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An historical indeterminate elasmosaurid specimen CAMSM X50356 (CAMSM = Sedgwick Museum) collected during
the 19th century is described. The specimen comes from the Cenomanian Cambridge Greensand although the possibil-
ity of an Albian—lower Cenomanian age is discussed. CAMSM X50356 is recovered within the Elasmosauridae. Our
phylogenetic analysis indicates that elongated cervical centra with absence of the lateral ridge are the basal condition of
elasmosaurids. The lateral ridge is present in almost all other elasmosaurids with the exception of some taxa that have
secondarily shortened the cervical centra such as the aristonectines and Nakonanectes bradti. The lack of correlation
between cervical elongation and the lateral ridge is thus recorded here for the first time as CAMSM X50356 is the only
elasmosaurid with cervical centra longer than high but without the lateral ridge.
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Introduction

Plesiosaurians are a group of diapsid marine reptiles whose
biochron extends from the Rhaetian (Late Triassic) to the K/
Pg mass extinction event (Gasparini et al. 2003; Vincent et
al. 2011; Wintrich et al. 2017). Throughout their long history,
plesiosaurians showed substantial diversification in body
proportions (O’Keefe 2002; Soul and Benson 2017; Gutarra
et al. 2022), while retaining a conservative bauplan based on
four-limbed propulsion and a stiff trunk. Several distinct in-
tervals marked important episodes of diversification or turn-
over for plesiosaurians, including the initial diversification
of the group in the earliest Jurassic (Bardet 1994; Benson et
al. 2012), the diversification of thalassophonean pliosaurids
and cryptoclidian plesiosaurians early in the Middle Jurassic
(e.g., Sachs et al. 2023), and the rise of the xenopsarian groups
Leptocleidia and Elasmosauridae around the Jurassic/Creta-
ceous transition (Benson and Druckenmiller 2014).

The transition from the Early to Late Cretaceous, around
the Albian—early Turonian marked an important episode of
faunal change that substantially altered the composition of
marine reptile assemblages during a protracted interval of
approximately 14 Ma. This interval saw the decline and final
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extinction of ichthyosaurs (Fischer et al. 2014; McGowan
1972) and the radiation of mosasaurs, beginning in the Early
Cretaceous (Madzia and Cau 2020; Polcyn et al. 2014). It was
also important for plesiosaurians, with the diversification
of Euelasmosaurida, increases in polycotylid diversity, and
the extinction of pliosaurids (Fischer et al. 2018; O’Gorman
2019). Understanding Albian—Cenomanian marine reptile
faunas is extremely important in order to understand this
process, but so far these are poorly understood compared to
younger faunas.

Among the groups of plesiosaurians that radiated around
the Albian—Cenomanian are Elasmosauridae (O’Gorman
2019). Elasmosaurids are characterized by an elongated neck
and small skull (Benson and Druckenmiller 2014; Serratos et
al. 2017, O’Gorman 2019). The cervical centra of elasmosau-
rids are usually elongate and bear a lateral keel but there are
exceptions that lack both centrum elongation and lateral keel
(O’Gorman 2016b, 2019; Serratos et al. 2017).

The Albian—early Cenomanian (see Geological setting
for age discussion) vertebrate fauna of the Cambridge Green-
sand of the West Melbury Marly Chalk Formation is among
the richest fossil vertebrate assemblages in England (Unwin
2001), and has great potential to shed light on this important
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Fig. 1. A. Location of the study area in the UK. B. Geological map of eastern England showing the distribution of the Cambridge Greensand (red star).
C. Cambridge Greensand phosphate quarrying areas near Cambridge (adapted from Unwin 2001; Grove 1976; Worssam and Taylor 1969). D. Lithologic
and stratigraphic scheme of the Albian/Cenomanian boundary interval in Cambridgeshire (taken from Machalski 2018). E. Original inked label of

CAMSM X50356.

interval of biotic turnover. Despite difficulties resulting from
the fragmentary nature of the specimens and the complexity
of their stratigraphy, revisions of several vertebrate groups,
such as pterosaurs (Unwin 2001), turtles (Evers et al. 2019;
Joyce 2025), ichthyosaurs (Fischer et al. 2014), and dinosaurs
(Barrett and Bonsor 2021), have been undertaken in the past
few decades. However a revision of plesiosaurians as a whole
has not yet been undertaken.

Here, we describe CAMSM X50356, which is exceptio-
nally complete compared to other plesiosaurians from the
Cambridge Greensand. The specimen was collected and
catalogued by Ditton (1886) as is seen in the original label
(Fig. 1E).

We evaluate its phylogenetic relationships and discuss the
implications for the early diversification of elasmosaurids.

Institutional abbreviations—CAMSM, Sedgwick Museum,
Cambridge, UK; NHMUK, Natural History Museum, Lon-
don, UK; SCARB, Rotunda Museum, Scarborough, UK.

Other abbreviations.—CGS, Cambridge Greensand; cap, ca-
pitulum; cf, coracoid foramen; di, diapophysis; exf, exocci-
pital facet; opf, opisthotic facet; OTUs, operational taxonomic
units; pa, parapophysis; pez, prezygapophysis; pf, pedicellar
facet; pft+pa, pedicellar facet + parapophysis; poz, postzyga-
pophysis; vf, ventral foramina; VLI, vertebral length index.

Geological setting

The Cambridge Greensand crops out in the region of Cam-
bridge, extending to north to Soham and south to Harlington
(Unwin 2001; Fig. 1A—C). The most representative outcrops
of the Cambridge Greensand were exposed during phosphate
quarrying in the nineteenth century, but were largely cov-
ered after the cessation of quarrying activity (Grove 1976)
and are now inaccessible. This circumstance underscores the
importance of the collections made at that time, which today
constitute a significant part of the paleontological holdings
of the Sedgwick Museum. It is also noteworthy that some
specimens of the Cambridge Greensand have been recovered
from other types of outcrops (Codrington 1864, 1908).
Stratigraphically the Cambridge Greensand is located at
the basal level of the Lower Chalk (White 1932; Worssam and
Taylor 1969), also called the West Melbury Marly Chalk For-
mation (Machalski 2018; Fig. 1D). The Cambridge Greensand
is a thin unit (thickness between 0.6 m to 1.5 m, Worssam
and Taylor 1969) of micaceous, glauconitic, silt marl with a
basal lag of reworked phosphatic nodules usually associated
with vertebrate fossils and exotic clasts, often encrusted in
small oysters and other epibionts (Sedgwick 1846; Seeley
1866). The rich vertebrate fossil assemblage of the Cambridge
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Table 1. Measurements (in mm) of vertebrae (c, cervical; ca, caudal; d,
dorsal; p, pectoral; s, sacaral) length (L), height (H), breadth (B) and
indexes height/length ratio (HI = 100*H/L), breadth/length ratio (Bl =
100*B/L), breadth/height ratio (BHI = 100*B/H) and vertebral length
index [VLI = 100*L/(0.5*(H + B))]. The order given is relative because
the skeleton was found disarticulated.

Vertebra L H B HI BI BHI | VLI
Ic 24 22 32 92 133 145 89
2c 26
3c 26 25 96
4c 30 27 38 90 127 141 92
S¢ 31 27 87
6¢ 30 28 39 93 130 139 90
Tc 30 28 93
8c 31 30 42 97 135 140 86
9¢ 33
10c 34 34 44 100 129 129 87

llc 35 34 47 97 134 138 86
12¢ 34 35 45 103 132 129 85
13c 39 38 51 97 131 134 88
l4c 37 39 51 105 138 131 82
15¢ 37 39 52 105 141 133 81
16¢ 39 41 52 105 133 127 84
17¢c 39 41 51 105 131 124 85
18c 38 42 52 111 137 124 81
19¢ 37 43 52 116 141 121 78
20c 40 45 50 113 125 111 84
2lc 37 45 56 122 151 124 73
22¢ 40 45 57 113 143 127 78
23c 41 47 58 115 141 123 78
24c 42 47 56 112 133 119 82
25¢ 41 48 59 117 144 123 77
26¢ 41 48 60 117 146 125 76
27c 42 49 59 117 140 120 78
28¢c 42 49 60 117 143 122 77
29¢ 41 50 60 122 146 120 75
30c 42 50 61 119 145 122 76
31c 40 50 66 125 165 132 69
32¢ 41 50 65 122 159 130 71
33c 41 50 67 122 163 134 70
34c 42 51 62 121 148 122 74
35¢ 41 51 64 124 156 125 71
36¢ 41 51 64 124 156 125 71
37c 41 51 69 124 168 135 68

Ip 41 49 67 120 163 137 71
2p 41 52 70 127 171 135 67
3p 44 51 71 116 161 139 72
1d 44 54 68 123 155 126 72
2d 45 55 66 122 147 120 74
3d 45 56 68 124 151 121 73
4d 42 59 68 140 162 115 66
5d 43 61 67 142 156 110 67
6d 43 61 64 142 149 105 69
7d 43 60 66 140 153 110 68
8d 45 61 65 136 144 107 71
9d 45 60 67 133 149 112 71

Vertebra L H B HI BI BHI | VLI

10d 45 58 65 129 144 112 73
11d 40 59 63 148 158 107 66
12d 45 58 65 129 144 112 73
13d 40 54 64 135 160 119 68
14d 42 50 62 119 148 124 75
15d 36 54 63 150 175 117 62
16d 39 46 64 118 164 139 71
17d 36 52 59 144 164 113 65
18d 35 46 60 131 171 130 66
19d 34 46 57 135 168 124 66
20d 34 49 58 144 171 118 64

Is 31 44 142

2s 31 45 62 145 200 138 58
3s 27 47 55 174 204 117 53
4s 25 45 56 180 224 124 50
Ss 27 43 56 159 207 130 55

Ica 25 44 53 176 212 120 52
2ca 23 39 49 170 213 126 52
3ca 25 41 53 164 212 129 53

Greensand may originate mostly as reworked material from
the underlying Gault Formation (Reed 1897). Therefore this
is a typical fossil “Konzentrat-Lagerstatte” (sensu Seilacher
1970). Regarding the stratigraphic age, the Cambridge
Greensand were deposited very early in the Cenomanian
(Hart 1973). However, most of the fossils may be reworked
from the underlying Gault Clay Formation (Albian) (Unwin
2001; Gallois et al. 2016; Hart and Lyndsey 2020). The pres-
ence of some reworked phosphatised Cenomanian ammonites
in recent studies indicates that at least some of the reworked
fossils are also early Cenomanian in age (Gallois et al. 2016).

Material and methods

Measures.— Linear measurements were taken using a me-
chanical calliper with an accuracy of 0.1 mm. Both width
and height were measured on the posterior articular surface
of the vertebral centra. The vertebral indices considered in
this contribution are those proposed by Welles (1952), which
take into account the ratio between the centrum length length
(L) and height (H) (HI = 100 * H/L) and the ratio between
centrum width breadth (B) and length (BI = 100 * B/L). The
ratio between the centrum breadth and height (BHI = 100 *
B/H was also considered. The vertebral length index VLI =
100 * LA0.5 * (H + B)) proposed by Brown (1981) was also
used for comparison.

Taxon sampling and characters—A phylogenetic analysis
was conducted to clarify the evolutionary relationships of
CAMSM X50356. This analysis makes use of the data set
of Ketchum (2010) modified by Benson and Druckenmiller
(2014) and Serratos et al. (2017), modified by rescoring and
addition of new OTUs (O’Gorman 2019; O’Gorman et al.
2021; for references see O’Gorman et al. 2023). The result-
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Fig. 2. A-D. Taphonomic features of four cervical centra of CAMSM X50356 (Elasmosauridae indet.) from Fen Ditton, near Cambridge, UK, upper
Albian—lower Cenomanian, oyster encrustations. A, cervical cetrum in posterior view; A, and As, details of incrusted oysters; By, cervical centrum in
ventral view; B,, detail of incrusted oyster; C;, cervical centrum in left lateral view; C,, detail of incrusted oyster. D. Cervical centrum in dorsal view.
E. Platypterygiinae indet. CAMSM X50356 (Elasmosauridae indet.) from Fen Ditton, near Cambridge, UK, upper Albian—lower Cenomanian, basioccip-

ital in dorsal (E,) and posterior (E,) views. Scale bars 20 mm.

ing matrix includes 290 characters and 120 OTUs, including
33 elasmosaurid OTUs. The complete data set was compiled
using Mesquite (Maddison and Maddison 2011) and given as
SOM 1 (Supplementary Online Material available at http:/

app.pan.pl/SOM/app70-OGorman_Benson SOM.pdf). The
percentage of missing data of CAMSM X50356 is 88.3%.

Phylogenetic analysis.—The complete data set was ana-
lyzed with the TNT 1.5 software package (Goloboff and
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Catalano 2016). Only character 155 was considered ordered.
Initial tree searches were conducted using new technology
searches (1000 random addition sequence and default set-
ting). The resulting trees were then reanalyzed using TBR
(tree bisection-reconnection) to generate the full set of most
parsimonious trees (MPTs).

To detect OTUs that act as wild card taxa, we used
the command pcrprune of TNT.1.5 (Goloboff and Catalano
2016). To test clade robustness, Bremer Support values were
calculated for some nodes using TNT.1.5 (Bremer 1994).

Systematic palacontology

Subclass Sauropterygia Owen, 1860

Order Plesiosauria de Blainville, 1835

Clade Xenopsaria Benson & Druckenmiller, 2014
Family Elasmosauridae Cope, 1869
Elasmosauridae indet.

Figs. 2A-D, 4-8.

Material —CAMSM X50356, 37 cervical centra, 3 pectoral
centra, 20 dorsal centra, 5 sacral centra, 3 caudal centra,

isolated neural arches, fragmentary ribs, part of a scapula,
one almost complete propodial, and propodial fragments;
from locality “Ditton”, probably referring to Fen Ditton, near
Cambridge. Probably from the West Melbury Marly Chalk
Formation, a unit that was historically referred to as the Cam-
bridge Greensand (Joyce 2025). Most of the vertebrate ma-
terials from these levels are reworked from the underlying
Gault Clay Formation that is upper Albian (Unwin 2001; Hart
and Lyndsey 2020). However the specimen described could
also be deposited simultaneously with the Cambridge Green-
sand matrix, representing the carcitanensis Subzone, at the
very base of the Cenomanian (Hart 1973). Therefore the pos-
sible stratigraphic range is upper Albian—lower Cenomanian.

Description—Taphonomic condition of the specimen:
CAMSM X50356 is the disarticulated skeleton of an oste-
ologically immature individual (sensu Aratjo et al. 2015).
Neural arches are detached from the vertebral centra, likely
due to incomplete ossification during growth. The centra
exhibit possible oyster encrustations (Fig. 2A—D). Some el-
ements display signs of abrasion and fracturing, while the
neural arches and girdles are fragmentarily preserved.
Cervical region: The cervical region comprises the cen-
tra of thirty-seven preserved vertebrae. The cervical cen-
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Fig. 3. CAMSM X50356 (Elasmosauridae indet.) from Fen Ditton, near Cambridge, UK, upper Albian—lower Cenomanian, vertebral centra measure-
ments and indexes. A. Values (in mm) of length (L), height (H), and centrum width (B). B. Indexes HI (100*H/L), BI (100*B/L), BHI (100*B/H), VLI

[100 *L/(0.5*(H + B))].
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Fig. 4. CAMSM X50356 (Elasmosauridae indet.) from Fen Ditton, near Cambridge, UK, upper Albian—lower Cenomanian, anterior and middle cervical
centra. A. 10" cervical centrum in posterior (A ), right lateral (A,), dorsal (As), and ventral (A4) views. B. 13 cervical centrum in posterior (B, ), right lateral
(B,), dorsal (B;), and ventral (B4) views. C. 23" cervical centrum in posterior (C;), right lateral (C,), dorsal (Cs), and ventral (C,) views. D. 30" cervical
centrum in posterior (D)), right lateral (D,), dorsal (Ds), and ventral (D) views. Scale bars 20 mm.

tra are identified by the presence of ventrolateral parapo-
physys. However, the sequence is clearly not complete as it
lacks the atlas, axis, and possibly other individual vertebrae.
Therefore the original number of cervical vertebrae was at
least thirty-nine, and possibly more. The cervical centra are
proportionally wide, being broader mediolaterally than the
diameters of their articular surfaces (Fig. 3, Table 1). The
articular surfaces are elliptical and slightly concave. The
vertebral centra are longer than high in anterior cervicals
but higher than long in middle to posterior cervicals. VLI is

less than 100 in all cervical centra (Fig. 3B). The pedicellar
facets are elongated and strongly concave (Fig. 4). A pair
of dorsal foramina is located on the medial limit of each
pedicellar facet (Fig. 4A;—D;). The lateral surface lacks any
trace of a lateral keel or ridge (Fig. 4A,—D,). The ventro-
lateral margins of anterior and medial vertebrae show deep
parapophyses without any trace of cervical ribs attached.
The parapophyses of the most posterior cervical centra are
less concave or even slightly laterally projected (Fig. 4A,—
D,). The ventral surface of each cervical centrum is pierced
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postzygapophysis
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diapophysis

Fig. 5. CAMSM X50356 (Elasmosauridae indet.) from Fen Ditton, near Cambridge, UK, upper Albian—lower Cenomanian. Neural arches. A. Posterior
cervical neural arches in left lateral (A;) and anterior (A,) views. B. Caudal? neural arch in anterior view. C. Caudal neural arches in posterior (C;) and
left lateral (C,) views. D, E. Caudal neural arches in left alter]l view; dash line indicate suposed morphology. F, G. Diapophyses. H. Proximal end of dorsal
rib. Scale bars 20 mm.
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Fig. 6. CAMSM X50356 (Elasmosauridae indet.) from Fen Ditton, near Cambridge, UK, upper Albian—lower Cenomanian, two posteriormost cervical
and the three pectoral centra in dorsal (A;), right lateral (A,), and ventral (A;) views. Abbreviations: ¢, cervical; pl, p2, p3, pectoral 1, 2, and 3.

by a pair of subcentral foramina with a broad, almost flat
surface between them (Fig. 4A4—Dy,).

The neural arches are not well preserved but some fea-
tures are evident. The prezygapophyses are mediolaterally
narrow compared to the centrum width. They have slightly
curving articular surfaces that are inclined to face dorso-
medially, and are fused in the midline, as are the postzyga-
pophyses. A low median ridge is present between the pre-
zygapophyseal facets (Fig. SA,) that fits into a median sulcus
between the postzygapophyses (Fig. 5A3).

Pectoral region: Three pectoral centra are preserved,
identified based on the confluence of pedicellar and para-
pophyseal facets (Welles 1943). The proportions of the pec-

toral centra are similar to those of posterior cervical centra
(Fig. 3). However, the ventral surfaces of pectoral centra are
more convex and bear a pair of additional, smaller foramina
(Fig. 6A3).

Dorsal region: Twenty dorsal centra are preserved, iden-
tified based on the absence of parapophysis (Welles 1943).
The pedicellar facets are deeply concave and elliptical in
shape (Fig. 7). The dorsal centra are wider mediolaterally
than high dorsoventrally, and are higher dorsoventrally than
long anteroposteriorly. Anterior middle dorsal centra are
larger than other vertebrae (Fig. 3). The lateral surfaces of
dorsal centra are anteroposteriorly concave (Fig. 7). The
ventrolateral and ventral surfaces are pierced by 2—4 fo-
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20 mm

Fig. 7. CAMSM X50356 (Elasmosauridae indet.) from Fen Ditton, near Cambridge, UK, upper Albian-lower Cenomanian. A. 41-45" dorsal centra in
right lateral (A;), dorsal (A,), and ventral (As) views. B. Dorsal centrun in anterior view.

ramina (Fig. 7As). The diapophyses show a rounded cross
section (Fig. 5F, G).

Sacral region: The sacral region comprises five verte-
brae (Fig. 8A,—A,) identified by the presence of laterally
projected transverse processes (Welles 1943). Their artic-
ular surfaces are more depressed than those of the dorsal
and caudal vertebrae (Fig. 8A,). The ventral part of the rib
facet is anteroposteriorly short and dorsoventrally elon-
gated (Fig. 8A,).

Caudal region: Two caudal centra are preserved, iden-
tified by lateral parapophysis and haemal facets (Welles
1943). The caudal centra are broader than high and higher
than long (Figs. 3A, 8B). The parapophyses are lateral in
position and circular in shape. Ventrally there is one single
foramen and low haemal facets are located both anteroven-
trally and posteroventrally (Fig. 8Bj).

Scapula: Only the glenoid ramus of the left scapula is
preserved that shows the margin elevated and progressively
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Fig. 8. CAMSM X50356 (Elasmosauridae indet.) from Fen Ditton, near Cambridge, UK, upper Albian—lower Cenomanian. A. Sacral centra in posterior
(A)), right lateral (A,), ventral (A3), and dorsal (A,) views. B. Caudal centra in posterior (B,), left lateral (B,), ventral (B5), and dorsal (B4) views. Scale

bars 20 mm.

displaced relative to the plane determined by the main axes
of the coracoids and glenoid facet. This portion is inter-
preted as the proximal part of the dorsolateral process. The
glenoid facet is as long as the coracoid facet in dorsal view
(Fig. 9A).

Propodium: Two propodials are preserved. One is rep-
resented only by the proximal end (Fig. 9B) and the other
preserves most of the element (Fig. 9C), with substantial
damage. Due to the state of preservation, it is not possible to
determine whether these propodials are humeri or femora.
In both elements the fracture shows an internal structure
that follows the limit between perichondral and endochon-
dral ossification, a feature associated with specimens that
have not achieved full osteological maturity as the absence
of secondary remodelling has not affected the perichondral—
endochondral boundary (O’Gorman et al. 2014; Fig. 9C;).
The more complete of the two propodials provides more
complete evidence of morphology. It is 205 mm in length
and has more than 102 mm of distal expansion (complete
distal expansion can not be measured due to incomplete-
ness) (Fig. 9C). This is similar to the propodial proportions
of many other elasmosaurids. The tuberosity/trochanter is

not well developed but it is visible as a small lip in the ven-
tral surface of the propodial (Fig. 9C,).

Remarks.—The only element with the original elements that
clearly does not belong to a plesiosaurian is a basioccipital
bone, listed on the original label (Fig. 1E). The basioccipi-
tal differs from the morphology observed in elasmosaurids
(Sato 2003; Zverkov et al. 2017; O’Gorman 2019, 2021) con-
sistent with that of a platypterygiine ichthyosaur, based on
the extremely reduced extracondylar area (Fig. 2E), which is
not visible ventrally in posterior view (Fischer et al. 2012).

Phylogenetic results

Our initial tree search using new technologies recovered 50
MPTs of 1942 steps. After TBR branch swapping, a much
larger set of 20 000 MPTs of 1942 steps was recovered. Three
OTUs were recovered as wild card taxa Wapuskanectes
betsynicholsae, Fluvionectes sloanae, and Alexandronectes
zealandiensis. After pruning them from the consensus the
CAMSM X50356 (“Cambridge Elasmosauridae™) is recov-
ered as the basalmost member of Elasmosauridae (Fig. 10).



O’GORMAN AND BENSON—A BASAL ELASMOSAURID FROM THE CAMBRIDGE GREENSAND 623

coracoid
foramen

Fig. 9. CAMSM X50356 (Elasmosauridae indet.) from Fen Ditton, near Cambridge, UK, upper Albian—lower Cenomanian. A. Proximal half of left scap-
ula. B. Part of propodium. C. Propodium in ventral (C,) and dorsal (C,) views; propodium separated in three sectors (Cs), showing the separation between
perichondral and endochondral ossification. Scale bars 20 mm.
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Cambridge Elasmosauridae
Eromangasaurus australis
Wapuskanectes betsynichollsae
“Speeton Clay Plesiosaurian” (NHMUK R8623; SCARB 200751)
Callawayasaurus colombiensis
— Libonectes morgani
Jucha squalea
_E Fluvionectes sloanae
Terminonatator ponteixensis
_|: Nakonanectes bradti
Albertonectes vanderveldei
Elasmosaurus platyurus

Styxosaurus sp.
Styxosaurus snowii

Cardiocorax mukulu
_|: Zarafasaura oceanis
Thalassomedon haningtoni
Tuarangisaurus keyesi

Futabasaurus suzukii

Chubutinectes carmeloi
Aphrosaurus furlongi
Hydrotherosaurus alexandrae
Morenosaurus stocki
Vegasaurus molyi
Kawanectes lafquenianum

Marambionectes molinai

MLP 99-XII-1-5
Morturneria seymourensis
Aristonectes parvidens
Aristonectes quiriquinensis
Kaiwhekea katiki

Fig. 10. Reduced consensus tree derived from 20 000 MPTs of length 1942
steps, after pruning Wapuskanectes betsynicholsae; Fluvionectes sloa-
nae, and Alexandronectes zealandiensis. We show relationships within
Elasmosauridae only, excluding other groups of plesiosaurs from this dia-
gram. Bremer support below some nodes.

Discussion

The nature of CAMSM X50356.—1It is very likely that
most of the material accessioned as CAMSM X50356 be-
longs to a single individual (with the clear exception of the
ichthyosaur basioccipital; Fig. 2E). Because no record of
the original state of CAMSM X50356 is available the only
evidence for this is indirect. However: (i) all elements of
CAMSM X50356 described here are stored together, and are
listed on the original specimen label, suggesting they repre-
sent a single episode of collection or acquisition (Fig. 1E);
(i1) all vertebral elements have consistent and gradational
morphology, and all elements bear features consistent with
placement as an early-diverging elasmosaurid; (iii) all el-
ements are consistent in size (Fig. 3); (iv) the vertebral se-
quence shows no anomalies in relative size; (v) all material
belongs to an osteologically immature specimen, including
vertebrae and propodials; (vi) there are no duplicated el-
ements; and (vii) the preservation is consistent among all
elements, showing abrasion and oyster encrustations. The
only element that clearly does not belong to a plesiosaur is
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the basioccipital bone, listed on the original label (Fig. 1E)
but more consisntent with the one of platypterygiine ich-
thyosaur (see above, Fischer et al. 2012).

Although most other vertebrate fossils from the Cam-
bridge Greensand are isolated elements, associated remains
were also found. For example, Seeley (1879: 592) reported
seeing associated remains of plesiosaur and ichthyosaurs:
“Then, in the cases of some Plesiosaurs and Ichthyosaurs,
I have been present at the workings when associated por-
tions of skeletons have been found, so that I can state from
my own knowledge that naturally associated portions of
single animals are met with; and often we have had to wait
for months for the neck of an animal of which the body has
been found, until the overlying rock was removed so that the
bones could be collected”.

Therefore CAMSM X50356 is considered part of a single
specimen. It is currently not clear how complete the vertebral
sequence is, but the gradational nature of our measurements
suggests that there are not large series of missing elements
(Fig. 3A).

Phylogenetic analysis and comparison.—Our phyloge-
netic analysis recovered CAMSM X50356 in Elasmosauri-
dae (sensu Benson and Druckenmiller 2014). Therefore de-
tailed comparisons are made with members of this clade.
The phylogeny of elasmosaurids have much attention re-
cently (Vincent et al. 2011; O’Gorman et al. 2015; Serratos
et al. 2017; Sachs et al. 2018; O’Gorman 2019; Fischer et al.
2021). The general results, the monophyly of Elasmosauridae
and the recovering of Aristonectinae after removing the wild
card taxa are shared by previous studies (O’Gorman et al.
2015; Serratos et al. 2017, O’Gorman 2019; Sachs et al. 2021).

The record of Albian—Cenomanian elasmosaurids is
quite scarce and usually comprises isolated vertebrae (Bar-
det et al. 2016; Latil et al. 2021). However, a partially pre-
served elasmosaurids was collected from the Albian of the
Marnes Bleues Formation, France. The specimen differs
from CAMSM X50356 in having lateral keel and dorsal
projections on dorsal surface of neural spines (Vincent et
al. 2020).

First, CAMSM X50356 differs from the all the post
Cenomanian elasmosaurids with the exception of Zarafa-
saura oceanis Vincent et al., 2011, and Traskasaura sandrae
O’Keefe et al., 2025 (O’Gorman 2019) by lacking the ventral
notch on articular surfaces of the cervical centra (Welles
1943, 1962; Cruickshank and Fordyce 2002; Sato 2003; Sato
etal. 2006; O’Gorman et al. 2015; O’Gorman 2016a, b, 2019;
Sachs and Kear 2017; Serratos et al. 2017; Otero et al. 2014).
Additionally, CAMSM X50356 differs from the basal elas-
mosaurids such as the “Speeton Clay Plesiosaurian” from
the Hauterivian of England, Jucha squalea Fischer et al.,
2021, Eromangasaurus australis (Sachs, 2005b) Kear, 2007,
and Callawayasaurus colombiensis Welles, 1962, by lack-
ing the lateral keel on cervical centra (Welles 1962; Kear
2007; Benson and Druckenmiller 2014; Fischer et al. 2021).
The lack of lateral keels on CAMSM X50356 is interpreted
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here as not related to the immature condition, as other im-
mature elasmosaurids show well developed lateral keels
(O’Gorman et al. 2018).

The cervical centra of CAMSM X50356 are relatively
short compared to many elasmosaurids (Sato 2003; Sachs,
2005a; O’Keefe and Hiller 2006) , being only slightly longer
than high, as long as high, or higher than long, depending
on the location of the cervical region (Fig. 3). However the
cervical centra of CAMSM X50356 are not markedly short
along the neck as in Zarafasaura oceanis, the elasmosaurinae
Nakonanectes bradti Serratos et al., 2017, and aristonectines
(Lomax and Wahl 2013; Serratos et al. 2017; Otero et al. 2018;
O’Gorman 2019). Additionally, because the specimen is not
mature it is probable that the cervicals would have undergone
at least a slight additional elongation during life. Therefore,
it could be supposed that some cervicals of this specimen
should become slightly more elongated in its adult form.

The minimum number of dorsal vertebrae of CAMSM
X50356 is twenty, a dorsal vertebral count lower than those
of Callawayasaurus colombiensis (23 dorsal vertebrae) and
Zarafasaura oceanis (26 dorsal vertebrae). However, it is
likely that there are some missing elements in CAMSM
X50356, so the original number is not known but it was pos-
sibly more than 20. This is greater than the dorsal vertebral
counts recorded for Kawanectes lafquenianum (Gasparini
& Goiii, 1985) O’Gorman, 2016a (15 dorsal vertebrae),
Morenosaurus stocki Welles, 1943 (17 dorsal vertebrae),
Vegasaurus molyi O’Gorman et al., 2015 (17 dorsal verte-
brae), and Albertonectes vanderveldei Kubo et al., 2012 (16
dorsal vertebrae) (Welles 1943; Kubo et al. 2012; O’Gorman
et al. 2015; O’Gorman 2016a).

CAMSM X50356 shows 5 sacral centra differing from
Zarafasaura oceanis, which has three sacral centra (Lomax
and Wahl 2013) and more similar to the sacral vertebral
count of the elasmosaurines Elasmosaurus platyurus Cope,
1869 (4); Terminonatator ponteixensis Sato, 2003 (4/+4);
Albertonectes vanderveldei (5) and 5 sacral vertebrae in
Fluvionectes sloanae Campbell et al., 2021 (Sato 2003; Sachs
2005a; Kubo et al. 2012; Campbell et al. 2021)

The caudal vertebrac of CAMSM X50356 bear a single
ventral foramen, similar to many leptocleidians, and some
elasmosaurids including Hydrotherosaurus alexandrae
Welles, 1943, Elasmosaurus platyurus, Kawanectes lafque-
nianum, and Vegasaurus molyi (Welles 1943; O’Gorman et al.
2015; O’Gorman 2016a). This differs from the paired or mul-
tiple foramina present in many other plesiosaurians, including
elasmosaurids such as Aristonectes spp. (Otero et al. 2018).
Additionally it lacks a laterally projected parapophysis pres-
ent in Kawanectes lafquenianum and Nakonanectes bradti
(O’Gorman 2016a, b; Serratos et al. 2017; Otero et al. 2018).

Finally, CAMSM X50356 shows a glenoid facet of
the scapula as long as the coracoid facet in dorsal view
(Fig 9A), which differs from Wapuskanectes betsynichol-
Isae Druckenmiller & Russell, 2006, in which the glenoid
facet is shorter than the coracoid facet (Druckenmiller and
Russell 2006: fig. 4).
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Nomenclatural background.—Previously, material of the
Cambridge Greensand with features similar to CAMSM
X50356 has been referred to as “Plesiosaurus planus” (Owen,
1864), “Plesiosaurus euryspondilus” (Seeley, 1869), and
“Stereosaurus platyomus” (Seeley, 1869), however, both are
currently considered to be nomina dubia (Welles 1962). For
details of collections numbers see of all the specimens men-
tioned see Seeley (1869).

It is interesting that Seeley (1869: xv), stated: “These
names are only intended for the convenience of students us-
ing the Museum, and not necessarily to take rank as names
of described species”. So, it is not clear if this were intended
to be erected as formal species names.

Particularly interesting is that “Stereosaurus platyomus”
is characterized by Seeley as having propodials without the
trochanter developed (Seeley 1869); a feature that is now
known to be usually present in juvenile specimens and that
can be modified through ontogeny. (Brown 1981; Otero et
al. 2014). We examined specimens at CAMSM that were his-
torically labelled under these two names, specifically those
stored at the holotype collection: CAMSM B56749, B56751,
B56754, B56762, “Plesiosaurus planus” (Owen, 1864);
CAMSM B56768-83, “Plesiosaurus euryspondilus” (Seeley,
1869); and CAMSM B57027-32, B57033-37, B27038-41,
B57042-44, “Stereosaurus platyomus” (Seeley, 1869).

The morphology of these specimens is consistent with
the general morphology of CAMSM X50356, including cer-
vical vertebrae with centra as long as high or slightly longer,
with flat ventral surfaces and absence of both the lateral
ridge and ventral notch. However, we do not consider these
specimens or CAMSM X50356 to have diagnostic features
at the species level. Hence, the early-diverging elasmosaurid
species represented by CAMSM X50356 and other speci-
mens remains unnamed here.

Phylogeny and cervical features.—CAMSM X50356 is re-
covered as the basalmost elasmosaurid by our phylogenetic
analysis. This position indicates that elongated cervical cen-
tra with absence of lateral ridge are the basal condition of
elasmosaurids, consistent with the widespread occurrence of
those states in other plesiosaurian groups. Previously the lat-
eral ridge has been recorded in almost all other elasmosaurids
(Sato 2003; Hiller et al. 2017; Serratos et al. 2017, O’Gorman
2019; Fischer et al. 2021) with the exception of taxa that have
secondarily shortened the cervical centra such as Aristonectes
parvidens Cabrera, 1941, Wunyelfia maulensis Otero & Soto
Acuna, 2021, and Nakonanectes bradti Serratos et al., 2017
(O’Gorman 2016; Serratos et al. 2017; Otero and Soto-Acufia
2021). Therefore the lack of correlation between cervical
elongation (present in CAMSM X50356) and the lateral ridge
(absent in CAMSM X50356) is thus recorded here for the first
time as CAMSM X50356 is the only elasmosaurid with cer-
vical central longer than high but without lateral ridges, and
its recovered phylogenetic position indicates this is the basal
condition among elasmosaurids.
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