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Abstract
An excellently preserved partial skeleton of a rhomaleosaurid plesiosaurian (NLMH 106.058) from the Sinemurian (Lower Jurassic) 
of Lyme Regis, England, is described. The material consists of a complete cranium, mandible, and articulated cervical vertebral co-
lumn. It is noteworthy because large-headed rhomaleosaurids are rare from this stratigraphic horizon and it is taxonomically distinct. 
The material is referred to a new taxon, Thaumatodracon wiedenrothi gen. nov. et sp. nov, diagnosed by two autapomorphies: 1. a 
pronounced transverse trough on the posterior margin of the dorsal ramus of the squamosal; 2. possibly paired anteriorly tapering 
triangular basioccipital processes. It also possesses a unique combination of other characters including a ‘short’ premaxillary rostrum 
(length and width subequal), five premaxillary alveoli, premaxilla-maxilla sutures parallel anterior to the external nares, frontals con-
tact on the midline, prefrontal-frontal suture convex and gently curved medially, mandibular symphyseal region spatulate and ‘short’ 
(length and width subequal), prominent dorsally concave medial flange anteromedial to the articular glenoid, robust rod-like axis 
neural spine with a circular transverse cross section, and cervical neural spines with a mediolaterally expanded apex. The taxon shares 
some of these characters with earlier Hettangian rhomaleosaurids (e.g. Atychodracon, Eurycleidus), and other characters with later 
Toarcian rhomaleosaurids (e.g. Rhomaleosaurus sensu stricto and Meyerasaurus). Inclusion of Thaumatodracon as an additional opera-
tional taxonomic unit in several existing cladistic analyses demonstrates that it occupies a relatively derived position within Rhomale-
osauridae. A morphometric multivariate analysis of Lower Jurassic rhomaleosaurids shows that Thaumatodracon is also proportionally 
intermediate between known rhomaleosaurid taxa. Thaumatodracon is therefore a stratigraphically and anatomically intermediate ta-
xon that fills a gap in our knowledge of the evolution of this macro-predatory plesiosaurian clade.
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Druckenmiller & Russell 2008a), but recent 
studies have demonstrated that these traditionally de-
fined groups have very different topologies that con-
tain both long- and short-necked morphotypes 
(O’Keefe 2001, Ketchum & Benson 2010, Ben-
son & Druckenmiller 2013).

Rhomaleosaurids are a clade of medium to large-
bodied apex predators that are morphologically inter-
mediate between the long-necked plesiosauromorphs 
and short-necked pliosauromorphs (Cruickshank 
1994a, Smith & Dyke 2008, Benson et al. 2012). 
The oldest rhomaleosaurids are from the latest Trias-
sic/earliest Jurassic (?Rhaetian-Hettangian) of England, 
where they occurred alongside the earliest pliosaurids, 
plesiosauroids, and other plesiosaurians of uncertain 

1. Introduction
The Plesiosauria is an extinct group of marine reptiles 
with a globally distributed fossil record that ranges 
from the Late Triassic (e.g. Storrs & Taylor 1996, 
Sennikow & Arkhangelsky 2010) to the Maas-
trichtian (Latest Cretaceous) (e.g. Vincent et al. 2011, 
AraÚjo et al. 2015). Plesiosaurians (also informally 
known as plesiosaurs) have a broad body, four wing-like 
flippers, and a short tail (Text-fig. 1) (Storrs 1993). 
However, there is much variation in the proportions 
of their cranium and cervical series (Storrs 1993, 
O’Keefe 2002, O’Keefe & Carrano 2005). The 
Plesiosauria was once divided into two superfamilies: 
the short-necked Pliosauroidea and long-necked Ple-
siosauroidea (e.g. Persson 1963, Brown 1981, 

Text-fig. 1. Reconstructed skeleton of a rhomaleosaurid plesiosaurian to show the preserved parts (dark grey) and missing parts (light 
grey) in NLMH 106.058. The specimen consists of the complete skull and cervical series. Modified from Smith & Benson (2014).
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affinity (Storrs & Taylor 1996, Benson et al. 
2011a, Benson et al. 2012). The family is best known 
from the Hettangian (Cruickshank 1994a) and 
the Toarcian (Smith & Benson 2014), whereas di-
agnostic rhomaleosaurid material from the interven-
ing stages (Sinemurian, Pliensbachian) is sparse 
(Smith 2008). Rhomaleosaurids survived into the 
Middle Jurassic where they are represented by two 
taxa, Maresaurus coccai from the Bajocian of Argenti-
na (Gasparini 1997), and Borealonectes russeli from 
the Callovian of Arctic Canada (Sato & Wu 2008), 
but the clade became extinct in the late Middle Juras-
sic. The macropredatory niche occupied by the rhomale-
osaurids in the Early Jurassic was repopulated by large-
headed, pliosauromorph thalassophonean pliosaurids 
in the Middle Jurassic and later (Bakker 1993, 
Ketchum & Benson 2011a, Benson et al. 2012).

Several plesiosaurian taxa are known from the fa-
mous fossil-bearing Lower Jurassic cliff exposures 
along the Dorset coast at Lyme Bay, between Lyme 
Regis and Seatown (Milner & Walsh 2010). These 
represent a variety of morphotypes and diversity of 
taxa, but very few confirmed rhomaleosaurids (see dis-
cussion). This paper describes an excellently preserved 
partial skeleton of the first definite and diagnostic 
rhomaleosaurid from the Sinemurian of Lyme Regis, 
England, which helps to understand the anatomy of 
the clade and bridge a gap in the evolutionary history 
of rhomaleosaurids during this interval.

1.1 Institutional abbreviations
BRSMG, Bristol Museum and Art Gallery, Bristol; HALB, Hal-
berstadt Museum, Halberstadt; LEICT, New Walk Museum, 
Leicester; NHMUK, The Natural History Museum (NHM), 
London; NLMH, Niedersächsisches Landesmuseum, Hanno-
ver; NMING, National Museum of Ireland, Dublin; SMNS, 
Staatliches Museum für Naturkunde, Stuttgart; WM, Whitby 
Museum, Whitby; WARMS, Warwickshire Museum, Warwick; 
YORYM, Yorkshire Museum, York.

2. Materials and methods

2.1 Material

NLMH 106.058 is an excellently preserved partial 
skeleton including much of the cranium (NLMH 
106.058/A), mandible (NLMH 106.058/B), and ar-
ticulated cervical series (NLMH 106.058/C) (Smith 
& AraÚjo 2012) (Text-figs 1, 2). The cervical verte-
bral column is complete and includes the atlas-axis. 
This material forms the basis for the anatomical de-

scription section of this paper. We collected measure-
ments from NLMH 106.058 and 18 other Lower Ju-
rassic plesiosaurian specimens for inclusion in several 
morphometric multivariate analyses (see below). This 
material includes the type specimens of the following 
valid species: Anningasaura lymense (NHMUK OR 
49202), Archaeonectrus rostratus (NHMUK OR38525), 
Attenborosaurus conybeari (NHMUK OR1339), Eu-
rycleidus arcuatus (NHMUK OR2028* etc.), Macro-
plata tenuiceps (NHMUK OR5488), Meyerasaurus 
victor (SMNS 12478), ‘Plesiosaurus’ macrocephalus 
(NHMUK OR1336), Rhomaleosaurus cramptoni 
(NMING F8785), Atychodracon megacephalus (the 
holotype BRSMG Cb 2335, and the neotype LEICT 
G221.1851, were coded separately), Rhomaleosaurus 
thorntoni (NHMUK OR4853), Rhomaleosaurus zet-
landicus (YORYM G503, and a referred specimen 
WM 851.S, the type of ‘Rhomaleosaurus propinquus’, 
was coded separately), and Thalassiodracon hawkinsii 
(NHMUK OR2018*). In addition, data from the fol-
lowing unnamed specimens were included: HALB 
uncatalogued, NMING F10194, NMING F8749, and 
WARMS G10875. All of these operational taxonomic 
units (OTUs) represent individual specimens of 
rhomaleosaurid plesiosaurians or taxa closely related 
to that clade, and the material was observed first hand 
by ASS (Smith 2007) with the exception of HALB 
uncatalogued. Measurements for the latter were de-
rived from Brandes (1914).

2.2 Methods

Linear measurements of vertebrae were taken in tripli-
cate using a Mitutoyo 500-762-10 IP67 Digimatic 
Digital Caliper (length: 150 mm, minimum measure-
ment: 0.01 mm). Table 1 presents the average of these 
measurements and corresponding standard deviations.

2.2.1 Dataset

We constructed a morphometric multivariate dataset 
consisting of 128 morphometric variables (absolute 
measurements) and 19 operational taxonomic units 
(listed above) including NLMH 106.058. OTUs can 
be interpreted statistically as integers in multivariate 
analyses because each is a discrete entity. The morpho-
metric variables were mostly taken from the skull and 
appendicular skeleton (as opposed to the axial skele-
ton) to allow for direct comparison between equiva-
lent elements in different OTUs. Measurements less 
than 150 mm were taken with callipers and these are 
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accurate to the nearest 0.1 mm; larger measurements 
were taken with a tape measure and are accurate to the 
nearest 5 mm (Smith 2007). The most incomplete 
OTU in the dataset is HALB uncatalogued (13.3%) 
(Brandes 1914) while the most complete is Meyera-
saurus victor (76.6%). The dataset is incomplete (43.1%), 
so we conducted three different analyses: 1) with all 
data (43.1% complete); 2) with pruned variables with 
less than 10 entries (63.4% complete); and 3) with pruned 
morphometric variables with less than 10 entries for 
skull data only (64.4% complete). Such high levels of 
incompleteness would hinder a multivariate analysis 
unless some method is used to estimate the missing data. 
To complete the missing data with estimates to allow 
first principal components to be calculated we used a 
non-linear iterative partial least squares algorithm 
(NIPALS, Wold 1966a, b, run in XLSTAT 2014.1.01). 
The NIPALS algorithm was specifically designed for 
principal component analysis (PCA) but it is also 
used for other multivariate analysis tools. To test the 
quality of the estimates generated by the NIPALS al-
gorithm we deleted 16 known measurements for NLMH 
106.058 and then compared the estimates with the 
actual values. The average error was only 13% with a 
minimum error of 0.18% (Appendix 1). This demon-
strates the power of the NIPALS algorithm for pro-
viding confident estimates for missing data.

2.2.2 Principal component analysis
We applied two methods of multivariate analysis to 
our morphometric dataset: principal component anal-
ysis (PCA) and agglomerative hierarchical clustering 
(AHC) (see below). Both methods were applied (in 
XLSTAT 2014.1.01) to the complete datasets with 
missing data generated with the NIPALS algorithm. 
The PCA was used to understand the variability within 
the dataset and to provide information on correlated 
morphometric variables. PCA was used in favour of 
correspondence analysis (Hair et al. 2010, Murtagh 
& Heck 2012) because it is more appropriate for ab-
solute measures (rather than relative measures, where 
correspondence analysis would be more adequate). 
We used Spearman type PCA and AHC because it is 
best used for non-normally distributed data. We per-
formed normality tests (Shapiro-Wilk, Anderson-
Darling, Lilliefors and Jarque-Bera tests) to all 128 
morphometric variables using XLSTAT 2014.1.01. 
Some of the morphometric variables failed at least one 
of the tests to normality or had a high risk of being a 
non-normal sample (see Appendix 1). Furthermore, 

Spearman PCA type and AHC dissimilarity are bet-
ter for continuous variables (absolute measurements), 
applied to integers (in this case, individual OTUs).

2.2.3 Agglomerative hierarchical clustering
The AHC was used to identify OTU clusters based on 
morphometric similarity (see Appendix 1). We used 
unweighted pair-group averages for this analysis be-
cause this is an appropriate method for classification 
of sampling units (such as OTUs) on the basis of their 
pairwise similarities in relevant variables (such as mor-
phometric measurements). 

2.2.4 Phylogenetic analysis
To test the phylogenetic position of NLMH 106.058 
we coded it as an additional OTU in three different 
cladistic analyses of plesiosaurians: Smith & Dyke 
(2008), Benson et al. (2012), and Benson & 
Druckenmiller (2013).

The data matrix of Smith & Dyke (2008) was 
selected because its character codings and OTUs were 
compiled specifically to resolve the relationships among 
Rhomaleosauridae. The data matrix of Smith & 
Dyke (2008) contains 93 characters and 39 taxa. Cy-
matosaurus was used as outgroup and we ordered 
characters 8, 21, 47, 54, 62, 65, and 78 (as per Smith 
& Dyke 2008). We also trimmed Sthenarosaurus and 
Leptocleidus clemai from the final analysis because they 
were identified as wildcard taxa in early analyses.

The data matrix of Benson et al. (2012) was se-
lected because it focusses particularly on Lower Juras-
sic taxa. The data matrix of Benson et al. (2012) con-
tains 207 characters and 34 taxa. We used Yunguisaurus, 
‘Pistosaurus postcranium’, ‘Pistosaurus skull’, and Au-
gustasaurus as outgroups.

The data matrix of Benson & Druckenmiller 
(2013) was selected because it is the most recent compre-
hensive phylogenetic analysis of Plesiosauria as a whole. 
The data matrix of Benson & Druckenmiller (2013) 
contains 207 characters and 81 taxa. Yunguisaurus was 
defined as the outgroup. We did not eliminate any of the 
wildcard taxa suggested by the Benson & Drucken-
miller (2013) because these did not affect the resolu-
tion of the relationships with the closest related OTU’s 
(i.e. Rhomaleosaurus sensu stricto).

The resulting matrices were run in TnT 1.1 (no 
taxon limit) December 2013 version for Windows 
(Goloboff et al. 2008). We applied the same method-
ology to all three different data matrices. TnT found the 
most parsimonious trees for the dataset with 20 inde-
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pendent hits to the best score (“xmult” plus ten cycles of 
tree drifting; Goloboff 1999), then we calculated a 
strict consensus by TBR-collapsing using “rule 3” (i.e. 
no possible support).

For Smith & Dyke (2008) the tree search algo-
rithm (FUSE) calculated a total of 52,076,757 rear-
rangements with a best score (tree length) of 372 and 
a total of 47 MPTs (most parsimonious trees). The 
synapomorphies shown are common to the 47 trees 
(Appendix 2). For Benson et al. (2012) there were 
36,715,636 rearrangements with a best score (tree 
length of 618) and a total of 46 MPT’s (Appendix 2). 
The synapomorphies shown are common to the 46 
trees. For Benson & Druckenmiller (2013) there 
were 325,344,700 rearrangements with a best score 
(tree length) of 1337 and a total of 125 MPTs (Ap-
pendix 2). The synapomorphies shown are common 
to the 125 trees.

Group support was calculated for the cladistic 
analyses by TBR-swapping (tree bisection reconnec-
tion) the trees to find the number of steps required to 
lose each group. Resampling scores were calculated us-
ing 100 replications of symmetric resampling (Golo-
boff et al. 2003), analysing each data set with a single 
addition, and then collapsing the resulting tree with 
tree bisection reconnection (TBR, Goloboff & Far-
ris 2001). Both absolute (Bremer 1994) and relative 
Bremer (Goloboff & Farris 2001) are presented. 
Bremer support is the difference of number of steps 
between the MPT and other suboptimal trees that did 
not recover a particular node (Bremer 1994). Where-
as relative Bremer support is, in other words, also a 
way to collapse branches considering suboptimal trees 
but by weighting favourable and contradicting evi-
dence (Goloboff & Farris 2001). Symmetric resa-
mpling avoids the underestimation and overestima-
tion of nodes when characters have a priori weights 
because it is calculated in a way that the probability of 
overweighing a character is the same as underweigh-
ing it (Goloboff et al. 2003). GC (i.e., group present / 
contradicted) varies between -100 and 100 and is a 
form of relative symmetric resampling in which -100 
means maximum contradiction, 0 indifference and 
100 maximum support (Goloboff et al. 2003).

2.2.5 3D laser scans

We scanned all substantial parts of NLMH 106.058 
with a Next Engine 3D laser scanner. The scanned ma-
terial includes all skull fragments over 150 mm long 

and all cervical vertebrae. The individual scans (.scn 
files) were trimmed, aligned, and fused in Scanstudio 
and exported as .obj files. These files therefore repre-
sent virtual models of the bones.

3. Systematic Palaeontology

Class Reptilia Linnaeus, 1758
Superorder Sauropterygia Owen, 1860

Order Plesiosauria De Blainville, 1835

Family Rhomaleosauridae Kuhn, 1961

Genus Thaumatodracon gen. nov. 
urn:lsid:zoobank.org:act:97FB2FDB-09F4-4A60-8DE1-

A21DEAFEDC17
Genus etymology: The genus name derives from the greek θαύμα 
(= thávma), meaning ‘wonder’, and δράκων (= drákon), meaning 
‘dragon’.
Type species: Thaumatodracon wiedenrothi gen. nov. et sp. nov., 
urn:lsid:zoobank.org :act:5EEDDBD4-E7DE-4D0F-96A2-
5F404D9F87B8
Species etymology: The species name honours Kurt Wieden-
roth, the amateur fossil hunter who discovered and collected the 
specimen.
Holotype: NLMH 106.058, a partial skeleton comprising a 
complete cranium, mandible, articulated cervical series, and in-
determinate fragmentary remains (Text-figs 2–10; Pls 1–2).
Horizon and Location: Black Ven Mudstone Member of the 
Charmouth Mudstone Formation (Sinemurian, Lower Jurassic), 
on the stretch of coast between Lyme Regis and Charmouth 
(Lyme Bay), UK.
Diagnosis: As for the type and only species, Thauma-
todracon wiedenrothi.
Autapomorphies: 1. a pronounced pit on the posterior 
margin of the dorsal ramus of the squamosal; 2. paired 
anteriorly tapering triangular basioccipital processes, 
although it is possible these are a taphonomic artefact 
(see Comparative Description). The taxon is also dis-
tinguished by the following unique combination of 
characters: Premaxilla-maxilla suture parallel immedi-
ately anterior to the external nares, frontals contact on 
the midline, premaxillary rostrum short, five teeth in 
the premaxilla, gently rounded medially convex pre-
frontal-frontal suture, articular with prominent dor-
sally concave medial flange anteromedial to the articu-
lar glenoid, robust rod-like axis neural spine with cir-
cular cross section, neural spines expanded distally.
Notes: NLMH 106.058 was discovered in early 1969 
by amateur fossil hunter Kurt Wiedenroth in Lyme 
Bay, on the stretch of coast between Lyme Regis and 
Charmouth. It was purchased in 1969 by the Nied-



96    Adam S. Smith and Ricardo Araújo

ersächsisches Landesmuseum, Hannover, where it was 
prepared in the 1990s by Elijah Widmann.

4. Comparative Description

4.1 Cranium
The cranium is almost complete, but it is dorsoven-
trally compressed due to taphonomic processes, and 
preserved in several fragments (Text-fig. 3). Although 
the dorsal margin of the orbital opening and medial 
portion of the postorbital is incompletely preserved, it 
is possible to estimate the anteroposterior length of 
the orbit (100 mm), which is approximately half the 
length of the supratemporal fenestra (approx. 200 mm).

4.1.1 Premaxilla
The premaxillae comprise a short rounded spatulate 
rostrum and a broad posterior process that extends 
posteriorly along the midline (Text-fig. 3). Although 
the posterior parts of the premaxillae are incompletely 
preserved, a fragment of the left premaxilla contacts 
the frontal and represents the posterior-most extension 
of the process. In Rhomaleosaurus and Meyerasaurus 
the premaxilla contacts the parietal (Smith & Dyke 
2008, Smith & Vincent 2010), separating the fron-
tals on the midline, whereas it does not in Thaumatodra-
con or Atychodracon megacephalus (Cruickshank 
1994a). The width of the posterior process of the pre-
maxilla remains constant for most of its length so that 
the premaxilla/maxilla sutures run parallel to each 

other anterior to the external nares. This is also seen in 
Meyerasaurus and Rhomaleosaurus, but not in 
Atychodracon. The dorsal surface of the premaxilla is 
ornamented by numerous irregularly distributed ante-
riorly opening nutritive foramina. The external naris is 
not preserved on the left side, and only partially pre-
served on the right, where it is clear that the premax-
illa contacts its anteromedial margin. However, the 
posterior extent of this contact is unknown. The exter-
nal naris is positioned approximately 35 mm posteri-
orly relative to the internal nares. There is a mediolat-
eral constriction between the premaxilla and maxilla 
that coincides with a diastema between the last tooth 
of the premaxilla and the first tooth of the maxilla. 
This constriction is widespread in plesiosaurians, in-
cluding rhomaleosaurids (Smith & Benson 2014), 
but is absent in OUM J.28585, also from Lyme Regis 
(Cruickshank 1994b). Due to damage it is impos-
sible to determine if a dorsomedian foramen was situ-
ated on the midline between the posterior margins of 
the external nares as in Rhomaleosaurus (Smith & 
Dyke 2008), but not in Atychodracon megacephalus 
(Smith 2015).

Each premaxilla bears five tooth alveoli (Text-fig. 
3C, D), a character shared with Rhomaleosaurus 
thorntoni (Cruickshank 1996, Smith & Benson 
2014), Atychodracon (Cruickshank 1994a), Mare-
saurus (Gasparini 1997), and Borealonectes (Sato 
& Wu 2008; “five to six” p. 311), but in contrast with 
other Lower Jurassic pliosauroids: Anningasaura has 

Text-fig. 2. Thaumatodracon wiedenrothi  (NLMH 106.058), photograph of articulated skull and neck. Scale bar represents 200 mm.
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Text-fig. 3. Thaumatodracon wiedenrothi (NLMH 106.058); cranial elements articulated in life position. A. Photograph in dorsal 
view. B. Interpretation of dorsal view. C. Photograph in ventral view. D. Interpretation of ventral view. Abbreviations: ang: angular; 
atax: atlas-axis complex; bo: basioccipital; bo?: possible anterior process of basioccipital; bs: basisphenoid; c3: third cervical vertebra; 
cor: facet for coronoid; dpmx: dorsal process of maxilla; exn: external naris; exop: exoccipital-opisthotic; fr: frontal; in: internal naris; 
jug: jugal; mw: medial wall of premaxilla; mx: maxilla; mx13: thirteenth maxillary alveolus; oc: olfactory canal; pal: palatine; par: 
parietal; pin: pineal foramen; piv: posterior interpterygoid vacuity; pmx: premaxilla; pmx1: first premaxillary alveolus; pmx5: fifth 
premaxillary alveolus; ps: parabasisphenoid; pf: postfrontal; po: postorbital; pt: pterygoid; pt?: possible pterygoid; prf: prefrontal; q: 
quadrate; sa: surangular; sof: suborbital fenestra; sq: squamosal; vom: vomer. Diagonal lines represent broken surfaces; stippling rep-
resents matrix; grey areas in B. represent the dorsal surface of the palate; grey areas in D. represent the ventral surface of the skull roof. 
Scale bar represents 100 mm.
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four premaxillary alveoli (Vincent & Benson 2012), 
Macroplata has six (Ketchum & Smith 2010), and 
Hauffiosaurus has seven – ten (Benson et al. 2011b). 
In Thaumatodracon the first alveolus in the premaxilla 
is the smallest and the fourth is the largest. The first 
alveolus is significantly smaller than the third alveolus 
and the dentition can be regarded as heterodont. Sev-
eral primary alveoli, some of which contain small 
teeth, are situated medial to the functional tooth al-
veoli. A raised medial wall articulates loosely with the 
vomer. This wall is separated from the vomer anteriorly 
and forms the lateral margin of an anteroposteriorly 
oriented channel. The left and right channels meet on 
the midline to form an arrow-shaped structure. The 
premaxilla-maxilla suture on the palate is transversely 
orientated and follows a gently anteriorly convex path 
from the lateral notch to the vomer medially.

4.1.2 Maxilla
The maxilla is a large triradiate element that contacts 
the premaxilla anteromedially, the jugal posteriorly, 
and contributes to the whole lateral margin of the ex-
ternal naris and anterolateral margin of the orbital 
opening (Text-fig. 3). There is no trough or depressed 
region anterior to external naris, as is present in, for 
example, Atychodracon megacephalus (Smith 2015). 
The maxilla is mediolaterally expanded at the level of 
the third, fourth and fifth teeth. The posteromedial 
portion of the maxilla is damaged on both elements, 
so its exact relationship to the prefrontal and frontal is 
unclear. However, a distinct process of bone contacts 
the prefrontal and frontal and this is interpreted as the 
short triangular dorsal flange of the maxilla, as de-
scribed in Rhomaleosaurus (Smith & Dyke 2008), 
Atychodracon megacephalus (Smith 2007), and Macro-
plata (Ketchum & Smith 2010). The orbital bar 
bears a raised anteroposteriorly oriented ridge that di-
vides a laterally facing surface from a medially facing 
surface. The maxilla-jugal contact is clearest on the left 
side of the skull at the anterolateral margin of the or-
bital opening. On the palatal surface the maxilla con-
tacts the anterior and lateral margins of the internal 
naris, and contributes to the entire lateral margin of a 
suborbital fenestra. On the palate, the maxilla forms a 
smooth band that extends from the internal naris to 
the suborbital fenestra.

4.1.3 Frontal

The frontals are elongate bones positioned between 
the orbital openings and contact each other on the 
midline (Text-fig. 3). They are similar to Atychodracon 
megacephalus (Cruickshank 1994a, Smith 2007) 
and Hauffiosaurus tomistomimus in this regard (Ben-
son et al. 2011b), but different to Rhomaleosaurus and 
derived plesiosaurians, in which the frontals are sepa-
rated on the midline by a contact between the pre-
maxillae and parietals (Smith & Dyke 2008). Each 
frontal has a broad anterior process but this is broken 
so its anterior extent and relationship to the external 
naris is unknown. The dorsal margin of the orbital 
opening is incomplete so it is not possible to deter-
mine whether or not the frontal contributed to the 
orbital margin. The frontal does not participate to the 
margin of the supratemporal fenestra, whereas it does 
in Atychodracon megacephalus (Cruickshank 1994a).

A well-preserved fragment representing the dor-
sal roof between the orbits provides information on 
the ventral surface of the cranium (Text-figs 3C, D; 
4K). There is a broad oval midline fossa – the olfacto-
ry canal – and posteriorly, a smaller oval midline fossa 
separated from the large fossa by a narrow channel 
(Text-fig. 4K). The small fossa is asymmetrical, with a 
more deeply concave left margin and flatter right mar-
gin. The frontals contact on the midline posterior to 
this channel. A deeply concave fossa is situated antero-
lateral to the olfactory canal and anteromedial to the 
orbital opening, bordered laterally by a strong ventral-
ly projecting longitudinally oriented flange that also 
comprises the medial wall off the orbital opening. A 
lower longitudinal flange separates this fossa from the 
olfactory canal, but anteriorly this flange transforms 
into a low longitudinally oriented ridge. The sutures in 
this region are unclear but most of the preserved por-
tion seems to consist of the frontals and prefrontals. 
This region compares closely with the same region in 
Peloneustes as figured and described by Andrews 
(1913, text-fig. 13) and Ketchum & Benson (2011b, 
text-fig. 5).

4.1.4 Prefrontal
The prefrontal contributes to the anteromedial mar-
gin of the orbit and contacts the maxilla anteriorly and 
the frontal medially (Text-fig. 3A, B). The prefrontal-
frontal contact curves gently posterolaterally. Both 
prefrontals are damaged and only a small fragment of 
the left prefrontal is preserved. Therefore the posterior 
and anterior extent of the prefrontal is unknown. It is 
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Text-fig. 4. Thaumatodracon wiedenrothi (NLMH 106.058), cranial elements. A. Photograph of the posterior surface of the squa-
mosals. B. Interpretation. C. Photograph of the left jugal and surrounding bones in lateral view. D. Interpretation. E–F. Photographs 
of left exoccipital-opisthotic in posterior (E) and lateral (F) views. G–H. Interpretations. I. Photograph of possible posterolateral 
fragment of right pterygoid showing the rugose ‘ectopterygoid boss’. J. Interpretation. K. Stereo pair of the ventral surface of frontals 
(derived from a three-dimensional laser scan) showing the shape and extent of the olfactory canal. Abbreviations: axns: axis neural 
spine; ec: rugose boss – probably the ‘ectopterygoid’ flange; cen: centrum; cr3: left cervical rib of third cervical vertebra; fo: foramina; 
jug: jugal; mx: maxilla; nc: neural canal; paro; paraoccipital process; fac: facet for posterior extension of postorbital; q: quadrate; qpf: 
quadrate-ptergoid flange; sq: squamosal; ttr: transverse trough; ?: unknown element. Diagonal lines represent broken surfaces, stip-
pling represents matrix. Scale bar in A–D represents 50 mm; in E–K represents 10 mm.
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unclear whether the prefrontal contacted the posteri-
or margin of the external naris.

4.1.5 Postfrontal
The postfrontal contacts the frontal anteriorly and the 
parietal posteromedially (Text-fig. 3A, B). Both post-
frontals are damaged laterally so their relationship to 
the postorbitals is unknown. The postfrontal contacts 
the parietal along a posterolaterally inclined interdigi-
tating suture, and contributes to the anterior margin 
of the posttemporal fenestra.

4.1.6 Postorbital
The postorbital extends posteriorly along the dorsal 
surface of the jugal as a narrow ‘footplate’ that con-
tacts and extends along the dorsal surface of the squa-
mosal (Text-figs 3C, D; 4C, D). The left postorbital is 
missing but the right postorbital is almost complete. 
The medial portion of the right postorbital is dam-
aged but it is still possible to estimate the anteroposte-
rior length of the orbit, which is little more than a 
third that of the supratemporal fenestra. The anterior 
surface of the right postorbital is dorsoventrally thin 
and forms a sharp and slightly crenulated edge that 
protrudes into the orbital opening. Two nutritive fo-
ramina are located on the dorsal surface of the right 
postorbital close to the orbital opening.

4.1.7 Jugal
The jugal is a dorsoventrally narrow and anteroposte-
riorly elongate element that contacts the maxilla ante-
riorly, the squamosal posteriorly, and the postorbital 
dorsally (Text-figs 3; 4C, D). It extends about halfway 
along the anteroposterior length of the orbital open-
ing of which it forms the posterolateral and lateral 
margins, and extends posteriorly to form the anterior-
most portion of the delicate temporal bar. A raised 
orbital margin runs the entire length of the orbital 
opening and separates the concave medially facing sur-
face of the jugal from the convex dorsolaterally facing 
convex surface. The lateral surface of the jugal, below 
the postorbital, is pierced by numerous large foramina 
(five on the left jugal, four on the right, each 1–3 mm 
in diameter) and bears a sculptured ornamentation of 
deep anteroposteriorly oriented grooves and ridges 
(Text-fig. 4C, D). Similar ornamentation is also pre-
sent in Rhomaleosaurus (Smith & Benson 2014).

4.1.8 Parietal

The parietal is a large element that separates the tem-
poral fenestrae on the midline (Text-fig. 3A, B). It 
contacts the frontal and postfrontal anteriorly along 
an interdigitating suture, and the squamosal posteri-
orly, though the parietal-squamosal suture is unclear 
and probably fused. The dorsal part of the parietal is 
damaged so the extent of the sagittal crest is unknown. 
The parietal vault is expanded to approximately one-
third the mediolateral width of the skull, and the lat-
eral surfaces are weakly convex (= ‘lateral angle’, Smith 
& Dyke 2008). The oval pineal foramen is situated 
anteriorly, approximately level with the anterior mar-
gin of the temporal fenestra, and is completely en-
closed by the parietals. Several pits and sulci are pre-
sent around the pineal foramen. A mediolaterally nar-
row pointed anterior projection of the parietal extends 
between the frontals to about one third of the orbit 
length. This resembles the condition in Atychodracon 
megacephalus (Cruickshank 1994a) but contrasts 
with R. cramptoni (Smith & Dyke 2008), where the 
parietal extends about halfway along the anteroposte-
rior length of the orbital openings.

4.1.9 Squamosal
The squamosal is a large triradiate element that forms 
all of the posterior and lateral margin of the large tem-
poral fenestra (Text-figs 3; 4A, B). The anterior ramus 
comprises most of the lower temporal bar, a part of the 
skull prone to taphonomic damage in plesiosaurians. 
It is delicate, dorsoventrally shallow for most of its 
length, and strongly mediolaterally compressed. It 
contacts the jugal anteriorly along an interdigitating 
‘V’ shaped suture with the apex facing anteriorly on 
the lateral surface (Text-fig. 4C, D). The dorsal rami of 
the squamosals meet on the midline along a strongly 
interdigitating suture, and a posterior bulb is formed 
by the squamosals on the midline. The suture between 
the squamosals and the parietal is unclear. There is a 
pronounced transverse trough on the posterior sur-
face of the dorsal ramus of the squamosal (Text-fig. 
4A, B), present on both elements, and therefore a nat-
ural biological character. A weakly developed trough 
is present in this position in R. zetlandicus (Taylor 
1992), but in Thaumatodracon it is deeper and more 
pronounced, so we consider it an autapomorpy of the 
taxon. In cross-section through the middle of the dor-
sal ramus the anterior surface of the squamosal is 
deeply excavated and produces a pronounced, curved 
overhanging anterodorsal crest. This rounded crest di-
minishes medially into a shallow ridge, but is sharp 
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laterally, where it forms the posterior margin of the 
temporal fenestra. Another rounded ridge extends 
along the dorsal surface of the dorsal ramus, dividing 
its surface into two flattened areas, the posterior of 
which becomes slightly concave as it approaches the 
quadrate ventrally.

4.1.10 Quadrate
The right quadrate is roughly in life position in articu-
lation with the right articular glenoid of the mandible 
(Text-figs 3, 8). It contacts the squamosal along a 
straight suture, with no sign of a quadrate-squamosal 
foramen, as present in OUM J.28585 (Cruickshank 
1994b) and Rhomaleosaurus (Smith & Dyke 2008). 
However, the main body of the right quadrate is 
crushed and its articular surface is not visible. The left 
quadrate (together with the presumed quadrate ramus 
of the pterygoid) is well exposed (Text-fig. 3C, D). It 
has broken off at the proximal base of the flange and 
appears to have flipped during taphonomy into a dis-
placed position below the dorsal ramus of the right 
squamosal. The ventral end of the quadrate is slightly 
mediolaterally expanded and forms the rounded ven-
tral condyle for articulation with the mandibular gle-
noid. The glenoid articulation is kidney-shaped in out-
line with a cupped anterior and convex posterior surface 
that matches the shape of the mandibular glenoid. The 
medial part of the condyle is anteroposteriorly longest 
and the condyle is not divided into two by a notch (as it 
is in Peloneustes, Ketchum & Benson 2011b).

4.1.11 Vomer
The vomer is a single ossified element situated on the 
midline of the anterior surface of the palate (Text-fig. 
3C, D). It contacts the premaxilla, maxilla, and pala-
tine laterally, but it is damaged posteriorly, so its rela-
tionship to the pterygoid is unclear. It has convex lat-
eral margins for most of its length and is slightly con-
stricted mediolaterally between the internal nares. 
The internal nares are therefore situated very close to 
each other (the mediolateral width of the vomer be-
tween the internal nares is 14.5  mm). The anterior 
portion of the vomer is mediolaterally narrow and ta-
pers to a pointed tip that extends anteriorly between 
the slightly displaced premaxillae. A transverse section 
through the vomer at midlength is gently convex, 
whereas between the internal nares it is flat and forms 
the vertical medial walls of the internal narial open-
ings. The left internal naris is complete (17 mm long 
and 9.4 mm wide) and oval in outline. A narrow pro-

cess of the vomer wraps around the posterior margin 
of the internal naris and contacts the maxilla on the pos-
terolateral margin, excluding the palatine from the in-
ternal naris. This condition is also present in Rhomaleo-
saurus (Smith & Benson 2014) and Meyerasaurus 
(Smith & Vincent 2010). In contrast, the palatine 
contacts the posterior margin of the naris, separating 
the vomer from the maxilla, in Atychodracon (Cruick-
shank 1994a, Smith 2007) and Anningasaura (Vin-
cent & Benson 2012). The vomer extends posterior 
to the internal nares but the posterior extremity is dam-
aged. The vomer-palatine suture extend posteromedial-
ly from the palatine-maxilla-vomer contact but it be-
comes unclear posteriorly.

4.1.12 Palatine
The palatines are mostly damaged but the anterior-
most portion of the left element is preserved in situ 
(Text-fig. 3C, D) and a displaced fragment of palate 
located in the right subtemporal fenestra may repre-
sent part of the pterygoid or palatine. The palatine-
maxilla-vomer contact is located posterolateral to the 
internal naris. The palatine is separated from the max-
illa posteriorly by a suborbital vacuity, but only the 
anteriormost portion of the suborbital vacuity is pre-
served, so it is unknown if the opening was mediolat-
erally constricted around two-thirds of its length to 
resemble the shape of a bowling pin, as in Rhomaleo-
saurus (Smith & Benson 2014). The palatine-maxil-
la contact is a weakly interdigitating suture that ex-
tends posterolaterally from the palatine-maxilla-
vomer contact to the anterior margin of the suborbital 
vacuity. The isolated palatal fragment located in the 
subtemporal opening has almost entirely damaged 
margins except for a short concave section that could 
represent part of the margin of the suborbital vacuity.

4.1.13 Pterygoid
The pterygoids are damaged and their anterior rami 
are missing, but the posterior rami surrounding the 
posterior interpterygoid vacuities are preserved in situ 
(Text-figs 3C, D; 5) There are several isolated frag-
ments of bone that probably also belong to the ptery-
goids or palatines, but their exact original position in 
the skull is unclear. Posterior to the posterior interpt-
erygoid vacuities the pterygoids appear to contact for 
more than two-thirds of their anteroposterior length 
(Text-fig. 5). However, this region is damaged and 
cracked so no clear sutures are visible. The pterygoids 
also meet behind the posterior interpterygoid vacui-
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ties in most derived rhomaleosaurids, but not in An-
ningasaura (Vincent & Benson 2012), NHMUK 
OR39514 (Vincent 2012), or OUM J.28585 
(Cruickshank 1994b). The pterygoid is crushed 
and only slightly mediolaterally dished as in most oth-
er rhomaleosaurids, although it is possible that this is a 
preservational artefact. The posterior interpterygoid 
vacuities are short broad ovals, 37 mm long anteropos-
teriorly and 16 mm wide mediolaterally (Text-fig. 5). 
The long axes of the vacuities converge anteriorly and 
the combined width of the vacuitiues is greatest poste-
riorly (43 mm) (length of vacuity:combined width of 
posterior interpterygoid vacuities ratio = 0.9). A ro-
bust medial pterygoid process, visible through the an-
terior end of the interpterygoid vacuity, extends medi-
ally to form the basal articulation between the basioc-
cipital and pterygoid. A damaged and disarticulated 
fragment of sheet-like bone bears a distinct ectoptery-
goid/pterygoid boss and can therefore be identified as 
the posterolateral surface of the right side of the pal-
ate, including part of the lateral ramus of the right 

pterygoid (Text-fig. 4I, J) This fragment is absent from 
Text-fig. 3 because its exact relationship to the rest of 
the skull is unclear. The posteroventrally inclined 
pterygoid boss is a mediolaterally broad and anter-
oposteriorly narrow oval with a rugose surface. It is 
similar to Atychodracon megacephalus (Cruickshank 
1994a) but more weakly developed than Rhomaleosau-
rus (Smith & Dyke 2008).

4.1.14 Parabasisphenoid
The parasphenoid is situated between the posterior 
interpterygoid vacuities and extends anteriorly be-
tween a ‘V’-shaped notch in the pterygoids to form a 
short (12.5 mm) triangular, asymmetrical cultriform 
process on the surface of the palate (Text-figs 3C, D; 
5). A similar cultriform process is present in most 
rhomaleosaurids, and is also asymmetrical in some 
specimens of Atychodracon megacephalus (Smith 
2007). In contrast, a cultriform process is absent in 
Meyerasaurus (Smith & Vincent 2010), and it ex-
tends far anteriorly in Peloneustes (Ketchum & Ben-

Text-fig. 5. Thaumatodracon wiedenrothi (NLMH 106.058), close up view of the posterior part of palate showing the region around 
the posterior interpterygoid vacuities. A. Photograph. B. Interpretation. Abbreviations: ba: basal articulation; bo?: possible anterior 
process of basioccipital; bs: basisphenoid; fo: foramina; piv: posterior interpterygoid vacuity; ps: parabasisphenoid; pt: pterygoid; Di-
agonal lines represent broken surfaces, stippling represents matrix, dashed lines represent uncertain sutures. Scale bar represents 
20 mm.
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son 2011b). The parasphenoid is flat anteriorly but 
bears a ventral keel posteriorly (Text-fig. 5). The paras-
phenoid lies superficial to the basisphenoid and tapers 
posteriorly to a point. The parasphenoid-basisphenoid 
contact is unclear but it probably extends posterome-
dially from the anterior margin of the posterior in-
terpterygoid vacuity, to the posterior extent of the 
ventral keel. The basisphenoid bears several foramina 
on its ventrolateral surface. The largest is on the right 
side adjacent to the ventral keel (Text-fig. 5). A similar 
large foramen is present on the basisphenoid in Thalas-
siodracon (Benson et al. 2011a), Hauffiosaurus 
tomistomimus (Benson et al. 2011b), OUM J.28585 
(Cruickshank 1994b, O’Keefe 2006), and the ba-
sal pistosaurian Yunguisaurus (Cheng et al. 2006), 
but in these taxa it is located in the left side, not the 
right. A pair of foramina is present on the basisphe-
noid in Dolichorhynchops (O’Keefe 2004a). In all of 
these taxa this opening is regarded as the internal ca-
rotid foramen, an interpretation we follow here for 
Thaumatodracon. A row of three smaller foramina is 
also present on the left side of the basisphenoid in 
Thaumatodracon, but these are situated more posteri-
orly and laterally.

4.1.15 Basioccipital
A sharp rim separates the hemispherical occipital con-
dyle from the main body of the basioccipital (Text-fig. 
3C, D). The maximum width of the occipital condyle 
(at its base) is 40 mm and it is 18 mm long anteropos-
teriorly (as measured from the rim to the posterior 
margin). A notocordal pit is present on the occipital 
condyle, situated slightly ventrally, and an additional 
pair of shallow notches, or foramina, is situated on the 
ventrolateral surface of the condyle. This pair of ven-
trally positioned notches is absent in most plesiosaur-
ians, but is also present in Meyerasaurus (Smith & 
Vincent 2010), and may therefore be of systematic 
value. The ventral aspect of the basioccipital is ob-
scured by the pterygoids, but paired anteriorly taper-
ing triangular processes appear to extend anteriorly 
along the ventral surface of the basisphenoid between 
the interpterygoid vacuities (Text-fig. 5). This region 
is compressed and cracked, so this could be a tapho-
nomic artefact. If natural, these triangular processes 
have not been described in any other plesiosaurian, 
and we therefore tentatively consider them as an auta-
pomorphy of Thaumatodracon.

4.1.16 Exoccipital-opisthotic
Both exoccipital-opisthotics are partially preserved 
but displaced in rough life position adjacent to the ba-
sicranium (Text-figs 3, 4E–H). The suture between 
the exoccipital and opisthotic is not visible and pre-
sumably closed. Both paraoccipital processes are bro-
ken so only their bases are preserved, but they were 
apparently circular in cross section at their base and 
oriented posteroventrally (Text-fig. 4E–H). The me-
dial surfaces are obscured by matrix but the lateral and 
posterior surfaces are clear in the left element. There is 
a matrix-filled depression on the posterolateral surface 
immediately below the base of the paraoccipital pro-
cess, which houses the foramen (or foramina) for the 
exiting cranial nerves or vessels, namely the jugular fo-
ramen and the hypoglossal nerve foramen (Sachs et 
al. 2016).

4.2 Mandible
The mandible is essentially complete although the 
middle portion of each ramus (the posterior-most 
parts of the dentary) is broken into fragments and dif-
ficult to interpret. The mandible is preserved in close 
association with the cranium, but the jaws are not oc-
cluded, allowing an excellent view of the ventral sur-
face of the premaxilla and dorsal surface of the sym-
physeal region of the dentary (Text-figs 6–8). The 
mandibular rami appear bowed (sensu Drucken-
miller & Russell 2008a) and there is a prominent 
longitudinal trough that occupies much of the lateral 
surface anterior to the glenoid (dentary, angular, 
surangular): bounded ventrally by a robust longitudi-
nal, ventrolateral ridge, as in other rhomaleosaurids 
(Benson et al. 2012), leptocleidians (Benson et al. 
2013a), and Hauffiosaurus (Benson et al. 2011b) (Text-
figs 7, 8).

4.2.1 Dentary
The region of the mandibular symphysis is mediolat-
erally expanded (Text-fig. 6). In ventral view there is 
no midline keel and this differs from Atychodracon 
and Rhomaleosaurus which have a sharp low keel 
(Cruickshank 1994a, Taylor 1992, Smith 2015). 
The dorsal surface of the spatulate mandibular sym-
physis bears the primary and replacement alveoli 
(Text-fig. 6A, B). There are five teeth adjacent to the 
mandibular symphysis. Tarlo (1960) considered the 
number of symphyseal teeth an important character in 
plesiosaurian taxonomy. Among rhomaleosaurids and 
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Text-fig. 6. Thaumatodracon wiedenrothi (NLMH 106.058), region of the mandibular symphysis. A. Photograph in dorsal view. B. 
Interpretation. C. Photograph in ventral view. D. Interpretation. E. Photograph in right lateral view. F. Interpretation. Abbreviations: 
bos: raised bosses; ch: diagonal channels; den: dentary; d1: first dentary alveolus; d5: fifth dentary alveolus; d10: tenth dentary alveo-
lus; d15: fifteenth dentary alveolus; sp: splenial; sp?: possible fragment of splenial. Diagonal lines represent broken surfaces, stippling 
represents matrix. Scale bar represents 50 mm.
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basal pliosauroids, Anningasaura has approximately 
four (Vincent & Benson 2012), and Macroplata 
has seven – eight (Ketchum & Smith 2010), while 
all other rhomaleosaurid taxa have five (Taylor 1992, 
Cruickshank 1996, Smith 2007). A gently round-
ed diamond-shaped platform occupies the posterior 

half of the mandibular symphysis on the midline 
(Text-fig. 6A, B). A narrow platform in this region was 
considered to be an autapomorphy for Peloneustes 
(Ketchum & Benson 2011b), so this character may 
also have systematic implications. The interdigitating 
interdentary suture is visible on the surface of this 

Text-fig. 7. Thaumatodracon wiedenrothi (NLMH 106.058), posterior part of left mandible. A. Photograph of dorsomedial surface. B. 
Interpretation. C. Photograph of lateral surface. D. Interpretation. E. Photograph in ventromedial view. F. Interpretation. G. Photo-
graph of posterior surface. H. Interpretation. Abbreviations: ang: angular; art: articular; cl: cleft between surangular and articular; gl: 
mandibular glenoid; mf: medial flange; pra?: possible posterior process of prearticular; ret: retroarticular process; sa: surangular; ?: 
unknown element. Scale bar in A–F represents 50 mm, in G–H represents 20 mm.
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platform posteriorly, but appears to be fused anterior-
ly. Immediately posterior to this rounded platform is a 
distinct but shallow transverse channel oriented ante-
rolaterally on each ramus. A small raised boss is situ-
ated on the posterior surface of this channel on both 
sides, and an additional raised boss is present on the 
right side only, on the posterolateral margin of the di-
amond-shape raised platform just anterior to the 

channel (Text-fig. 6A, B). The dorsal surface of the 
mandibular symphysis is poorly known in rhomaleo-
saurids, known only in Rhomaleosaurus thorntoni 
(Smith & Benson 2014) and Eurycleidus (NHMUK 
OR2030*, pers obs.). Channels are present in this re-
gion in both taxa, and similar channels are widespread 
among plesiosaurians (Smith & Benson 2014).

Text-fig. 8. Thaumatodracon wiedenrothi (NLMH 106.058), posterior part of right mandible. A. Photograph of medial surface. B. 
Interpretation. C. Photograph of ventral surface. D. Interpretation. E. Photograph of lateral surface. F. Interpretation. G. Photograph 
of dorsal surface. H. Interpretation. Abbreviations: ang: angular; art: articular; cor: facet for coronoid; den?: possible fragment den-
tary; dmc: dorsomedian crest; fo: foramina; gl: mandibular glenoid; pra: prearticular; q: quadrate; ret: retroarticular process; sa: 
surangular; saf: surangular foramen; sp?: possible facet for splenial; sq: squamosal; vlc: ventrolateral crest. Diagonal lines represent 
broken surfaces, stippling represents matrix, grey areas represent cranial elements associated with the mandible. N.B. The squamosal 
has been artificially removed in A, B, E & F. Scale bar represents 50 mm.
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4.2.2 Splenial
The splenial is a mediolaterally narrow splint of bone 
that forms the ventromedial surface of the mandible 
behind the mandibular symphysis (Text-fig. 6). The 
splenials contact anteriorly on the midline and extend 
for a short distance along the mandibular symphysis. 
The splenials are damaged posteriorly and the right ele-
ment is displaced, so their posterior extent is unclear.

4.2.3 Surangular
Posteriorly the mandible becomes mediolaterally 
compressed and the lateral surface of the mandible is 
deeply concave, as in other rhomaleosaurids (Smith 
& Benson 2014). The surangular forms most of the 
dorsal part of the mandibular ramus posterior to the 
coronoid process and anterior to the mandibular gle-
noid (Text-figs 7, 8). On the lateral surface of the man-
dible, the dorsoventrally deep posterolateral wall of 
the mandible is formed by the surangular dorsally and 
the angular ventrally, and it is deeply concave. The an-
gular-surangular contact on the lateral surface is 
straight and horizontal anteriorly, but becomes sig-
moid posteriorly, with a dorsally convex arch anter-
oventral to the glenoid fossa and a dorsally concave 
arch immediately below it (Text-figs 7C, D; 8E, F). 
This morphology is also present in Meyerasaurus 
(Smith & Vincent 2010), Rhomaleosaurus (Smith 
& Benson 2014), and to a lesser degree in OUM 
J.28585 (Cruickshank 1994b), but contrasts with 
the condition in pliosaurids where the contact is al-
most straight for its entire length (Benson et al. 
2013b). Posteriorly this contact wraps around the gle-
noid fossa and becomes almost vertically oriented. 
Several distinct foramina are present on the lateral sur-
face of the surangular posteriorly, as in Meyerasaurus 
(Smith & Vincent 2010) and Rhomaleosaurus 
(Taylor 1992). Such foramina are absent in pliosaur-
ids (Benson et al. 2013b, Ketchum & Benson 
2011b). Stratesaurus also bears a lateral surangular fo-
ramen but it is positioned more anteriorly (Benson 
et al. 2015). The surangular contributes to the dorsal 
half of the medial surface of the mandible between the 
coronoid process and the mandibular glenoid, and 
contacts the coronoid anteriorly, angular anteroven-
trally, and articular posteroventrally. A distinct rugose 
boss is present on the medial surface of the surangular 
which corresponds to the dorsomedial crest of 
Rhomaleosaurus (Taylor 1992, Smith & Benson 
2014) (Text-fig. 8A, B). A widely spaced row of three 

foramina, which decrease in size posteriorly, is present 
on the ventral margin of the medial surface of the suran-
gular. The largest of these foramina is situated directly 
below the coronoid process, as in Stratesaurus (which 
has three foramina figured in this position, Benson 
et al. 2015, fig. 9) and OUM J.28585 (Cruickshank 
1994b). Two relatively small foramina are figured in 
this position in Pliosaurus kevani (Benson et al. 
2013b), and one is present posteriorly in Peloneustes 
(Ketchum & Benson 2011b). A longitudinal cleft is 
present on the dorsomedial surface of the mandible an-
terior to the articular glenoid, between the surangular 
and articular, as in Rhomaleosaurus (Taylor 1992, 
Vincent & Smith 2009, Smith & Benson 2014), 
NMING F8749 (Smith 2007), and Leptocleidus cap-
ensis (Cruickshank 1997) (Text-fig. 7A, B).

4.2.4 Angular
The angular is a large element that forms the ventral 
surface of the posterior half of the mandible. It extends 
anteriorly as a tapering narrow splint between the den-
tary (laterally) and splenial (medially), and it extends 
posteriorly below the glenoid fossa to form almost all 
of the ventral surface of the short retroarticular pro-
cess (Text-figs 7C–H, 8A–F). The angular appears to 
be exposed on the medial surface both ventral to and 
dorsal to the prearticular, as in many plesiosaurians in-
cluding Peloneustes (Ketchum & Benson 2011b), 
Hauffiosaurus (Benson et al. 2011b) and Stratesaurus 
(Benson et al. 2015) (Text-fig. 8A, B). The dorsome-
dial surface of the angular bears a longitudinal depres-
sion to accommodate the posterior process (Text-figs 
7C–H, 8A–F)”. of the splenial or anterior process of 
the prearticular.

4.2.5 Articular
The articular forms the mandibular glenoid, all of the 
dorsal surface of the retroarticular process, and ex-
tends anterior to the glenoid on the dorsal surface 
(Text-figs 7, 8). A small part of the articular is also vis-
ible in ventral view extending beyond the posterior 
extent of the angular (Text-fig. 8C, D). The articular 
bears a prominent dorsally concave medial flange an-
teromedial to the articular glenoid (Text-fig. 7A, B). 
This is similar to the condition in Peloneustes (Ketch-
um & Benson 2011b) but unlike the ‘squared-off ’ 
morphology in other rhomaleosaurids (Smith & 
Benson 2014), and so we consider this a local auta-
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pomorphy. A shallow longitudinal trough occupies 
much of the lateral surface anterior to the glenoid (in-
cluding the dentary, angular, surangular), and this is 
bounded ventrally by a robust longitudinal, ventrolat-
eral ridge, as in other rhomaleosaurids (Smith & 
Benson 2014). The anteriorly concave posterior rim 
of articular glenoid is continuous and bears no cleft. 
The retroarticular process is nearly horizontal and 
there is a tenuous anteroposterior inclination of the 

retroarticular process, but this contrasts clearly with 
the posteriorly sloping condition of Yunguisaurus. The 
transverse long axis of the retroarticular is inclined to 
face dorsomedially and it terminates posteriorly in a 
flattened slightly posterodorsally facing surface. The 
medial part of the glenoid is anteroposteriorly longest, 
as is also the case in Rhomaleosaurus zetlandicus (Vin-
cent & Smith 2009).

Text-fig. 9. Thaumatodracon wiedenrothi (NLMH 106.058), selected disarticulated teeth. A–H: Tooth 1. Photographs in A. Axial. B. 
Labial. C. Axial. D. Lingual. E–H: Interpretations. I–P: Tooth 2. Photographs in I. Axial. J. Labial. K. Axial. L. Lingual. M–P. Inter-
pretations. Q–X: Tooth 3. Photographs in Q. Axial. R. Labial. S. Axial. T. Lingual. U–X. Interpretations. Y–FF: Tooth 4. Photo-
graphs in Y. Axial. Z. Labial. AA. Axial. BB. Lingual. CC–FF. Interpretations. GG–NN: Tooth 5. Photographs in GG. Axial. HH. 
Labial. II. Axial. JJ. Lingual. KK–NN. Stippling represents matrix or areas of missing enamel from the tooth crown, grey areas repre-
sent unenamelled bases (‘roots’). Scale bar represents 10 mm.
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4.2.6 Prearticular
The prearticular is visible as a dorsoventrally narrow 
and anteroposteriorly elongate element situated on 
the medial surface of the mandible anteroventral to 
the articular glenoid (Text-fig. 8A, B). It is a mediolat-

erally compressed splint-like element that sits superfi-
cial to the angular. In medial view it contacts the angu-
lar both ventrally and anterodorsally along straight 
horizontal contacts, and posterodorsally it contacts 
the anterior process of the articular. The anterior ex-

Text-fig. 10. Thaumatodracon wiedenrothi (NLMH 106.058), atlas-axis complex and third cervical vertebra (first postaxial vertebra). 
A. photograph in left lateral view. B. interpretation; C: photograph in ventral view. D. interpretation. Abbreviations: atc?: atlas cen-
trum (or dorsal projection of the axis intercentrum); ati: atlas intercentrum; axc: axis centrum; axi: axis intercentrum; axna: axis 
neural arch; axns: axis neural spine; axpz: axis postzygapophysis; axr: axis rib; c3: third cervical vertebra (first postaxial vertebra); cr3: 
left cervical rib of third cervical vertebra; crf3: cervical rib facet of third cervical rib; fo: foramina; na3: neural arch of third cervical 
vertebra; qpf: quadrate-pterygoid flange; sq: squamosal; ?: unknown element. Stippling represents matrix. Scale bar represents 20 mm.
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tent of the prearticular is unclear because on the left 
ramus it is broken away and on the right ramus the 
anterior sutures are obscured by a rugosity. The poste-
rior extent is also ambiguous because this region is 
covered by the quadrate on the right side, and ob-
scured by an unknown fragment of bone, possibly the 
displaced anterior process of the prearticular, on the 
left side. The preservation is not good enough to be 
certain but a tentatively identified posterior termina-
tion of the prearticular is visible immediately ventral 
to the glenoid, posterior to the unidentified fragment 
(Text-fig. 7E, F). In this case the prearticular termi-
nates posteriorly in the same position as Rhomaleosau-
rus (Smith & Benson 2014) and OUM J.28585 
(Cruickshank 1994b). In rhomaleosaurids a lin-
gual mandibular fenestra (= Meckelian foramen) is 
usually present on the medial surface of the mandible 
at the junction of the prearticular, splenial and angular 
(Smith & Vincent 2010), but this region is not pre-
served in NLMH 106.058.

4.3 Dentition
The preserved alveoli indicate five tooth positions in 
each premaxilla, a minimum of 13 teeth in each max-
illa, and 28 teeth in each dentary. The variation in size 

of the alveoli along the jaw indicates that the dentition 
was heterodont, with large caniniform teeth situated 
adjacent to the mandibular symphysis in the mandi-
ble, in most of the premaxilla, and anteriorly in the 
maxilla, with smaller teeth posterior in the jaws. The 
posterior extent of the tooth row is unknown but 
probably extended beyond the anterior margin of the 
temporal fenestra as in other rhomaleosaurids (Smith 
& Benson 2014). Several disarticulated complete 
and fragmentary teeth are preserved (Text-fig. 9). 
They are robust and circular in cross section with re-
curved crowns that terminate in a pointed but blunt 
apex. The enamel crowns bear closely spaced apicoba-
sally oriented striations on the concave (lingual) and 
axial (lateral) surfaces whereas the convex (labial) sur-
faces are smooth. Most of the striations extend from 
the base of the crown and extend two thirds the length 
of the crown, but only three extend all the way to the 
apex. The striations are slightly more densely distrib-
uted compared to Rhomaleosaurus (Taylor 1992, 
Smith & Benson 2014) and more similar to 
Atychodracon (Cruickshank 1994a). Some teeth 
have some possible natural apical wear facets (Text-fig. 
9I–X). The unenamelled bases (‘roots’) of the teeth 
are subequal in length to the enamelled crowns.

Text-fig. 11. Plots of vertebral proportions. A. Vertebral dimensions through the preserved cervical vertebral column with correspond-
ing error bars (see Table 1, Appendix 3). Note that the height and width is always significantly greater than the length, and the width 
is usually slightly greater than the height. Note also that the height and width (m = 1,3972) increases posteriorly more rapidly than the 
length (m = 0,8802). B. The vertebral length index through the vertebral column. Note that the vertebral length index maintains rela-
tively constant through the preserved column at around 50–60.
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4.4 Axial skeleton

4.4.1 Atlas-axis
The atlas-axis complex is partially exposed in left lat-
eral and ventral views, and includes the entire axis neu-
ral arch and spine (Text-fig. 10). The anterior elements 
of the atlas-axis are obscured by matrix and the squa-
mosal, so it is not possible to determine if the atlas 
centrum contributed to the lateral rim of atlantal cot-
yle. The atlas neural arch is obscured by an indetermi-
nate fragment of bone so its anatomy is also unknown. 
The visible elements show clear contacts indicating 
that they have not fused. The ventral surface of the at-
las intercentrum is poorly visible but the axis intercen-
trum is well exposed ventrally and has no ornamenta-
tion. The atlas centrum (or possibly this is a dorsal 
projection of the axis intercentrum) contacts the axis 
centrum on the lateral surface along an anteriorly con-
cave suture (Text-fig. 10 A, B). The neurocentral su-
ture between the axis centrum and axis neural arch is 
‘U’ shaped and extends halfway down the lateral sur-
face of the axis centrum body. The axis centrum bears 
a pair of small nutritive foramina on its ventral surface 
(Text-fig. 10C, D), however, these foramina are not 
set in squared depressions or separated by a midline 
keel as they are in the postaxial cervical vertebrae. 
There is also no hypophyseal ridge or bulge on the axis 
centrum. Both axial ribs are preserved in rough life 
position on the ventrolateral surface of the axis cen-
trum, close to the atlas intercentrum. The axis neural 
arch lacks prezygapophyses but has large postzygapo-
physes with almost horizontally oriented facets pre-
served in articulation with the prezygapophyses of the 
third cervical vertebra. The axis neural spine is anter-
oposteriorly long (76.1 mm) with an anterior process 
with a narrow circular transverse cross section that ex-
tends over the body of the atlas, and a mediolaterally 
and dorsoventrally broader posterior process, also cir-
cular in transverse section. The dorsal surface of the 
neural spine is gently inclined posterodorsally. The al-
tas-axis is poorly known in rhomaleosaurids but the 
general morphology in Thaumatodracon compares 
well with Macroplata (Ketchum & Smith 2010) 
and Meyerasaurus (Smith & Vincent 2010), and 
the leptocleidid Nichollssaura (Druckenmiller & 
Russell 2008b). The axis intercentrum differs from 
WARMS G10875 which bears a midline ventral keel 
(pers. obs.).

4.4.2 Cervical vertebrae

There are 27 cervical vertebrae preserved including 
the atlas axis (Text-figs 2, 10; Pls 1, 2). In vertebra 27 
the rib facet is almost in contact with the neural arch 
(Pl. 2, fig. 8), so this is regarded as the last cervical ver-
tebra and the cervical series is therefore complete. 27 
cervical vertebrae is typical for rhomaleosaurids, 
which have between 26 and 30. For example, 26 cervi-
cal vertebrae are present in Macroplata (Ketchum & 
Smith 2010), 28 are present in Rhomaleosaurus 
(Smith & Dyke 2008, Vincent & Smith 2009), 
28–29 are present in Atychodracon megacephalus 
(Smith 2007), and approximately 30 are present in 
Meyerasaurus (Smith & Vincent 2010).

Vertebral measurements and proportions are giv-
en in Table 1, Appendix 3 and Text-fig. 11.

In all cervical vertebrae the centrum is higher dor-
soventrally than long anteroposteriorly, and the medi-
olateral width is subequal to the dorsoventral height. 
In the posterior cervical vertebrae the centra become 
relatively wider mediolaterally. 

The articular surfaces of the cervical vertebrae are 
strongly concave with rounded margins in longitudi-
nal cross-section, as in Rhomaleosaurus thorntoni 
(Smith & Benson 2014). A notochord pit is present 
on the articular surface of the centrum situated slight-
ly ventral to the centre of the face (Pl. 1, figs 9, 13). The 
anterior cervical centra have a small, semi-oval ‘lip’ 
that extends ventrally from the anterior articular sur-
face, as also described in Anningasaura (Vincent & 
Benson 2012). The lateral surface of the centrum in 
anterior vertebrae is rugose and the neurocentral su-
ture is ‘U’ shaped in lateral view and not connected to 
the cervical rib facet (Pl. 1, figs 2, 7, 8, 10, 14, 18). This 
contrasts with the condition in R. thorntoni, which 
has a smooth, well-defined vertical groove between 
the neural arch and cervical rib facet (Smith & Ben-
son 2014). The neurocentral suture is more ‘V’ 
shaped in some posterior cervical vertebrae (Pl. 2, fig. 
4), and the lateral surfaces are smoother. The neural 
arches are centra are fused along the entire cervical 
vertebral column (although the neurocentral sutures 
remain visible), which indicates that NLMH 106.058 
is a mature individual (sensu Brown 1981).

The cervical rib facets are obscured by the cervical 
ribs in many vertebrae, but where visible, they are dor-
soventrally tall and occupy the lower one-third of the 
centrum (Pl. 1, figs 8, 10, 18; Pl. 2, figs 1, 4). Each rib 
facet consists of a subrectangular lower facet (parapo-
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physis) and an equally sized triangular upper facet 
(diapophysis). These are divided by a narrow anter-
oposteriorly oriented ridge. This longitudinal ridge 
represents the medial wall of a channel between the 
rib heads (see Cervical ribs). The surface of both the 
upper and lower rib facets is concave, with slightly 
raised rims (Pl. 1: fig. 9). The rib facets in the more 
posterior cervical vertebrae also consist of two con-
joined facets but the lower facet becomes relatively 
larger than the upper facet (Pl. 2, fig. 8). The ventral 
surface of the centrum bears paired nutritive foramina 
surrounded by smooth, depressed rectangular regions, 
either side of a low, rounded, anteroposteriorly ori-
ented, midline ridge (Text-fig. 10C, D; Pl. 1: 12, 17, 
21; Pl. 2: figs 3, 7, 11). The foramina are positioned 
slightly posterior to centrum midlength. The de-
pressed rectangular regions and the nutritive foramina 
are relatively larger in more anterior vertebrae and less 
pronounced in posterior cervical vertebrae (Pl. 2, fig. 
11).

The neural arch is dorsoventrally high (subequal 
to the centrum) and the anterior and posterior open-
ings of the neural canal are subcircular (Pl. 1: figs 1, 3, 
13, 19; Pl. 2: fig. 5). The neural arch has broken off in 

vertebra 10 exposing the base of the neural canal, 
which is slightly constricted around midlength, result-
ing in an hourglass shape (Pl. 1: fig. 11). A shallow 
ridge on the lateral surface of the neural arch in verte-
brae 3–13 extends posteroventrally for a short dis-
tance from the prezygapophysis, delimiting a fossa on 
the neural arch peduncle between the pre- and 
postzygapophyses, and forming a buttress-like support 
for the prezygapophysis. The mediolateral width of the 
combined prezygapophyses is slightly greater than that 
of the centrum (Pl. 1: figs 4, 6, 16, 20), as in Rhomaleo-
saurus, some non-plesiosaurian pistosaurians and other 
rhomaleosaurids such as Archaeonectrus (NHMUK PV 
OR 38525) and Eurycleidus (Smith & Dyke 2008, 
Benson et al. 2012). As in other non-cryptoclidian 
plesiosaurians, the prezygapophyses of R. thorntoni 
are separated across the midline and thus do not con-
tact each other. They are anteroposteriorly longer than 
half the anteroposterior length of the centrum (Pl. 1: 
figs 4, 6), and have large, flat facets that face dorsome-
dially, whereas those of the postzygapophyses face 
ventrolaterally. The planar articular facets of the zyga-
pophyses are inclined at approximately 40 degrees 
throughout the cervical series (Pl. 1: figs. 1, 3, 13, 19; 

Text-fig. 12. Plot of morphometric multivariate analysis of rhomaleosaurids and closely related taxa, including Thaumatodracon. This 
is a principal component analysis (PCA) (Spearman type) with the groupings (highlighted in grey) derived from the agglomerative 
hierarchical clusterings analysis (AHC). The key differentiates the data points into three categories, Hettangian, Sinemurian, and To-
arcian. Note the Atychodracon/Eurycleidus/Macroplata cluster close to the mean variance of the dataset, mostly composed of Hettan-
gian taxa (see discussion). Note also the intermediate position along the x-axis of Thaumatodracon, located between the Atychodracon/
Eurycleidus/Macroplata cluster and Rhomaleosaurus sensu stricto.
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Pl. 2: fig. 5). The lateral surface of the prezygapophysis 
is ornamented by fine ridges oriented anterodorsally, 
perpendicular to the facet edge, as in R. thorntoni 
(Smith & Benson 2014). A prominent, anteropos-
teriorly oriented ridge on the dorsolateral surface of 
the neural arch connects the pre- and postzygapophy-
ses. The postzygapophyses extend far posteriorly be-
yond the articular surface of the centrum.

The base of the neural spine is situated posteriorly 
relative to the centrum, so its anteriormost extent is at 
approximately centrum midlength, and the posterior 
half of the spine is situated over the intervertebral 
space and anterior portion of the succeeding vertebra 
(Pl. 1: figs. 2, 14, 18; Pl. 2: figs. 1, 4, 8, 9). In the ante-
rior vertebrae the neural spines are dorsoventrally 
short, strongly recurved and inclined posterodorsally 
(Pl. 1, fig. 2). The neural spines gradually become rela-
tively larger and more vertically inclined in more pos-
terior cervical vertebrae (Pl. 1: fig. 18; Pl. 2: figs 4, 8, 
9). The anterior and posterior margins of the neural 
spines converge in the anterior vertebrae, whereas they 
are parallel in more posterior vertebrae, and in verte-
bra 22 they diverge so the distal end of the spine is ex-
panded. In the anterior cervical vertebrae the apex of 
the neural spine has a subtriangular transverse cross 
section with a flat anterodorsal surface and pointed 
ventral surface (Pl. 1: figs 2, 4). The termination of the 
neural spine is flat and inclined posterodorsally in the 
anterior vertebrae, whereas it is anteroposteriorly con-
vex and faces dorsally in the posterior cervical verte-
brae (Pl. 2: figs 1, 4, 8, 9). The neural spines are medi-
olaterally compressed at their bases and for most of 
their dorsoventral length (Pl. 1: figs 16, 20; Pl. 2: fig. 
10), but the apex is mediolaterally expanded in the an-
terior vertebrae (Pl. 1: figs 1, 3) and to a lesser degree 
in the posterior vertebrae (Pl. 2: fig. 5), as in Eury-
cleidus arcuatus (NHMUK OR1318) (pers. obs.).

4.4.3 Cervical ribs
Several cervical ribs are preserved in situ in the ante-
rior cervical vertebrae, but only weakly fused to the 
cervical centrum. Their proximal ends are dorsoven-
trally deep for articulation with the tall rib facets, and 
their distal ends are dorsoventrally compressed, with 
prominent anterior and posterior projections (Text-
fig. 10). A wide vascular channel runs anteroposteri-
orly through the base of the rib and opens as a distinct 
foramen on the anterior and posterior surfaces, as seen 
most clearly in the left rib of cervical vertebra 12 (Pl. 1, 

fig. 15). This channel separates the proximal end of the 
rib into two equally sized heads, one dorsal and one 
ventral. However, the dorsal and ventral heads ap-
proach each other proximally and almost contact each 
other where they join the cervical rib facet, so the ribs 
are functionally single-headed. This cervical rib mor-
phology is very similar to R. cramptoni (Smith 2007), 
but differs from derived plesiosaurians, which have 
anatomically single-headed ribs and lack an anter-
oposteriorly oriented channel (Persson 1963).

4.5 Other material
A large unprepared block of matrix (350 x 350 x 
200 mm) from the pectoral region may contain addi-
tional vertebrae and pectoral girdle elements. In addi-
tion, hundreds of small (< 30  mm) indeterminate 
fragments are also associated with this skeleton, and 
probably represent parts of the cranium, mandible, 
and postcranium. A thorough investigation of this 
material may result in their identification and them 
being reunited, but such an undertaking was beyond 
the scope of the current study.

5. Results

5.1 AHC results
The AHC analysis found five significantly different 
clusters, i.e., beyond the dissimilarity threshold level 
of 0.02. The following significant clusters were re-
trieved: 1) Meyerasaurus victor, HALB uncatalogued 
and Anningasaura lymense; 2) Thaumatodracon, R. 
cramptoni, R. thorntoni, R. zetlandicus; 3) A. mega-
cephalus, Attenborosaurus, E. arcuatus, Macroplata, 
NMING F8749, NMING F10194, WARMS 
G10875, and ‘R. propinquus’ (the latter is problematic, 
see Discussion); 4) Archaeonectrus; 5) Thalassiodracon 
and ‘P’. macrocephalus. These clusters are also present 
in the PCA analysis results (Text-fig. 12). The AHC 
analysis shows a variance decomposition of the opti-
mal classification of 24.34% within class and 75.66% 
between classes. When all data was included (AHC 
Analysis 1) the first two factors accounted for 81.46% 
of the data variance. When all the variables with less 
than ten data entries were pruned from the dataset 
(AHC Analysis 2) the two first factors accounted for 
83.98% of the variance. When all of the skull variables 
with less than ten entries were pruned from the data-
set (AHC Analysis 3) the two first factors accounted 
for 84.98% of the variance. Appendix 1 provides ad-
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Text-fig. 13. Pruned cladograms to show the interrelationships of Rhomaleosauridae and the position of Thaumatodracon (for the 
complete cladograms see Appendix 2). The same methodology was applied to all the data matrices. Note that the interrelationships in 
the cladograms derived from A: Benson & Druckenmiller (2013) and B: Benson et al. (2012) lack resolution, while C: Smith 
& Dyke (2008), results from a matrix focused specifically on Rhomaleosauridae has resulted in a well-resolved cladogram. Note the 
intermediate position of Thaumatodracon in C and the consistent presence of this taxon among rhomaleosaurids in all three analyses. 
Numbers above nodes represent Bremer support / relative Bremer support, and those below nodes represent symmetric resampling / 
GC values. 
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ditional results of the AHC analysis including node 
statistics, class centroids, distances between class cen-
troids, central objects, distances between the central 
objects, and results by class.

5.2 PCA Results
The results in all three different PCA analysis we ran 
are similar independent of the number of variables 
used. In Analysis 1 (Text-fig. 12) the variables that 
contribute the most to the variance of Factor 1 (> 1% 
contribution, with a squared cosine greater than 0.9), 
i.e. variables with high quality of representation were: 
maximum width of the glenoid, width of the pregle-
noid process, posterior coracoid cornua, length to 
midglenoid, length to fenestra, scapular maximum 
width, radius facet, ulna facet, ulna distance of mini-
mum width, ischium distal flare width, fibula width, 
tibia length, fibula postaxial distance, fibula flare, ulna 
preaxial distance, ulna flare, total length (see Appen-
dix 1). Factor 1 therefore consists entirely of postcra-
nial characters. The most significant variables that 
contribute to Factor 2 are: length of the dorsomedian 
foramen, overlap between nares and dorsomedian fo-
ramen, radius facet, ulna facet, tibia facet length (dor-
sal view), fibula facet length (dorsal view). Factor 2 
therefore consists of a mixture of cranial and postcra-
nial characters.

In Analysis 2 the variables that contributed the 
most (> 2.5%) to Factor 1 are: skull length to the squa-
mosal bulb, mandible length and total length. In Analy-
sis 3 the variables that contributed the most (> 3.7%) to 
the construction of Factor 1 are: skull length to the 
squamosal bulb, length of premaxilla, premaxilla tip to 
pineal foramen, mandible length, symphysis width, di-
agonal length to symphysis. For Factor 2 is width across 
the glenoid. This shows that postcranial characters con-
tribute a significant amount of variance in the dataset 
and may therefore also contain a phylogenetic signal. 
The OTUs that are closest to the mean of the sample in 
both Factors 1 and 2 are all Hettangian taxa: E. arcua-
tus, specimens of Atychodracon and Macroplata.

Appendix 1 provides additional results of the PCA 
analyses such as summary statistics, correlation matrix 
with a significance level of 5%, Bartlett’s sphericity test, 
eigenvalues, eigenvectors, factor loadings, correlations 
between variables and factors, contribution of the vari-
ables, squared cosines of the variables with a signifi-
cance level of 5%, factor scores, contribution of the 
observations: OTUs (%), and squared cosines.

5.3 Phylogenetic analysis results
Strict consensus trees resulting from three cladistic 
analyses are presented in Text-fig. 13. All three analy-
ses resolved Thaumatodracon as a rhomaleosaurid. In 
the cladograms resulting from the reanalyses of Ben-
son et al. (2012) and Benson & Druckenmiller 
(2013) the ingroup relationships of the Rhomaleosau-
ridae are poorly resolved (Text-fig. 13A, B). In the rea-
nalysis of Benson & Druckenmiller (2013) 
Thaumatodracon wiedenrothi forms a sister relation-
ship with R. thorntoni within the clade Rhomleosau-
rus, while in the reanalysis of Benson et al. (2012) it 
forms an unresolved polytomy alongside all rhomale-
osaurids. In the reanalysis of Smith & Dyke (2008) 
the ingroup relationships of Rhomaleosauridae are al-
most completely resolved and Thaumatodracon occu-
pies a derived position within Rhomaleosauridae in an 
unresolved polytomy with Maresaurus and Rhomaleo-
saurus (Text-fig. 13C). This greater resolution in the 
cladogram resulting from the reanalysis of Smith & 
Dyke (2008) demonstrates the importance of coding 
characters specifically to resolve more restricted clad-
es. Thaumatodracon presents a combination of charac-
ters present in both older Rhetian/Hettangian 
rhomaleosaurids (Atychodracon, Eurycleidus (sensu 
stricto) and younger Toarcian rhomaleosaurids 
(Rhomaleosaurus sensu stricto, Meyerasaurus). For ex-
ample, Thaumatodracon shares with Atychodracon a 
contact between the frontals on the midline, and a flat 
parasphenoid anteriorly, while it shares with Rhomale-
osaurus and Meyerasaurus a short premaxillary ros-
trum and mandibular symphysis, and parallel premax-
illa-maxilla sutures.

6. Discussion

6.1 Diversity of plesiosaurians from Lyme Regis
At least seven distinct plesiosaurian species, including 
Thaumatodracon wiedenrothi, are currently known 
from the Lower Jurassic deposits between Lyme Regis 
and Seatown (Milner & Walsh 2010). This in-
cludes two plesiosauroid taxa of the long-necked ple-
siosauromorph type. Plesiosaurus dolichodeirus is well 
known from several skeletons from the Sinemurian 
(Storrs 1997), while fragmentary material of a sec-
ond long-necked plesiosaurian taxon from younger 
Pliensbachian strata has been referred to cf. Micro-
cleidus homalospondylus (Milner & Walsh 2010).
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Attenborosaurus conybeari (BRSMG Cb2479, ho-
lotype lost but known from casts e.g. NHMUK 
R1339, Bakker 1993) is a basal plesiosaurian of un-
known affinity with a relatively long neck and a rela-
tively large head (Bakker 1993). Different authors 
have regarded it as a basal plesiosaurian situated out-
side of Rhomaleosauridae, Pliosauridae and Plesiosaur-
oidea (e.g. Ketchum & Benson 2011a, Smith & 
Dyke 2008), or as a basal pliosaurid (O’Keefe 2001, 
2004b).

The other plesiosaurians from Lyme Bay generally 
have shorter necks and larger heads, and some of them 
may be rhomaleosaurids. Anningasaura lymense 
(NHMUK OR49202, previously referred to ‘Plesio-
saurus’ macrocephalus, Andrews 1896) is a basal ple-
siosaurian from Lyme Regis consisting of a skull and 
partial cervical series (Vincent & Benson 2012). It 
has been resolved as a basal rhomaleosaurid in some 
cladistic analyses (Ketchum & Benson 2011a, 
Benson & Druckenmiller 2014, Benson et al. 
2013a) but has also been regarded as a basal pliosaur-
oid (Smith & Dyke 2008) and as a basal plesiosaur-
ian (Benson et al. 2012). The long-snouted form Ar-
chaeonectrus rostratus is another valid taxon (contra 
O’Keefe 2001, Milner & Walsh 2010) known 
from a single complete skeleton from the Sinemurian 
between Lyme Regis and Charmouth (Novozhilov 
1964). It has been resolved as a rhomaleosaurid by sev-
eral authors (summarised in Smith & Benson 2014). 
The holotype (NHMUK OR38525) needs to be de-
scribed in detail, however, the cranium is poorly pre-
served (pers. obs.) and the postcranium is currently 
inaccessible. The holotype of ‘Plesiosaurus’ macroceph-
alus (NHMUK OR1336) is a complete skeleton from 
Lyme Regis of unknown stratigraphic age that repre-
sents a juvenile individual of a large-headed plesiosau-
rian. It is probably an immature rhomaleosaurid but 
its early ontogenetic state precludes a confident sys-
tematic review of this specimen (Smith 2007).

A partial skull (NHMUK OR39514) collected 
from the same location as the holotype of Archaeonec-
trus (between Lyme Regis and Charmouth) was de-
scribed by Vincent (2012) and represents a large-
skulled plesiosaurian. It is distinct from Attenborosau-
rus and Archaeonectrus, but it is currently regarded as 
Plesiosauria indet. because it lacks diagnostic anatom-
ical information (Vincent 2012). The large absolute 
size of the skull and expanded mandibular symphyseal 
region are similar to Thaumatodracon, but the paraba-
sisphenoid is flat and the pterygoids do not contact 

posterior to the interpterygoid vacuities as they do in 
Thaumatodracon. Therefore, NHMUK OR39514 
cannot be referred to Thaumatodracon wiedenrothi.

Cruickshank (1994b) referred a partial skele-
ton of another plesiosaurian from Lyme Regis to the 
rhomaleosaurid taxon Eurycleidus, but this specimen 
is distinct from Eurycleidus (Smith 2007). This body 
of evidence shows that several rhomaleosaurids, or 
close relatives of rhomaleosaurids, were indeed pre-
sent during this interval.

6.2 Morphometrics provide insights into the 
evolutionary history of Rhomaleosauridae

In both the PCA and AHC, Thaumatodracon shows a 
close similarity with Rhomaleosaurus sensu stricto, but 
in the PCA analysis Thaumatodracon is closer to the 
mean variance of the dataset than is Rhomaleosaurus 
sensu stricto (Text-fig. 12). This observation correlates 
with the derived rhomaleosaurid phylogenetic posi-
tion identified in the cladistic analysis, but also differ-
entiates it statistically from other Sinemurian OTUs. 
The distance to the class centroid containing Archae-
onectrus is 157.28, and to Anningasaura it is 407.187 
(see Appendix 1). Specifically, the new taxon plots mid-
way between the Atychodracon/Eurycleidus/Macroplata 
cluster and the Rhomaleosaurus sensu stricto cluster. 
Thaumatodracon can therefore be regarded as mor-
phometrically intermediate between these groups. The 
combination of plesiomorphic and derived anatomical 
characters in Thaumatodracon, together with its inter-
mediate morphometric and phylogenetic position, is 
consistent with its intermediate stratigraphic position.

Benson et al. (2012) identified high diversity and 
low disparity in Hettangian plesiosaurians and we re-
produce similar results for early rhomaleosaurids us-
ing a different methodology and dataset. Benson et 
al. (2012) used Principal Co-ordinates Analysis based 
on a character matrix, while we used a Principal Com-
ponent Analysis based on a morphometric multivari-
ate dataset. Although the disparity results presented 
by Benson et al. (2012) are relatively weak (the large 
error bars potentially allow for non-increasing disparity 
through the Lower Jurassic) our results show a similar 
trend for increasing disparity through time, specific to 
the Rhomaleosauridae. With the exception of Thalas-
siodracon, which is a non-rhomaleosaurid (Smith & 
Dyke 2008, Benson et al. 2011a, Benson & Druck-
enmiller 2013), all Hettangian OTUs in the analy-
sis plot close to the mean of the variance of the dataset 
(i.e., near the origin of the PCA plot) (Text-fig. 12, 
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Appendix 1). This cluster of ‘average’ rhomaleosaurids 
includes a relatively high diversity of at least four valid 
Hettangian taxa. These include Macroplata tenuiceps 
(NHMUK OR5488), Eurycleidus arcuatus (NHMUK 
OR2028* etc.), Atychodracon megacephalus (BRSMG 
Cb2335, LEICT G221.1851), as well as three un-
named Hettangian specimens, of which at least one 
(WARMS G10875) represents a distinct species 
(Smith 2015). The other unnamed specimens (NMING 
F10194, NMING F8749) may be referred to Atycho-
dracon megacephalus (Smith 2015).

This cluster situated close to the mean variance 
also includes two non-Hettangian taxa, but one of 
these is a non-rhomaleosaurid (Attenborosaurus) and 
the other is an anomaly (‘R. propinquus’). The position 
of the ‘R. propinquus’ (a specimen referred to R. zet-
landicus by Vincent & Smith 2009) within a clus-
ter of mainly Hettangian OTUs in both the PCA and 
AHC, is unusual because 1: It is from the Toarcian, 
and 2: It plots far from the Rhomaleosaurus sensu 
stricto cluster to which it belongs phylogenetically 
(Smith & Dyke 2008). This anomaly can be ex-
plained by one or more of the following factors: 1: The 
specimen is a juvenile (Vincent & Smith 2009) and 
so it possesses immature proportions, which are differ-
ent to the adult proportions. Another juvenile speci-
men in this analysis, ‘P’ macrocephalus, also plots sig-
nificantly negatively in Factor 1 relative to its strati-
graphic contemporaries (Archaeonectrus, Attenboro-
saurus, Thaumatodracon, Anningasaura), so a positive 
shift along this axis may occur with ontogeny. The 
holotype of Anningasaura is also regarded as imma-
ture (Vincent & Benson 2012), which might ex-
plain why in Factor 1 Anningasaura also plots relative-
ly negatively. 2: The specimen is highly incomplete. In 
particular, the tip of the premaxilla is missing (Vin-
cent & Smith 2009), and therefore the majority of 
the original skull measurements were estimates. Most 
elements of the girdles are also missing and these form 
key components of the PCA. This might have been a 
source for error. 3: The specimen is possibly a compos-
ite and some parts are certainly poorly restored (the 
coracoid). The measurements may therefore be artifi-
cial or might reflect more than one individual. Given 
these possible sources of error, little significance 
should be attached to the anomalous position of this 
specimen in the morphometric analyses.

Thaumatodracon also differs morphometrically 
from all other Sinemurian taxa from Lyme Regis. For 
example, Anningasaura is morphometrically distinct 

in the analysis and this supports its generic separation 
(Vincent & Benson 2012). Anningasaura has mor-
phometric similarities to the Toarcian Meyerasaurus 
and HALB uncatalogued, with which it forms a weak 
cluster (slightly above the threshold level of 0.02) in 
the AHC analysis. Archaeonectrus rostratus is also 
morphometrically distinct from the rest of the OTUs, 
plotting significantly distant (0.607 squared cosine 
with 5% significance level) from the mean of the vari-
ance and with a dissimilarity level of 0.06 in the AHC. 
In contrast, all other rhomaleosaurid OTUs are below 
0.04 Spearman dissimilarity index. This supports the 
generic separation of Archaeonectrus from all other 
Sinemurian rhomaleosaurids.

The PCA analysis indicates a greater range of dis-
parity among Toarcian rhomaleosaurid taxa compared 
to their Hettangian relatives. Meyerasaurus victor 
(Smith & Vincent 2010) is consistently retrieved 
close to HALB uncatalogued (Brandes 1914) and 
equidistant from Rhomaleosaurus sensu stricto and 
the Hettangian rhomaleosaurid cluster. This supports 
its generic separation. HALB uncatalogued is a poorly 
studied specimen that, in light of this analysis, may be 
closely related to or congeneric with Meyerasaurus.
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Note
The following appendices are available under https://doi.pangaea.
de/10.1594/PANGAEA.870543

Appendix 1. Morphometric dataset and multivariate analysis. 
For clarification of anatomical measurements used in these analy-
ses see figure 5.1 in Smith (2007) Sheet #1: the complete mor-
phometric dataset (Analysis 1); Sheet #2, normality tests of the 
morphometric dataset; Sheet #3, sensitivity test to the NIPALS 
estimation; Sheet #4, missing entries of the dataset estimated 
with the NIPALS algorithm; sheet #5, normality test including 
the missing entries; Sheet #6: Spearman type principal compo-
nent analysis; Sheet #7: Spearman type agglomerative hierarchi-
cal clustering; Sheet #8, pruned dataset, all measurements with 
less than ten entries were pruned (Analysis 2); Sheet #9, missing 
entries of the Analysis 2 dataset estimated with the NIPALS al-
gorithm; Sheet #10, Spearman type principal component analy-
sis with the Analysis 2 dataset;Sheet #11, pruned dataset with 
only skull measurements (Analysis 3); Sheet #12, missing entries 
of the Analysis 3 dataset estimated with the NIPALS algorithm; 
sheet #13, Spearman type principal component analysis with the 
Analysis 3 dataset.
Appendix 2. Results and data for the phylogenetic analysis, in-
cluding matrix codings for Thaumatodracon, complete trees, group 
frequencies results, apomorphies, and Bremer support results for 
the Smith & Dyke (2008), Benson et al. (2012) and Benson 
& Druckenmiller (2013) data matrices.
Appendix 3. Diagram showing the various linear measurements 
taken for the cervical vertebrae in lateral, anterior and dorsal 
view.
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Explanation of the plates
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Plate 1
Thaumatodracon wiedenrothi (NLMH 106.058), selected anterior cervical vertebrae.

Figs 1–5. Vertebrae four-six. 1. v4 in anterior view, 2. v4–6 in left lateral view. 3. v6 in posterior view. 4. v4–6 in 
dorsal view (anterior towards top). 5. v4–6 in ventral view (anterior towards top).
Figs 6–8. Vertebra seven. 6. in dorsal view. 7. in left lateral view. 8. in right lateral view.
Figs 9–12. Centrum of vertebra ten. 9. in anterior view. 10. in left lateral view. 11. in dorsal view (anterior towards 
top). 12. in ventral view (anterior towards top).
Figs 13–17. Vertebrae 11 and 12. 13. v11 in anterior view. 14. v11–12 in left lateral view. 15. close-up of the left 
cervical rib of v12 in posterior view. 16. v11–12 in dorsal view (anterior towards top). 17. v11–12 in ventral view 
(anterior towards top).
Figs 18–21. Vertebrae 18 and 17. 18. v17-18 in right lateral view. 19. v17 in anterior view. 20. v17–18 in dorsal 
view (anterior towards top). 21. v17–18 in ventral view (anterior towards top).

Scale bars represents 20 mm.
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Plate 2
Thaumatodracon wiedenrothi (NLMH 106.058), selected posterior cervical vertebrae.

Figs 1–3. Vertebrae 19–21. 1. v19–21 in left lateral view. 2. v19–21 in dorsal view (anterior towards top). 3. v19–
21 in ventral view (anterior towards top).
Figs 4–7. Vertebrae 23 and 24. 4. v22–23 in right lateral view. 5. v22 in anterior view. 6. v22–23 in dorsal view 
(anterior towards top). 7. v22–23 in ventral view (anterior towards top).
Figs 8–11. Vertebrae 24–27. 8. v24–27 in left lateral view. 9. v24–27 in right lateral view. 10. v24–27 in dorsal 
view (anterior towards left). 11. v24–27 in ventral view (anterior towards right).

Scale bar represents 20 mm.
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