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A new Jurassic pliosaur from Melville Island,
Canadian Arctic Archipelago

Tamaki Sato and Xiao-chun Wu

Abstract: A partial skeleton of a plesiosaur (Reptilia: Sauropterygia) from the Hiccles Cove Formation (Middle Jurassic:
Callovian) of Melville Island, Canadian Arctic Archipelago. is the first marine reptile fossil with well-preserved skull from
the Canadian Arctic and represents a new genus and species of Rhomaleosauridae (Borealonectes russelli). The Rhoma-
leosauridae are a problematic group, and a review of the current status of included taxa is given prior to the description of
the Canadian material. The holotype and only known specimen of the new species consists of the skull, anterior cervicals,
and right forelimb. The new taxon is characterized by the large prefrontal and the configuration of the postorbital bar in
which the postfrontal is excluded from the supratemporal fenestra; these are potentially unique features among rhomaleo-
saurids. It exhibits a combination of primitive and derived characteristics that are variable among rhomaleosaurids, such as
the absence of the dorsomedian foramen and anterior pterygoid vacuity on the palate. and the presence of straight shaft of
humerus. The occurrence of this specimen suggests a global distribution of rhomaleosaurids, and it is also significant as
one of the few Jurassic plesiosaurs known from North America.

Résumé : Un squelette partiel de plésiosaure (Reptiles : Sauroptérygiens) de la formation de Hiccles Cove (Jurassique
moyen : Callovien) de I'lle Melville. dans P'archipel arctique canadien. est le premier fossile de reptile marin de I’ Arctique
canadien comprenant un crane bien préservé: il représente également un nouveau genre et une nouvelle espéce de Rhoma-
I€osauridés (Borealonectes russelli). Ces derniers constituant un groupe problématique. le statut actuel des taxons qu’ils
renferment est examiné préalablement & la description du matériel canadien. L holotype et unique spécimen connu de la
nouvelle espece comprend le crine. les vertebres cervicales antérieures et le membre antérieur droit. Le nouveau taxon est
caractérisé par un gros os préfrontal et la configuration de la barre post-orbitale, dans laquelle 1'os postfrontal est exclu de
la fenétre supratemporale. Il s agit 1a de caractéres potentiellement uniques parmi les rhomaléosaurides. Le spécimen pré-
sente une combinaison de caracteres primitifs et dérivés dont la présence chez les rhomaléosaurides est variable. tels que
I"absence de foramen dorsomédian et de vacuité ptérygoide antérieure sur le palais. ainsi que la présence d’une diaphyse
droite de I'humérus. L'existence de ce spécimen laisse croire & une distribution planétaire des rhomaléosaurides. Son im-

portance découle également du fait quil s agit d’un des rares plésiosaures jurassiques connus de I’Amérique du Nord.

[Traduit par la Rédaction]

Introduction

Previous studies on Cretaceous vertebrates in the polar re-
gion have provided important insights into the behavior and
physiology of extinct animals in relation to the local climate
(e.g., Brouwers et al. 1987; Tarduno et al. 1998: Rich et al.
1997). Such information is almost completely lacking for Ju-
rassic reptiles due to a paucity of specimens. In this contri-
bution, we provide a detailed description of a Middle
Jurassic (Callovian) plesiosaur from Melville Island in the
Canadian Arctic Archipelago, which was briefly reported by
Russell (1993). The specimen includes the skull, and it is
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the best-preserved specimen of a marine reptile from the Ju-
rassic of the Canadian Arctic to date. Detailed comparison
reveals that it is a new taxon of rhomaleosaurid plesiosaur,
rather than a cryptoclidid (Russell 1993) or Simolestes (Sato
and Wu 2005). as previously reported.

Diversity of Rhomaleosauridae

The Arctic specimen has a triangular skull and short cer-
vicals, traits that are typically seen in a group of plesiosaurs
often referred to as Rhomaleosauridae (e.g., O’Keefe 2001,
2004a). Our study primarily employs the taxonomy of
O’Keete (2001, 2004a). in which Rhomaleosauridae in-
cludes Rhomaleosaurus. Simolestes, Macroplata, and Lepto-
cleidus. Rhomaleosaurid taxonomy, however, has been
chaotic. and the use of the term “rhomaleosaurid” requires
explanation. First of all. Rhomaleosauridae is not universally
recognized as a family (e.g., Brown 1981; Taylor 19924,
1992p; Cruickshank 1994, 1997). There are several recent
and ongoing research projects on rhomaleosaurids, involving
revision of known taxa. description of new taxa, and (or)
phylogenetic analysis (e.g.. Noe 2001; Smith 2006; Druck-
enmiller 2006: Druckenmiller and Russell 2006). Their pre-
liminary results often conflict with each other and with
O’Keefe (2001, 2004a). For example, Druckenmiller (2006)
(also Druckenmiller and Russell 2006) supports monophyly
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of the traditional pliosauroids, including the Polycotylidae,
and paraphyly of the rhomaleosaurid taxa, whereas Noe¢’s
(2001) extensive review of selected Jurassic pliosaurs classi-
fied Simolestes Andrews, 1909 as a pliosaurid. This situation
suggests instability and the likelihood of significant taxo-
nomic changes in the near future. We focus on the morpho-
logical characterization of the Canadian taxon in comparison
with known rhomaleosaurids, which are briefly reviewed
here.

Cruickshank (1994) gave the most recent generic diagno-
sis of Rhomaleosaurus. The genus includes up to six spe-
cies: the type species R. cramptoni (Carte and Baily, 1863),
R. megacephalus (Stutchbury, 1846), R. propinquus (Tate
and Blake, 1876), R. thorntoni (Andrews, 1922b), R. victor
(Fraas, 1910), and R. zetlandicus (Philips in Anonymous,
1854; see Taylor 1992a). A recent redescription of the skull
was published for R. megacephalus (Cruickshank 1994),
R. thorntoni (Cruickshank 1996), and R. zetlandicus (Taylor
1992b). The holotype of R. cramptoni is currently under-
going preparation and restudy (Smith 2006). Cruickshank
(1996) considered R. cramptoni, R. thorntoni, and R. zetlan-
dicus (all of which are from the Toarcian in Yorkshire) syn-
onymous, making the first two species subjective jumior
synonyms of R. zetlandicus. R. propinquus, also from the
Toarcian of Yorkshire, is a problematic taxon with a confus-
ing nomenclatural history, and the holotype is a composite
skeleton (Benton and Taylor 1984; Taylor 1992a). Previous
studies distinguished it from other species of the genus in
the structure of the lower jaw (Taylor 1992a; Cruickshank
1994). R. megacephalus is known from the Hettangian in
Leicestershire, and R. victor is from the Toarcian of Ger-
many. Recent phylogenetic studies (e.g., O’Keefe 2004a;
Smith 2006; Druckenmiller and Russell 2006) agree on the
paraphyly of Rhomaleosaurus.

Simolestes has been more often classified as a pliosaurid
than a rhomaleosaur (e.g., Tarlo 1960; Noe 2001). Noe
(2001) provides the most recent revision of the genus. The
type species S. vorax is known from the Callovian of Eu-
rope, and S. keileni Godefroit, 1994 is represented by a frag-
mentary specimen from the Bajocian of France. Noe (2001)
suggested Eurysaurus raincourti Gaudry, 1878 from the Aa-
lenian-Bajocian of France and Maresaurus coccai Gaspar-
ini, 1997 from the Bajocian of Argentina might be
congeneric. The holotype of E. raincourti was a fragmentary
specimen and is now lost (Noe 2001), making it unavailable
for detailed comparison.

Leptocleidus includes the type species L. superstes An-
drews, 1922a, L. capensis (Andrews, 1911), and L. clemai
Cruickshank and Long 1997, all known from the Lower Cre-
taceous. Druckenmiller (2006) and Druckenmiller and Rus-
sell (2006) are the most recent systematic studies of
Leptocleidus, and they demonstrate that at least two species
(L. superstes, L. capensis) are more closely related to the
Polycotylidae than to Rhomaleosaurus. L. clemai is repre-
sented by fragmentary postcranial material and is distin-
guished from the other two species by its larger size and the
proportions of the epipodials (Cruickshank and Long 1997).

Macroplata is known from the Lower Jurassic of Eng-
land. A short report and description by Swinton (1930a,
1930b) are the only published accounts on M. tenuiceps,
and redescription of this taxon is in preparation (A. Smith,
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personal communication, 2007). The holotype of another
species, “M.” longirostris (Blake in Tate and Blake, 1876),
is a composite (White 1940). O’Keefe (2001) realized these
two species (fenuiceps and longirostris) are not congeneric,
and later (O?Keefe 2004a) noted that “M.” longirostris (not
M. tenuiceps as in O’Keefe 2001) requires a new generic
designation (also see Druckenmiller 2006). “M.” longirost-
ris is a basal pliosaurid (O’Keefe 2001, 2004a) and is re-
ferred to as “Yorkshire taxon” in O’Keefe (2004a) and in
this study. This taxon is also currently being redescribed
(L.F. Noe¢, personal communication, 2007).

Yuzhoupliosaurus chengjiangensis Zhang, 1985 from the
Middle Jurassic of China is the only rhomaleosaurid reported
from Asia to date. The type and only known specimen con-
sists of an incomplete mandible and fragmentary postcranial
material and is in need of taxonomic reassessment. To our
knowledge it has never been included in phylogenetic studies.

Umoonasaurus Kear, Schroeder, and Lee, 2006 includes
only the type species, U. demoscyllus from the Lower Creta-
ceous of Australia and shows a mixture of primitive and de-
rived characters. The holotype was originally referred to
Leptocleidus (Schroeder 1998; Kear 2003), but Kear et al.
(2006) formally described this taxon as a new genus of the
Rhomaleosauridae. It is the sister-taxon of the group if the
phylogenetic definition of the Rhomaleosauridae sensu
O’Keefe (2001) is strictly applied to the phylogeny in Kear
et al. (2006).

“Plesiosaurus” macrocephalus Conybeare, 1824 from the
Lower Jurassic of England is a problematic taxon in need of
revision. Some specimens once referred to this species are
possibly referable to Thalassiodracon hawkinsi (Owen,
1838) or vice versa (Watson 1911; O’Keefe 2002). The
well-preserved skull of “P.? macrocephalus described by
Andrews (1896) is currently under study (P. Vincent, per-
sonal communication, 2007). This skull shares several char-
acteristics with our Canadian specimen and is included in
the comparison as a potential rhomaleosaurid.

Institutional abbreviations

CMN, Canadian Museum of Nature, Ottawa, Ontario,
Canada; LEICT, New Walk Museum, Leicester, UK.
NHM, Natural History Museum, London, UK.; SMNS,
Staatliches Museum fiir Naturkunde, Stuttgart, Germany;
YORYM, Yorkshire Museum, York, UK.

Material and methods

Our specimen from Melville Island was collected by a
CMN party led by D.A. Russell in 1985 (Russell 1993).
Fine preparation has revealed details of the palate and brain-
case. Mechanical separation of the matrix and a coating of
secondary minerals (calcite, gypsum) from the bones was
difficult, because the bone surface was often poorly defined,
and the secondary minerals commonly crystallized within
the pore spaces of the bones. Many loose bone fragments
were bound within the soft sediments that were solidified
by the secondary minerals and glue, and some elements
could only be partially prepared. Cross-sections of teeth
were prepared by embedding each tooth in epoxy resin and
sectioning it using a Buehler Isomet Low Speed Saw. The
surface was first polished with 280, 400, and 600 grits using
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a Boehler Metaserv 2000, then hand-polished with 1.0 Bueh-
ler Micropolish alpha alumina and 0.05 Buehler Micropolish
II deagglomerated gamma alumina.

Specimens of R. megacephalus (LEICT G221.1851),
R. victor (SMNS 12478), R. zetlandicus (YORYM GS503),
S. vorax (NHM 3319, R3170), and L. superstes (NHM
R4828) were personally examined for comparison.

Systematic paleontology

Sauropterygia Owen, 1860
Plesiosauria de Blainville, 1835
Pliosauroidea Seeley, 1874
Rhomaleosauridae Kuhn, 1961
Genus Borealonectes, gen. nov.

TYPE AND ONLY SPECIES: B. russelli, sp. nov.

Borealonectes russelli, sp. nov. (Figs. 1-9)
SYNONYMY: cf. Cryptoclidus richardsoni (Lydekker 1889);
D.A. Russell, Geological Survey of Canada, Bulletin 450,
p- 195 (1993)
HOLOTYPE AND ONLY KNOWN SPECIMEN: CMN 40729, skull, cer-
vical vertebrae, and right forelimb. Collected in 1985.
TYPE LOCALITY: 76°09'04"N, 113°30'00"W, Cape Grassy, Mel-
ville Island, N.W.T., Canada (Russell 1993)

DISTRIBUTION: Hiccles Cove Formation. Callovian, Middle Ju-
rassic of Melville Island, N.W.T., Canada (Russell 1993)

ETYMOLOGY: The generic name is based on Greek words and
means “northern swimmer,” in reference to the occurrence
in the northern high latitudes. The species name is given in
honor of Dr. Dale A. Russell for his contribution to the
study of Mesozoic reptiles in the Canadian Arctic, including
the collection of the holotype.

piaGNosis: Differs from other known rhomaleosaurids in the
following combination of character states: large prefrontal;
exclusion of postfrontal from supratemporal fenestra; skull
about twice as long as wide; absence of dorsomedian fora-
men; absence of crest along the dorsal midline or along pre-
maxilla-maxilla suture; absence of anterior interpterygoid
vacuity; presence of ventral crest on parasphenoid: at least
six teeth in slightly expanded mandibular symphysis: shaft
of humerus straight.

Description

For the details concerning the original condition of the
specimen in the field, see Russell (1993). The skull and
mandible are flattened and slightly displaced anteriorly and
at the left jaw articulation. The left postorbital bar and cheek
are fragmented and displaced. Many braincase elements are
either lost or hidden under the collapsed skull roof. The left
half of the posterior edge of the skull roof is missing, and
the right half is severely damaged. See Appendix A. Table
Al for measurements of major skeletal elements.

Skull

The skull is subtriangular in dorsal view. The snout
abruptly widens at about one third of the preorbital length
near the premaxilla—maxilla suture. There are unusual paired
elements, which are tentatively identified as “7nasals”
(“n?” in Figs. 1, 2). These bones extend to the parietal. sep-
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arating the frontals in dorsal view as the dorsal process of
the premaxilla does in many plesiosaurs. The nasal in ple-
siosaur skulls, when recognizable, is a small and narrow
strip of bone posterior to the external naris and does not
reach the midline (e.g., O’Keefe 2001). However, the boun-
dary between these bones and the premaxillae in the Cana-
dian specimen are clear on the left side of our specimen
and topographically lower than the neighboring bone surface
(Fig. 2), leading us to conclude that there are separate paired
elements although their identity remains uncertain.

The external nares are asymmetrical, most likely due to
damage, but both are surrounded by the maxilla, “?nasal,”
and prefrontal. The posterior extension of the maxilla passes
the anterior edge of the supratemporal fenestra, but it does
not meet the squamosal, at least in the lateral view (Fig. 4).
The prefrontal occupies the area between the external naris
and the orbit, and its dorsomedial portion forms the antero-
dorsal edge of the orbit. It is much larger than the prefron-
tals in some other rhomaleosaurids (e.g., Rhomaleosaurus,
Leptocleidus), in which the extent of this bone is limited to
the narrow area at the edge of the orbit; the exact structure
of this element is uncertain in many rhomaleosaurids (e.g.,
Taylor 1992b; Kear et al. 2006). Its posterior and ventral ex-
tents are unclear due to fusion with the maxilla. The lateral
edge of the frontal is broken on both sides, and it cannot be
confirmed whether the frontal was excluded from the orbit
as in derived pliosauroids, such as Peloneustes (O Keefe
2001) and Brachauchenius (Carpenter 1996).

The postorbital bar exhibits a mixture of non-rhomaleo-
saurid characteristics. The postorbital and postfrontal are ar-
ranged anteroposteriorly in Borealonectes, in contrast to the
situation seen in Rhomaleosaurus (Taylor 1992b; Cruick-
shank 1994) and Leptocleidus (Cruickshank 1997), in which
the postorbital is lateral or ventral to the postfrontal. We
consider the posterior element the postorbital; it is larger,
forms the anterior edge of the supratemporal fenestra, and
overlaps the surrounding bones, but its medial portion is
covered by the epipterygoid (Fig. 4). The smaller postfrontal
forms the posterior edge of the orbit but does not enter the
supratemporal fenestra. Both bones contact the frontal and
jugal. The jugal contributes little, if at all, to the margin of
the orbit, and it is excluded from the supratemporal fenestra
by the posterior process of the postorbital. The relationships
of the postorbital, postfrontal, and jugal vary significantly
among the plesiosaurs (see section “Phylogenetic implica-
tions™).

The parietal has a pair of short processes meeting the
“nasals” anterior to the pineal foramen, which is located
at the base of the broken parietal crest. Although the right
side of the parietal retains its connection with the squa-
mosal, the suture with the latter cannot be located due to
postmortem damage. The parietal forms the anteromedial
edge of the supratemporal opening, and there is a sharp
ridge that continues from the anterior end of the parietal
crest to the postorbital at the anterior margin of the supra-
temporal fossa. The lateral extent of the parietal is unknown
due to the overlapping postorbital (right) and damage (left).

The squamosal has the triradiate shape typical for plesio-
saurs, but its relationship with the quadrate is unclear be-
cause of asymmetry on the left and right sides of the skull
(Fig. 5). On the right side. the quadrate appears to form a
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Fig. 1. Borealonectes russelli gen. et sp. nov.: dorsal view of the skull (A) and interpretation (B). Abbreviations for Figs. 1-5: a, angular; ar,
articular; boc, basioccipital; co, coronoid; cp, coronoid process; d, dentary; dmt, dorsomedian trough; en, external naris; eo, exoccipital—
opisthotic; ep, epipterygoid; f, frontal; h, hyoid; in, internal naris; iptv, interpterygoid vacuity; j, jugal; mx, maxilla; n, nasal; oc, occipital
condyle; p, parietal; pfo, pineal foramen; pm, premaxilla; po, postorbital; pof, postfrontal; ppr, paroccipital process; pr, prootic; pra, prearti-
cular; prf, prefrontal; ps, parasphenoid; pt, pterygoid; ptb, pterygoid boss; q, quadrate; qrpt, quadrate ramus of pterygoid; rg, ridge; sa, sur-
angular; so, supraoccipital; sof, suborbital fenestra; sp, splenial; sq, squamosal; ste, subtemporal emargination.

a5

e
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Fig. 2. Borealonectes russelli gen. et sp. nov.: close-up of the snout region in dorsal view (A) and interpretation (B), and oblique view (C)

and interpretation (D). See Fig. 1 for abbreviations.

V-shaped socket in posterior view, in which the medial
branch of the V is much longer than the lateral branch. The
squamosal and quadrate are deformed and displaced at this
joint, and the broken tip of the medial branch reaches close
to the small ridge on the occipital surface of the squamosal
(“rg” in Fig. 5). This branch overlaps the paroccipital pro-
cess in posterior view. The lateral branch reaches above the
level of the gentle notch in the squamosal (“subtemporal
emargination” of Storrs and Taylor 1996), which is subtle
when compared with that in some Early Jurassic pliosaur-
oids (e.g., Thalassiodracon in Storrs and Taylor 1996;
“P.?’macrocephalus in Andrews 1896). On the left side,
there is no identifiable V-shaped joint. The left suspensor-
ium is laterally displaced at the jaw joint and broken just
above the mandibular condyle. The dorsal portion overlaps
an upper part of the ventral portion, but the location of the
small ridge of the squamosal (“rg” in Fig. 5), when com-
pared with the right side, suggests that the overlap did not
shorten the left suspensorium significantly. One of the frac-
tures might represent the suture between the squamosal and
quadrate, but none matches the pattern on the right side.

0z o -

, lunlsmiuuw

The epipterygoid has a broad contact with the parietal,
overlapping the anterior portion of the parietal below the
crest within the supratemporal fenestra (Figs. 1, 4). Both epi-
pterygoids are broken at the edge of the skull roof, but the
base of epipterygoid is visible on the dorsal surface of the
palate in the right supratemporal fenestra. These conditions
indicate a plate-like epipterygoid that occupies a consider-
able portion of the lateral wall of the braincase as in R. meg-
acephalus (Cruickshank 1994) and differs from the relatively
smaller structures in derived plesiosaurs, such as polycotyl-
ids or elasmosaurids (Carpenter 1997; Sato 2005).

Two elements under the collapsed skull roof may repre-
sent the supraoccipital and left prootic (“so?” and “pr?”,
Figs. 1, 4). The exoccipital-opisthotics are preserved on
both sides. There is a long paroccipital process that extends
to the quadrate on the right side, but the process on the left
side is broken. The process is pressed against the posterior
surface of the quadrate ramus of the pterygoid throughout
its length. The cross-section of the shaft of the process is
circular, and the shaft widens at the distal end (Fig. 5), pre-
sumably for the contact with the quadrate. In plesiosaur
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Fig. 3. Borealonectes russelli gen. et sp. nov.: ventral view of the skull (A) and interpretation (B). See Fig. 1 for abbreviations.

skulls, the paroccipital process is usually located above the
quadrate ramus of pterygoid and there is a space between
them. Our reconstruction suggests, however, that there was
little, if any, space between the process and the ramus in
this specimen (see section ‘“Reconstruction of occiput™).
Borealonectes lacks a ventral plate of the basioccipital be-
low the occipital condyle. There is no distinct neck separat-

ing the condyle from the rest of the bone, and the ventral
side of the condyle continues to the level of the palate. In
other words, the palate is approximately at the same height
as the ventral edge of the condyle. The height of the ventral
plate varies among rhomaleosaurids; Simolestes (No¢ 2001)
has a condition similar to Borealonectes, in which the ven-
tral plate is virtually absent, whereas it is high and distinct
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Fig. 4. Borealonectes russelli gen. et sp. nov.: right side view of the postorbital region of the skull (A) and interpretation (B). See Fig. 1 for

abbreviations.

. dmt arpt lIste

in Maresaurus (Gasparini 1997). The condition in R. mega-
cephalus (Cruickshank 1994) is intermediate.

The sutures on the palate are unclear (Fig. 3). Most of the
left internal naris is visible just behind the mandibular
symphysis. The internal naris is located anterior to the exter-
nal naris, but the presence of palatal grooves as in R. mega-
cephalus (Cruickshank et al. 1991; Cruickshank 1994) was
not confirmed in the exposed area. The anterior interptery-
goid vacuity commonly occurs among most rhomaleosaur-

2y

g

0
”

ids, but it is absent in our specimen. A small portion of the
dentary is visible through the right orbit in dorsal view,
which may indicate the presence of the suborbital fenestra
(“d (sof?)”, Fig. 1), although the fenestra may have been
damaged by crushing of the mandible. In addition to a hyoid
and a tooth remaining on the palate, there were two more
teeth (near the internal naris) and another hyoid bone (right
side of the posterior interpterygoid vacuity) on the palatal
surface, but these were removed during preparation.
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Fig. 5. Borealonectes russelli gen. et sp. nov.: occipital view of the skull (A), interpretation (B), and reconstruction (C). See Fig. 1 for
abbreviations.

C

The overall structure of the posterior interpterygoid vacu- is not clear in the latter. A small portion of the parasphenoid
ity is most similar to that in Leptocleidus (Andrews 1922a; is exposed between the pterygoids in front of the posteriqr
Cruickshank 1997) and S. vorax (Andrews 1913), although interpterygoid vacuity, and a narrow ridge continues. posteri-
the arrangement of bones at the posterior end of the vacuity orly into the vacuity for about a third of the vacuity. It is
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Fig. 6. Borealonectes russelli gen. et sp. nov.: cross-section of a
tooth (A) and the outline of enamel layer marked and superimposed
(B). Scale bar = 1 mm.

J‘,A,v -

»

“buccal
B

unknown whether the basioccipital contributed to the poste-
rior portion of the vacuity as in the “Yorkshire taxon”
(White 1940). The pterygoids meet posterior to the posterior
interpterygoid vacuity for a short distance, and only a small
portion of the ventral surface of the basioccipital is exposed
posterior to the united pterygoids. The ventral surface of the
left quadrate ramus of the pterygoid is severely damaged,
whereas the right ramus is damaged at the base on the dorsal
surface of the palatal plane, making it difficult to outline the
original posterior edge of the palate.

The pterygoid boss at the anterior edge of the subtemporal
fenestra is known in some species of Rhomaleosaurus
(Taylor 1992b; Cruickshank 1994). There is a narrow pro-
jection on the palatal surface on the right side of our speci-
men (“ptb?” in Fig. 3). It may represent a boss, but its
clongate shape does not match the boss in Rhomaleosaurus.
Other possible interpretations of this feature include the
edge of the lateral ramus of the pterygoid similar to that in
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L. capensis (Cruickshank 1997) or a portion of the ectopter-
ygoid or pterygoid deformed by the thrust of the mandible.

The mandible is V-shaped, with nearly straight rami. The
dentaries and splenials form the mandibular symphysis,
which is relatively slender and long compared to those in
Rhomaleosaurus and Simolestes, but much shorter than in
Macroplata (Swinton 1930a) or the ‘“Yorkshire taxon”
(White 1940). There is a constriction of the mandible poste-
rior to the symphysis and posterior to the notch at the pre-
maxilla—maxilla suture. Both coronoids were pushed towards
the palate post mortem; the anterior extent of these bones is
unclear. The angular appears on the ventral surface between
the dentary and splenial posterior to the internal naris.

Sutures between elements are unclear on the posterior
portion of the mandible. The medial side of the left mandib-
ular ramus is visible through the supratemporal fenestra. The
coronoid process is low and pointed, and much taller than
the surrounding area, a condition more similar to that in
R. zetlandicus than in L. capensis or S. vorax (Taylor
1992b; Cruickshank 1997; Noe 2001). There is a dorsome-
dian trough (Cruickshank 1994) between the coronoid proc-
ess and the anterior face of the mandibular cotylus. Two
narrow strips of bone under the trough probably represent
the prearticular and a posterior portion of the splenial, or
possibly one of these split into two. The mandibular ramus
widens at the cotylus because of the lateral flare (Taylor
1992b), but the width in the left ramus is exaggerated by de-
formation. There is a suture between the articular and angu-
lar on the dorsal surface of the left retroarticular process,
suggesting the posterior extension of the articular was
shorter than those reconstructed for R. zetlandicus and L. ca-
pensis (Taylor 1992b; Cruickshank 1997). Such a suture is
not visible on the right side.

Only badly damaged teeth remain in the alveoli, and there
are a number of isolated teeth that are poorly preserved. The
exact number of teeth is unknown due to occlusion of the
jaws, but we estimate five to six premaxillary teeth, at least
16 and possibly up to 25 maxillary teeth, and at least six
teeth in the mandibular symphysis. The size of the sockets
suggests that the sixth dentary and third maxillary teeth
were larger than neighboring teeth. The mismatch of the
constrictions in the upper jaw at the premaxilla—maxilla su-
ture and in the lower jaw behind the symphysis indicates
these large teeth (and possibly a few neighboring teeth)
were visible when the mouth was closed, as in some croco-
dylians and Simolestes (Noe 2001).

Many isolated teeth retain their original gross morphol-
ogy, but secondary minerals have grown on the surface and
inside of the tooth, obscuring the original structure. We used
the cross-sections of a few teeth to study the structure and
ornamentation of the crown (Fig. 6). The ridges on the lin-
gual side are more closely spaced than those on the labial
side; in one tooth, the lingual half has 15 to 20 ridges,
whereas the labial half has fewer than 10 ridges.

Vertebrae

The neural arches were only partially fused to the centra
in the cervical vertebrae, indicating this is possibly a young
adult (note the fusion of some skull elements mentioned in
the “Skull” section). The first three vertebrae are preserved
in one small block, along with at least four isolated, badly
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Fig. 7. Borealonectes russelli gen. et sp. nov.: atlas, axis, and third cervical vertebrae, photographs (A to D) and interpretations (E to F) in
anterior (A, E), dorsal (B, F), left lateral (C, G), and ventral (D, H) views. Scale bars = 5 cm. 3c, third centrum; 3na, third neural arch; 3ns,
third neural spine; 3prz, third prezygapophysis; 3r, third rib; 3rf, third rib facet; atc, atlas centrum; atic, atlas intercentrum; atna, atlas neural
arch; atns, atlas neural spine; axc, axis centrum; axic, axis intercentrum; axna, axis neural arch; axns, axis neural spine; axpoz, axis post-

zygapophysis; axr, axis rib; axrf, axis rib facet; t, tooth; tub, tuberosity.

weathered teeth (Fig. 7). Although the three anterior centra
are in articulation, their neural arches and ribs are slightly
displaced and damaged. The atlas and axis are not com-
pletely fused. Unlike Cryproclidus and related taxa, the at-
lantal centrum is not hypertrophied (Bakker 1993), and the
neural arches and intercentrum form a complete atlantal
cup. There are no facets for atlantal ribs, but there is a tu-
bercle on either side of the intercentrum (“tub”, Fig. 7).
The relationships of the components of the atlas—axis com-
plex are not clear in ventral view. In our interpretation, the
posterior portion of the atlantal intercentrum is asymmetri-
cal, and there is a separate axial intercentrum (“second sub-
vertebral wedge-bone” of Andrews 1913) exposed on the
ventral side of the block and dorsal to the tubercle on the
right side of the atlantal intercentrum. The intercentra of at-
las and axis exclude the atlantal centrum from the ventral
surface of the complex. The neural spine of the atlas—axis
complex is broken at the base and lies with its left side fac-
ing up. Its ventral half weakly projects laterally, and we ten-
tatively identify this portion as the atlantal neural spine
(“atns?”, Fig. 7). The probable atlantal neural spine extends
posteriorly, and there is no evidence of a gap between the
atlantal and axial neural arches.

There are seven isolated cervical vertebrae, labeled A (an-
terior) to G (posterior); they were collected from the middle
of the cervical series (Russell 1993). Only the base of the
neural arch is preserved in three of the seven; the neural
arch is completely missing in the rest (Fig. 8). The rib facet
occupies most of the lateral surface of the centrum. Vertebra
B has a rib facet that is weakly constricted in the middle,
suggesting the presence of a double-headed rib, whereas the
other vertebrae have round facets. Double-headed cervical
ribs are common in Jurassic plesiosaurs including rhomaleo-
saurs (Simolestes, Andrews 1913; Rhomaleosaurus zetlandi-
cus, personal observation, 2005), whereas Cretaceous forms
including Leptocleidus superstes (Andrews 1922a) and
Umoonasaurus (Schroeder 1998) have single-headed ribs
(see section “Phylogenetic implications™). The centra are
deeply amphicoelous. There is a weak ventral ridge between
the foramina subcentralia, a common feature for many rho-
maleosaurids.

Forelimb

The forelimb exhibits a mixture of primitive and derived
features. The preserved forelimb includes the humerus, epi-
podials (Fig. 9), five carpals, two supernumeraries, four
metacarpals, and 15 phalanges. A photograph of the speci-
men in situ (Russell 1993, Fig. 2) indicates that the limb
was articulated but that there was a wide space between the
elements, suggesting the presence of a considerable amount
of intervening cartilage. The humerus is badly weathered
and contained in a jacket, and only the ventral view is visi-
ble. Unlike R. victor (Fraas 1910) and other primitive plesio-
saurs, in which the humeral shaft is curved (e.g., Storrs
1997); the humerus of Borealonectes is straight and similar

to that of Simolestes (Andrews 1913), likely representing a
derived feature (see section ‘“Phylogenetic implications™).
Epipodial facets are differentiated and form a wide V-shape
with the apex at the distal end of the humerus. Details of the
bone surface are not available due to weathering. The radius
is slightly longer than wide, with a poorly differentiated
facet on the posterolateral corner indicating the presence of
an unpreserved supernumerary element. The ulna is lunate
(a primitive feature), shorter than wide, and shorter than the
radius. The carpals have no defined facets for articulation,
but the articular facets in metacarpals and phalanges are
clearly differentiated from the shaft. The poor definition of
articular facets and the shortness of the epipodial might be
attributed to the immaturity of this specimen.

Reconstruction of occiput

A schematic reconstruction of the skull in posterior view
was prepared, assuming bones were not severely deformed,
although they are displaced or rotated (Fig. 5C). The recon-
struction posed a challenge, especially for the dorsal portion,
because of the difficulty in estimating the original height of
the skull. The suspensorium is broken and displaced in Bor-
ealonectes, and the height of the supraoccipital is unknown.
A reliable estimate of the skull height for Borealonectes re-
quires an estimate of the height of the supraoccipital and
foramen magnum, but little is known about their variation
among rhomaleosaurids because of poor preservation or in-
sufficient preparation. We used Cruickshank’s (1994) recon-
struction of R. megacephalus as a model because of the
detailed information on the braincase in his specimen.
When the relative height of the occipital view is compared,
the reconstruction of the skull of Rhomaleosaurus (Taylor
1992b; Cruickshank 1994) tends to be lower than the skulls
of other genera (e.g., Maresaurus (Gasparini 1997); Lepto-
cleidus (Cruickshank 1997); Simolestes (Noe 2001)). Our
choice of the model may explain the relatively low skull
height in our reconstruction.

We believe that there was little, if any, space between the
paroccipital process and quadrate ramus of the pterygoid
prior to postmortem crushing. The quadrate ramus of the
pterygoid of Borealonectes measures 28 and 35 mm tall at
the proximal and distal ends, respectively. The maximum
height of the paroccipital process near its distal end is about
20 mm, and the narrowest part of the process is near the
braincase, with a diameter of about 10 mm. The right exoc-
cipital-opisthotic has been slightly rotated clockwise in pos-
terior view. To accommodate the long paroccipital process
under the sloping suspensorium, we believe that the parocci-
pital process was only slightly oblique to the quadrate ramus
of the pterygoid. Such an arrangement results in a slit-like
space between the bones, or possibly the absence of such an
opening as indicated in the reconstruction of the skull of the
pliosaurid  Pliosaurus brachyspondylus by Taylor and
Cruickshank (1993).
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Fig. 8. Borealonectes russelli gen. et sp. nov.: vertebrae B (A to D)
and D (E to H) in anterior (A, E), dorsal (B, F), lateral (C, G), and
ventral (D, H) views. nab, base of neural arch; naf, facet for neural
arch; ncf, floor of neural canal; rf, rib facet; vr, ventral ridge.

naf ?Cf

naf nab

D

Discussion

Comparison with other rhomaleosaurids

The unique features of Borealonectes segregating it from
other known rhomaleosaurid species are the configuration of
the postorbital bar and the enlarged prefrontal. In a number
of rhomaleosaurid taxa, however, the configuration of the
postorbital bar and the prefrontal cannot be confirmed due
to poor preservation (e.g., Andrews 1896; Taylor 1992b) or
insufficient published information (e.g., Macroplata). Also,
the enlarged atlantal neural spine may be unique to Borealo-
nectes, but little is known about this structure in other ple-
siosaurian taxa due to preservation and fusion. In the
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Fig. 9. Borealonectes russelli gen. et sp. nov.: right humerus (A),
radius (B), and ulna (C) in ventral view. Scale bar = 10 cm.

following text, we discuss the morphological characteristics
of Borealonectes that are not necessarily unique to this
taxon but may be variable among rhomaleosaurids.

When compared with the diagnostic features of Rhoma-
leosaurus summarized by Cruickshank (1994), the skull
length/width ratio of Borealonectes is close to 2, which is
smaller than that of R. megacephalus and R. zetlandicus (as
reconstructed by Cruickshank 1994 and Taylor 1992a). The
new taxon has five or six teeth in the mandibular symphysis
(five in Rhomaleosaurus). The dorsomedian foramen of the
snout is absent in Borealonectes. The Canadian form is dif-
ferent from R. megacephalus and R. zetlandicus but similar
to R. victor in possessing a longitudinal crest on the ventral
surface of the parasphenoid, although the crest extends only
to the anterior third of the interpterygoid vacuity in the
Canadian species. R. megacephalus and R. victor have an
anterior interpterygoid vacuity (condition unknown for other
species), but this vacuity is closed in Borealonectes. The
Canadian form lacks the “prominent knob” noted on the an-
gular of R. propinquus (Taylor 1992b; Cruickshank 1994).
The humeral shaft curves to variable degrees among the spe-
cies of Rhomaleosaurus, and the condition in Borealonectes
is at one end of a continuum; R. victor is at the other end
with the most prominent curvature of the shaft, in which
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the preaxial edge of the shaft is convex. The shaft is curved
and the preaxial edge is nearly straight in R. zetlandicus and
its potential synonyms (R. cramptoni and R. propinguus:
Cruickshank 1996), but it is clearly concave in Borealo-
nectes.

Simolestes and the possibly congeneric Maresaurus (Noé
2001) differ from Borealonectes in having a much wider
mandibular symphysis. In S. vorax and Maresaurus, the pal-
atal space posterior to the posterior interpterygoid vacuity is
much longer than in Borealonectes, and the Arctic taxon
lacks the deep embayment in the tooth row at the suture be-
tween the premaxilla and maxilla. Maresaurus is distin-
guished from S. vorax and Borealonectes by the absence of
a ventral ridge on the parasphenoid and by the presence of
three sagittal crests on the rostrum (Gasparini 1997).

The poorly preserved skull of Leptocleidus superstes al-
lows only a limited comparison. L. superstes lacks the large
epipterygoid attached to the parietal, as well as the sharp
ridge at the anterior edge of the supratemporal fenestra (per-
sonal observation, 2002). Cruickshank (1997) noted the sim-
ilarity between Leprocleidus and Rhomaleosaurus, including
the dorsomedian foramen that is absent in Borealonectes.
The anterior interpterygoid vacuity is present in L. capensis
(Cruickshank 1997) but not in the Canadian specimen.
L. clemai is represented by a fragmentary postcranial skele-
ton, and it is impossible to make a detailed comparison.
Noted differences include the straight to slightly convex an-
terior edge of the humeral shaft in L. clemai (Cruickshank
and Long 1997) and in L. superstes (Andrews 1922q), in
contrast to the concave edge in Borealonectes. The epipo-
dials are wider than long in L. clemai (Cruickshank and
Long 1997) but the radius is longer than wide in the Cana-
dian species.

The “Yorkshire taxon™ is easily distinguished from other
rhomaleosaurids, including Borealonectes, by its elongated
snout and the perforation in the basisphenoid (White 1940).
Macroplata also has a relatively long mandibular symphysis
that occupies nearly one third of the skull length. and the
preaxial margin of the humerus is convex (Swinton 1930q).
Yuzhoupliosaurus obviously had a higher skull length/width
ratio than most rhomaleosaurids, including Borealonectes
(Zhang 1985), although the exact extent of the anterior por-
tion of the skull is unknown due to damage. Umoonasaurus
and Borealonectes differ in the snout (presence of the mid-
line crest and absence of the constriction in the former) and
palate (short ventral keel of the parasphenoid and lack of the
dished pterygoid in the latter) morphology. The skull of
“Plesiosaurus™  macrocephalus  described by Andrews
(1896) is distinguished from the Canadian taxon by the
prominent notch in the squamosal and a short mandibular
symphysis.

Phylogenetic implications

So many rhomaleosaurids are currently under study or re-
vision by other researchers (see previous section) that a
cladistic analysis at this stage is deemed premature. Instead,
our discussion will focus on several features that may be
significant for assessing the phylogenetic relationships of
Borealonectes.

The large prefrontal extending to the external naris is un-
expected for a rhomaleosaurid, because it is a diagnostic
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feature of the Plesiosauroidea sensu O’Keefe (2001) and
known in plesiosauroids such as Plesiosaurus, elasmosaur-
ids. and polycotylids (Storrs 1997; Sato 2003; O’Keefe
2004b). It contrasts with the prefrontals in pliosauroids and
Triassic pistosauroids (the closest relatives of the Plesiosau-
ria), in which the bone does not reach the external naris
(e.g., Carpenter 1996; Noe 2001; O’Keefe 2001; Rieppel et
al. 2002).

The polarity of the anterior interpterygoid vacuity is un-
clear among basal plesiosaurians, and it is unknown whether
the absence in Borealonectes represents a primitive or de-
rived condition within the Rhomaleosauridae. Among the
Triassic pistosauroids, the vacuity is completely closed
(Sues 1987; Rieppel 2000; Rieppel et al. 2002), except for
one species in which there is a very narrow space (Cheng et
al. 2006). The vacuity is present in basal plesiosauroids
(Storrs 1997; O’Keefe 2004a) and in at least one specimen
of the basal pliosauroid Thalassiodracon (O’Keefe 2001). Tt
should be noted, however, that the condition is variable
among the specimens referred to 7. hawkinsi; for example,
the vacuity appears absent in the specimen figured by Owen
(1865, pl. 716). Andrews (1896) argued that the palate of
the specimen of “Plesiosaurus”™ macrocephalus studied by
him was originally closed. The condition in other basal plio-
sauroids, such as Eurycleidus, and the pliosaurid Attenboro-
saurus (Cruickshank 1994; Bakker 1993; O’Keefe 2001) is
unknown due to the lack of adequate materials. Among the
derived plesiosaurians, the presence of the vacuity is con-
firmed for the Polycotylidae (e.g.. Druckenmiller 2002:
O’Keefe 2004b) and its absence for most elasmosaurids
(e.g., Carpenter 1997; Sato 2003) and the pliosaurid Bra-
chauchenius Williston 1903, The distribution of this charac-
ter requires homoplasies in all previously proposed
hypotheses of phylogenetic relationships (O’Keefe 2001,
2004a; Druckenmiller 2006).

The configuration of the postorbital bar varies significantly
within the Plesiosauria, but the anteroposterior arrangement
of the postorbital and postfrontal in Borealonectes is unusual.
The postfrontal and postorbital equally contribute to the orbit
and supratemporal fenestra in Pliosauridae and Rhomaleo-
sauridae (e.g.. Taylor and Cruickshank 1993: Cruickshank
1994: O’Keefe 2001). This is likely the case also in polyco-
tylids, although it is often obscured due to poor preservation
and fusion (O’Keefe 2004b). Among the Early Jurassic non-
rhomaleosaurid plesiosaurs (Storrs and Taylor 1996; Storrs
1997; Grossmann 2007), the postorbital is slightly larger
than the postfrontal, and the former forms most of the ante-
rior edge of the supratemporal fenestra, whereas the latter
contributes to the posteromedial corner of the orbit. The post-
orbital is the major component of the postorbital bar in elas-
mosaurids and the cimoliasaurid (sensu O’Keefe 2001)
Kimmerosaurus; the small postfrontal is confined within the
supratemporal fenestra in elasmosaurs (O’Keefe 2001; Sato
2003). whereas this bone in Kimmerosaurus is as yet un-
known (Brown et al. 1986). The postorbital is posterior to
the postfrontal in Cryproclidus, and the suture suggests that
the postorbital “may have had only a small exposure to the
orbit” (Brown and Cruickshank 1994, p. 946); the postfrontal
was, however, only tentatively identified, and its relation-
ships remain unclear.

Borealonectes lacks the anterior process of the jugal that
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excludes the maxilla from the orbit in many pliosauroids,
such as Rhomaleosaurus, Peloneustes, Pliosaurus, and pos-
sibly Leptocleidus (Taylor and Cruickshank 1993; Cruick-
shank 1994, 1997; O’Keefe 2001). The relationship of the
orbit and jugal in Borealonectes is likely plesiomorphic, be-
cause it is comparable to those in basal plesiosaurs and ple-
siosauroids (e.g., Plesiosaurus, polycotylids, elasmosaurids:
Storrs 1997; O’Keefe 2001, 2004b; Sato 2003). Another
possible plesiomorphy is the large postorbital with a poste-
rior extension, excluding the jugal from the supratemporal
fenestra, because this is also common in Early Jurassic ple-
siosaurs (Andrews 1896; Storrs and Taylor 1996; Storrs
1997; Grossmann 2007). The jugal does not enter the supra-
temporal fenestra in the Cryptocleidoidea sensu O’Keefe
(2001), such as Cryptoclidus, Kimmerosaurus, and Dolicho-
rhynchops (Brown et al. 1986; Brown and Cruickshank
1994: O’Keefe 2004b), but the postorbital does not have a
significant posterior extension in these forms.

The detailed structure of the atlas—axis complex is unknown
for most rhomaleosaurids due to preservation and (or) incom-
plete preparation. When compared with non-rhomaleosaurids,
the atlas—axis complex of Borealonectes is most similar to
those in polycotylids, such as Dolichorhynchops Williston,
1903 and Edgarosaurus Druckenmiller, 2002 in the relation-
ship of the atlantal and axial centra, the lack of the gap be-
tween the neural arches, and lack of the hypertrophied atlantal
centrum (Andrews 1910, 1913; Bakker 1993; O’Keefe 2001).

The number of cervical rib heads is a classic character for
plesiosaur taxonomy, and the chronological trend in which
the double-headed ribs are seen in early plesiosaurs and sin-
gle-headed ones in later forms has been known for some
time (e.g., Brown 1981). The cervicals in Borealonectes ex-
hibit evidence for both conditions; one cervical has a con-
stricted rib facet and suggests the presence of a double-
headed rib, but others suggest single-headed ribs. Tarlo
(1960) reported the presence of the two types of rib facets
on a posterior cervical in the Late Jurassic Pliosaurus, and
it is possible that this character could vary within one indi-
vidual. Of the seven cervicals preserved in the holotype of
Borealonectes, those with single-rib facets exceed the ones
with double-rib facets in number, and it would be more nat-
ural to consider Borealonectes a taxon with single-headed
ribs. The variation in rib head morphology is not well docu-
mented, and it is difficult to evaluate the significance of the
condition in Borealonectes and Pliosaurus.

The curvature of the humeral shaft is a common feature
among Triassic sauropterygians (e.g., Storrs 1991) and in
many basal plesiosaurians (Storrs 1997; O’Keefe 2004a)
and rhomaleosaurids. The lunate ulna and relatively long ep-
ipodials are also considered primitive for the Plesiosauria
(O’Keefe 2001). Therefore, Borealonectes has a combina-
tion of derived (humerus) and primitive (epipodials) charac-
ters in one limb. The immaturity of the Canadian specimen
complicates the interpretation of humeral character, because
there are conflicting reports on the ontogenetic variability of
this character in the related forms; the humeral curvature
does not change ontogenetically in the pistosauroid Coro-
saurus or the plesiosaur Cryptoclidus (Storrs 1991; Caldwell
1997), whereas Grossmann (2007) noted a straighter hume-
rus in the juvenile specimen of Jurassic plesiosauroid Hy-
drorion Grossmann, 2007.
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In summary, Borealonectes has a combination of (poten-
tially) derived and primitive features, as well as those not
usual for a rhomaleosaurid or a pliosauroid. The anterior in-
terpterygoid vacuity, dorsomedian foramen, and curved hu-
merus are common features for basal rhomaleosaurids, such
as Rhomaleosaurus, but Borealonectes lacks them, possibly
suggesting the Canadian taxon is more derived than these
basal rhomaleosaurids. Primitive features of Borealonectes
shared with early plesiosaurs include the large posterior ex-
tension of the postorbital and the modest contribution of the
jugal into the orbit. The large prefrontal, jugal, and possibly
the structure of atlas—axis complex are more plesiosauroid
than pliosauroid.

To be more precise about the phylogenetic relationships
of Borealonectes, more anatomical information for a number
of related taxa is needed. It is promising that there are so
many ongoing projects on rhomaleosaurids for the further
anatomical and taxonomic clarification of the taxa in this
problematic group.

Biogeographic significance

Borealonectes is the first marine reptile fossil with a
fairly well-preserved skull from the Canadian Arctic, and
the oldest plesiosaur genus known from the circumpolar
Arctic region. This region has shifted from mid to high lati-
tudes during the Mesozoic (Scotese 2002), and plesiosaurs
were obviously common inhabitants there. Although poorly
preserved, plesiosaurian remains are known from various
horizons ranging from the Middle Jurassic to latest Creta-
ceous in the Canadian Arctic (Russell 1967, 1990; Sato and
Wu 2005). In the Arctic region outside of Canada, plesio-
saurian remains are mostly known from the Upper Jurassic
of Alaska (Weems and Blodgett 1996) and Scandinavia
(Persson 1963). Indeterminate or potentially plesiosaurian
remains have been reported from the Upper Triassic of
Spitzbergen (Persson 1963; Cox and Smith 1973; Worsley
and Heintz 1976).

A reliable estimate of the water temperature in which
Borealonectes lived is not available, but previous studies on
Jurassic climates suggest less equable climate when com-
pared with the known greenhouse condition during the Cre-
taceous (Hallam 1993), including the possible presence of
ice in polar regions in Middle to Late Jurassic time (Dro-
mart et al. 2003). Similarly cold climate is also suggested
for Umoonasaurus from the Early Cretaceous high-latitude
region (Kear et al. 2006). There are two possible interpreta-
tions for the presence of plesiosaurs in such regions. One is
that these plesiosaurs might have been capable of living in
relatively cold water. Another possibility is that they were
seasonal migrants, if they preferred warmer temperatures in
winter. More information on the temperature of their living
environment and reliable estimates of their temperature tol-
erance are needed to further explore these possibilities.

Plesiosaurs with rthomaleosaurid characteristics (Borealo-
nectes and Umoonasaurus) had a global distribution, includ-
ing the northern and southern high-latitude regions. The
potential synonymy of Maresaurus and Simolestes (Noe
2001) suggests a wide geographic distribution of this rhoma-
leosaurid genus, because the former is from the Middle Ju-
rassic of Argentina and the latter is from northwestern
Europe. Should the rhomaleosaurid status of the fragmentary
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known Yuzhoupliosaurus from the Middle Jurassic of China
be confirmed, it would extend the biogeographic distribution
of the group even further. The monophyly of the Rhomaleo-
sauridae has been disputed, but it is fair to say that rhoma-
leosaurids are important in the study of biogeographic
radiation of the Plesiosauria.

Borealonectes is also important as one of the few Jurassic
plesiosaurs known from North America. The oldest plesio-
saur in North America is an indeterminate plesiosauroid
from the Lower Jurassic (Sinemurian) of Alberta (Nicholls
1976). The Middle Jurassic Borealonectes is the second old-
est, followed by the Late Jurassic plesiosaurs from the Sun-
dance Formation in Wyoming (Knight 1898; O’Keefe and
Wahl 2003a, 2003b), the Alaskan record of Megalneusaurus
(Weems and Blodgett 1996), and a few specimens of the
Late Jurassic (Oxfordian) or younger age (Nicholls 1976).
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Table A1 appears on the following page.
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Table Al. Measurements of CMN 40729 (in mm).
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Skull, tip of snout to posterior end of quadrate condyle (deformed original length on left)
Skull, tip of snout to posterior end of occipital condyle

Skull, tip of snout to anterior edge of orbit

Skull, longitudinal diameter of orbit

Skull, longitudinal diameter of supratemporal fenestra
Mandible, maximum length

Mandible, maximum width at cotylus (deformed original width)
Mandible, length of symphysis

Mandible, maximum width of symphysis at 6th dentary tooth (deformed original width)
Mandible, tip of coronoid process to anterior tip

Mandible, tip of coronoid process to center of cotylus

Cervical centrum A, L/H/W

Cervical centrum B, L/H/W

Cervical centrum C, L/H/W

Cervical centrum D, L/H/W

Cervical centrum E, L/H/W

Cervical centrum F, L/H/W

Cervical centrum G, L/H/W

Humerus (r), L/'W

Radius (r), L/'W

Ulna (r), L/'W

455 (463)
393

189 (r, )
78 (r)
125 (r)
496 (1), 512 (1)
285 (292)
96

82 (87)
328 (1)
127 (r)
25/37/43
25/37/44
25/37/45
26/38/49
28/40/48
29/41/50
30/43/53
334/179
84/80
73/80

Note: ltalics indicate estimates. 1, left; r, right; H, height; L, length; W, width.
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