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Introduction
The Early Triassic deposits of Svalbard contain large
amounts of fish, amphibian and reptilian fossils from the
early radiations after the P/T mass extinction and have
been known for more than one hundred years (Wiman,
1910; Maxwell & Kear, 2013; Hurum et al., 2018). The
informal Grippia niveau was established for the layer
where the ichthyopterygian Grippia longirostris was
found (Wiman, 1928, 1933). In 2014–15, the Spitsbergen
Mesozoic Research Group collected ichthyopterygian
material from a bonebed in the Grippia niveau and in
the Lower Saurian niveau (Hurum et al., 2018), and in
this material were some massive tooth-bearing elements
with two distinct morphologies and several hundred
vertebral centra. Some of the skull material and a group
of vertebrae with a distinct morphology are examined in
this contribution.

The skull material is referred to Omphalosaurus based
on the distinct tooth enamel, dome-shaped teeth and
an overall similar morphology to other specimens
of the genus (Sander & Faber, 2003). This is the
stratigraphically oldest material of Omphalosaurus
described from Spitsbergen, while remains of Spathian
age are previously known from Nevada (Mazin &
Bucher, 1987). Omphalosaurus is a poorly known
animal that inhabited the shallow seas in the Eastern
Pacific, the Boreal Sea and Western Tethys in the late
Early to Middle Triassic. The genus was erected based
on a fragmentary skull and two associated vertebrae
from the Middle Triassic of Nevada (Merriam, 1906)
and material has later been described from Spitsbergen,
Germany and Poland (Wintrich et al., 2017). There is a
lack of complete and articulated skeletons, and there are
many unanswered questions about the morphology and
systematic affinity of the taxon. While some claim it to
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be ichthyopterygian (Kuhn, 1934; Huene, 1956; Cox &
Smith, 1973; Mazin, 1983; 1986; Tichy, 1995; Sander &
Faber, 1998, 2003; Sander, 1999; Wintrich et al., 2017)
others doubt ichthyopterygian affinities (Maisch &
Matzke, 2000; Motani, 2000; Maisch, 2010).
The vertebrae are described together due to their
shared morphology, but it is unknown whether
they actually belong to the same taxon. They are
referred to Ichthyopterygia based on a relatively short
anteroposterior length compared to dorsoventral
height (Sander, 2000) and differ clearly from two other
vertebral morphologies in the bonebed; that of a smaller
taxon, possibly Grippia, and that of Cymbospondylus,
which are both under study (Engelschiøn et al., 2018).
Ichthyopterygian vertebrae are interesting because the
shape is influenced by locomotion patterns, and the
microanatomy by growth rates and patterns (Buchholtz,
2001; Houssaye et al., 2018).

dated as Spathian (Mørk et al., 1999; Hansen et al., 2018).
The Grippia niveau is somewhat older than the Lower
Saurian niveau at 247.2 Ma (Hansen et al., 2018). The
Grippia bonebed (Fig. 2) is a thin layer with a pebbly
appearance which preserves disarticulated skeletal elements
and teeth from fish and reptiles, shark teeth and coprolites
(Bratvold et al., 2018). The fossils in the bonebed show a size
range of a few mm up to 20 cm. The bonebed is deposited
in an open water environment (Mørk et al., 1999). The
varying weathering and size of the elements suggest that
the bonebed is composed of distal transported material,
brought from shallow to open water by storm events which
probably caused the mix of shallow water species with
more open water species such as Omphalosaurus. Except
for a single bivalve, no invertebrates or burrow tracks
were preserved in this part of the bonebed, suggesting
that bottom conditions were unfavourable. The lack of
pelagic invertebrates with aragonitic shells could be due
to dissolution. Bottom currents might have winnowed the
material continuously, so that thin shelled fragments were
crushed, while skeletal elements were eroded slowlier.

Geological setting
The material described herein was collected in 2014 and
2015 at the western side of Marmierfjellet, in the hills
of Flowerdalen (Fig. 1), from the Grippia and the Lower
Saurian niveaus. The deposits are part of the Sassendalen
Group, Vikinghøgda Formation, Vendomdalen Member,

Material and methods
The skeletal elements were collected as surface material
and as bulk together with surrounding matrix. The GPScoordinates of the excavation site are UTM: N78.30521
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Figure 1. The map shows an overview of Svalbard and geological map of the study area in central Spitsbergen. The star marks the site of the
Grippia bonebed. Modified from Dallmann (2015).
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Figure 2. Detailed sedimentological log of the Grippia bonebed. Grippia bonebed is represented by sedimentary unit 2.

E016.60118. The bonebed was collected in quadrants of
1 x 1 meter. For simplicity, the “Grippia bonebed” will
be used for the material excavated from the bonebed
(Fig. 2) while the niveaus will be used as reference for
the collected surface material. The material is kept at
the Natural History Museum, University of Oslo (list
in Electronic Supplement A). The material differ in
the degree of wear because it consists to a large degree
of surface material. As there are a higher number of
vertebrae, the less eroded are pictured, while the jaw
fragments are fewer, and some show a large degree or
erosion. Because of this, caution should be taken in the
interpretation. In 2016 more material was excavated that
is currently under preparation, of which some seem to
have nice three-dimensional preservation and might
reveal additional morphological details.
18 ?dentaries and 7 ?premaxillae from Omphalosaurus
could be identified. More than 30 additional fragments
of tooth-bearing bones were referred to the genus, but
could not be identified further. Identification of the
tooth-bearing bones are based on the Omphalosaurus
cf., O. nevadanus specimen MBG 1500 (pers. obs. CPE)
which is the only specimen described with complete
premaxillae and dentaries in articulation (Sander
& Faber, 2003). Two hundred and forty vertebral
centra were referred to Ichthyopterygia and were
tentatively assigned to the regions of the vertebral
column based on Cymbospondylus and criteria used
for a broad range of ichthyopterygians (Merriam, 1908;
Sander, 1992; Buchholtz, 2001). Hundred and one

additional centra share morphological features, but
are not assigned to regions due to poor preservation.
Ichthyopterygian vertebrae of at least two other, largely
different morphologies are present in the member;
Cymbospondylus sp. (Engelschiøn et al., 2018) and what
is possibly Grippia. The latter are longer than tall and
smaller than those described here (Wiman, 1933) and
three centra are included for comparison. Measurements
were taken according to Sander & Faber (2003).

Abbreviations used in tables and figures
ap – anterior process; aP – apophysis; aT – anterior tooth;
D – dentine; dl – dental laminae; dP – diapophysis; E
– enamel; em – embayment; fNa – facet for the neural
arch; fNc – floor of neural canal; fo – foramina; fT –
functional teeth; gr – groove; H – height; L – length;
ms – mandibular symphysis; nF – notochordal foramen;
os – occlusal surface; Pc – pulp cavity; pP – parapophysis;
ps – premaxillary symphysis; rT – replacement teeth;
tp – triangular process; vc – vascular canals; vK – ventral
keel; W – width; Y – Y-mark.

Institutional abbreviations
PMO – Natural History Museum (Palaeontological
collections), University of Oslo, Oslo, Norway; PMU –
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Paleontologiska Museet, Uppsala University, Uppsala,
Sweden; MBG – Museum Burg Golling, Austria; UCMP
– Museum of Paleontology, University of California at
Berkeley, USA.

Results
Systematic palaeontology
?Ichthyopterygia Owen, 1840
Omphalosauridae Merriam, 1906
Omphalosaurus Merriam, 1906
Omphalosaurus sp.

Locality: West side of Marmierfjellet, northeast of
Longyearbyen, Spitsbergen, Svalbard, Norway. Grippia
bonebed.
Horizon and stage: Vendomdalen Member, Vikinghøgda
Formation, Spathian, late Early Triassic.

?Premaxilla
The elements are identified as ?premaxillae based on
their similarity to the Omphalosaurus cf., O. nevadanus
specimen MBG 1500 (Sander & Faber, 2003; Wintrich et
al., 2017; pers. obs. CPE). PMO 229.922 (Fig. 3B) is the
most complete element, while PMO 229.921 preserves
only the posterior half (Fig. 3A). PMO 229.924 (Fig.
3C) and PMO 229.923 (Fig. 3D) miss the anterior and
posterior ends and is heavily eroded. The ?premaxillae
are less than half the size of those in the Omphalosaurus
cf., O. nevadanus specimen MBG 1500 (Sander & Faber,
2003) and relatively wider posteriorly than anteriorly
compared to this specimen. Sander & Faber (2003)
stated that the elements interpreted as premaxillae in the
Omphalosaurus cf., O. nevadanus specimen MBG 1500
could alternatively represent vomers or palatines, but
that this is less likely as these elements appear toothless
in the holotype of O. nevadanus (UCMP 8281).
In ventral view the ?premaxilla has an elongated
triangular shape. The lateral surface is the
anteroposteriorly longest and the posteromedial the
shortest. PMO 229.922 (Fig. 3B4) differs from the others
because it is curved posterior to the process in lateral
view. The maximum dorsoventral height is encountered
midway (Fig. 3B2), due to a dorsal triangular process
as in Omphalosaurus cf., O. nevadanus, but this feature
is also found in other Triassic ichthyopterygians (MBG
1500 pers. obs. CPE; Sander, 2000; Sander & Faber, 2003).
The process bears dorsoventrally oriented striations (Fig.
3A2) and the lateral surface of the triangular process
bears foramina that vary in number and placement
between the specimens Fig. 3B4, A4). On both sides
of the process is an embayment, which is deepest and

anteroposteriorly shortest anterior to the process. It
might represent the dental laminae (Fig. 3B2), or the
posterior one (Fig. 3A2, B2) might have contributed to
the external naris. On the dorsal surface are one foramen
posterior to and one lateral to the triangular process in
dorsal view (Fig. 3A3, B3 & D3). An anteroposteriorly
oriented ridge runs along the lateral surface in dorsal
view (Fig. 3B3). The lateral surface bears radiating
striations (Fig. 3C3). A narrow groove runs parallel to the
ventral margin (Fig. 3A4, B4).
The element has two tooth-bearing surfaces, interpreted
as the ventral and medial. The anterior half of the ventral
surface is convex and bears tooth crowns in various states
of wear (Fig. 3B1, B2 & B4). A convex tooth-bearing
ventral surface was also described for Omphalosaurus
cf., O. nevadanus (MBG 1500 pers. obs. CPE). Posteriorly
the teeth are located only along the lateral margin in
PMO 229.922 (Fig. 3B1) while in PMO 229.921 (Fig.
3A1) the teeth cover the entire posteroventral surface.
The tooth-bearing ventral surface, including the slopes
towards the medial and posteromedial sides, is the only
finished surface of the element (Fig. 3B1, B2), while the
other surfaces show unfinished porous bone, lacking
periosteum for cover of the outer surface, similar to
Omphalosaurus cf., O. nevadanus (MBG 1500 pers. obs.
CPE; Sander & Faber, 2003). Erosion of finished surfaces
is a possible reason, but is less likely as two specimens
show the same feature.

?Dentary
Five massive tooth-bearing elements share some
common morphological features, and are described
together (Figs. 4 & 5). They have a concave dorsal surface
with a triangular outline in dorsal view and teeth mainly
located along the symphysis. The anterior surface bears
a single tooth directed anteriorly and a process ventral
to this (Fig. 4B). In medial view the replacement teeth
are visible in the symphysis (Figs. 4B & 5A2). The most
complete element, PMO 229.916 (Fig. 4), is identified
as a dentary based on its resemblance to the dentaries
in the Omphalosaurus cf., O. nevadanus specimen MBG
1500 (pers. obs. CPE) and the Omphalosaurus nevadanus
holotype (UCMP 8281, pers. obs. CPE). The other four
elements are identified as ?dentaries. PMO 229.917 (Fig.
5) is complete but heavily weathered; PMO 229.919
(Fig. 5C) misses the anterior and posterior portions,
while PMO 229.918 (Fig. 5A) and PMO 229.920
(Fig. 5B) preserve the anteriormost portion only. All
of the elements are smaller than the dentaries of the
Omphalosaurus cf., O. nevadanus specimen MBG 1500
Sander & Faber (2003) (Electronic Supplement A).
PMO 229.916 (Fig. 4) is relatively slender, as the dentary
in the Omphalosaurus cf., O. nevadanus MBG 1500
specimen and the holotype of Omphalosaurus nevadanus
(UCMP 8281; CPE, pers. obs.), but with a slightly wider
posteriormost portion. The anterior portion of PMO
229.916 is rounded in dorsal view. The posteromedial side
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Figure 3. ?Premaxillae of Omphalosaurus sp. from Marmierfjellet (Spathian). (A) PMO 229.921, left ?premaxilla. A1 – Ventral view, A2 –
Medial view, A3 – Dorsal view, A4 – Lateral view. (B) PMO 229.922, left ?premaxilla. B1 – Ventral view, B2 – Medial view, B3 – Dorsal view, B4
– Lateral view. (C) PMO 229.924, left ?premaxilla. C1 – Medial view, C2 – Dorsal view, C3 – Lateral view. (D) PMO 229.923, right ?premaxilla.
D1 – Medial view, D2 – Dorsal view, D3 – Lateral view. Scale bar = 20 mm. Anterior is to the top for all photographs. Abbreviations: em –
embayment, fo – foramina, fT – functional teeth, gr – groove, rT – replacement teeth, tp – triangular process.

has a 50° angle from the posterior portion of the symphysis
towards the posteriormost end. On the ventral surface (Fig.
4C), a massive ridge runs from the anterior tip posteriorly
along the lateral margin. Posteriorly this ridge slopes into
a groove, dorsoventrally deepest at the posteriormost end.
The dorsal portion of the medial surface is smooth with
dorsoventrally oriented striations, assumed to be vascular
canals (Fig. 4B). This feature is also found in PMO
229.918 (Fig. 5A2). The teeth in PMO 229.916 are poorly
preserved, and are mainly located irregularly along the
symphysis and medioposterior surface.

PMO 229.917 is wider mediolaterally and shorter
anteroposteriorly than PMO 229.916 and the
anteroposterior length of the symphysis is longer. In
dorsal view, PMO 229.917 has a convex lateral margin.
PMO 229.918 (Fig. 5A) and PMO 229.920 (Fig. 5B)
are narrower and more pointed anteriorly than the
other specimens, and with larger teeth and anterior
dorsoventral height. In PMO 229.918 and PMO 229.920
the lateral surface has an angle to the symphysis. The
dentary widens mediolaterally posteriorly, until the
end of the symphysis where the width is at a maximum
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Figure 4. Right dentary (PMO 229.916) of Omphalosaurus sp. from Marmierfjellet (Spathian). (A) Dorsal view. (B) Medial view. (C) Ventral
view. (D) Lateral view. Scale bar = 20 mm, anterior is to the left. Abbreviations: ap – anterior process, aT – anteriormost tooth, fo – foramina,
fT – functional teeth, gr – groove, rT – replacement teeth, vc – vascular canal.
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Figure 5. ?Dentaries of Omphalosaurus sp. from Marmierfjellet (Spathian). (A) PMO 229.918, right ?dentary. A1 – Dorsal view, A2 – Medial
view, A3 – Ventral view, A4 – Lateral view. (B) PMO 229.920, left ?dentary. B1 – Dorsal view, B2 – Medial view, B3 – Ventral view, B4 –
Lateral view. (C) PMO 229.919, left ?dentary. C1 – Dorsal view, C2 – Medial view, C3 – Ventral view, C4 – Lateral view. Scale bar= 20 mm,
anterior is to the top. Abbreviations: ap – anterior process, aT – anterior tooth, dl – dental laminae, fT – functional teeth, rT – replacement
teeth, vc – vascular canals.
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Figure 6. ?Premaxillary teeth of Omphalosaurus sp. from Marmierfjellet (Spathian). (A) Occlusal view PMO 229.922. (B) Medial view PMO
229.917. (C) Occlusal view PMO 229.921. Scale bar = 2 mm. Abbreviations: D – dentine, E – enamel, Pc –pulp cavity.

perpendicular to the symphysis. PMO 229.919 (Fig. 5C)
is smaller, and compared to PMO 229.916 (Fig. 4) the
lateral surface is dorsoventrally shorter. Its medial surface
is smooth with stacked teeth, which differs from the
other specimens.

Dentition
The premaxillary teeth can be observed on the occlusal
surface and in medial view of the premaxillae (Figs. 4–6).
The teeth are irregularly spaced and densely packed
anteriorly, spreading out along the medial and lateral
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margins posteriorly. In ventral view of PMO 229.922
(Figs. 3B & 6A) most of the teeth are only observable
in cross-section of the lower crown. The enamel cap,
preserved in two teeth, has an irregular surface structure.
The crowns of the teeth show some shape variation, but
a majority are rounded (e.g., PMO 229.922; Fig. 6A).
Rounded crowns are in addition to Omphalosaurus
found in Tholodus and Xinminosaurus (Sander,
1999; Arkhangelsky et al., 2016) and in the anterior
portion of the premaxilla in Gulosaurus (Cuthbertson
et al., 2013). In contrast, the Early Triassic genera
Grippia, Utatsusaurus, Chaohusaurus, Thaisaurus and
Parvinatator have cone-shaped crowns (Shikama et al.,
1978; Mazin et al., 1991; Maisch & Matzke, 2000; Zhou
et al., 2017). The rounded tooth crowns of Tholodus and
Xinminosaurus differ from Omphalosaurus especially in
the enamel microstructure (Sander, 1999; Arkhangelsky
et al., 2016).
The diameter of the lower tooth crowns in the premaxilla
PMO 229.922 is 2–5 mm, and the larger teeth are located
between the medial and lateral surface anteriorly and
on the medial surface. PMO 229.922, from the Lower
Saurian niveau, has fewer and more widely spaced teeth
than the premaxillae collected from the Grippia niveau. It
has very few teeth on the posterior part of the occlusion
surface, compared to PMO 229.921 that mainly have
teeth on the posterior part of the occlusion surface. The
dental lamina is visible in medial view of the premaxilla
PMO 229.922 (Fig. 3B2). The teeth located close to the
dental laminae have a dorsoventrally tall pulp cavity
filled with dentine close to the occlusion surface (Fig.
6B). The replacement teeth are globular in lateral view.
In PMO 229.921 (Fig. 6C) only a small portion of the
occlusion surface is preserved, with teeth in various states
of wear. In this specimen the teeth are more densely
packed than in PMO 229.922. The preserved part of the
enamel along the margins of the crown has the typical
“orange-peel structure” of Omphalosaurus (Sander &
Faber, 2003) (Fig. 6B). The cross section of the crowns
has a maximum diameter of 10 mm (PMO 229.921),
less than the Omphalosaurus cf., O. nevadanus specimen
(MBG 1500; 7–21 mm) (Sander & Faber, 2003), and the
premaxilla itself is also significantly smaller.
In the ?dentary PMO 229.918, the bases of the densely
packed crowns at the occlusal surface are irregular. In
this specimen some of the replacement teeth are visible
in medial view, where the dentine replaces the pulp cavity
towards the occlusion surface (Fig. 7C), as described for
the premaxillary teeth. The tooth crowns are preserved
in a few teeth anteriorly and are rounded with the typical
“orange-peel structure” of Omphalosaurus (Sander &
Faber, 2003) (Fig. 7B). The maximum diameter of the
crowns varies between 6 and 11 mm, which is similar to
the Omphalosaurus cf., O. nevadanus specimen (3.5 – 11
mm). One single tooth is anteriorly directed (Fig. 7A). In
the ?dentary PMO 229.919, the teeth on the dorsal surface
are located along the symphysis, the medioposterior
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margin and the posterior half of the lateral margin. The
teeth along the symphysis are relatively large compared
to other specimens, and occur in one row (Fig. 5C1). The
teeth of Omphalosaurus has been described as occurring
in rows on the dentary and premaxilla (Merriam, 1906;
Merriam & Bryant, 1911; Wiman, 1916; Mazin, 1986),
but distinct rows has not been confirmed, and the teeth
are normally irregularly packed along the symphysis
(Wiman, 1910; Motani, 2000; Sander & Faber, 2003).
Crushing teeth on the posterior part of the dentary is
observed in dentary PMO 229.919, while Xinminosaurus
has rounded crushing teeth on the maxilla and posterior
part of dentary (Jiang et al., 2008). In dorsal view,
PMO 229.919 has a higher density of small teeth in
the posteriormost portion than the other specimens.
The teeth on the posterior half of the lateral margin in
dorsal view of PMO 229.919 are even smaller than the
more posterior teeth, and irregularly and densely packed.
The teeth of the dentary PMO 229.919 are all visible as
cross sections of the lower crown on the occlusal surface,
as irregular elongated, egg-shaped and rounded. The
diameter of the tooth crowns is 1–5 mm, where the
maximum represents the very elongated ones. In medial
view densely packed and oval replacement teeth are
visible. An interesting feature of the medial surface of
PMO 229.919 is that the replacement teeth are worn in
a similar manner to the teeth observed on the occlusal
surface. This is the same feature that was described of the
medial surface of premaxilla PMO 229.922 (Fig. 3B2) as
well as the dorsal part of the medial surface of dentary
PMO 229.916 (Fig. 4B).
Ichthyopterygia Owen, 1840
Ichthyopterygia indet.

Vertebrae
Measurements of the centra given in Electronic
Supplement A, table 1. A Grippia cervical vertebra is
pictured in Fig. 8 for comparison.
The atlas (Fig. 9A) has a convex, nearly circular anterior
face and deeply concave posterior face, as in the
Omphalosaurus cf., O. nevadanus specimen (MBG 1500)
(Sander & Faber, 2003). The H/L of PMO 229.903 is 1.73,
while it is 2.07 in the Omphalosaurus cf., O. nevadanus
specimen (Sander & Faber, 2003). The anterior face
shows a Y-mark located in the centre (Fig. 9A1), where it
met the occipital condyle. The surface of the atlas is very
porous, but whether this is due to lack of finished bone
or erosion is uncertain. The facet for the atlantar arch is
preserved on the dorsal surface while the rib facets are
not preserved.
Cervical vertebrae are identified by having separate
parapophyses and diapophyses. The diapophysis is
confluent with the neural arch. The parapophyses and
diapophyses are confluent with the anterior rim of the
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Figure 7. ?Dentary teeth of Omphalosaurus sp. from Marmierfjellet (Spathian). (A) anteriormost tooth in lateral view of PMO 229.916.
(B) occlusal view PMO 229.918. (C) medial view PMO 229.918. Scale bar = 2 mm. Abbreviations: D – dentine, E – enamel, Pc – pulp cavity.

centrum, as in the cervical vertebrae of Grippia (Fig.
8B) and Gulosaurus (Brinkman et al., 1992; Cuthbertson
et al., 2013). The diapophysis is continuous with the
facet for the neural arch as well as the posterior margin
dorsally. In PMO 229.905 (Fig. 9C3) the parapophysis is
reduced and situated closer to the diapophysis along the
anterior rim of the centrum compared to the others.

In dorsal view the floor of the neural canal is medio
laterally narrow and hourglass-shaped. The outline in
anterior view (Fig. 9B, C) is pentagonal, mediolaterally
wider than anteroposteriorly high and best preserved in
PMO 229.904 (Fig. 9B1). In posterior view the outline is
shield-shaped (Fig. 9B2, C2), as the cervical vertebrae of
Grippia (Fig. 8). The ventral surface has a pronounced
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Figure 8. Vertebrae of Grippia from the Grippia bonebed, Marmierfjellet (Spathian). (A) Cervical vertebra PMO 230.211 in anterior view. (B)
Cervical PMO 230.211 lateral view. (C) Dorsal PMO 230.212 lateral view. (D) Caudal PMO 230.213 lateral view. Scale bar = 5 mm.
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Figure 9. Cervical vertebrae of Ichthyopterygia indet. from Marmierfjellet (Spathian). (A) PMO 229.903, atlas. A1 – Anterior view, A2 –
Posterior view, A3 – Lateral view. (B) PMO 229.904. B1 – Anterior view, B2 – Posterior view, B3 – Lateral view. (C) PMO 229.905. C1 –
Anterior view, C2 – Posterior view, C3 – Lateral view. Scale bar = 10 mm, anterior is to the left for photographs in lateral view. Abbreviations:
dP – diapophysis, nF – notochordal foramen, pP – parapophysis, Y – Y-mark.

keel, a feature also present in Grippia (Fig. 8). In the
holotype of Omphalosaurus nevadanus (UCMP 8281)
two vertebrae articulated to the skull were interpreted
as anterior cervicals (Merriam, 1906). They are deeply
amphicoelous and nearly circular in cross section (Mazin,
1986; but see Motani 2000), similar to the material
described herein. Centra of Gulosaurus and Grippia are

also deeply amphicoelous, with double rib articulation in
the cervicals (Brinkman et al., 1992; Cuthbertson et al.,
2013).
The dorsal vertebrae are rounded in anterior and
posterior view and anteroposteriorly short. Several
vertebrae possess a periosteum that is “wrinkled”. The
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Figure 10. Dorsal vertebrae of Ichthyopterygia indet. from Marmierfjellet (Spathian). (A) PMO 229.906. A1 – Anterior view, A2 – Posterior
view, A3 – Lateral view. (B) PMO 229.907. B1 – Anterior view, B2 – Posterior view, B3 – Lateral view. (C) PMO 229.908. C1 – Anterior view,
C2 – Posterior view, C3 – Lateral view. Scale bar = 10 mm, anterior is to the left for photographs in lateral view. Abbreviations: aP – apophysis,
nF – notochordal foramen.

anterior dorsal vertebrae have a single, large apophysis
(Fig. 10A3, B3 & C3) and are more circular in anterior
view than the cervical vertebrae, but similar in being
wider than high. A single large apophysis in anterior
dorsal vertebrae is also known for Cymbospondylus
(Sander, 1992), but in the centra described here the
apophysis is widest in the dorsal portion, while it is
equally narrow for its entire length in Cymbospondylus.
In lateral view the apophysis is confluent with the
anterior margin of the centrum, as well as with the
dorsalmost portion of the posterior margin where the
periosteal bone posterior to the apophysis ends. The
centra are deeply amphicoelous and the posterior face
has the same shield-shape as the cervical vertebrae. The
different peripheral shape of the anterior and posterior
face occurs only in the cervical and anterior dorsal
vertebrae. It gives an anterior face that is wider than high,
while the posterior face is always higher than wide. The
mediolaterally widest part of the vertebra in anterior
view is midway between the dorsal and ventral margins

for PMO 229.906 (Fig. 10A1), but for PMO 229.907
(Fig. 10B1) and PMO 229.908 (Fig. 10C1) the widest
part is more dorsally situated. The Omphalosaurus cf.,
O. nevadanus specimen (MBG 1500) dorsal vertebra has
H/L >1.3 (Sander & Faber, 2003), slightly less than those
described here. The posterior dorsal vertebrae have a
single dorsoventrally elongated facet covers the entire
anterior margin of the centra. PMO 229.909 (Fig. 11A)
is more circular in anterior and posterior view than the
anterior dorsal vertebrae. The floor of the neural canal
is elevated. The dorsal surface is more rounded than
anterior dorsal vertebrae.
The anterior caudal vertebrae (Fig. 12) are recognized
by being higher than wide, with a single articulation
facet situated at the anterior margin, slightly ventral to
the middle of the centra in lateral view. In PMO 229.913
(Fig. 12C) the articulation facet is small, while in PMO
229.914 (Fig. 12D) it is barely visible. The anterior
caudal vertebrae are notochordal at the centre with the
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Figure 11. Posterior dorsal vertebrae of Ichthyopterygia indet. from Marmierfjellet (Spathian). (A) PMO 229.909. A1 – Anterior view, A2 –
Posterior view, A3 – Lateral view. (B) PMO 229.910. B1 – Anterior view, B2 – Posterior view, B3 – Lateral view. Scale bar = 10 mm, anterior is
to the left for photographs in lateral view. Abbreviations: aP – apophysis, fNa –facet for neural arch, fNc – floor of neural canal.

notochordal foramen clearly visible in anteroposterior
view. PMO 229.911 is circular in anteroposterior view.
PMO 229.912 (Fig. 12B) is hexagonal in shape. PMO
229.914 (Fig. 12D3) differs from the other centra by
being wider dorsally than ventrally in lateral view. In
dorsal view the floor of the neural canal is not flat as for
the cervical vertebrae, but appears as a deep elongated
embayment, with heightened ridges for articulation with
the neural arches. The ventral surface is flat and lacks a
keel.
The posterior caudal vertebrae (Fig. 13) have no
apophysis. PMO 230.135 (Fig. 13A) has a dorsoventrally
elongated hexagonal shape in anteroposterior view. Some
centra are more oval, e.g., PMO 230.137 (Fig. 13C). PMO
230.138 (Fig. 13D) is anteroposteriorly thin in lateral
view. In lateral view the anterior and posterior margin
of the centra are prominent and are connected by an
anteroposteriorly oriented ridge in the dorsoventral
midpoint. There are facets for the neural arch on the
dorsal surface (Fig. 14E1), and the floor of the neural
canal is prominent. The ventral surface (Fig. 14E2) has a
depression in the anteroposterior midpoint.

Discussion
The jaw elements are massive and display dome-shaped
teeth without plicidentine, as in Omphalosaurus (Mazin
& Bucher, 1987; Sander & Faber, 2003). Motani (1999)
suggested plicidentine as a possible basal synapomorphy
for the Ichthyopterygia, but plicidentine is not confirmed
in Utatsusaurus (Shikama et al., 1978) and Parvinatator
(Brinkman et al., 1992). The ?premaxillae are referred to
Omphalosaurus based on a convex occlusion surface and
a triangular ascending process in dorsal view (MBG 1500;
Sander & Faber, 2003). Three different morphologies
of the dentaries are distinguished based on shape and
organization of teeth, one from the Grippia niveau and
two from the Lower Saurian niveau. The morphological
differences could be due to different taxa, ontogenetic
age or individual differences, a question that could be
resolved in further work by using SEM for the tooth
enamel. The groove described on the ventral surface
of the dentary PMO 229.916 is most likely a suture for
the more ventrally placed bones in the lower jaw. In the
holotype of Omphalosaurus nevadanus (UCMP 8281,
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Figure 12. Anterior caudal vertebrae of Ichthyopterygia indet. from Marmierfjellet (Spathian). (A) PMO 229.911. A1 – Anterior view, A2
– Posterior view, A3 – Lateral view. (B) PMO 229.912. B1 – Anterior view, B2 – Posterior view, B3 – Lateral view. (C) PMO 229.913. C1 –
Anterior view, C2 – Posterior view, C3 – Lateral view. (D) PMO 229.914. D1 – Anterior view, D2 – Posterior view, D3 – Lateral view. (E) PMO
229.915. E1 – Anterior view, E2 – Posterior view, E3 – Lateral view. Scale bar = 10 mm, anterior is to the left for photographs in lateral view.
Abbreviations: aP – apophysis, nF – notochordal foramen.
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Figure 13. Posterior caudal vertebrae of Ichthyopterygia indet. from Marmierfjellet (Spathian). (A) PMO 230.135. A1 – Anterior view, A2
– Posterior view, A3 – Lateral view. (B) PMO 230.136. B1 – Anterior view, B2 – Posterior view, B3 – Lateral view. (C), PMO 230.137. C1 –
Anterior view, C2 – Posterior view, C3 – Lateral view. (D) PMO 230.138. D1 – Anterior view, D2 – Posterior view, D3 – Lateral view. Scale bar
= 10 mm, anterior is to the left for photographs in lateral view.
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Figure 14. Vertebrae of Ichthyopterygia indet. from Marmierfjellet (Spathian). (A) Cervical vertebra (PMO 229.904). A1 – Dorsal view, A2 –
Ventral view. (B) Anterior dorsal vertebra (PMO 229.907). B1 – Dorsal view, B2 – Ventral view. (C) Posterior dorsal vertebra (PMO 229.909).
C1 – Dorsal view, C2 – Ventral view. (D) Anterior caudal vertebra (PMO 229.914). D1 – Dorsal view, D2 – Ventral view. (E) Posterior caudal
vertebra (PMO 230.904). E1 – Dorsal view, E2 – Ventral view. Scale bar = 10 mm, anterior is up. Abbreviations: fNa – facet for neural arch,
fNc – floor of neural canal, vK – ventral keel.
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pers. obs. CPE), the assumed splenials are located ventral
to the dentaries where they contribute to a large part of
the symphysis (Sander & Faber, 2003).
Ichthyopterygian affinities of the vertebrae are supported
from the discoidal shape; the centra are dorsoventrally
higher than anteroposteriorly long (Sander, 2000; Motani,
2005). This is observed in most ichthyopterygians
including Early Triassic Gulosaurus (Cuthbertson et
al., 2013), but differs from Grippia, Utatsusaurus and
Chaohusaurus where the centra are longer than high
(Wiman, 1928; Maisch & Matzke, 2000). The more
primitive ichthyopterygians are assumed to have an
anguilliform swimming mode, while later taxa were
thunniform (Motani et al., 1996). Motani et al. (1996)
suggested that the deep fusiform body common in the
more derived ichthyopterygians began evolving with
the evolution of discoidal centra. A large area of contact
between two centra, as was probably the case in the
dorsal centra here and a short length of the centra will
minimize intervertebral movement (Buchholtz, 2001).
If the caudal vertebrae are correctly identified, a neural
spine articulation in the tail is present, a diagnostic
character of Ichthyopterygia (Ji et al., 2016). Further
assignment is not done in this contribution, as the
features of the vertebrae might correspond to several
genera. Grippia centra (Fig. 8) share the anterior outline
of the cervical and dorsal vertebrae, but as they are
cylindrical instead of discoidal, significantly smaller
and possess a patch of periosteal bone anterior to the
apophysis in lateral view (Fig. 8B), the vertebrae do not
belong to this genus.
The vertebrae might belong to Omphalosaurus as
they share some features with previously described
Omphalosaurus (Sander & Faber, 2003). The atlas from
the Grippia bonebed has the same features as previously
described atlases of Omphalosaurus and a convex
anterior face and a deeply concave posterior face (Sander
& Faber, 2003). However, the similarities are also shared
by other taxa, such as deeply amphicoelous and nearly
notochordal vertebrae that are described for Gulosaurus
(Brinkman et al., 1992). The periosteum of the vertebrae
is “wrinkled”, a feature not described for Omphalosaurus.
Brinkman et al. (1992) described striations on the bone
surface of Utatsusaurus, but unfortunately no picture was
presented in the paper.
The general lack of compact bone in cranial and
postcranial elements has been noted as an important
feature for referral to Omphalosaurus, of which several
specimens display cancellous bone of primary origin
and cyclic growth (Sander & Faber, 2003; Wintrich
et al., 2017). However, very light skeletal elements is
an adaptation found in many marine animals, and
this feature alone is not phylogenetically viable as
recent studies on many taxa of Triassic–Cretaceous
ichthyopterygians show that there is no increase in
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compactness in any part of ichthyopterygian vertebral
centra (Nakajima et al., 2014; Houssaye et al., 2018).
A reduction of bone mass is assumed to improve
locomotion, especially the ability to accelerate and
manoeuvre, and has been linked to a rapidly growing
animals with active metabolism, and possibly
homeothermy (de Buffrénil & Mazin, 1990; Nakajima et
al., 2014). This is an advantage for more rapid swimmers
and animals cruising for a longer time in open water (de
Ricqlès & de Buffrénil, 2001). Ichthyopterygians have
vertebrae with very limited endochondral territory and
a special type of primary bone deposits mimicking fibrolamellar bone, found in e.g., dinosaurs (Houssaye et al.,
2018).
Omphalosaurus is commonly interpreted as a
durophagous animal based on the massive jaw elements
and the tooth microstructure (Mazin, 1986; Sander, 1999,
2000), and massive elements are observed in this study.
The tooth enamel shows a smooth enamel-dentinejunction, together with a bulbous shape and uneven
surface of the enamel, characteristic for durophagous
ichthyopterygians (Figs. 9–11) (Sander, 1999). By
comparing the size of the tooth-bearing bones and the
size of the teeth, the teeth are generally larger and more
irregular in size for the premaxillae than the dentaries.
This was also observed by Sander & Faber (2003) for the
Omphalosaurus cf., O. nevadanus specimen MBG 1500.
Animals with crushing dentition often have short snouts
with the dentition placed far back to maximize the bite
force, in contrast to Omphalosaurus (Sander & Faber,
2003; Wintrich et al., 2017). In premaxilla PMO 229.922
the teeth are placed on the anterior half of the occlusion
surface, while in the dentaries the teeth are mainly
concentrated along the symphysis, (e.g., PMO 229.919).
The teeth are also more widespread in the premaxillae.
If the ?premaxilla of PMO 229.922 is mirrored to get an
impression of the upper jaw, the result is a wide occlusion
surface, similar to that of the dentaries. Motani et al.
(2015) found durophagy unlikely for Omphalosaurus due
to the teeth arrangement and the assumable weak forces
in the front of the jaws, and suggested that it grasped
food with an extended jaw symphysis. A spatula shaped
snout was described for the largely incomplete holotype
of O. nettarhynchus (MGL45452; Mazin & Bucher, 1987).
The medial surface of the premaxilla has been suggested
to be an active grinding surface (Sander & Faber, 1998),
but according to Sander & Faber (2003) it is more likely
that the medial sides of the two premaxillae met in the
sagittal plane of the upper jaw in a symphysis. In the
?premaxilla PMO 229.922 it seems that at least a part of
the medial surface was an active grinding surface, due to
the polished cross section of the tooth crowns in lateral
view. The only finished surfaces of the tooth-bearing
bones are the occlusion surface and parts of the medial
surface. The lack of periosteal bone could imply that
these surfaces were covered by other bones or that they
are worn. A loose jaw symphysis will able the dentaries to
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be mobile independent of each other and could explain
the wear of the teeth on the medial surface, caused by the
dentaries grinding in the symphysis. The lateral surface
of the premaxilla (Fig. 3B4) resembles that of a maxilla
from a Shastasaurus specimen, and similar structures
have been observed in derived ichthyosaurs and might
relate to dermal sensory structures or possibly lip
musculature (Kear, 2005).

Conclusions
In this study, fossil vertebrate remains from the
Grippia and Lower Saurians niveaus at Spitsbergen
are described. Robust jaw elements are interpreted as
?premaxillae and dentaries from the enigmatic animal
Omphalosaurus, while several hundred vertebrae display
a resembling morphology to each other, and are referred
to Ichthyopterygia. The vertebrae differ from those
of Grippa and of Cymbospondylus, but cannot at the
moment be referred to genus or species level. Additional
material from the same layers has been collected and
might reveal more about the marine ecosystems at
Spitsbergen in the first radiations after the Permian/
Triassic mass extinction.
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