD) is Barremian (see
discussion).

Material: BEXHM 1999.34.1- BEXHM 1999.34.15; BEXHM 2002.34.2; BEXHM
2002.50.23; BEXHM 2002.50.52; BEXHM 2002.50.5BEXHM 2002.50.70; BEXHM
2002.50.75 BEXHM 2002.50.79; BEXHM 2002.50.81BEXHM 2002.50.92; BEXHM
2002.50.96; BEXHM 2002.50.98BEXHM 2002.50.107; BEXHM2002.50.116 BEXHM
2002.50.122; BEXHM 2002.50.128BEXHM 2002.50.131; BEXHM 2003.70BEXHM
2003.70.1; BEXHM 2009.4BEXHM 2009.4.7; BEXHM 2011.3 BEXHM 2011.4;

BEXHM 2011.22- BEXHM 2011.23.1 a single partial skeleton consisting of a right jugal,



cendcal, dorsal and caudal vertebrae, ribs, pelvic and pectoral fragments, limb elements and
dermal armour.

Description The remains were disarticulated but are considered to be parts of the same
animal as they were found at the same site wittuse proximiy to each other, witho
duplicationof elementsPreservation of the individual bones is quite good, indicating that
postmortem dispersal and erosion was limited, although disarticulation was complete. Other
than this one site, armoured dinosaur remtrdate are very rare in this quarry.

Skult BEXHM 2002.50.98 (Fig. 2) is a right jugal with a ventral coronux (terminology sensu
Blows, 2001) fused to the outer surface. The bilateral jugals extend below the orbit to form
the ventrolateral rims of thelt (Fig. 2A). Posteriorly they fuse with the postorbital to form

the postocular shelf. As preserved, the Bexhill specimen has overall measurements of 54 mm
anteroposteriorly, 50 mm dorsoventrally and 48 mm laterally. It is gently curved in lateral
view to match the lower curvature of the orbit (Fig. 2A). The depth of this rim is 33 mm at the
posterior end, narrowing anteriorly (Fig. 2D). The ventral coronux lies exclusively on the
jugal, a character of the Polacanthidae (Kirklahdl, in press). The conux has a wide base
which is curved to match the curvature of the jugal and extends anteriorly. It isitamed,
slightly compressed laterally, arriving at a rounded apex (Fig. 2A, C). This apex has an
asymmetric relationship with the base, i.e. thakpef the coronux occurs efentre to the

base and as a result is angled posteriorly. It is slightly smaller than the cordsastamia

but a natural unfused articular surface, 18 mm by 33 mm, for attachment to the postorbital at
the posterior end ohe bone suggests the skull was not fully mature, and may have grown
slightly larger (Fig. 2A, C, D).

Axial skeletonThe full vertebral count fdPolacanthuss unknown, since no complete
sequence of vertebrae has been found. The vertebrae found withxth#é ecimen have

some features in common, notably amphiplatyan centra, and some show a central raised



notochordal bump on botrticular faces. This bump is common amongst ankylosaurian taxa
and some nowinosaurs, and is individually variable. Th@rezygapophyseal articular
surfaces are angled upwards throughout the vertebral series. In cervical vertebrae the angle is
about 25 degrees from the horizontal (Fig. 3G) and about 45 to 50 degrees from the horizontal
in the dorsal (Fig. 4A, C) and earlyuttal vertebrae (Fig. 5A, C), becoming 75 degrees in the
middle and late caudal vertebrae (Fig. 5G). The postzygapophyseal articular surfaces are
similarly angled. All these features araramon amongst other ankylosaurs.
BEXHM 2002.50.84Fig. 3A, B, C)is the centrum of aervical vertebrabout equal in
length and widtl{approximately60 mm). The articular ends are oval taghktly heartshaped
(Fig.3A, C), a typical ankylosaur morphologihe parapophyses are located on the lateral
wall against the antenr end at the top of the centrum. Thasd the long centrumdicates
the specimen is an early cervical vertebra, possibly C3 or C4. In later vertebrae, the
parapophyses remain against the anterior border but migrate down towards the base.
BEXHM 2002.50.9 (Fig. 3D, E, F, G) is the almost complete left side of a cervical
vertebra with the parapophyses close to the base of the centrum, indicating it occupied a
centralposition in the cervical row. The neural canal is well exposed and-derdgrally
wide, s1owing a ventral Wshaped excavation into the centrum. The pral
postzygapophyses both overhang the borders of the centrum, the prezygapophyses by a very
small margin (similar to NHMUK R9293, Fig. 3I), and the postzygapophyses by a wide
margin (unlike \HHMUK R9293). Since these variations can be attributed to the different
positions these vertebrae occupied in the series, they generally compare favourably with the
Barremian example (NHMUK R9293)(Fig. 3H. The centrum was approximately 40 mm

long as esthated fom what remains of the centrum.



BEXHM 2002.50.78a is the right side of a cervical vertebral arch with only the neural
canal lateral wall, right prezygapophysis and top of the centrum preserved. The neural canal is
dorseventrally wide and the bas&iows a Vshape excavation.

BEXHM 2002.50.81Fig. 4A-D) is anearly completelorsa vertebra. The right
transverse mcess is almost complete and angles upwards from the horizomtbldag 0.

The height without the neural spine is 115 mm and leofgthe centrum is 68 mm. The
prominent parapophyses are positioned high on the lateral walls of the neural arch
immediately beneath the transverse process, as in Barr@woi@aranthusand other

ankylosaur dorsal vertebrae (Fig.-&. The floor of the naal canal is excavated into the
centrum by a few millimetres. The pre and postzygapophyses overhang the centrum by a
small margin. The centrum is cylindrical with rounded ends (Fig. 4A, C), the anterior end
being slightly taller (65 mm) than the postemmd (58 mm). The neural arch slopes
anteriorly from the posterior end of the centrupnto the parapophysis when viewed laterally
(Fig. 4B). The anterior end of the centrum supports a shorter and shallower posteriorly
directed slope of the neural arch be parapophysis. This morphology matches closely the
lateral profile of BarremiaRolacanthuslorsal vertebrae (Fig. 4F, G).

The synsacrum, sacrum and sacral ribsvargpoorly preservedBEXHM 2011.3is
part of the anterior portion of the synsacrum (the presacral rod), which is made from modified
posterior dorsal vertebrae fused together. This specimen is composed of two fused posterior
dorsal vertebral centra, one slightly larger than the othern&tial arch is missing. Both
centra have a flat base which narrows from the larger of the two centra to the smaller. The
neural canal also has a flat base and neural foramen on each side at the point where the two
centra join. This junction is marked aralthe two sides and the base by a slightly raised

ridge of bone.



BEXHM 2009.4.4 is dragmentof sacrumBEXHM 2002.50.11%nd BEXHM
2002.50.96 @ sections of the neural arflom the presacral rqdandBEXHM 199934.8
may be another smaller fragment of this neural arch. BEXHM 2002.50.101 is p@ssibly
fragmentof a sacral rib, 551m long as preserved.

Five well preserved caudal vertebrae are present in the Bexhill specimen. BEXHM
2002.50.88Fig. 5A, B) is a neayl complete anterior caudal vertebra with an overall height of
145 mm, the centrum being 55 mm in height and 65 mm in width. The neural spine is laterally
compressed and widens gradually towards the top to form a broad termination, similar to
NHMUK R9293 (Hg. 5C). The preand postzygapophyses both extend beyond the centrum,
and have articular faces angled at about 60 degrees from the horizontal. The left lateral
process is a long cylindrical rod which normally extends straight out laterally from the upper
half of the centrum, but is ventrally depressed in this specimen due to tectonic pressure. The
centrum is nearly circular on both faces, The heamal arch facets occur on the posterior ventral
border of thecentrum

BEXHM 2002.50.85Fig. 5G, H) is a miecawal vertebra . The neural process base is
preserved along with the postzygapophyses which have strongly inclined articulation faces
angled at about 75 degrees from the horizontal. The prezygapophyses are similarly angled.
Both the pre and postzygapophys&tend beyond the ends of the centrum. The lateral
processes extend directly out from the mid line of the centrum as slender rods. The anterior
face of the centrum is almost circular, the posterior face being very similar except the ventral
edge is flatteed to accommodate the haemal arch facets. As preserved, the total height is 120
mm, the centrum measures 56 mm long and 62 mm wide.

BEXHM 2002.50.23Fig. 5J) is a nearly complete midaudal vertebra. The neural
process is laterally flattened, widenislgghtly at the termination. The pre and

postzygapophyses articular faces are steeply inclined at about 75 degrees from the horizontal.
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Both pre and postzygapophyses extend beyond the ends of the centrum. The transverse
processes extend as a dorsoventifidlyened rod from a position halfay down the lateral

wall of the centrum. The centrum is round on both articular faces and is 63 mm wide, 53 mm
in height and 58 mm long. Haemal arch facets are more prominent on the posterior ventral
border of the centim that the anterior border.

BEXHM 2002.50.8§Fig. 5K) is a midcaudal vertebra. The neural process is laterally
flattened with some lateral displacement caused by tectonic prestuisesaudal is
otherwise similar to BEXHM 2002.50.23, although grezygapophyses articular facde
notangleupward quite asteeply The centrum width is 68 mm and height 55 mm. As
presered, the total height is 125 mm.

BEXHM 2011.4(Fig. 5D) is an almostompletemid- caudal vertela. The
prezygapophyses articulircesangle upwards at about 55 degrees above the horizontal, and
they extend significantly beyond the centrum. The centrum is elongate, being 65 mm in
length, 42 mm in height and 52 mm maximum width. The lateral transversespas are
locatedmidway along théateral centrum wall, halvay between the base and the neural
canal in line with a pronounced longitudinal ridge. This ridge divides the centrum lateral wall
into an upper and lower half which are slightly angled from each other. The end articular
facesof the centrum are generally round but they reflect the lateral ridges by bulging slightly
on the lateral edges. They also have a rough and flattened area of the ventral edges as part of
the haemal arch facets at both ends. These facets are large llgsgetbia posterior end of
the centrum. Thegentralsurface of the centrum is concaved

Two haemal arches, BEXHM 2002.50.82 (Fig. 5E) and 2002.50.81 (Fig. 5F} are Y
shaped with broad double headed articular surfaces, as seen in other ankylbgaurs.
articular surfaces are almost flat and roumgroximal view being 22 mm in diameter each.

The haemal canal is oval measuring about 12 mm to 15 mm deep and 7 mm wide. The twin
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halves fuse below the canal to form a single inferiorly directed rod. BEXHM 1499.3and
BEXHM 1999.34.15 are twturther haemal arch fragments.

Sequencing of the caudal vertebrae is possible because of changes in both the overall
size, the haemal arch articulation facets, and the location of the lateral (transverse) processes.
Anterior caudal vertebrae (e.g. BEXHM 2002.50.88 and NHMUK R9293) are the largest
caudal vertebrae with shallow haemal arch facets and lateral (transverse) processes mounted
high on the lateral centrum adjacent to the neural arch. The dorsal surface of thesggsro
blends with the neural arch forming a ridge, a development that is promirfemiazanthus
rudgwickensifHORSM 1988.1546Blows, 1996). Progressing posteriorly, the vertebrae
become more medium sized with moderate haemal arch attachments. Ad-teudal
sequence (e.g. BEXHM 2002.50)886e lateral process has migrated downwards towards the
mid-line of the centrum. The dorsal surface of the process becomes progressively more
detached from theaural arch. By the lateaudal sequence (e.g. BEXHN21.4), the
vertebral centrum is reduced in height being longer than tall, with large haemal arch facets.
The transverse process is mounted on the midline of the centrum. This midline becomes
progressively more distinct, through the posterior half ofdlielty the development of a
longitudinal ridge which ultimately divides the centrum into an upper and lower segment. The
transverse processes are significantly reduced in thickness, their dorsal surface at this point
having lost all contact with the neural arch above. In very ldistdl) vertebrae, the transverse
process and haemal arch facets are lost.

Numerous rib pieces were found with the BexRlacanthusRibs connect to the
vertebrae via a tuberculum articulatwgh the diapphysis of the lateral process, and a
capitulum which articulatelselowwith the parapophysis. Since no compleacanthus
cervical rib is known, the two cervical rib fragments from the BeXuolacanthuscannot be

identified as either theapitulum or the tuberculum. They are long and narrow with
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approximately circular articular (proximal) ends. BEXHM 1999.34.13 has a preserved length
of about 52 mm, and a diameter 14 mm at the articular end. BEXHM 2009.4.1 is a very
similar process of a cacal rib with a preserved length of 110 mm and cross sectional
diameter at the articular end @bout30 mm.

Dorsal ribs ofPolacanthusand many other ankylosaurs are typicaltgffaped in cross
section, with a flat horizontal, usually rugose upper serfnd a vertical supportive, usually
smooth ridge of varying depths and widths placed ventrally. The tuberculum is reduced to a
flat facet on the upper surface. This raises the upper surface of the rib to a level in line with
the diaphysis on the latefgrocessand from here the rib gradually curves away laterally. .
BEXHM 2002.50.92 is a 18mm length of rib close to the head (proximal) end. The upper
surface has a flened but rugoseaval shaped tuberculumandfrom this pointthe capitulum
curvesdownwards Theproximal ends missing BEXHM 2002.50.91 is gently curved210
mm mid-section of a rib just lateral to the tuberculum. The ventral ridge is narrow and deep
(30 mm) proximally, becoming wider and more shallow (20 mm) distAEXHM
2002.50128 is the proximal end of a rib with similar morpholoB£XHM 2009.4.2s a
fragmented section of a robust rib close to the head end. The ventral ridge is deep (40 mm)
and the approximately length, as preserved, is 100 mm. BEXHM 2002.50.79a (FigisAH, 1)
an unusual proximal end of a robust posterior rib (65 mm length, 40 mm depth) with a
prominent concave tuberculum on the dorsal border. It Hashaped cross section creating a
concavity beneath the tuberculum. This concavity narrows sharply metbaty what
remains of the capitulum. The ventral ridge thickens along the inferior border, which is
rounded. Only a short section of the dorsal border exists but this shows that it is wider than
the inferior border. A similar rib morphology describedrom GargoyleosaurugKilbourne

and Carpente£005).0Other rib fragments includBEXHM 2011.23.1 BEXHM 2002.50.130,



13

BEXHM 2002.50.129, BEXHM 1999.34.10, BEXHM 2B®0.107 and BEXHM

2002.50.77a.

Appendicular skeletorVery little of the pelvis exists in thgexhill specimen. BEXHM
1999.34.1.2 and BEXHM 1999.34.1 (Fig. 6A, B) are two irregular fragments of the ilium
which fit together. The united fragment is pdrtlte lateral border of the paeetabular

process. It is gently domed into a shallow arch shBipe ventral surface is gently concave,
forming a smooth curve. The dorsal surface is rough and gently undulating. It is crossed by
several transverse, irregularly placed and approximately parallel shallow grooves (Fig. 6B).
The nature and cause of theseayes is considered in the discussion along with similar
grooves on the dorsal surface of the holotype iliumgioorapelta MWC 1815, Fig.
6C)(Kirklandet al, 1998). Part of the natural lateral border is preserved in BEXHM
1999.34.1, and the fragmehirns gradually towards this bordermdéthersmall piece of ilium
bearing dorsal grooves does not attach directly to the large fragment. There is no evidence of
the ischia or pubis.

BEXHM 2009.4 is the cranial (proximal) end of the right scapula with gaheo
anteriorscapulablade Fig. 7A-C). The coracoid is missinghe preserved length is 215 mm
and the maximum depth at the proximal end is 150 mm. The dorsal edge of the scapula is
wider than the ventral edge. The acromion occurs along the dorsahedgs joined by a
low ridge from the body of the scapulaladebelow the acromion. The acromion is eroded at
the proximal end involvingpss of most or all of the coracoid articular surfacehsoextent
of coracod fusion with the scapulaimpossilke to assess. There is alsarface erosion of the
glenoid facetbut between these two areas of bone loss, immediately above the glenoid, there
is about 20nm of intact noreroded edge. This natural edge shows no evidence of fusion with
the coracoid, sugggting that either the scapula and coracoid were not fused in this animal, or

possibly the fusion occurred above this intact edgé bone loss also makes it difficult to
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assess the extent by which the acromion is folded towards the glenoid, but tizere is
evidence of any such encroachment towards the glenoid from what is presentesly to
Hylaeosaurugsee discussion).

BEXHM 2002.50.55 is a left scapula ridade fragmenthat narrows distally and has a
matching morphology tBEXHM 2009.4 The acranion is largely missing but enough is
present to indicate that it arose along the dorsal edgsut 130 mnof it is preserved.

No complete front limb foPolacanthushas been found. All the front limb elements are
missing in the holotype d?olacanthusand there are only isolated and often fragmentary
front limb pieces in referred specimens. The holotypeaddcanthusncludeshind limb
bones, but pes and manus remains are still largely unknown. This makes it diffagdigo
any new limb materiaccurately.

BEXHM 1999.34.5 (Fig. 8E) iaproximalend fragment of a humerus. As preserved, it
is approximatehhalf the width of thgroximal epiphysis plus only a short section of shaft;
the remainder of the bonensssing.It has a roundedpughenedrticular suface for
cartilage.

BEXHM 1999.34.3 is the epiphysis of a long bone. It has a subtriangular diaphyseal
cross section with a small marrow cavity. The articular surface is longenrt§3han wide
(30mm), and forms a rounded ridge which is roeiged for articular cartilage attachment.
One side is compressed, the other side is centrally ridged. The entire epiphysisdsncurve
such manner that the articular end faces approximately 40 degrag$ram the line of the
shaft.

BEXHM 2002.50.89 (Fig8F I) is a complete fibula 300 mm long. The proximal end is
broad (75 mm) and flat (28 mm thick) with a large, slightly depressed, rougbxdesaing
down themedid sideabout 70 mnior cartilaginous articulation with the tibia. The distal end

is flat (30 mm thick) but slightly narrower (65 mm) than the proximal end and has a similar
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roughened cartilaginous articulate surfageending 60 mmalvn the medial side. One edge

of the distal epiphysis is narrow whilst the other is broader, forming a ttearghaped

profile for the distal end (Fig. 8I). The diaphysis is about 38 mm in width and shows a mid
shaft muscle scar on the lateral surface. The shaft is twisted through approximately 45 degrees
along its length, so thvo ends are offet by thisamaunt relative to each other.

BEXHM 1999.34.4 is the proximal epiphysis and BEXHM 2002.50.90 is 150 mm (as
preserved) of the diaphysis of the second fibula. They appear to have once fitted together.
They have very similar morphology and measuremieré&EXHM 2002.50.89.

BEXHM 2003.70.1(Fig. 8A-D) is a metaodial It is nearly complete with rounded and
eroded epiphyses. These ends show convex artgutiaces as preserved, likelye to some
bone loss around the perimeters (Fig. 8C and D). The diapisysell preserved, being
convex on one surface and slightlyncave on the opposing surface. The bone is 153 mm
longandtaperd being 60 mm wide at the proximal end and 45 mm wide at the distal end. It
is not possible to state the anatomical locatiotiis bone, but metacarpals (notably no. IV)
and metatarsals (notably no. Ill) of the ankylosa®iitacosauruslso show convex and
conave dorsal and plantaurfaces. However, tHéinacosauruones are shorter with
broader epiphyses than in BEXHM 2003.7Gé&gCurrie et al., 2011)The Polacanthudoxii
holotype NHMUK R175Fig. 83L) includes a block of two associated metatarsals with an
attached tarsal bone. The designation of metatarsad3 {or this specimen is based on the
fact that hind limb material is present in the holotype, but forelimb bones are absent. They
were previouly described by Hulke (1881) who also identified them as metatarsals. The two
are attached together, metatalsgMTA) being larger and longer than metatarsal B (MTB)
(Fig. 8K). MTA is strongly narrowed centrally forming a tapering shaft with broad proximal
and distal ends which are twisted at an angle to each other (Fig. 8L). MTB is shorter, straight

and less naowed centrally. A tarsal (T) appears to be covering part of proximal surface,
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fused across both metatarsals (Fig. BEXHM 2003.70.1is similar to the holotype in
having a tapering diaphysis with one flagdisurface, but the diaphysis does not twisthe
Bexhill specimenDespite some erosion, the ends do not show the expansion in width seen in
NHMUK R175, and it may therefore be a metacarpal.

BEXHM 2003.70 (Fig. 9A, B) is a nearly completetapodial 75 mm in length, 53
mm proximal width and 40 mmistal width. The proximal epiphysis is broader than the distal
epiphyses, but some bone loss at both ends prevents a fulrassesf the articular faces.

BEXHM 2002.50.70 (Fig. 9C, D) is a nearly completetapodialvith some crushing
and erosion of # proximal end. It is 55 mm long and #n wide at the distal end. The
distal articular end is strongly rounded on one side, the other side being reduced in size from
bone loss. What remains of the proximal articular face slopes downwards in lateral and
inferior views. The diaphysis is broad in ant@asterior views, but narrow in lateral views,
especially immediatglabove the distal epiphysis.

BEXHM 2009.4.5 (Fig. 9E) is another nearly compimtetapodigl61 mm long and 35
mm wide at the end with thedst bone loss, i.e. probably the distal end. The other end, which
is probably the proximal end, has significant bone loss, so its not possible to determine the
full extent of the articular surface.

BEXHM 2002.50.68 is a complete small phalanx, 32 mm loxth3¥ mm wide at the
proximal end, 28 mm wide at the distal end.

BEXHM 2002.5069 is the proximaénd of a terminal (ungual) phalanx (Fig. 9H, ).
The distal half of the bone is distorted and partly lost due to pathological bone loss during life.
Such pdtology is seen in other ankylosaur and ceratopsian unguals, and it may be due to
bone infection following trauma to the anterior end of the bone, or possibly from parasitic
infection (D. Tanke, pers. comm. 2013). The proximal end has an almost intadaartic

surface which is smooth and concave, the dorsal margin of which extends proximally as a V
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shape. The dorsal surface of the phalanx is rugose, probablgfanthorage of a keratin
claw.

BEXHM 2002.50.120 (Fig. 9F, G) is a complete terminal phalproably from the
pes. The total length as preserved is 90 mm (just the tip is eroded). It is 72 mm wide as
preserved at the proximal end and tapers strongly fhene to the tip when viewed dorsally
or ventrally. The proximal articulaurface is completand slightly concave. This surface can
be seen from the ventral view, but not from the dorsal view because the dorsal border extends
posteriorly in a curve whilst the ventral border is less well developed in this way. The bone
surface is slightly rugoséut not to the same extent as in BEXI2002.50.69BEXHM
2002.50.120 compares well with a terminal phalanx oPthiexii holotype (Fig. 9J, K) which
has very similar morphology. Howevéinese specimens analike the terminal phalanx
collected as part of tHeolacanthugeferred specimen (NHMUK R9293) (Fig. 9L), which is
smaller and narrower, with a flatter base, and has a bony flange around the mid region of the
bone. NHMUK R9293loes not appear to be pbst may be from the manus.
Armour. Dermal armour is commonly found associated with most ankylosaur discoveries,
including this partial skeleton. There are many pieces of armour present in the Bexhill
specimen, from near complete elements down to smglinkeats. We concentrate on those
elements which are either almost complete or constitute important pieces.
Polacanthusarmour falls into the following categories:

1. Cranial armour: In the absence of a complete skull, the cranial arm@alastnthus
is mastly unknown except for a few fragments (see discussion), including the jugal coronux
(BEXHM 2002.50.98) described above (Fig. 2

2. Cervical spines: BEXHM 1999.34.2 (Fig. 143 is the completeervicalbasal

bone with some of the lower spine attachéd 102 mm in length measured along the keel

axis, and 80 mm maximum height as presertiegl entire top of the spine is missing. The
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spine is laterally compressed and shows remnants of a sharp edge to the keel at both ends. The
base is the widest part thife spine which narrows towards the apex. A distinct step in the
bone marks the junction between the spine and the basal bone below. The curved basal bone
is off-set from the spine and extends laterally beyond the spine on both sides. On one side the
extension ocurs towards thend of the spine, on the other it occurs midway along the spine.
This arangement of curvature and gt mounting of the spine on the basal bone allows for
its accommodation on the neck as part of the cervical armour seriegs $&&n in the
corresponding bones from NHMUK R928®lacanthugFig. 13A) and NHMUKOR3775
HylaeosaurugFig. 13C).BEXHM 2002.50.66 and BEXHM 2002.50.67 are fragments of the
basal region of other cervical spines.

3. Splatesprobablypart of thepectoralarmaur: BEXHM 2009.4.6 (Fig. 11/AC)is a
nearly complete splate 215 mm maximum width, and 333 mm in height as preserved (the tip
is missing). An encompassing ventralgose ridge indicates maximum dermal insertion
depth of 65mm at a point midway alorpe base directly below the spine.idtlaterally
flattened in the lower half (the "plate” segment) creating rounded "wings" at each end of the
keel. Rising out of this plate segment is a cylindrical process (the "spine" segment) which
apexes at a point.he spine tapers gradually towards the apex and is supported by a ridge of
thicker bone extending down across the plate on both sides. The spine inclines at about 70
degrees from a line running across the junction with the dermal insertion at both ends. Th
base is elongate, solid and thick centrally, thinning towards the ends. The itseTtEON
creates a ridge afét from a central position (Fig. 11C). This specimen compares well with
the same element in the referfedlacanthufNHMUK R9293;Fig. 11D),andHopiltosaurus
marshi(USNM 4752;Fig. 11E) but not with any known dermal element fidglaeosaurus
The AmericarGastonia(CEUM 1307; see Blows, 2001, Fig. 17t&d much smaller

modified versons of this element.
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4. Presacral spines: BEXHM 2002.50.83 (Fig. XR)lis one of the smaller prgacral
dorsal spines with a flat, solid, oval shaped base and a low, laterally displaced dorsal keel
peaking at one end. The top of the spine is missing but was unlikely to havesedberydnd
the border of the base. The dorsal keel has a sharp edge throughout its length. Being displaced
towards one side, this keel divides the upper surface into two unequal segments when viewed
dorsally. Itis 120 mm in length and 85 mm maximum wi@&BXHM 2002.50.126 is the top
of a spine with matrix containingepidotusscales BEXHM 2002.50.112, BEXHM
2002.50.113 and BEXHM 2009.4.7 are short fragments from below the apex of large
presacral spines
5. OssiclesThere are numerous ossicles associatddthe Bexhill specimen, as there

are with othePolacanthugliscoveries, e.g. NHMUK R9293 (Blows 1987). Most ossicles are
small to moderate size, round or oval with a mix of concave and ridged dorsal surface, the
solid base being either flat or domédiostossicledorsal ridges occupyé long axis of the
oval ossicles, butin somecase the ridge is at right angles to the long aXisey mostlyhave
a flat, crosshatched patterned bagEXHM 2002.50.65 (Fig. 10F) is a nearly completal
ossicle, ® mm long and 4/mm maximum width. It has a round area of bone missing from
one edge creatingraotch, sometimes known asr@sorptionpit”. Thismay be due to
secondary bone resorption following infection or parasitic infestation (D. Tanke pers. comm.
2013).BEXHM 1999.34.6 BEXHM 1999.34.7,BEXHM 2002.59 BEXHM 2002.50.6G0
BEXHM 2002.50.64are other small to medium size (15 mm to 60 mm diameter) ossicles.
BEXHM 2002.50.103 is a small collection of three ossicle fragments.

6. Sacral shield: The BexhMolacanthusncludes a few larger sacral shield pieces
and some smaller fragmenBEXHM 2002.50.58 (Fig. 10D, H$ a fragment of shield, 110
mm by 55 mm as preservadlith all theedges broken. The dorsal surface shows ainos

pattern of large and smaflusedtubercles with shallow groves between them. The ventral
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surface shows the characteristic crbasching of ossified fibrous tissue. BEXHM
2002.50.102 (Fig. 10G, H) is another shield pji@&&mm by 50 mm as preservedih one
naturdly intactedge. The dorsal and ventral surfaces hawe sienilar patterns to that of
2002.50.58BEXHM 2002.50.131 is a sacral shield fragment including a complete, rounded,
low peaked bos8EXHM 2002.50.104 is another sacral shield fragmn

7. Caudal plates: BEXHM 2002.50.122 (Fig. 12A, B, C) is a large, nearly complete
plate from the mietaudal sequence. It is 210 mm long, 150 mm in height (as preserved) and
30 mm wide at the base. It is laterally flattened with a symmetrical cenélal pee base is
hollowed through most of its length, bute end (possibly the postepias not hollowed. The
hollowing becomes progressively more shallow as this end is approached. The solid end
usuallyoccursbeneath the direction the apex of the spiomts in(Fig. 12D-F). The keel
edges are mostly intact, sharp and almost straBfEKHM 2002.50.56 is a caudal plate basal
fragment and 2002.50.57 is a large fragment of acaidial plateBEXHM 2002.50.58 is a
fragment of thesolid (possibly posterigrsection from a caudal plat€he intact edge reaches
a height of 60 mmBEXHM 2011.22 is a fragment of the hollowed section from the base of a
tall caudal plateBEXHM 2002.50.121 is the basal fragment from the anterior end of a caudal
plate. About 50 mnof the anterior plate edge and the ridge indicating dermal insertion are
preserved.

4. Discussion
4.1.The distinction betweeRolacanthusandHylaeosaurus

The holotypes oHylaeosauru§NHMUK OR3775, Fig. 13G) anBolacanthus
(NHMUK R175), have very few bones in common with each otHglaeosauruss
represented by the anterior half of the animal Roldcanthuss represented by the posterior
half. Possibly the only bones in common between the two holotypes are a few dorsal

vertebrae. Coombs (1978) synonymised these two taxa by nfagiaganthugAnon. 1865)
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a junior synonym oHylaeosaurugMantell, 1833). This synonymy was unsafe because the
two holotypes could not be compared directly, and because at that time thegparetesd

by a significant age gaplylaeosaurusvas late Valanginian arfélolacanthusvas Barremian.
Retaining them as separate taxa until new material was available was a safer option. The
discovery of a new BarremidPolacanthugNHMUK R9293) in 1979 (Blavs, 1987)

included for the first time some anterior skeletal elements, notably cervical vertebrae and
cervicopectoral armour. This armour indicated that the two taxa were probablydistin

The cervical armour iRolacanthugNHMUK R9293) consisted of hiatings made
from separate unit®Blows, 2014)i.e. not a fusetbgether(Fig. 13A and B). Each unit has a
medium or large flat triangular or curved spine fused to a curved basal bone. Thesg half
elements are now known from the holotypeédgfaeosauus (NHMUK OR3775 Fig. 13C)
although damage prevents the overall shape of the dorsalfispimbeingdetermined. It
would appear that NHMUK OR28681 is also a cervical spirtdytdeosaurugMantell,

1850, Owen, 1857). Therefore separate unfused uniteafervical hatrings are found in
both taxa, unlike the fused halhgs seen in most other ankylosaurian taxa (Blows, 1987,
2014).

The pectoral armour iHylaeosaurugFig 13G)consisted of a bilateral row of long, flat,
narrow, posteriorly projectingpges on narrow bases which are similar to, but flatter than, the
long pectoral spines @auropeltaeandEdmontoniaThis spine type is not seen in
Polacanthusvhich had splates and posteriorly grooved triangular spines. These are shorter
and stouter thathe pectoral spines éfylaeosaurusand they have large bases with deep
dermal insertions, unlike anything seerHylaeosaurusWhilst the exact anatomical location
of the splates iPolacanthugemains unknown, a process of elimination leads to the

conclusion that they were pectoral in origin. Ossicles occur in both taxa, Polaicanthus
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they range from small and round to largariouslyshaped elements, whilst they are smaller
and oval inHylaeosaurus

Barrett and Maidment (2011) ted a feature iPolacanthusa V-shaped dip of the
neural canal into the dorsal surface of the centrum in all presacral vertebrae. This feature can
now be identified in at least one dorsal vertebra oHylaeosurusholotype (NHMUK
OR3775) and can also be traced through the cervical vertebrae s&woetidosaurus
(NHMUK R12019). Whilst not present in all ankylosaur taxa, it may be a feature more
commonly found in the Ankylosauria than previousigught

Thecharacters that distinguistylaeosaurugrom Polacanthughat can be established
at this time, are: 1. Coracoid and scapula remains unfused in mature specimens of
HylaeosaurugFig. 13D, E and F)put are fused ifPolacanthus2. A large robust acromion
of the scapula directed downwards towards the glendityiaeosaurugFig. 13D-F), anda
smaller, narrow ridged acromion remaining close to the dorsal edge of the scapula in
PolacanthugFigs. 7) 3. The variations in the pectoral armour morphology betileztwo
taxa (as noted above) including the presence of splates and posteriorly grooved triangular
spines with deep dermal insertiondFalacanthusandHoplitosaurus unknown in
Hylaeosaurus4. Theapparenabsence of a sacral shieldHylaeosaurusbut present in all
thePolacanthugliscoveries (Barrett and Maidment, 2011); 5. The presence of tall, robust, flat
based presacral dorsal spine®olacanthusvhich are unknown iylaeosaurus6. The
differences in ossicle morphology. Unfortunatelyifmer taxa has satisfactory skull material
to allow a comparison, or to add anything to the diagnoses. We consider these characteristics
to be of taxonomic status, not ontogenetic or due to sexual dimorphism. Both holotypes,
PolacanthusandHylaeosaurusagppear to be of approximately equal growth stages (sub
adult). Blows (1996) identified three possible characters which may be indicative of sexual

dimorphism inPolacanthususing NHMUK R175 and NHMUK R9293, i.e. variations in
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anterior caudal vertebrae, anbr caudal plates and ischium morphology. Unfortunately,
these characters cannot be tested directylaeosaurus

The referral of the Bexhill Museum specimerPmacanthusather tharHylaeosaurus
was made baslonthefollowing: pectoral and presaardorsal spineareof thePolacanthus
morphology, includinghe presence of splates seen in the BarrePaaicanthugNHMUK
R9293), bunhot seen irHylaeosaurusthe scapula acromion (although eroded) suggests it
was of thePolacanthusnorphology; the amour included several fragments of sacral shield
(absent from all thélylaeosaurusliscoveries); ossicles of tiolacanthusnorphology type
are presenfThere are no other characters which could distinguish it ffolacanthus
Unfortunatelythe main pece of scapules eroded just short of the coracoid artica@atiand
the coracoid is missingherefore the status of the fusion between the scapula and coracoid
cannot be determined.

HylaeosaurusndPolacanthusare both placed within the Polacanthidae by Carpenter
(2001).This clade is supported by new skull features (Kirkland 2013 pers. comm.) including a
ventral coronux that exists entirely within the jugal, a feature now demonstrated in
Polacanthus
4.2.PolacanthusandHylaeosaurudiostratigraphy

Until now, the majority of UK and Spanish specimen®olacanthusvere knowronly
from the Barremian period. There are some isolated ankylosaur remains known from Aptian
and Albian sediments of the UK, but amontiygise only the taxh Anoplosauruss
considered to be vali@Carpenter 2001, Vickaryolwet al, 2004);the remainder are from
indeterminate ankylosaurs. Kirkland et @013 discuss the replacement of the polacanthids
in Europe with a new monophyleticacle of nodosaurids, the Struthiosaurinae, during the
mid-Cretaceous. This coincides with a similar replacement of the polacanthids by nodosaurids

in North America at about the same time. The European Struthiosaurinae includes the UK
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taxonAnoplosaurusurtonotusSeeley 187%vidence for the presence of ankylosauars
generd andPolacanthusn particular during the posBarremian Cretaceous of the UK
remainsmostly indeterminate, due to changes to marine condi(esedaSuberbiola and
Barrett, 1999) The last appearance datum (LAD)Rilacanthugs therefore Barremian. The
first appearance datum (FAD) Bblacanthusvas the Golmayo Formation of Spain
(uppermost Valanginian or lowermost Barremian) (Pef®daerbioleet al, 2007). This is
now extendd back earlier into the ValanginiafWwadhurst Clay Formatigras a result of the
Bexhill specimen.

Hylaeosaurusppears to be restricted to the Cuckfield Stone Bed (containing the Tilgate
Stone) of the Tunbridge Wells Sand Formation, Grinstead Clay Mewifdate Valanginian
age. The extension of the FAD Bblacanthudistribution into the Valanginiawadhurst
Clay Formatiorcontradictgreviousthe hypothesis that these two taxa occupieal
overlappingbiostratigraphicatangegNorman, 1987)as notedby Barrett and Maidment
(2011). Thee appears to have beeyngpatric populationsf both taxafor at least a period of
time during the Valanginian.
4.3.Grooves on the ilia

The grooves on the dorsal surface of the ilium (BEXHM 1999.34.1.2 /| BEXHM
1999.341) are probably not predatory theropod tooth marks because the surface bone within
the grooves appears evenly compressed to a shallow depth. They are not irregular deep
incisions into the bone, or the bone surface breached to varying depths, as woiledbede
from indiscriminate damage caused by sharp teeth applied with Tdrealorsal surface of
the ilia inPolacanthusvas covered in life by a dermal plate (the sacral shield) approximately
one metre square. This was separated from the ilia by 1 mm to 10 mm of probably connective
tissue (measured in the uncrushed pelvis NHMUK R1926) (Lydekker, 1891). Predators would

havehadto penetrate this sacral shiehd he tissue below would provide little bulk or
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nutrition as it was not muscle. The grooves on the isnshow evidence of branching
(Fig. 6B) which is unlikely with predatory tooth marks. Bettal (2009) preideillustrations
and discussion of marks on dinosaur bone, and the tooth marks illustrdtedt Fig. 13B, C
and Dare deep, intermittent incisions into the bone, unlike the Bexhill ilium grooves which
are shallow and continuous. A better comparisomle made with the "trample marks"
(illustrated in Fig. 13A of Britt et al., 2009). However, it is unlikely this is the cause of the
Bexhill specimen ilium grooves because trampling is indiscrimjmatik further marks
occurring on other boneMoreover similar marks are found on the dorsal ilium of another
armoueddinosaur, the North American Jurassic ankylodaymoorapelta(Fig. 6C)(MWC
1815 Kirkland et al, 1998). These two specimemMdWC 1815and BEXHM 1999.34.1.2 /
BEXHM 1999.34.1), are sepaeat by about 15 million years, and exist several thousand
miles apartyet bothhavevery simiar grooves on the dorsal ilium, witlo other bones
involved. We suggest that these grooves are a normal anatomical feature, noharperst
artefact. It is posible they may be related to the overlying sacral shield in some way. In the
holotype ofPolacanthugoth ilia have the sacral shield in anatomical position which hides
the dorsal surface of the ilia, so this hypothesis cannot be tested in this spetiereris®
fragment of ilium ofPolacanthuswithout sacral shield as part of NHMUK R9293, but the
dorsal surface is covered in a fine layer of matrix
4.4. Armourin Polacanthus

The armour arrangement &olacanthuss now generally understood. However,rthe
are many details missing, including the full skull armour, and the exact location of the splates
and the presacral spines.

A complete skull oPolacanthuss unknown, but some fragments have been found.
NHMUK R16495 is a neurocranium which is underdst elsewhere. It comes from the beach

at Hastings, Sussex, and is probably Valanginian. It m@obecanthusor Hylaeosaurus
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(Barrett and Maidment 2011). The skull roof appears to be covered by armour several
millimetres thick. A partial neurocraniu@AMSM X26242 Norman and Faiers, 1996pm

the Barremian of the Isle of Wight, and tentatively referrdddiacanthushas fused flat

dermal ossifications across the preserved portion of the frontal bone. The origin of skull

armour in ankylosaurs is nentirely clear. It is probable that skull armour was the result of

two processes happening simultaneously. One was the remodeling and elaboration of the bone
surface, seen in the quadratojugal, squamosal, supraorbital and perhaps elsewhere. The other
proaess was the fusion of dermal armour to the bone su¥ackafyous et al 2001,

Carpenter 200ickaryous et al 2004).

An unfused left angular, part of NHMUK R9293 from the Barremian of the Isle of
Wight, was described by Blows (1987) who noted thendéossification on the outer surface
(Fig. 14BD). The total length of the angular85 mm. It is boat shaped, narrow with one
well preserved edge. The dermal ossification is elongate (maximum length 47 mm, maximu
width 31 mm) and has a rugoserfacewith a low longitudinal ridge. Burnet al (2011)
indicate that the mandibular osteodernfPinacosauruegan development in juveniles on
the angular and grew forward onto the dentary, ultimately obliterating the daniguiar
suture. This may be trder Polacanthusbecause the osteoderm remains entirely within the
angular which is unfused and separated from the dentary. Blows (1987) recognised the
separate sutures of the skull and atlas vertebra in NHMUK R&28&&nsidered the
specimen a subdult. Maturation differences iRolacanthusappears to occur on each side of
the atlasaxis articulation, with the skull and 1st cervical vertebra (neural arch) remaining
unfused for soméme after the remaining skeleton has matured. It would appear that the
limited growth and development of the mandibular osteoderm in NHRB293, entirely

within the borders of the angular, supports thieadult status of this animal.
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The ventral coronux (BEXHM 2002.50.98, Fig. B)mounted entirely on the jugal and
is oneof a pair of coneshaped armour elemern each side of the skull, the dorsal and
ventral coronuces (or "caudolateral horns"), positioned above and below the orbital rim
(Blows, 2001, p. 371). An unfused junction between the jugal anebpaisl in the Behill
specimen, with the posfanial remains showing complete fusion (e.g. dorsal and caudal
vertebral arches), also indicates the dichotomy between the cranial amdgoast maturity,
and the suladult status of the Bexhill Valangini&olacanthus.

The cervical armour spiné€Big. 10 AC) are medium to large spines surrounding the
dorsal aspect of the neck. They have flattened dorsal keels rising to a pointed apex, and solid
curved bases to accommodate the curvature of the neck. The arrangement sffittessover
the cervical region is currently unknownRolacanthusThis armour occurs in separate units,
not as a fusebalf-ring as in other nodosaurs and ankylosaurs (Bl@@%4). BEXHM
1999.34.2 (Fig. 1A-C), NHMUK R9293PolacanthugFig. 13A, B) and NHMUK OR3775
HylaeosaurugFig. 13C) all had halfings consisting ofeparate units. This morphology
differs slightly from the cervical ring elemensgen in the American polacanti@@stonia
(Kirkland, 1998)which are smaller and forguarterrings, i.e.two separate units which
remain unfused medially.he primitive but unique tradiate elements of the Earlyrdssic
Scelidosaurusccur as separate un{tdormanet al, 2004).

Polacanthuss known to have splates and triangular posterigrhoved spines with
deep dermal insertionSplates areare- only three complete splatéshown in Fig. 11)one
partial splat§MNS 2002/95.10, see Tableahd Fig. 6n PeredaSuberbioleet al, 20073 and
a few fragmentare known, all from the Lower Cretaceous. Two of the complete splates are
from the UK (NHMUK R9293 and BEXHM 2009.4.6) and the third is from the American
HoplitosaurugUSNM 4752) The anatomical position of splates is currently umkmgince

they are rare and no splates have been found in their natural position. Their deep dermal
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insertion base suggests ajppudal location since caudal armour has hollowed bases. The
absence of a distinct, curved basal bone precludes them fronmtfealckalfrings, and the
presacral dorsal spines had flat bases, which exciplatedrom this position. Small plates
with spines have been found in association with pectoral arm&astonia and this may
ultimately prove to be thpositionof these larger elements Rolacanthus

A spine (GM 981.45, Delair 1982), was assigneBatacanthusy Blows (1987). The
anatomical position is unknown, but it is probably from the pectoral region, as suggested by
the groove along the posterior edge aeep ventral dermal insertion. A similar spine,
without the ventral insertigms known fromHoplitosaurus§USNM 4752). The arrangement
of splates and posterior grooved spines over the pectoral @Pedachinthusnust have been
complex.

The presacral timk spinegFig. 10 IK) are small to large upright solid spines with flat,
slightly asymmetrical, solid bases. They extended in a double row along thdaterab
aspect of the trunk. The holotype (NHMUK R175) was mounted with the tallest spines
anteria of the midpoint along the row, and the lowest immediately anterior of the sacral
shield. It is not known if William Fox found them in this position when excavating the
holotype, so this arrangement remains to be confirm@alecanthus

The sacral shld (Fig. 10 DE, GH) was a sheet of fused boapproximately a metre
squarecovering the ilia ad sacrum. It was about 10 nthick and lay above the ilia with a
slightgapin between, as described abgMHMUK R1926). The shield consists of
interlocking fused, small bony tubercles surrounding larger flat, keeled or pointed bosses (the
coossified rosettes of Arboet al, 2011). Distinct anterieposteriorly aligned rows of these
bosses can be traced across the dorsal surface of the shield, with tteolecgaing along
the lateral and posterior borders, the smallest occurring me(tiallige, 1887).Arbour et al,

(2011) placed tlsi rosettetype morphology into Gtegory 2, the second of three categoak
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sacral shield morphology.afegory Xhields spporsthe clade Polacanthidae (Arbour et al
2011)for whichthey listthe sametaxa identified by Carpenter (2001) as the Polacanthidae
(i.e. GargoyleosaurusGastonia MymoorapeltaHylaeosaurusandPolacanthuy The

inclusion ofHylaeosaurusn Category 2 is problematid@.here appears to be no evidence in
thespecimen®f Hylaeosaurudor a sacral shieldThe nature oHylaeosaurusacral armour
remains unknownrArbour et al (2011) plotted the three categories of sacral shield
morphdogy stratigaphicallyand found that dinosaurs withat@gory 2 shields were restricted
to the late Jurassic and early to mid Cretaceous of Europe and the USA, and this supports
Kirkland et al (2013 that thePolacanthidewere replaed by nodosaurs bearing mostly
Category 3sacralshields by the mid Cretaceous in Eurofsghour et al (2011) also point out
that one of the reasons for the failure of some ankylosaur analyses (e.g. Vickaryqus et al
2004) to recover the clade Polacanthidae may be the lack of armoactenaticaused in
patticular the sacral shield data.

Caudal plategFig. 12)are a double row of long, tgleaked and laterally flattened
dermal plates with asymmetric hollesthambered bases. The hollow bases extend deep into
the taller plates, thepper segment being solid. The plades tallest at the tail root
immediately behind the pelvis and descend in height and size along ttiedétite tail.

These plates wetaterally placed along the tail in some taxa where they are presarsigdl
(e.g.DyoplosaurusArbour et al, 2009) and this may have been the positioning of the plates

in Polacanthus
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Figure captions:

Fig. 1. Divisions of the Lower Cretaceous, showing the English Wessex and Wealden sub
EDVLQV W RdagadthddKLLVOKDY W KH PdlachntRuksiteslakidthe
Hylaeosaurusites in their relative stratigraphical placement. Addgrom Rasnitsyn et al.
(1998), Thomas and Batten (2001), Watson and Sincock (1992), Rawson et al. (1978). NS

Northiam Sandstone.

Fig. 2 BEXHM 2002.50.98ight jugal with ventral coronux d®olacanthus foxifrom the
Lower Cretaceou¥alanginian of Bxhill, Sussex(A) lateral view (showing location of
orbit); (B) anteriorview; (C) ventralview; (D); dorsal view; ant.tanterior;post +posterior s

- suture line. Scale bar is hom.

Fig. 3. Polacanthus foxicervical vertebrae from the Lower Cretacis of the UKA-C
BEXHM 2002.50.84 a cervical centrui®) anteriorview; (B) left lateralview; (C) posterior
view; D-G BEXHM 2002.50.99 theeft half of a cervical vertebraD] medialview; (E).
detail of D,showing neural candlioor dipping into thecentrum; F) left lateral view (G)
anterior view A-G from the Valanginian of Bexhill, Sussex; HNHMUK R9293 cervical
vertebra (H) anteriorview; (1) right lateral view (J) ventral view from the Barremian of the

Isle of Wight. Scale bar is 3@m.

Fig. 4.Dorsal vertebrae and rib 8olacanthus foxifrom the Lower Cretaceous of the UK.
A-D BEXHM 2002.50.87(A) anteriorview; (B) right lateralview; (C) posterior view (D)
dorsal view, from the Valanginian of Bexhill, SussexGENHMUK R9293 (E) anterior
view; (F) right view, (G) left lateral view of different vertebrae, from the Barremian of the
Isle of Wight; HI Two views ofarib section, from the Valanginian of Bexhill, Suss&xale

bar is 50mm.



37

Fig. 5.Caudal vertebrae and haemal arabfeBolacanthus foxjiA, B. BEXHM 2002.50.88
anterior (proximal) caudal vertebra: (A) posterior; (B) lateral views; (C) NHMUK R9293
anterior caudal vertebra in anterior videwm the Barremian of the Isle @¥ight; (D)

BEXHM 2011.4 midcaudalvertebra inight lateral view; (E) BEXHM 2002.50.82; (F)
BEXHM 2002.50.81 two caudal haemal laes; GH BEXHM 2002.50.85 mietaudal
vertebra: (G) anterior view; (H) left lateral viewJ IBEXHM 2002.50.23 mi¢taudal
vertebra: (1) posterior view; (J) right lateral viel BEXHM 2002.50.86 mietaudal vertebra
in posterior view. All specimens except C. &mm theLower Cretaceou¥alanginian of

Bexhill, SussexScale bars 50 mm.

Fig.6. llia of polacanthid dinosaurs showing grooves on the dorsal su(fRRcBEXHM
1999.34.1.2 and BEXHM 1999.34.1 dorsal viewsatfjoining ilium fragments of
Polacanthus foxifrom the Lower Cretaceoi&langinian of Bexhill, SussexB) Detail view
of grooves shown in A.C) MWC 1815 holotype ilium oMymoorapelta maygrom the

Upper Jurassic Morrison Formation of Colorado, USgale bar is 5énm.

Fig. 7.BEXHM 2009.4 anterior end of the right scapuldofacanthus foxifrom the Lower
Cretaceous Valanginian of Bexhill, SussgX) lateralview; (B) anterior(cranial)view; (C)
medialview. a- eroded acromiorg - eroded glenoidpe- noneroded intact edg&cale bar is

100 mm.

Fig. 8. Appendicular remains d?olacanthus foxifrom the Lower Cretaceoud the UK. A

D BEXHM 2003.70.1 mtapmdial: (A, B). two lateral/medialiews; (C) proximal endiew;

(D) distal end view; E. BEXHM 1999.34.5 proximal fragment of a humerlis. BEXHM
2002.50.89 fibula: (F) lateral view; (G) medial view, (H) proximal end view; (I) distal end
view; JL. NHMUK R175 metatarsal block, (J) proxahend; (K, L) anterior/posterior views;

from the Barremian of the Isle of Wight. MTAmetatarsal A; MTB metatarsal B; TF tarsal
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bone. Al from the Valanginian of Bexhill, SusseXcale bar is 106hm for A-E; H-L; for F-

Gitis 150mm.

Fig. 9. Bones of the manus and pesafiacanthugoxii from the Lower Cretaceous of the
UK: A, B- BEXHM 2003.70 metapodia(A) ventralview; (B) dorsal viewC, D - BEXHM
2002.50.70 metapodigC) ventralview; (D) lateral view; E- 2009.4.5 metapodiah dorsal
view; F, G- BEXHM 200250.120 terminaphalanx: (F) dorsaliew; (G) ventral view; H, F
BEXHM 2002.50.69 terminal phalanx: (H) dors@w; (I) ventral view, showing
pathological erosion of bone:Kl- NMHUK R175 terminal phalanx: (J) dorsakw; (K)
ventral view; (L) NHMUK R9293 terminal phalanx in dorsal viewl fkxom the Valanginian

of Bexhill, Sussex;-L from the Barremian of the Isle of Wiglicale bar i$0 mm

Fig. 10. Precaudal armour dPolacanthudoxii from the Lower Cretaceous Valanginian of
Bexhill, Sussex. AC BEXHM 1999.34.2 base of a cervical spine, part of therradf (A)

lateral or medial view to show spine above and the basal bone below extending ventrally
beyond the spine; (B) ventral (basalew; (C) anterior or posterior view showing the basal
bone curving downwards in both lateral and medial directiors;BEEXHM 2002.50.58 a

sacral shield fragment: (D) ventral view; (E) dorsal view; (F) BEXHM 2002.50.65 ossicle
(scute) in dorsal view skang "reabsorption pit" in upper margin (see text for detailsi G
BEXHM 2002.50.102 a sacral shield fragment: (G) dorsal view; (H) ventral vi&w; |

BEXHM 2002.50.83 presacral spine: (1) dorsal view; (J) lateral view; (K) ventral view. Scale

bar is 50 mm

Fig. 11.Splates of Lower Cretaceous armoured dinosawG, BEXHM 2009.4.6 large
splate ofPolacanthus foxii(A) lateralview; (B) medialview; (C) ventral view from the

Valanginian of Bexhill, SussexD) - NHMUK R9293 a large splate &olacanthudoxii
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from the Barremian of the Isle of Wigh(E) - USNM 4752 a large splate bloplitosaurus

marshij from the Lakota érmation ofSouth Dakota, USAScale bar i400mm.

Fig. 12 Caudal armour oPolacanthus foxifrom the Lower Cretaceous of the UK;C.
BEXHM 2002.50.122 a midaudal plate(A) lateralview; (B) medial view;(C) ventral view
from the Valangiran of Bexhill, East Sussex;-B. NHMUK R9293proximal (anterior)
caudal platesrom the Barrenan of the Isle of Wight: (Dinedialview; (E) ventral view of

one plate; (F) possiblmedial view of asecond plate. Scale bar is 100 mm.

Fig. 13.Features oPolacanthusandHylaeosaurugrom the Lower Cretaceous of the UK
(see text for details). 8. NHMUK R9293 Separate cervieahg spine ofPolacanthus (A)
lateralview, showing basal bone extending down below the spine; (B) ventral (@3w;
NHMUK OR3775 Holotype oHylaeosauruseparate cervical neging spine showing basal
bone extending down below the spifie) NHMUK OR3775 Holotype oHylaemsaurus

detail of left scapukzoracoid articulation{E) NHMUK 2602a proximal end of scapula of
Hylaeosaurushowing large acromion (above) and unfused coracoid articulation suface;
NHMUK 2584 proximal end of scapula bfylacosaurushowing large acromion (to the
right); (G) NHMUK OR3775 Holotype oHylaeosaurusketch of anterior skeleton and
armour in situ; ¢ coracoid, ca cervical armour, cv cervical vertebrae, pa pectoral armour, r

ribs, s scapula and sk skull fragme®tale bars 100 mm for A to F and 300 mm for G

Fig. 14.Angular with dermal ossificatioim armoured dinosaurgA) NMHUK cast of ROM
1215Edmontoniamature mandible from the Upper Cretaceous of Alberta, Canada, to show
extent and size of the dermal ossificat{i®ussell 194Q)(B) NHMUK R9293Polacanthus
immature angular to same scale as A to shaereal dermal ossificatiorG-D. NHMUK

R9293Polacanthusangular in detail(C) ventralview and (D)medial vew (i.e. the surface
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that attaches to the jaw), from thewer CretaceouBarremian of the Isle of Wight. Scale

barsA, Bis50 mm, C, Dis 20 m.
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