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List of figures

Figure 1.1. Diagrams of the four main types of temporal organisation in

amniote skulls. A. anapsid (no temporal fenestrae), B. synapsid (single lower

temporal fenestra), C. diapsid (two temporal fenestrae, upper and lower), D.

euryapsid (single upper temporal fenestra). Plesiosaurs possess the

euryapsid condition (see text for discussion) (modified from Benton, 1997).

Figure 1.2. Cladogram showing the broad-scale interrelationships amongst

basal sauropterygians indicating the derived position of Plesiosauria within

the clade (arrow) (modified from Rieppel, 2000).

Figure 1.3. Life restorations of plesiosaurs. A. a typical plesiosauromorph

(Elasmosaurus platyurus), B. a typical pliosauromorph (Liopleurodon ferox).

Figure 1.4. Outline of Rhomaleosaurus victor, a plesiosaur from the

Posidonia Shale of Germany, exposed in ventral view showing the plate-like

girdles, tightly packed gastralia and wing-like limbs, typical of all plesiosaurs

(length = 3.44m).

Figure 1.5. Variation in plesiosaur skulls and dentition. A. Hydrorion

brachypterygius, a plesiosaurid from the Toarcian of Germany (Based on

Brown, 1993). B. Kaiwhekea katiki, a cryptoclidid from the Maastrichtian of

New Zealand (Redrawn from Cruickshank and Fordyce, 2002). C.

Liopleurodon ferox, a pliosaurid from the Callovian of Europe. Redrawn from

Noè et al. (2003) (Scale bar = 10cm).

Figure 2.1. The first full body reconstruction of a plesiosaur (Plesiosaurus

dolichodeirus) (From Conybeare, 1824, Plate XLIX).

Figure 2.2. Graph showing the actual and cumulative numbers of plesiosaur

species and genera named since the first plesiosaur was introduced in 1821

(see Appendix 1). Each time interval represents two decades; the cumulative

numbers of valid genera and species both increase at a steady rate for most

of the history, with a noticeable exponential increase in the last two time

intervals (1981-today). Data for 2008 – 2020 was estimated based on the

average number of new taxa named per year between 2001 and 2007.
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Figure 2.3. Family-level comparison of two competing hypotheses of

plesiosaur relationships. The hypotheses are broadly similar, but differ in the

position of Polycotylidae. Druckenmiller (2006a) recognises a distinct clade

(Leptocleididae) which form a sister relationship with Polycotylidae within

Pliosauroidea. O’Keefe (2001a) resolves polycotylids within the

Plesiosauroidea. N.B. The Rhomaleosauridae and Cryptoclididae are

actually resolved as paraphyletic assemblages in the analysis of

Druckenmiller (2006a) but they are depicted here as monophyletic in both

cladograms for ease of comparison – for detailed differences between these

hypotheses, see Figure 2.4.

Figure 2.4. Detailed comparison of two competing hypotheses of

relationships amongst plesiosaurs showing major areas of variation (taxa in

boxes). The top phylogeny is from Druckenmiller (2006a, modified from

Figure 4.42); the bottom phylogeny is from O’Keefe (2001a, modified from

Fig. 20). Both phylogenies divide plesiosaurs (labelled ‘PLESIOSAURIA’) into

two superfamilies, Plesiosauroidea and Pliosauroidea (Pliosauroidea = Clade

A in Druckenmiller’s phylogeny). In particular, note the differing position of

polycotylids (=Clade B in Druckenmiller’s phylogeny) in a derived position in

Pliosauroidea according to Druckenmiller, and in a derived position in

Plesiosauroidea according to O’Keefe. There is also no consensus on the

superfamilial affinity of Thalassiodracon. Within Pliosauroidea, the position of

Simolestes and Leptocleidus also show significant variation between the

phylogenies (see text for further discussion).

Figure 3.1. Geographical map showing the discovery locations of twenty-two

specimens of Lower Jurassic plesiosaurs, examined during the production of

this thesis. All of the specimens originated from the UK and Germany

(highlighted in grey).

Figure 3.2. Detailed location map of NMING F8785, the holotype of

Rhomaleosaurus cramptoni (the area in grey represents the Lias Group).

Figure 3.3. Stratigraphic position of NMING F8785, the holotype of

Rhomaleosaurus cramptoni. The exact horizon within the Bifrons Zone is

unknown (modified from Simms et al. 2004).

Figure 3.4 Photograph of specimen NMING F8785, the holotype of

Rhomaleosaurus cramptoni, taken prior to the specimen being broken up

and moved to storage.
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and moved to storage.

Figure 3.5. One of ten blocks containing the postcranium of specimen

NMING F8785, the holotype of Rhomaleosaurus cramptoni. As of October

2007, these still await reconstruction and preparation.

Figure 3.6.  Padded fibreglass case constructed to enclose and protect

specimen NMING F8785, the skull of the holotype of Rhomaleosaurus

cramptoni.

Figure 3.7. Casts of the holotype of Rhomaleosaurus cramptoni on display,

A. in the Natural History Museum, London, UK; B. in the Bath Royal Literary

and Scientific Institute, Bath, UK. See text for discussion of the differences

between these casts. C. (over page) Illustration of “Item No. 228” as figured

in Ward’s catalogue of Casts of Fossils (1866).

Figure 3.8. Overview of specimen NMING F10194. This specimen is

preserved in thirty-eight fragments; this figure shows a reconstruction of

fourteen of the larger blocks together with the skull (inset, in dorsal view)

(scale bars = 20cm [for the postcranium] and 30cm [for the skull]). For more

detailed figures and interpretations of this specimen, see Chapter 4.

Figure 3.9. Specimen NMING F8749, photograph taken before parts of the

specimen were excavated from the mount. The distorted appearance is

natural and not an artefact of the camera angle (scale bar = 20cm).

Figure 3.10. Specimen BMNH R1336, illustration of the holotype specimen of

Plesiosaurus macrocephalus, as figured by Owen (1840, Plate 43) (length of

skull = 22.5cm).

Figure 3.11. Specimen NMING F8780, cast of the holotype specimen of

Plesiosaurus macrocephalus (see above) (length of skull = 22.5cm).

Figure 3.12. Specimen NMING F8771, cast of the holotype of

Thalassiodracon hawkinsi (BMNH 2018*) (scale bar = 20cm).

Figure 3.13. Specimen UCD ‘uncatalogued’, a specimen referred to

Thalassiodracon hawkinsi.

Figure 3.14. Specimen BMNH 49202, the cranium (including the mandible),

A. dorsal view, B. ventral view (scale bar = 20cm).
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A. dorsal view, B. ventral view (scale bar = 20cm).

Figure 3.15. Specimen BMNH 38525, illustration of the holotype of

Archaeonectrus rostratus as figured in Novozhilov (1964) (scale bar = 50cm).

Figure 3.16. Specimen BMNH R4853, the holotype of Rhomaleosaurus

thorntoni (propodials not in photograph) (length of preserved vertebral

column = 5.75m).

Figure 3.17. Specimen BMNH R1318, part of the type series of Eurycleidus

arcuatus (length of pubis [largest element in the slab] = 25cm).

Figure 3.18. Historical photographs of destroyed holotypes formerly in the

BRSMG, A. specimen BRSMG Cb 2335 Rhomaleosaurus megacephalus

(length = 5.8m) (only casts of the skull and right forelimb of this specimen

remain today), B. specimen BRSMG Cb 2479, the former holotype of

Attenborosaurus conybeari, a number of casts are known of this specimen

(see text) (skull = 48cm) (both images from Swinton, 1948).

Figure 3.19. Specimen YORYM G503, the holotype of Rhomaleosaurus

zetlandicus (scale bars =20cm) (courtesy of R. Forrest).

Figure 3.20 Specimen WM 851.S, the holotype of Rhomaleosaurus

propinquus on display in the Whitby Museum (scale bar =30cm).

Figure 3.21. Historical photograph of SMNS 12478, the holotype of

Rhomaleosaurus victor, partially reconstructed after being destroyed (see

text for discussion) (length of specimen =3.44m) (photograph from the

SMNS).

Figure 3.22. Specimen LEICS G221.1851, the neotype of Rhomaleosaurus

megacephalus (length of specimen as mounted = 5.29m).

Figure 3.23. Composite photograph of specimen WARMS G10875, a full

skeleton in ventral view (scale bar = 40cm).

Figure 4.1. The skull of NMING F8785, Rhomaleosaurus cramptoni, in dorsal

view, A. photograph, B. interpretation (crosshatch indicates restored areas,

dotted lines indicate ridges) (scale bar =30cm).
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Figure 4.2. The skull of NMING F8785, Rhomaleosaurus cramptoni, in

ventral (palatal) view, A. photograph, B. interpretation (crosshatch indicates

restored areas) (scale bar =30cm).

Figure 4.3. The skull of NMING F8785, Rhomaleosaurus cramptoni, in

posterior aspect showing the basicranium. A. photograph, B. interpretation

(crosshatch indicates matrix) (scale bar =20cm).

Figure 4.4. Teeth of NMING F8785, Rhomaleosaurus cramptoni, A.

photograph of the last tooth in the right premaxilla (at top) with an

interpretation of tooth ornamentation (bottom), B. Tooth numbers twelve,

thirteen and fourteen (from right to left) in the right dentary (at top), with an

interpretation of the tooth interpretation (at bottom). Tooth number thirteen is

preserved in cross-section showing a recurved outline (scale bars =10mm).

Figure 4.5. Reconstruction of the skull of Rhomaleosaurus cramptoni in A.

ventral, B. dorsal, and C. lateral view. Grey areas represent the mandible,

dotted grey lines represent ridges, and dotted black lines represent uncertain

sutures. One side of the mandible has been removed in ‘A’ to show the

organisation of the bones on the lateral portion of the palate.

Figure 4.6. Anterior cervical vertebrae of NMING F8785, Rhomaleosaurus

cramptoni, A. posterior portion of the atlas-axis (left) and the first three

cervical vertebrae in lateral view, quadrangles indicate the location of B and

C (scale bar = 50cm), B. detail of the axis rib showing the hooked anterior

process, C. postero-lateral view of the first cervical rib showing the double-

headed articulation (scale bars in B and C =20mm).

Figure 4.7. The limbs of NMING F8785, Rhomaleosaurus cramptoni, A. left

forelimb, B. right forelimb, C. left hindlimb, D. right hindlimb (scale bars =

30cm).

Figure 4.8. The left ilium of NMING F8785, Rhomaleosaurus cramptoni, in

medial view (scale bar = 5cm).

Figure 4.9. The cranium of BMNH R4853, the holotype of Rhomaleosaurus

thorntoni, in dorsal view, A. photograph, B. interpretation (dotted lines

indicate uncertain sutures) (scale bar =20cm).
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Figure 4.10. The cranium of BMNH R4853, the holotype of Rhomaleosaurus

thorntoni, in ventral (palatal) view, A. photograph, B. interpretation (scale bar

=20cm).

Figure 4.11. A single gastrolith (arrow) preserved in the abdominal region of

BMNH R4853, the holotype of Rhomaleosaurus thorntoni (scale bar = 5cm).

Figure 4.12. The articulated vertebral column of BMNH R4853, the holotype

of Rhomaleosaurus thorntoni, in dorsal view, A. the complete articulated

column, B. detail of the posterior part of the vertebral column, C. detail of the

anterior portion of the vertebral column (scale bars =20cm).

Figure 4.13. Anterior cervical vertebrae of BMNH R4853, the holotype of

Rhomaleosaurus thorntoni, A. anterior view of cervical one, B. lateral view of

cervical two, C. ventral view of cervical two, D. lateral views of cervicals four,

five and six, E. ventral view of cervical five (numbers refer to position in the

preserved sequence) (scale bar = 5cm).

Figure 4.14. The last cervical vertebra and first three pectoral vertebrae of

BMNH R4853, the holotype of Rhomaleosaurus thorntoni, A. anterior view of

cervical 10, B. lateral view of all four vertebrae, C. dorsal view of all four

vertebrae, D. ventral view of all four vertebrae, C. anterior view (number ‘10’

refers to position in the preserved sequence) (scale bar =5cm).

Figure 4.15. An articulated series of pectoral and dorsal vertebrae in

specimen BMNH R4853, the holotype of Rhomaleosaurus thorntoni (the last

three pectoral vertebrae and the first four dorsal vertebrae), A. lateral view,

B. dorsal view (scale bar =5cm).

Figure 4.16. Dorsal vertebrae of BMNH R4853, the holotype of

Rhomaleosaurus thorntoni (dorsal vertebrae 9 and 10), A. lateral view, B.

dorsal view, C. posterior view of dorsal vertebra 10 (scale bars =5cm).

Figure 4.17. Dorsal vertebrae of BMNH R4853, the holotype of

Rhomaleosaurus thorntoni, A. ventral view of dorsal vertebrae 11-16

(obscured by paint and fragments of gastralia), B. posterior view of dorsal

vertebra 16, C. right lateral view of dorsal vertebrae 17-20 (scale bars =5cm).
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Figure 4.18. Articulated series of pelvic vertebrae (sacrum) in specimen

BMNH R4853, the holotype of Rhomaleosaurus thorntoni, view (scale bar =

5cm).

Figure 4.19. The pectoral girdle of BMNH R4853, the holotype of

Rhomaleosaurus thorntoni, in dorsal view (scale bar =20cm).

Figure 4.20. The pelvic girdle of BMNH R4853, the holotype of

Rhomaleosaurus thorntoni, A. articulated pubes and ischia in dorsal view

(scale bar = 2cm), B. Right ilium in medial view (articulation with ischium

towards the left) (scale bar =20cm).

Figure 4.21. The humeri of BMNH R4853, the holotype of Rhomaleosaurus

thorntoni, A. left humerus in dorsal view, B. right humerus in dorsal view, C.

left humerus in posterior view (scale bar =20cm).

Figure 4.22. The femora of BMNH R4853, the holotype of Rhomaleosaurus

thorntoni, in dorsal view, A. left femur, B. right femur (scale bar =20cm).

Figure 4.23. The skull of YORYM G503, the holotype of Rhomaleosaurus

zetlandicus, in dorsal view, A. photograph, B. interpretation of the cranium

(mandibles not included) (scale bar =20cm).

Figure 4.24. The posterior portion of the articulated series of caudal

vertebrae (caudal vertebrae 9 to 29) in YORYM G503, the holotype of

Rhomaleosaurus zetlandicus, A. left lateral view, B. ventral view, arrows

indicate the position of a conspicuous vertebra near the tip of the tail (scale

bar =20cm).

Figure 4.25. The right forelimb of YORYM G503, the holotype of

Rhomaleosaurus zetlandicus, in ventral view, A. photograph, B.

Interpretation (scale bar =10cm).

Figure 4.26. Full body reconstruction of Rhomaleosaurus in dorsal view

(scale bar =1m)

Figure 4.27. Full body reconstruction of Rhomaleosaurus in lateral view

(scale bar =1m).
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Figure 4.28. Interpretation of the reconstructed postcranium of NMING

F10194 (for original photograph see Figure 3.8), A. identification of the

blocks comprising the specimen superimposed onto the original photograph,

white blocks represent fragments excluded from the photograph. The

numbers represent the last digits of the museum number (e.g. NMING

F10194/--), (N.B. the relationship of some other blocks cannot be determined

and so these are not included in this figure), B. interpretation of the skeletal

elements (scale bar =20cm).

Figure 4.29. The skull of NMING F10194 in dorsal view, A. photograph, B.

interpretation (scale bar =30cm).

Figure 4.30. The skull of NMING F10194 in ventral (palatal) view, A.

photograph, B. interpretation (grey indicates bone surface, crosshatch

indicates broken surface, white indicates matrix, dotted lines indicate ridges)

(scale bar =10cm).

Figure 4.31. The skull of NMING F10194 in left lateral view, A. photograph,

B. interpretation (dotted lines indicate ridges)(scale bar =20cm).

Figure 4.32. Detail of the skull of NMING F10194, showing the anterior view

of a break in the skull through the posterior margin of the right orbit, showing

the cup-like posterior border of the orbit formed by the jugal (area inside

dotted lines), and a clear contact of the jugal on the palatal surface, A.

photograph, B. interpretation (scale bar =5cm).

Figure 4.33. The partially reconstructed pectoral girdle of specimen NMING

F10194, A. reconstruction of the articulated left coracoid and left scapula in

ventral view, together with the exposed portion of the clavicle-interclavicle

complex, B. the complete right coracoid in dorsal view, note that the size and

shape is identical to its counterpart (see text for discussion) (scale bar

=20cm).

Figure 4.34. Detail of the limbs of specimen NMING F10194, A. left humerus

in dorsal view, B. right femur in dorsal view, with the complete tibia and

partial fibula in rough articulation, also note the posterior dorsal vertebra

exposed in articular view, C. distal portion of the left femur in ventral view,

with part of the fibula in articulation (scale bars =20cm).
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Figure 4.35. The skull of NMING F8749 in dorsal view, A. photograph, taken

before the specimen was removed from the mount. Note the carved nostrils

in the plasticine premaxillae, B. interpretation, horizontal lines ‘A’-‘F’ indicate

of the position of cross-sections visible after excavation of the skull, as

figured in Figures 4.38A-C and 4.39A-D  (scale bar =20cm).

Figure 4.36. Part of the skull of NMING F8749 in ventral (palatal) view

showing the internal nares on the palate, A. photograph, B. interpretation

(white indicates matrix, coarse dotted lines indicate uncertain sutures, fine

dotted lines indicate ridges) (scale bar =20cm).

Figure 4.37. The rear of the palate of NMING F8749 in ventral view, showing

the posterior interpterygoid vacuities (scale bar =5cm).

Figure 4.38. Transverse sections through the skull of NMING F8749

(photographs on the left, interpretations on the right), A. transverse section

through the premaxillary rostrum (section ‘A’ in Figure 4.35), B. transverse

section anterior to internal nares (section ‘B’ in Figure 4.35), C. transverse

section just anterior to the external nares (section ‘C’ in Figure 4.35)

(crosshatching represents plaster) (scale bar =5cm).

Figure 4.39. Transverse sections through the skull of NMING F8749

(photographs on the left, interpretations on the right), A. transverse section

between the orbits (section ‘D’ in Figure 4.35), B. transverse section through

the pineal foramen (section ‘E’ in Figure 4.35), C. transverse section through

basicranium (section ‘F’ in Figure 4.35), D. posterior view of the basicranium

(scale bar = 5cm).

Figure 4.40. Parts of the mandible of NMING F8749, A. dorsal view of a

horizontal cross-section through the mandibular symphysis, B. dorsal view of

the left articular region showing the complete retroarticular process with a

strong medial boss (scale bars =5cm).

Figure 4.41. Specimen BMNH 38525, the skull of the holotype of

Archaeonectrus rostratus, A. photograph, B. interpretation (dotted lines

indicate uncertain sutures)(scale bar = 20cm).
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Figure 4.42. BMNH R5488, the skull of the holotype of Macroplata tenuiceps,

in dorsal view, A. photograph, B. interpretation (dotted lines indicate ridges,

crosshatching represents reconstructed areas, stippling represents damaged

areas)  (scale bar =20cm).

Figure 4.43. The skull of WARMS G10875, in palatal view, A. photograph, B.

interpretation (dotted lines indicated ridges)(scale bar =30cm).

Figure 4.44. Parts of the holotype series of Eurycleidus arcuatus, A.

photograph of  BMNH R2030*, mandibular symphysis in ventral view, B.

interpretation (dotted lines indicate ridges), C. the reconstructed girdles and

limbs, in dorsal view (some have been inverted to ease interpretation) (scale

bars = 10cm).

Figure 4.45. Specimen TCD.47762a, a cast of the skull of the destroyed

holotype of Rhomaleosaurus megacephalus, in dorsal view, this piece

represents a 3D removable segment of the entire specimen (see Figure

4.46), A. photograph, B. interpretation (scale bar =30cm).

Figure 4.46. Specimen TCD.47762a, a cast of the skull of the destroyed

holotype of Rhomaleosaurus megacephalus, in ventral (palatal) view, A.

photograph, B. interpretation (scale bar = 20cm).

Figure 4.47. Specimen TCD.47762b, a cast of the right forelimb of the

destroyed holotype of Rhomaleosaurus megacephalus, in ventral view, A.

photograph, B. interpretation (scale bar =20cm).

Figure 4.48. The skull of LEICS G221.1851, the neotype of Rhomaleosaurus

megacephalus, in dorsal view, A. photograph, B. interpretation (scale bar =

30cm).

Figure 4.49. The skull of LEICS G221.1851, the neotype of Rhomaleosaurus

megacephalus, in ventral (palatal) view, A. photograph, B. interpretation

(dotted lines indicate ridges) (scale bar =20cm).

Figure 4.50. The skull of SMNS 12478, the holotype of Rhomaleosaurus

victor, in ventral (palatal) view, A. photograph, B. interpretation (dotted lines

indicate ridges) (scale bar =20cm).
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Figure 4.51. The skull of WM 852.S, the holotype of Rhomaleosaurus

propinquus, in dorsal view, A. photograph, B. interpretation (scale bar

=20cm).

Figure 4.52. WM 852.S, the holotype of Rhomaleosaurus propinquus, A. the

cervical vertebrae, B. the left humerus (scale bars =30cm).

Figure 4.53. The pectoral girdle of WM 852.S, the holotype of

Rhomaleosaurus propinquus, in ventral view, A. photograph, B.

interpretation, showing that many fragments are arranged artificially,

fragments highlighted in white are not in natural position, and the bone in the

position of the scapula is interpreted as an ilium (length of coracoid as

preserved =30cm).

Figure 4.54. Comparison of the coracoids, humeri, and mandibular

symphyses in six Hettangian pliosauroid specimens (element not to scale).

Figure 5.1. Diagram showing various linear dimensions of the plesiosaur

skeleton, A. the dorsal surface of the skull, B. the palatal surface of the skull,

and C, the mandible and postcranium. These measurements were taken for

inclusion in morphometric analyses. Each lettered linear dimension

corresponds to a line in Appendix 4.

Figure 5.2. Mandibular symphysis proportions in Lower Jurassic pliosaurs

(grey = Toarcian specimens, Black = Hettangian specimens, white =

Sinemurian specimens).

Figure 5.3. Mandibular symphysis length in Lower Jurassic pliosaurs (grey =

Toarcian specimens, black = Hettangian specimens, white = Sinemurian

specimens).

Figure 5.4. Coracoid  proportions in Lower Jurassic pliosaurs (grey =

Toarcian specimens, Black = Hettangian specimens).

Figure 5.5. Graphs showing the results from the morphometric analysis, A-L.

morphometrics of cranial proportions, M-S. morphometrics of postcranial

proportions, T-Z and AA. morphometrics of a combination of cranial and

postcranial proportions.
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Figure 5.6A. Illustration of character 1, A =state ‘0’, B =state ‘1’.

Figure 5.6B. Illustration of character 2, A =state ‘1’, B =state ‘0’.

Figure 5.6C. Illustration of character 13, A =state ‘1’, B =state ‘0’.

Figure 5.6D. Illustration of character 29, A =state ‘1’, B =state ‘0’.

Figure 5.6E. Illustration of characters 42 and 43, A =state ‘1’, B =state ‘0’.

Figure 5.6F. Illustration of character 81, A =state ‘1’, B =state ‘0’.

Figure 5.6G. Illustration of character 89, A =state ‘0’, B =state ‘1’.

Figure 5.6H. Illustration of character 90, A =state ‘1’, B =state ‘0’ (A and B

represent cross sections though the humerus at point x-y).

Figure 5.7. Consensus trees, A. Strict consensus tree, B. 50% majority rule

consensus tree, resolving an additional two nodes (figures in bold). Figures

to the left of the nodes represent bootstrap values, figures to the top right of

the nodes represent jacknife values, and figures to the bottom right of the

nodes, in bold, represent decay indices. Nodes lacking values were poorly

supported, with bootstrap and jacknife values below 50 and decay indices 1

or less.

Figure 5.8. Detail of the 50% majority rule consensus tree showing the

Rhomaleosauridae. Node support is identical to values in figure 5.7B (skulls

not to scale).

Figure 6.1. Reconstruction of the skull of Eurycleidus (sp.) in A, ventral and

B, dorsal view; dotted grey lines represent ridges and dotted black lines

represent uncertain sutures. A is based on a specimens NMING F10194

(Eurycleidus sp.), LEICS G221.1851 (Eurycleidus sp.), TCD.47762a (E.

megacephalus), and NMING F8749 (Eurycleidus sp.). B is based on NMING

F10194 (Eurycleidus sp.) and LEICS G221.1851 (Eurycleidus sp.).

Figure 7.1. Two interpretations of Eurycleidus, A, B. interpretation of LEICS

G221.1851 by Cruickshank (1994b) (modified from Cruickshank 1994b, figs.

1 and 4), B, C. new interpretation of Eurycleidus based on LEICS G221.1851

and supplemented with data from three additional specimens (see Figure

6.1) (scale bar = 30cm).
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Abstract

Specimen NMING F8785, a large pliosaur from the Toarcian of Yorkshire, is the

holotype of the genus Rhomaleosaurus and the family Rhomaleosauridae. The skull

of this specimen was prepared, allowing a detailed description to be presented. A

strong ectopterygoid boss in Rhomaleosaurus would have been covered by a

cartilaginous sheath in life, and abutted against the medial wall of the mandible. The

first ever, full-body reconstruction of a rhomaleosaurid plesiosaur, Rhomaleosaurus,

shows that the body of this animal is dorso-ventrally flattened and that there is very

little curvature along the vertebral column, except for the pectoral and anterior dorsal

regions. Many aspects of the postcranial skeleton are robust and reinforced. There is

a notable change in the proportions of the terminal caudal vertebrae in

Rhomaleosaurus, associated with an irregular vertebra indicating the presence of a

vertical caudal fin in this taxon.

The anatomical data collected from this specimen, and a number of additional

Lower Jurassic pliosaur specimens from the UK and Germany, is incorporated into

the first detailed phylogenetic and morphometric analyses dedicated to pliosaurs.

Based on the results of the cladistic analyses, the Pliosauroidea forms a

monophyletic group in a sister relationship with Plesiosauroidea. Three groups are

resolved within the Pliosauroidea: the Rhomaleosauridae, Leptocleidoidea and

Pliosauridae. The genus Rhomaleosaurus contains three species, all from the

Toarcian of the UK. These include NMING F8785, the holotype of the species

Rhomaleosaurus cramptoni; BMNH R4853, the holotype of Rhomaleosaurus

thorntoni; and YORYM G503, the holotype of Rhomaleosaurus zetlandicus.

Specimen WM 852.S, the holotype of Rhomaleosaurus propinquus, is referred to

Rhomaleosaurus cramptoni. ‘R’. megacephalus and ‘R’. victor do not belong to

Rhomaleosaurus sensu stricto and they are removed from this genus.

 ‘R’. megacephalus is referred to Eurycleidus and ‘R’. victor represents a

novel genus. Specimen LEICS G221.1851 was erected as the neotype of ‘R’.

megacephalus by Cruickshank (1992b), but this neotype status is rejected because

existing casts of the original holotype are valid. This specimen is here referred to

Eurycleidus sp., A new species of Eurycleidus (diagnosed by an elongate mandibular

symphysis) is introduced for specimen WARMS G10875 based on the cladistic

analysis and morphometric analyses. The genera Macroplata and Archaeonectrus
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are both valid monospecific taxa within the Rhomaleosauridae, diagnosed by a

number of autapomorphies. The following pliosauroid taxa are also supported by the

morphometric analysis and/or cladistic analysis: Attenborosaurus, Sthenarosaurus,

Hauffiosaurus, ‘P’ longirostris, and an unnamed taxon represented by specimen

BMNH 49202. ‘Plesiosaurus’ macrocephalus represents a juvenile rhomaleosaurid

plesiosaur. Simolestes resolves as a derived pliosaurid rather than a derived

rhomaleosaurid, indicating that a spatulate rostrum is a convergent character

amongst pliosauroids. Maresaurus resolves as a rhomaleosaurid and therefore

represents the youngest member of this clade.

The descriptions and figures presented in this thesis represent the first

detailed descriptions of many specimens and provide new information on the

anatomy of rhomaleosaurid pliosaurs. Characters shared by many rhomaleosaurid

taxa include a dorsal triangular flange of the maxilla, which extends between the orbit

and the external naris; a large ectopterygoid that contacts the suborbital vacuity

anteriorly; small semi-circular lateral palatine vacuities and large suborbital vacuities;

plate-like developments below the basicranium incorporating squared lappets at the

base of the quadrate-pterygoid flange; and a medial bump on the retroarticular

process. A large dorso-median foramen situated between the external nares, is

restricted to Rhomaleosaurus. The identification of gastroliths in Rhomaleosaurus

confirms that this taxon ingested stones. In conclusion, this thesis provides a greater

understanding of the anatomy, diversity and variation in Lower Jurassic pliosauroids

and presents the first detailed systematic framework for the Rhomaleosauridae.
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