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Phylogenetic relationships within the important ichthyosaur family Ophthalmosauridae are not well established, and 
more specimens and characters, especially from the postcranial skeleton, are needed. Three ophthalmosaurid specimens 
from the Tithonian (Late Jurassic) of the Slottsmøya Member Lagerstätte on Spitsbergen, Svalbard, are described. Two 
of the specimens are new and are referred to Keilhauia sp. and Ophthalmosauridae indet. respectively, whereas the third 
specimen consists of previously undescribed basicranial elements from the holotype of Cryopterygius kristiansenae. 
The species was recently synonymized with the Russian Undorosaurus gorodischensis, but despite many similarities, 
we conclude that there are too many differences, for example in the shape of the stapedial head and the proximal head of 
the humerus; and too little overlap between specimens, to warrant synonymy on species level. A phylogenetic analysis 
of Ophthalmosauridae is conducted, including all Slottsmøya Member specimens and new characters. The two proposed 
ophthalmosaurid clades, Ophthalmosaurinae and Platypterygiinae, are retrieved under some circumstances, but with lit-
tle support. The synonymy of three taxa from the Slottsmøya Member Lagerstätte with Arthropterygius is not supported 
by the present evidence.
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Introduction
Ichthyosaurs were important marine predators of the 
Meso zoic seas. With one exception (Fischer et al. 2013a), 
all Late Jurassic–Cretaceous ichthyosaurs belong to Oph-
thal mo sauridae, a cosmopolitan and speciose clade that 
has been the subject of considerable interest in the past 
decade leading to new insights regarding their evolution 
at the Jurassic–Cretaceous boundary and extinction in 
the early Late Cretaceous (Fischer et al. 2013a, 2014a, 

2016; Fernández and Talevi 2014; Fernández and Campos 
2015; Paparella et al. 2016). However, a consensus of rela-
tionships within the family remains elusive. While some 
studies recognize the existence of two major subclades, 
Ophthalmosaurinae and Platypterygiinae (e.g., Fischer et 
al. 2012, 2016; Roberts et al. 2014; Delsett et al. 2017), 
others fail to recover this pattern or find only a mono-
phyletic Platypterygiinae (Maxwell et al. 2015; Paparella 
et al. 2016; Moon 2017). Understanding ophthalmosaurid 
phylogeny is critical for interpreting evolutionary rates 
and ecological diversification of the clade (Fischer et al. 
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2013b, 2016). This requires a better morphological under-
standing of new and existing specimens from which new 
and refined cranial and postcranial characters can be based 
(Maxwell et al. 2015).

The Slottsmøya Member Lagerstätte (SML), Spitsbergen, 
Norway, contains a diverse assemblage of marine reptiles, 
particularly plesiosaurians and ichthyosaurs, and provides 
new data on ophthalmosaurids from at or near the Jurassic/
Cretaceous boundary (Hurum et al. 2012; Delsett et al. 2016; 
Fernández et al. 2018) (Figs. 1, 2). The SML taxa have some-
times been recovered in a monophyletic Ophthalmosaurinae 
(but see Roberts et al. 2014; Paparella et al. 2016), but many 
more specimens from this locality remain to be described to 
further test this phylogenetic hypothesis. Many contempora-
neous ichthyosaur specimens to the SML assemblage have 
been excavated along the Volga River in Russia, which were 
at the time connected by sea (Mutterlose et al. 2003). Due 
to problems with accessibility and inadequately published 
descriptions, many Russian taxa have been reviewed based 
only on publications and not on personal inspection, and 
often synonymized with better known taxa from Western 
Europe (Maisch and Matzke 2000; McGowan and Motani 
2003; Maisch 2010) but see Storrs et al. (2000). The only 
exception is Undorosaurus (Efimov 1997, 1999a) which is 
mostly regarded as valid (Storrs et al. 2000; McGowan and 

Motani 2003; Maisch 2010). The Russian specimens are im-
portant to the understanding of palaeobiogeography and phy-
logeny in the Boreal Ocean (Maxwell 2010) and recent pub-
lications have provided valuable information (Fischer et al. 
2011, 2013b; Zverkov et al. 2015b; Arkhangelsky et al. 2018; 
Zverkov and Efimov 2019; Zverkov and Prilepskaya 2019).

This paper formally describes three specimens from 
the Tithonian (Late Jurassic) of the Slottsmøya Member 
Lagerstätte. PMO 222.667 is referred to Keilhauia sp., pre-
viously described from the SML and significant for phy-
logenetic analysis because it preserves a combination of 
basicranial and pectoral remains. A recent paper assigned 
newly described ophthalmosaurid specimens from localities 
in Russia to Arthropterygius, and synonymized the SML 
taxa Palvennia hoybergeti, Keilhauia nui, and Janusaurus 
lundi with the genus (Zverkov and Prilepskaya 2019). These 
taxonomic conclusions are discussed briefly here, while a 
full evaluation of Arthropterygius in Boreal oceans will be 
addressed thoroughly in a follow-up paper. PMO 224.252 
is a skull referred to Ophthalmosauridae indet. The pa-
per also describes basicranial elements from the holotype 
of Cryopterygius kristiansenae (PMO 214.578), one of the 
most complete and articulated ophthalmosaurids worldwide 
(Druckenmiller et al. 2012). In 2015, additional mechani-
cal preparation was performed to prepare the specimen for 
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Fig. 1. A. Map of Svalbard archipelago and the main island Spitsbergen with excavation area marked with an asterisk. B. Geological map of the excavation 
sites for the SML ophthalmosaurid specimens described and discussed in this paper (red dots); see Fig. 2. Adapted from Hurum et al. (2012).
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display, and the basioccipital, a partial basisphenoid and 
two stapes were removed for description. Similarities be-
tween the two genera, Undorosaurus and Cryopterygius, 
have been pointed out repeatedly (Druckenmiller et al. 2012; 
Arkhangelsky and Zverkov 2014; Delsett et al. 2017, 2018) 
and Cryopterygius kristiansenae was recently synonymized 
with Undorosaurus gorodischensis (Zverkov and Efimov 
2019). In this contribution, the new interpretations of the 
holotype of Cryopterygius kristiansenae PMO 214.578 by 
Zverkov and Efimov (2019) are discussed in order to eval-
uate their hypothesis of synonymy at the species level. A 
phylogenetic analysis is conducted including all described 
SML specimens in an expanded matrix using new postcra-
nial characters to investigate their phylogenetic position and 
discuss interrelationships in Ophthalmosauridae.

Institutional abbreviations.—CAMSM, Sedgwick Museum 
of Earth Sciences, UK; CMN, Canadian Museum of Nature, 
Canada; GLAHM, The Hunterian Museum, University of 
Glasgow, UK; IRSNB, Royal Belgian Institute of Natural 
Sciences, Brussels, Belgium; LEICT, New Walk Museum and 
Art Gallery, Leicester, UK; LEIUG, University of Lei cester, 
UK; MANCH, Manchester Museum, UK; MLP, Museo de 
la Plata, La Plata, Argentina; MOZ, Museo de Paleontología 
y Mineralogía Prof. Juan F. Olsacher, Zapala, Argentina; 
NHMUK, Natural History Museum, London, UK; OUMNH, 
Oxford University Museum, UK; PMO, Natural History 
Museum, paleontological collections, Oslo, Norway; SNHM 
Staat liches Naturhistorisches Museum Braunschweig, Ger-
many; SNSB-BSPG, Bayerische Staats sammlung für Palä-
ontologie und Geologie, Munich, Ger many; SGS, SVB, Sval-
bard Museum, Longyear, Spits bergen; UPM, Paleonto logical 
Museum of Undory, Ul’ya novsk, Russia.

Other abbreviations.—CI, consistency index; OTUs, opera-
tional taxonomic units; PCA, principal component analysis; 
RI, retention index; SML, Slottsmøya Member Lagerstätte.

Geological setting
The specimens described herein, PMO 222.667, PMO 
224.252, and PMO 214.578 originate from the Late Jurassic– 
Early Cretaceous Slottsmøya Member Lagerstätte, Spits-
bergen, which is the largest island in the Svalbard Archi-
pelago, currently located between 74–81°N and 10–35°E 
(Fig. 1). During the time of deposition, it was located at 
63–66°N (Torsvik et al. 2012). The Lagerstätte spans ap-
proximately 12 million years of deposition, is rich in ich-
thyosaur and plesiosaur skeletons and has an invertebrate 
fauna comprising ammonites, bivalves, echinoderms, and 
methane seep communities (Hurum et al. 2012; Rousseau 
and Nakrem 2012; Hryniewicz et al. 2015; Delsett et al. 2016; 
Koevoets et al. 2018; Rousseau et al. 2018).

The Slottsmøya Member is part of the Agardhfjellet For-
mation, Janusfjellet Subgroup, Adventdalen Group. The for-

mation ranges from the Middle Jurassic (Upper Bathonian) 
to the earliest Cretaceous (Berriasian) and was deposited in 
an inner to outer shelf with periodic oxygen-deficient bottom 
waters (Collignon and Hammer 2012; Koevoets 2017). The 
lowermost member of the formation is Oppdalen, overlain 
by Lardyfjellet, Oppdalssåta and Slottsmøya Members. The 
thickness of the formation varies from 100–250 m (Dypvik 
and Zakharov 2012; Koevoets et al. 2016). Agardhfjellet 
For mation mainly consists of black paper shale, grey silt-
stone, some sandstones and carbonates (Hammer et al. 2012; 
Koevoets et al. 2016).
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Fig. 2. Composite section of the Slottsmøya Member Lagerstätte with the 
ophthalmosaurids described and discussed in the text. Specimens described 
in this paper marked with an asterisk. Modified from Delsett et al. (2017). 
A bed with a high abundance of echinoderm fossils is set as marker bed 
(0 m) in the section (Hurum et al. 2012; Rousseau and Nakrem 2012).
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The Slottsmøya Member (Fig. 2) was deposited during 
the Tithonian to earliest Berriasian (Koevoets et al. 2018) 
and predominantly consists of grey-black shales and silt-
stone, with interbedded siderites, originating from an off-
shore transition (Collignon and Hammer 2012; Koevoets et 
al. 2016, 2018). The member in the studied area is 70–100 
meters thick and shows an upwards coarsening trend. The 
deposition happened under dysoxic conditions with periodic 
oxygenation (Koevoets et al. 2018).

Material and methods
The taphonomy and stratigraphic position of the specimens 
is presented in detail in Delsett et al. (2016). The taxa names 
Keilhauia nui, Janusaurus lundi, and Palvennia hoybergeti 
are used, as we do not acknowledge their synonymy to 
Arthropterygius based on the evidence presented at the mo-
ment (Zverkov and Prilepskaya 2019). The most commonly 
used chronostratigraphic names (e.g., Tithonian) are used 
instead of the regional names (Volgian).

The specimens were wrapped in plaster jackets in the 
field together with surrounding matrix and transported to 
Natural History Museum in Oslo for preparation using air 
scribes, air abrasion and manual tools (Roberts et al. 2019). 
PMO 214.578 was excavated in 2009 and described in 2012 
as the holotype of the new genus and species Cryopterygius 
kristiansenae (Druckenmiller et al. 2012). PMO 222.667 was 
excavated in 2011 and has been mentioned for comparative 
purposes in two previous papers (Roberts et al. 2014; Delsett 
et al. 2018). X-ray microtomography was carried out to es-
tablish the nature of the teeth in a lower jaw element in PMO 
222.667 with a Nikon Metrology XT H 225 ST at the Natural 
History Museum, Oslo. (μCT scan settings: 195 kV, 220 μA, 
with a 0.5 mm tin filter and exposure time 1 s. Number of 
projections: 1606, voxel resolution 70 μm). PMO 224.252 was 
excavated in 2012. All specimens are housed in the Natural 
History Museum, University of Oslo. To avoid ambiguities, 
in the nomenclature of the extracondylar area, Druckenmiller 
and Maxwell (2013) was followed, which considers all bone 
surrounding the occipital condyle as extracondylar, regard-
less of whether it is visible in posterior view or not.

To evaluate interrelationships within Ophthalmosauridae, 
a phylogenetic analysis was conducted using a modified 
and extended version of the Fischer et al. (2016) dataset. 
Eleven operational taxonomic units (OTUs) were added to 
the matrix: Paraophthalmosaurus sp., Undorosaurus goro-
dischensis, U. nessovi, Muiscasaurus catheti, Gengasaurus 
nicosiai, Keilhauia nui, two of the specimens described 
herein (PMO 222.667 and PMO 224.252) as well as three 
other specimens referred to Ophthalmosauridae indet. from 
the same member (PMO 224.250, PMO 222.670, and PMO 
222.658) (Arkhangelsky 1997; Efimov 1999a, Maxwell et al. 
2015, Paparella et al. 2016; Delsett et al. 2017; Delsett et al. 
2018; SOM 1, 2, Supplementary Online Material available 
at http://app.pan.pl/SOM/app64-Delsett_etal_SOM.pdf). 

Two characters (48 and 56) were modified to accommodate 
variations in rib cross section in SML specimens and to 
more precisely separate features of the acromion process on 
the scapula, respectively. Sixteen characters in the basicra-
nium and postcranium were added based on Moon (2017) 
and Maxwell et al. (2015) because these were judged to 
account for variation within Ophthalmosauridae (SOM 1.1). 
An additional six new characters (SOM 1.1) were added 
based on observations of variation in the parietal foramen, 
basicranium, pectoral and pelvic girdles in SML specimens 
(Druckenmiller et al. 2012; Roberts et al. 2014; Delsett et 
al. 2017, 2018). In total, the most inclusive dataset included 
47 OTUs and 110 characters (analysis 1).

The analyses was run in TNT 1.5 (Goloboff and Catalano 
2016), with a traditional search, 20 000 trees in memory, 
TBR, 1000 replications and 10 trees saved per replication. 
Bremer support was calculated using the bremer script. In 
a second run of the analysis, taxa that were scored for less 
than 25% of the characters were pruned (Fischer et al. 2014b; 
Maxwell et al. 2015). This excluded Malawania anachronus, 
Mollesaurus periallus, Leninia stellans, Simbirskiasaurus 
birjukovi, Pervushovisaurus bannovkensis, Muiscasaurus 
catheti, PMO 224.252, PMO 222.658, and PMO 222.670. 
To investigate the influence of the new characters added 
in this study, the matrix was also analysed excluding these 
characters, one iteration including and another excluding 
the pruned taxa listed above (analysis 3 and 4, SOM 2.1).

Systematic palaeontology
Ichthyosauria de Blainville, 1835
Neoichthyosauria Sander, 2000
Thunnosauria Motani, 1999
Ophthalmosauridae Baur, 1887
Genus Keilhauia Delsett, Roberts, Druckenmiller, 
and Hurum, 2017
Type species: Keilhauia nui, Slottsmøya Member Lagerstätte, Spitsber-
gen, Svalbard (Berriasian).

Keilhauia sp.
Material.—PMO 222.667 (Figs. 3–7, SOM 4: table 1), a 
partially articulated anterior portion of a skeleton. The car-
cass landed ventrally on the sea floor, and the elements 
are three-dimensional with few signs of distortion and 
compression compared to many other specimens from the 
same unit (Delsett et al. 2016). The skull suffered a collapse 
during excavation. Approximately 50 incomplete teeth, two 
partial quadrates, a basioccipital and a basisphenoid, both 
articulars and a partial stapes were preserved disarticulated, 
as well as two partial hyoids. The atlas-axis and 23 addi-
tional vertebrae are preserved, with 15 neural arches, 35 
ribs and several broken gastralia. Seventeen of the vertebrae 
are articulated with neural arches and with the gastralia, 
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while the atlas-axis and four vertebrae were found in the 
proximity. Both scapulae are preserved, but only the left is 
complete. A partial interclavicle and two partial clavicles 
are preserved, in addition to one complete and one incom-
plete coracoid and the right humerus, which is preserved 
with 24 epi- and autapodial elements.
Description.—Premaxilla, nasal, and vomer (Fig. 4A): The 
preserved portion of the upper rostrum in PMO 222.667 
(Keilhauia sp.) consists of partial premaxillae, nasals and 
vomers. The elements lack the anterior- and posteriormost 
ends and are fractured, but three-dimensional with surface 
details preserved. The premaxilla has the typical longitu-
dinal groove dorsal to the alveolar groove as in many oph-
thalmosaurids such as Ophthalmosaurus icenicus (Moon 
and Kirton 2016) and Platypterygius australis (Kear 2005), 
but the groove is deeper in Undorosaurus? kristiansenae 
(Druckenmiller et al. 2012). The alveolar groove is shallow 
and lacks tooth impressions. In anterior view the anterior 
elongated portion of the nasals have a triangular cross sec-
tion with a flattened ventral margin. They are visible in 
dorsal view between the two premaxillae and decrease in 
dorsoventral height posteriorly. The anterior portions of the 
vomers are shifted laterally towards the left side of the ros-
trum. They are oval in cross section and increase in dorso-
ventral height posteriorly.

Basioccipital (Fig. 5A): The basioccipital of PMO 222.667 
(Keilhauia sp.) is complete and three-dimensional, with only 

a few fractures. The anteroposterior length of the basioccip-
ital is approximately the same as the dorsoventral height in 
lateral view, whereas in Janusaurus lundi the element is an-
teroposteriorly longer than tall (Roberts et al. 2014). In dorsal 
view, the element is mediolaterally wider than anteroposteri-
orly long, as Gengasaurus nicosiai (Paparella et al. 2016) and 
Ophthalmosaurus icenicus (Moon and Kirton 2016). Most 
of the anteroventral surface of the basioccipital (Fig. 5A6) 
articulated with the basisphenoid and bears a shallow dorso-
ventrally oriented notochordal groove, as in Arthropterygius 
chrisorum (Maxwell 2010) and Ophthalmosaurus iceni-
cus (Moon and Kirton 2016), whereas a groove is absent 
in Simbirskiasaurus birjukovi (Fischer et al. 2014b) and 
Palvennia hoybergeti (Druckenmiller et al. 2012; Delsett et 
al. 2018). Dorsally, the groove terminates in a notochordal 
pit, similar to Platypterygius australis (Kear 2005). The 
specimen lacks a basioccipital peg as Palvennia hoybergeti 
(Druckenmiller et al. 2012) and Platypterygius hercynicus 
(Kolb and Sander 2009), whereas this feature is variably pres-
ent in Ophthalmosaurus icenicus (Moon and Kirton 2016).

The occipital condyle (Fig. 5A1) is approximately cir-
cular in posterior view as in Arthropterygius chrisorum 
(Maxwell 2010) and Acamptonectes densus (Fischer et 
al. 2012), whereas it is mediolaterally wider than tall in 
Janusaurus lundi (Roberts et al. 2014) and Palvennia hoy-
bergeti (Druckenmiller et al. 2012). The surface of the con-
dyle is smooth. The notochordal pit is eight-shaped and 
situated near the middle of the condyle as in the SML 
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Fig. 3. Explanatory drawing of the skeleton of ophthalmosaurid ichthyosaur Keilhauia sp. (PMO 222.667) from Spitsbergen, Svalbard, Slottsmøya Mem-
ber Lager stätte, Tithonian. Modified and corrected from Delsett et al. (2016).
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Ophthalmosauridae indet. specimen PMO 224.250 (Delsett 
et al. 2018). The condyle is poorly demarcated in posterior 
view and only a small portion of the extracondylar area is 
visible, as in Brachypterygius extremus, Muiscasaurus ca-
theti, Sveltonectes insolitus, Janusaurus lundi, and “Gren-
delius” alekseevi (McGowan 1976; Fischer et al. 2011; 
Roberts et al. 2014; Maxwell et al. 2015; Zverkov et al. 
2015a). In Palvennia hoybergeti (Druckenmiller et al. 2012) 
and Simbirskiasaurus birjukovi, no extracondylar area is 
visible in posterior view (Fischer et al. 2014b), whereas a 
large portion is visible in Ophthalmosaurus icenicus (Moon 
and Kirton 2016), Undorosaurus? kristiansenae (see de-
scription of this element below) and Leninia stellans (Fischer 
et al. 2013b). The extracondylar area immediately surround-
ing the condyle laterally (Fig. 5A3) and ventrally consists of 
unfinished bone, and anterior to this is an area of finished 
bone on each lateral surface that do not meet ventrally, as in 
Palvennia hoybergeti (Delsett et al. 2018). The floor of the 
foramen magnum (Fig. 5A5) is elevated and bears a shallow 
groove on the dorsal surface. The exoccipital facets are less 
prominent than in Sisteronia seeleyi (Fischer et al. 2014a) 
and Mollesaurus periallus (Fernández 1999). The opisthotic 
facets are raised as in Palvennia hoybergeti and Sveltonectes 
insolitus (Fischer et al. 2011; Delsett et al. 2018), in contrast 
to Simbirskiasaurus birjukovi (Fischer et al. 2014b); but they 
are not dorsoventrally elongated, in contrast to P. hoybergeti 
(Delsett et al. 2018). The ventral surface of the basioccipital 
is convex. It lacks a ventral notch, as many other ophthal-
mosaurids (e.g., Druckenmiller et al. 2012; Fischer et al. 
2014a; Roberts et al. 2014), in contrast to Ophthalmosaurus 
icenicus (Moon and Kirton 2016).

Basisphenoid (Fig. 5B): The basisphenoid of PMO 
222.667 (Keilhauia sp.) is three-dimensional, with a ventral 
and anterior surface missing some parts. It differs from 

most other ophthalmosaurids in overall shape. We interpret 
the rugose and pentagonal surface as dorsal (Fig. 5B4) be-
cause it has a median furrow, whereas the ventral surface 
is flat and smooth (following McGowan 1976; Fischer et 
al. 2011; Moon and Kirton 2016). The foramina for the ca-
rotid are thus situated on the anterior and posterior surfaces. 
On the dorsal surface, one third of the anteroposterior dis-
tance from the anterior margin is a dorsally tall ridge on 
each side of the furrow representing the anterior margin 
of the basioccipital facet, which extends to the posterior 
margin of the element. The dorsal surface (Fig. 5B4) is strik-
ingly similar to the posterior surface of the basisphenoid in 
Acamptonectes densus (Fischer et al. 2012) in having a pen-
tagonal shape with a middle furrow for most of its length. In 
our preferred orientation, the apex of the pentagon in dorsal 
view is directed anteriorly and represents the dorsum sellae, 
based on similarity to Ophthalmosaurus icenicus (Moon 
and Kirton 2016). This contrasts the interpretation of the 
basisphenoid in Acamptonectes densus, which implies that 
the basioccipital has a dorsal crest instead of a flattened 
dorsal surface (Fischer et al. 2012). As in Ophthalmosaurus 
icenicus, PMO 222.667 has a large carotid foramen in the 
middle of the anterior surface (Fig. 5B5, B6), with the dor-
sum sellae overhanging the opening in anterior view (Moon 
and Kirton 2016). On each side of the carotid foramen are 
facets probably for articulation to the pterygoids. In ven-
tral view the articulation for the basipterygoid do not form 
processes as in other ophthalmosaurids, which means that 
they are smaller than the reduced processes in Sveltonectes 
insolitus and Sisteronia seeleyi (McGowan 1976; Fischer 
et al. 2011, 2014a; Moon and Kirton 2016; Delsett et al. 
2018). The parasphenoid probably originated ventral to the 
anterior carotid foramen as in e.g., Platypterygius australis 
and Sisteronia seeleyi (Kear 2005; Fischer et al. 2014a), but 
this area is incomplete. The carotid exits posteriorly as in 
Arthropterygius chrisorum (Maxwell 2010) and Palvennia 
hoybergeti (Delsett et al. 2018), in contrast to other oph-
thalmosaurids where it exits ventrally (McGowan 1976; 
Fernández 1999; Maxwell and Caldwell 2006; Fischer et 
al. 2011, 2014a; Moon and Kirton 2016). In Platypterygius 
australis the carotid arteries run from the anterodorsal to 
the posteroventral surfaces (Kear 2005).

Stapes (Fig. 5C): The preserved portion of the stapes of 
PMO 222.667 (Keilhauia sp.) is the medial head as well as 
a minor portion of the shaft. The medial head has a smooth 
surface interpreted as the posterior surface. Compared to the 
shaft, the medial head is more dorsoventrally expanded in one 
direction, and based on its similarity to Palvennia hoybergeti 
(Delsett et al. 2018), it is interpreted to be the dorsal portion. 
Following from this, the element is the right stapes. The me-
dial head is roughly triangular in medial view with a dorsal, 
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Fig. 4. Rostrum fragment of ophthalmosaurid ichthyosaur Keilhauia sp. 
(PMO 222.667) from Spitsbergen, Svalbard, Slottsmøya Member Lager-
stätte, Tithonian. Pre maxil lae, nasals, and vomer in dorsal (A1) and lateral 
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Fig. 5. Basicranium elements of ophthalmosaurid ichthyosaur Keilhauia sp. (PMO 222.667) from Spitsbergen, Svalbard, Slottsmøya Member Lagerstätte, 
Tithonian. A. Basi occipital in posterior (A1, A2), left lateral (A3, A4), dorsal (A5), and anterior (A6) views. B. Basisphenoid in ventral (B1), left lateral (B2), 
dorsal (B3, B4), and anterior (B5, B6) views. C. Medial head of stapes in posterior view. D. Left quadrate in posterior view. E. Right quadrate in posterior 
view. Photographs (A1, A3, A5, A6, B1, B2, B4, B6, C–E) and interpretative drawings (A2, A4, B3, B5). Scale bars 10 mm.
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triangular opisthotic facet. A ridge runs dorsoventrally across 
the medial surface and represents the posterior margin of the 
facet for the basioccipital, which is more well-defined than in 
Palvennia hoybergeti (Druckenmiller et al. 2012; Delsett et 
al. 2018). Ventral and anterior to the basioccipital facet is the 
facet for the basisphenoid. The preserved portion of the shaft 
has a dorsoventrally narrower posterior than anterior margin, 
resulting in a pyriform cross section as in Platypterygius 
australis (Kear 2005). The shaft is slender in posterior view 
as in Janusaurus lundi and Palvennia hoybergeti, and nar-
rower than in Ophthalmosaurus icenicus, Acamptonectes 
densus and Undorosaurus? kristiansenae (Druckenmiller et 
al. 2012; Fischer et al. 2012; Roberts et al. 2014; Moon and 
Kirton 2016; Delsett et al. 2018). The disarticulated piece 
interpreted as the lateral head resembles that of Janusaurus 
lundi (Roberts et al. 2014) in being dorsoventrally and an-
teroposteriorly narrow compared to the more robust lateral 
head of Undorosaurus? kristiansenae (see description of this 
element below).

Quadrate (Fig. 5D, E): The quadrates of PMO 222.667 
(Keilhauia sp.) are oriented based on Ophthalmosaurus ice-
nicus (Moon and Kirton 2016). The left quadrate is the 
most complete, but is missing dorsal and lateral portions 
of the occipital lamella. The element lacks a dorsoventral 
ridge separating it into defined occipital and pterygoid 
lamellae, which is found in the Ophthalmosaurinae indet. 
specimen UAMES 34111 (Druckenmiller and Maxwell 
2013). In posterior view, the medial margin of the ptery-
goid lamella is straighter than the more convex outline in 
Palvennia hoybergeti and Acamptonectes densus (Fischer 
et al. 2012; Delsett et al. 2018). The medial margin of the 
pterygoid lamella bears a dorsoventrally oriented groove 
interpreted as the facet for the supratemporal. The shal-
low stapedial facet has a thickened ventral margin, as is 
common in ophthalmosaurids, e.g., Acamptonectes densus 
(Fischer et al. 2012) and Sisteronia seeleyi (Fischer et al. 
2014a). In ventral view, the articular condyle is rhomboid 
and mediolaterally wider than anteroposteriorly long, as 
the Ophthalmosaurinae indet. specimen UAMES 3411 
(Druckenmiller and Maxwell 2013). The articular condyle 
bears two facets separated by a shallow mediolaterally ori-
ented groove, similar to Sveltonectes insolitus (Fischer et 
al. 2011) and Ophthalmosaurus icenicus. The posterior and 
triangular facet is interpreted to be the articular facet and is 
the largest, while the mediolaterally elongated anterior facet 
is for articulation with the surangular (Druckenmiller and 
Maxwell 2013; Moon and Kirton 2016).

Lower jaw (Fig. 6A1, A2): Only a small portion of what 
is interpreted as the right dentary is preserved, with an 
intact tooth row. Medially to the teeth is a narrow element 
that probably represents the dorsal anterior process of the 
splenial.

Articular (Fig. 6B): The articular of PMO 222.667 (Keil-
hauia sp.) is complete and interpreted to be a right articular 
based on its similarity to those of Palvennia hoybergeti and 
Platypterygius australis (Kear 2005; Delsett et al. 2018). 

The element is mediolaterally compressed, similar to most 
other ophthalmosaurids but unlike Acamptonectes densus 
(Fischer 2012). In anterior view, the articular surface is oval 
and not triangular as in Palvennia hoybergeti (Delsett et al. 
2018). In medial view (Fig. 6B1); the dorsal margin is slightly 
convex in contrast to the concave margin of Palvennia hoy-
bergeti, but less convex than in Platypterygius australis 
(Kear 2005; Delsett et al. 2018). The medial surface is con-
vex, decreasing in mediolateral thickness into a thin flange 
on the ventral surface in the posterior half of the element, 
with a longer ventral reach than in Palvennia hoybergeti 
(Delsett et al. 2018). The articular of Sisteronia seeleyi has a 
similar medial surface but lacks the ventral flange (Fischer 
et al. 2014a). The lateral surface (Fig. 6B2) is flat and fea-
tureless except for a small diagonal ridge, similar to but 
less well-defined than in Mollesaurus periallus (Fernández 
1999; personal observations AJR on MOZ 2282 V). The 
posterior margin is mediolaterally thickened in comparison 
to the middle of the element, in contrast to Palvennia hoy-
bergeti (Delsett et al. 2018).

Dentition (Fig. 6D–F): Some teeth are still attached to 
the dentary in PMO 222.667 (Keilhauia sp.) (Fig. 6A2, A3) 
and are tightly packed as in Aegirosaurus leptospondylus 
(Bardet and Fernández 2000; personal observations LLD 
on SNSB-BSPG1954 I 608). As preserved, they are pos-
teriorly inclined. In the posterior portion are two rows of 
teeth adjacent to each other. μCT scan showed that the apex 
of the crowns belonging to one tooth row are ventrally di-
rected and are interpreted as belonging to the dentary (Fig. 
6A2, A3). None of the teeth are preserved in entirety, but 
based on the remains; none of them seem to have surpassed 
30 mm in total length (crown + root). The crown is slightly 
curved (Fig. 6D) as in Aegirosaurus leptospondylus (Bardet 
and Fernández 2000; personal observations LLD on SNSB-
BSPG1954 I 608) and Platypterygius australis (Kear 2005). 
The crown is finely striated with parallel striations that ex-
tend from the base of the crown to the tip (Fig. 6D–F), as in 
Platypterygius australis (Kear 2005) and Athabascasaurus 
bitumineus (Druckenmiller and Maxwell 2010). The base of 
the enamel is well defined and forms a straight line, as in 
Pervushovisaurus bannovkensis (Fischer et al. 2014b) and 
Paraophthalmosaurus (Efimov 1999b), but the crown is not 
as narrow compared to the root as in Paraophthalmosaurus 
(Efimov 1999b), nor has it a constriction at the base, as 
in Acamptonectes densus (Fischer et al. 2012). In cross 
section, the root is rounded, as in Undorosaurus? kris-
tiansenae and Keilhauia nui (Druckenmiller et al. 2012; 
Delsett et al. 2017), but in contrast to Palvennia hoyber-
geti (Delsett et al. 2018). A single root is squared in cross 
section, but this seems to be due to erosion or resorption. 
In Ophthalmosaurus icenicus, the roots are transversely 
compressed (Moon and Kirton 2016), but this is not seen 
in PMO 222.667. Quadrangular roots are found in several 
ophthalmosaurids e.g., Acamptonectes densus (Fischer et al. 
2012) and Sisteronia seeleyi (Fischer et al. 2014a). Unlike 
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Simbirskiasaurus birjukovi, the teeth lack apicobasal ridges 
in the root (Fischer et al. 2014b).

Hyoid (Fig. 6C): Two partial hyoids from of PMO 
222.667 (Keilhauia sp.) are preserved; one is in pieces, while 
the second consists of two larger portions that likely belong 
to the same element. The hyoid is more strongly curved 
than Platypterygius hercynicus (Kolb and Sander 2009), 
P. australis (Kear 2005), Janusaurus lundi (Roberts et al. 
2014) and Palvennia hoybergeti (Delsett et al. 2018). The 
element has an oval cross section, and is more flattened 
at the end interpreted to be anterior than the posterior, as 
in Platypterygius hercynicus (Kolb and Sander 2009) and 
Gengasaurus nicosiai (Paparella et al. 2016). In anterior 
view, the anterior end is mediolaterally narrow and pitted. 
The posterior portion has a depression on both sides as in 
Palvennia hoybergeti (Delsett et al. 2018)

Interclavicle (Fig. 7A): The interclavicle of PMO 222.667 
(Keilhauia sp.) has the T-shape in ventral view (Fig. 7A1) typ-
ical of ophthalmosaurids, with incomplete lateral and poste-
rior margins. The element is dorsoventrally thin and fused 
to the medial portions of the two clavicles with a visible 
suture (Fig. 7A2), a feature found in some of the largest and 
presumably more mature Ophthalmosaurus icenicus spec-
imens (Moon and Kirton 2016). The dorsal surface of the 
element is flat and makes a 90° angle to the medial portions 
of the clavicles (Fig. 7A3). In ventral view, the transverse bar 
is relatively tall compared to the width, in contrast to the 
narrower transverse bar in Ophthalmosaurus icenicus and 

Undorosaurus? kristiansenae (Druckenmiller et al. 2012; 
Moon and Kirton 2016). The ventral surface of the trans-
verse bar is rugose, but lacks the triangular structure found 
in Caypullisaurus bonapartei (personal observations AJR 
on MLP 83-XI-16-1). The transition posteriorly to the me-
dian stem is gradual, as in Janusaurus lundi (Roberts et al. 
2014) and Paraophthalmosaurus (Efimov 1999b, personal 
observations LLD on UPM EP-II-7[1235]), in contrast to 
Undorosaurus? kristiansenae where the transition between 
the two parts is more abrupt (Druckenmiller et al. 2012).

Clavicle (Fig. 7B): The preserved left clavicle is frac-
tured, but almost complete, only missing some pieces in 
the medial portion. As in the holotype of Keilhauia nui, 
the clavicles in PMO 222.667 have dorsoventrally narrow 
medial ends without the interdigitating margin often found 
in ophthalmosaurids (Moon and Kirton 2016; Delsett et al. 
2017), but in PMO 222.667 the medial portion is thicker than 
in K. nui. The anteroposterior length of the medial portion 
of the clavicle is less than in Paraophthalmosaurus (per-
sonal observations LLD on UPM EP-II-7[1235]). The curva-
ture between the anterior and posterior portions is approxi-
mately similar to Aegirosaurus leptospondylus (Bardet and 
Fernández 2000) and some specimens of Ophthalmosaurus 
icenicus (personal observations LLD on CAMSM J68689) 
but more curved than in other O. icenicus specimens (per-
sonal observations LLD on LEIUG 90986). The facet for 
the scapula on the posterior portion is demarcated by a ridge 
running along the anterior margin on the ventral surface.
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Fig. 6. Cranial elements of ophthalmosaurid ichthyosaur Keilhauia sp. (PMO 222.667) from Spitsbergen, Svalbard, Slottsmøya Member Lagerstätte, 
Tithonian. A. Lower jaw fragment in dorsal view (anterior to the left). A3, detail of inner structures with arrow showing position of ventral-pointing tooth 
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Coracoid (Fig. 7C): PMO 222.667 (Keilhauia sp.) pre-
serves a complete left and an incomplete right coracoid. The 
elements are three-dimensional but fractured. The element is 
anteroposteriorly longer than mediolaterally wide, similar to 
the holotype of Keilhauia nui and Undorosaurus? kristianse-
nae (Druckenmiller et al. 2012; Delsett et al. 2017); but it is 
not as mediolaterally narrow as Paraophthalmosaurus (UPM 
EP-II-7[1235], personal observations LLD) (Arkhangelsky 
1997; Efimov 1999b). Due to the almost straight lateral and 
medial margins, the outline of the coracoid is more square 
than Acamptonectes densus (Fischer et al. 2012), and more 
similar to some Ophthalmosaurus icenicus specimens (e.g., 
CAMSM J65813 and LEICT 100 1949 2, personal observa-
tions LLD). As preserved, the anterior notch is mediolater-
ally wider and anteroposteriorly shallower than in Keilhauia 
nui (Delsett et al. 2017) and Janusaurus lundi (Roberts et al. 
2014). Compared to Janusaurus lundi (Roberts et al. 2014), 
the coracoid of PMO 222.667 has dorsoventrally taller gle-
noid and intercoracoid facets, giving the ventral surface of 
the coracoid a pronounced saddle-shape, whereas the dorsal 
surface is flat. The glenoid and scapular facets are rugose 
and not well demarcated, similar to Acamptonectes densus 
(Fischer et al. 2012) but in contrast to Sveltonectes insol-
itus (Fischer et al. 2011), and less than in the holotype of 
Keilhauia nui (Delsett et al. 2017). There is less of an angle 
between the two facets than in Arthropterygius chrisorum 
(Maxwell 2010) and Platypterygius hercynicus (Kolb and 
Sander 2009), and the scapular facet is the smaller. Similar 
to Arthropterygius chrisorum (Maxwell 2010), the inter-
coracoid facet runs along the entire anteroposterior length 
of the coracoid, in contrast to Undorosaurus? kristiansenae 
where it covers only the anterior half (Druckenmiller et al. 
2012). The facet is pyriform in medial view and tallest ante-
riorly. The posterior margin of the coracoid is gently convex 
in dorsal view and dorsoventrally thin, with a groove run-
ning along the entire margin in posterior view, which is not 
found in Acamptonectes densus (Fischer et al. 2012).

Scapula (Fig. 7D): The left scapula of PMO 222.667 
(Keilhauia sp.) is complete, whereas the right is incom-
plete, but both of them are three-dimensionally preserved. 
The scapula has a dorsoventrally expanded anterior portion 
and a straight posterior shaft. In lateral view, the anterior 
portion is less evenly dorsally and ventrally expanded than 
in Platypterygius australis and P. americanus (Maxwell 
and Kear 2010; Zammit et al. 2010). PMO 222.667 resem-
bles Keilhauia nui in having a slightly emarginated dorsal 
margin producing an acromion process that is less dorsally 
prominent than in Sveltonectes insolitus (Fischer et al. 2011) 
and Acamptonectes densus (Fischer et al. 2012) but larger 
than in Undorosaurus? kristiansenae (Druckenmiller et al. 

2012). The dorsolateral flange is small as in Keilhauia nui 
(Delsett et al. 2017). Ventral to the acromion process, the 
anterior margin is mediolaterally narrow and widens ven-
trally to form the coracoid and glenoid facets, which are 
poorly demarcated. The glenoid facet is oval in anterior 
view, coarsely rugose and slightly less than twice the dor-
soventral height of the coracoid facet as in Acamptonectes 
densus (Fischer et al. 2012). In Undorosaurus? kristianse-
nae (Druckenmiller et al. 2012) the two facets are more 
similar in height. The shaft is mediolaterally compressed 
as in Keilhauia nui and Acamptonectes densus (Fischer et 
al. 2012; Delsett et al. 2017) in contrast to the rounded cross 
section in Platypterygius hercynicus (Kolb and Sander 
2009). The posterior shaft has approximately the same dor-
soventral height for all of its proximodistal length, in con-
trast to most ophthalmosaurids where the distalmost margin 
is dorsoventrally expanded in lateral view (e.g., Zammit et 
al. 2010; Fischer et al. 2011; Druckenmiller et al. 2012). As 
in K. nui, the distal end is angled so that the dorsal margin 
runs further posteriorly than the ventral margin (Delsett et 
al. 2017).

Humerus (Fig. 7E): One humerus of PMO 222.667 (Keil-
hauia sp.) is complete and well preserved, and interpreted 
as a right humerus based on McGowan and Motani (2003) 
because of the anteriorly directed, larger and more “plate-
like” process interpreted as the dorsal process. The prox-
imal surface is relatively flat, with a low ridge along the 
articular facet and is slightly dorsoventrally taller than the 
distal, as in Janusaurus lundi (Roberts et al. 2014). The 
dorsal process (Fig. 7E1) is larger than the deltopectoral 
crest (Fig. 7E2) and originates posterior to the midline of 
the element, in contrast to Janusaurus lundi where it origi-
nates in the middle (Roberts et al. 2014). The dorsal process 
extends slightly beyond the proximodistal midpoint, which 
is relatively longer than Aegirosaurus leptospondylus (LLD 
personal observations on SNSB-BSPG 1954 I 608), but 
shorter than Arthropterygius chrisorum (Maxwell 2010) and 
Undorosaurus? kristiansenae (Druckenmiller et al. 2012). 
As in Keilhauia nui (Delsett et al. 2017), the deltopectoral 
crest is restricted to the proximal and anterior portion of the 
ventral surface. The deltopectoral crest almost reaches the 
midpoint of the humerus, as in Janusaurus lundi (Roberts 
et al. 2014) and Arthropterygius chrisorum (Maxwell 
2010), whereas it is longer in Ophthalmosaurus icenicus 
(Moon and Kirton 2016) and Sisteronia seeleyi (Fischer 
et al. 2014a). The humerus has three distal articular facets 
for the preaxial accessory element, a radius and an ulna, 
typical of most ophthalmosaurids (Maxwell and Caldwell 
2006; Maxwell 2010; Roberts et al. 2014; Fernández and 
Campos 2015; Paparella et al. 2016; Delsett et al. 2017). 

Fig. 7. Postcranial elements of ophthalmosaurid ichthyosaur Keilhauia sp. (PMO 222.667) from Spitsbergen, Svalbard, Slottsmøya Member Lagerstätte, 
Tithonian. A. Interclavicle fused to medial portion of clavicles in ventral (A1, A2) and dorsal (A3) views. Dotted lines represent incomplete margins. 
B. Left clavicle in ventral (B1) and dorsal (B2) views. C. Left coracoid in ventral view. D. Left scapula in dorsal (D1) and ventral (D2) views. E. Right hu-
merus, radius, and ulna in dorsal (E1) and ventral (E2) views. F. Atlas-axis in anterior (F1), posterior (F2), and left lateral (F3) views. G. Articulated portion 
of dorsal vertebral column with ribs and neural arches in dorsal view. Photographs (A1, A3, B–G) and interpretative drawings (A2, A4).
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In contrast, Sveltonectes insolitus (Fischer et al. 2011) and 
Nannopterygius enthekiodon (Hulke 1871) have two facets, 
whereas Brachypterygius extremus (Boulenger 1904) and 
Aegirosaurus leptospondylus (Bardet and Fernández 2000) 
have a third facet for the intermedium. The ulna and radius 
facets are separated by a prominent ridge, whereas the fac-
ets for the radius and the preaxial accessory element are 
separated only by a minute ridge. The facet for the preaxial 
accessory element is circular in proximal view. The ulnar 
and radial facets are equally anteroposteriorly long, but the 
facet for the radius is significantly dorsoventrally taller and 
anteroposteriorly elongated, whereas the facet for the ulna is 
rectangular. It differs from Janusaurus lundi (Roberts et al. 
2014) in that the ulnar facet is not as tall relative to the radial 
facet. The ulnar facet deflects posteriorly, as in Janusaurus 
lundi (Roberts et al. 2014) and Keilhauia nui (Delsett et al. 
2017), unlike Gengasaurus nicosiai where it is not deflected 
(Paparella et al. 2016).

Epi- and autopodial elements (Fig. 7E): The radius and 
ulna were complete and found articulated to the humerus. 
The radius is oval in dorsal view and dorsoventrally taller 
than the ulna, whereas the ulna is proximodistally longer. 
The radial facet of the ulna is straight in dorsal view and 
much taller dorsoventrally than the posterior margin, which 
is rounded and dorsoventrally very thin. It is not possi-
ble to determine the identity of the remaining 20 flattened 
and more or less circular elements that were found together 
with the humerus and are interpreted to belong to the same 
limb. Five elements are approaching the ulna and radius in 
size and probably represent the preaxial accessory element, 
proximal and possibly some distal carpals. One element is 
sickle-shaped, and is probably the pisiform. The 14 smaller 
elements represent distal carpals and phalanges. One addi-
tional forefin element was found close to the skull remains, 
and it is unknown whether it belongs in the right or left 
forefin.

Vertebral column and ribs (Fig. 7F, G): The elements 
in the vertebral column of PMO 222.667 (Keilhauia sp.) 
are well-preserved and complete. The atlas and axis are 
fully fused to each other (Fig. 7F3). The axis is almost 
twice as anteroposteriorly long as the atlas and the suture 
is well defined in the dorsal half of the element, similar 
to Platypterygius australis (Zammit et al. 2010). The dia-
pophysis fuse with the neural arch facet, whereas the para-
pophyses are confluent with the anterior edge of the ele-
ment and are situated in the dorsal half of the centra. In 
anterior view (Fig. 7F1), the atlantal surface is rhomboid, 
whereas the axial surface (Fig. 7F2) has a more rounded 
outline as in Platypterygius australis (Zammit et al. 2010) 
and Arthropterygius chrisorum (Maxwell 2010). The atlan-
tal surface has the deepest articular surface of the two, as in 
Platypterygius americanus (Maxwell and Kear 2010). The 
seventeen articulated vertebrae (Fig. 7G) are interpreted 
as anterior dorsal centra, based on the presence of distinct 
diapophyses confluent with the neural arch facet (Fischer 
et al. 2011; McGowan and Motani 2003). The vertebrae are 

deeply amphicoelous and pentagonal in anterior view, sim-
ilar to the anteriormost vertebrae in Platypterygius amer-
icanus (Maxwell and Kear 2010). The neural canal is flat 
and bordered by dorsoventrally low, but distinct neural arch 
facets. The parapophysis and diapophysis are situated on 
the anterior margin of the vertebrae, which differs from 
Arthropterygius chrisorum, where the parapophyses in the 
anterior dorsal region are not connected to the anterior edge 
(Maxwell 2010). In the anteriormost centra, a ridge connects 
the diapophysis with the parapophysis. Posteriorly, the para-
pophysis is situated in an increasingly ventral position on 
the lateral surface, and in the posteriormost preserved verte-
brae in the dorsoventral midpoint, similar to Platypterygius 
americanus (Maxwell and Kear 2010). The two facets be-
come deeper and more well-defined posteriorly, as do the 
neural arch facet. The vertebrae are at least twice as high the 
length and slightly wider than high, a common relationship 
for Ophthalmosauridae (Fischer 2012). Their mediolateral 
width increases rapidly posteriorly in the column, whereas 
the anteroposterior length only increases slightly. The dor-
soventral height has a net increase posteriorly. This is differ-
ent from Ophthalmosaurus icenicus where both width and 
height increase rapidly in this region (Buchholtz 2001). Two 
disarticulated vertebrae, found close to the articulated col-
umn, are similar in morphology and likely connect to this 
series. In addition, four disarticulated centra that most likely 
originate from a more posterior position in the column are 
preserved. Two of these centra possess smaller apophyses 
than those in the articulated column, and a third differs from 
any other by having the two rib facets situated at the same 
dorsoventral position, one on the anterior and the other on 
the posterior margin.

Fifteen neural arches were preserved, not fused to the 
centra. The neural spines are between 20 and 30 mm long 
and posteriorly inclined. The dorsal end of the neural spines 
is flat, with small pits indicating a cartilage extension, 
without the notch found in Undorosaurus? kristiansenae 
(Druckenmiller et al. 2012). The prezygapophysis is square 
or trapezoidal in anterior view and in some neural arches 
has a dorsoventrally oriented ridge, whereas the postzyga-
pophyses are oval.

The ribs are fractured, and none of them are preserved in 
their entire length. The most complete rib measures 56 cm. 
The rib heads are bicipital, with a shorter tuberculum than 
capitulum. The ribs are unique among ophthalmosaurids in 
being anteroposteriorly flattened and T-shaped in cross sec-
tion proximally, with a thickened dorsal margin that is larger 
on the posterior surface than on the anterior. The midshaft 
is oval in cross section, whereas the distalmost portion is 
almost circular. Most ophthalmosaurids have figure eight-
shaped ribs at least in the proximal portion (e.g., Maxwell 
and Kear 2010; Druckenmiller et al. 2012; Moon and Kirton 
2016), the exceptions being Acamptonectes densus (Fischer 
et al. 2012) and an Ophthalmosauridae indet. specimen from 
the SML (PMO 222.670) (Delsett et al. 2017), but both of the 
latter have instead a rounded cross section.
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Remarks.—The proximal articular surface of the humerus 
is flattened, traditionally used as a criteria for immaturity 
(Johnson 1977), but many specimens possess this trait re-
gardless of ontogenetic stage (Roberts et al. 2014). The sur-
face of the humerus consists of finished bone, the dorsal 
and deltopectoral crest are well developed, and the distal 
articular facets and forefin elements are properly ossified, all 
indicating an adult stage (Johnson 1977; Kear and Zammit 
2014). The fusion of the clavicles to the interclavicle suggest 
adult (or mature) stage. (Moon and Kirton 2016). Compared 
to the size of the late juvenile to adult holotype of Keilhauia 
(Keilhauia nui, PMO 222.655), the overlapping elements of 
the new specimen (proximodistal length of humerus and 
scapula, and anteroposterior length of coracoid) are 40–60% 
larger (Delsett et al. 2017).

Ophthalmosauridae indet.
Figs. 8, 9.

Material.—PMO 224.252 (Figs. 8, 9, SOM 4: table 2), a 
partly arti culated ichthyosaur that consists of a dorsoven-
trally compressed and fractured skull with a few postcranial 
elements. The skull roof, mandibles and a partial palate, 
consisting of an incomplete parabasisphenoid and ptery-
goids, are preserved in approximate life position. A large 
number of teeth are preserved in the anterior portion of the 
rostrum. The orbital area is not preserved, except for two 
displaced lacrimals. Both jugals are preserved, but disartic-
ulated and turned 180° so that the anterior ends are directed 
posteriorly. One hyoid was found disarticulated on the right 
side of the skull. The quadrates are preserved together in the 
posterior and left area of the skull, whereas the remainder 
of the basicranium is missing. The atlas-axis complex is 
preserved as well as the remains of four smaller vertebrae 
scattered on top of the skull together with a few ribs and two 
partial forefin elements. All elements from the specimen 
share the same preservation: they are severely fractured and 
some are incomplete, and are dorsoventrally compressed; 
from Slotts møya Member Lagerstätte, Tithonian.
Description.—Premaxilla (Fig. 8): The rostrum of the Oph-
thalmosauridae indet. PMO 224.252 is more slender than in 
Brachypterygius extremus (McGowan 1976; SMC J68516, 
personal observations LLD) and Undoro saurus? kristianse-
nae (Druckenmiller et al. 2012). The anterior tip of the right 
premaxilla is situated 70–90 mm posterior to the tip of the 
dentaries, but because the elements are displaced to some 
extent it is unknown whether this is due to taphonomic rea-
sons or because the specimen possessed an underbite in life. 
The premaxilla increases in dorsoventral height posteriorly, 
as in Ophthalmosaurus icenicus and Palvennia hoybergeti, 
in contrast to Brachypterygius extremus (McGowan 1976; 
Druckenmiller et al. 2012; Moon and Kirton 2016), and the 
element is concave in medial view with a thickened dorsal 
margin. The anteriormost 15 cm of the lateral surface bears 
two rows of foramina, one dorsal to the other, that coalesce 
into one anteroposteriorly directed groove posteriorly. The 

groove has a dorsal overhang formed by a sharp ridge and 
becomes shallower posteriorly. Posteriorly, the dorsal mar-
gin of the premaxilla is projected into a minute supranarial 
process, and the posteroventral margin forms the subnarial 
process. Athabascasaurus bitumineus also has an extremely 
reduced or absent supranarial process as well as a subnarial 
posterior process (Druckenmiller and Maxwell 2010). This 
morphology contrasts the deeply forked posterior end with 
equal-sized sub- and supranarial processes in Gengasaurus 
nicosiai, Caypullisaurus bonapartei, and Platypterygius 
australis (Kear 2005; Fernández 2007; Paparella et al. 2016). 
A few cm posterior to the anterior tip in ventral view, starts 
a series of 12 shallow but clearly demarcated tooth impres-
sions, as in Ophthalmosaurus icenicus, Platypterygius her-
cynicus and Acamptonectes densus (Kolb and Sander 2009; 
Fischer et al. 2012; Moon and Kirton 2016). In Platypterygius 
australis there are 40 shallow impressions (Kear 2005). 
The tooth impressions do not continue posteriorly as far 
as the anterior tip of the maxilla, a feature also found in 
Pervushovisaurus campylodon, Acamptonectes densus and 
Aegirosaurus leptospondylus (Bardet and Fernández 2000; 
Fischer et al. 2012; Fischer 2016), and the alveolar groove is 
very shallow in this area.

Maxilla (Fig. 8A1, A3): The overall shape of the maxilla 
in the Ophthalmosauridae indet. specimen PMO 224.252 
resembles Ophthalmosaurus icenicus (Moon and Kirton 
2016). The lateral surface is convex, with a triangular and 
mediolaterally thin dorsal flange and a thickened ventral 
portion. The maximum dorsoventral height of the ele-
ment is encountered approximately midway anteroposte-
riorly, and approaches that of the premaxilla, in contrast 
to Sveltonectes insolitus where the maxilla is very reduced 
compared to other elements in this region (Fischer et al. 
2011). The dorsal margin and the lateral surface in the 
anterior portion of the element is smoother than the more 
posterior portion, which has a crenulated margin and a 
lateral surface with longitudinal ridges, probably for con-
tact with the lacrimal and/or the jugal (Druckenmiller et 
al. 2012; Fischer et al. 2014b; Moon and Kirton 2016). The 
dorsal margin is not made up of a series of processes as in 
Platypterygius australis (Kear 2005). The posterior portion 
of the element is drawn out into a long, narrow process, 
as in many ophthalmosaurids, e.g. Palvennia hoybergeti 
and Brachypterygius extremus (Druckenmiller et al. 2012; 
McGowan 1976). The alveolar groove does not show tooth 
impressions.

Jugal (Fig. 8): The suborbital bar of the jugal in Ophthal-
mo sauridae indet. PMO 224.252 tapers anteriorly and is me-
diolaterally thicker than the posteriorly ascending process. 
The posteroventral corner is dorsoventrally and anteroposte-
riorly wider and more similar to Janusaurus lundi (Roberts et 
al. 2014) and Leninia stellans (Fischer et al. 2013b) than to the 
narrow corner of Palvennia hoybergeti (Delsett et al. 2018). 
The amount of curvature from the suborbital bar to the pos-
teriorly ascending process is similar to Palvennia hoybergeti 
and Ophthalmosaurus icenicus, contrasting the straighter 
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jugal in Undorosaurus? kristiansenae (Druckenmiller et 
al. 2012, Moon and Kirton 2016). The posteriorly ascend-
ing process is relatively anteroposteriorly wide, similar to 
some Ophthalmosaurus icenicus specimens (e.g., CAMSM 
J29861; personal observations LLD) and Palvennia hoyber-
geti (Delsett et al. 2018). The posterior outline of the poste-
rior process is crenulated.

Nasal (Fig. 8): The anterior process of the nasal is thin 
and increases steadily in mediolateral width posteriorly. 
Except for the thin anteriormost portion, the nasal has the 
typical 90° bend forming a lateral extension found in most 
ophthalmosaurids (Kear 2005; Fischer et al. 2012; Moon 
and Kirton 2016; Delsett et al. 2018). As preserved there 
is a 30 mm wide gap between the anterior portions of the 
nasals, which abruptly decreases in width posteriorly. The 
gap is probably taphonomic, as the nasals meet in a medial 
butt joint in Ophthalmosaurus icenicus (Moon and Kirton 
2016), but it might partly represent a vacuity or an internasal 
foramen, a structure that is found in some ophthalmosaurids, 
e.g., Sveltonectes insolitus, however usually more posteriorly 
(Fischer et al. 2011). In the posterior portion the element 
flares out into a lateral wing as in other ophthalmosaurids 
(Kear 2005; Fischer et al. 2012). On the left side the lateral 
wing covers the prefrontal posterior to the narialis process. 
The medial margin of the nasal in this area is crenulated as in 
Platypterygius australis (Kear 2005). The posterior margins 
of the nasals are incompletely preserved, but clearly overlap 
the frontals on the left side of the skull where the preserva-
tion is best, and there is a lack of contact between the nasals 
and the parietals, similar to other ophthalmosaurids e.g., 
Platypterygius australis (Kear 2005).

Frontal (Fig. 8A1, A3): The frontals are preserved in 
articulation in PMO 224.252 (Ophthalmosauridae indet.). 
They are overlapped by the nasals anteriorly and overlap the 
parietals posteriorly, but with incompletely preserved mar-
gins. There is a lack of interdigitating structures between 
the skull roof elements, in contrast to Acamptonectes densus 
(Fischer et al. 2012). The exact relationship with the parietal 
foramen is unknown, but the frontals meet its anterior bor-
der and possibly surround it laterally. In contrast to platypte-
rygiine ophthalmosaurids, the frontals seem not to have ex-
tended to the anterior margin of the supratemporal fenestra 
(Kear 2005; Fischer et al. 2014b). The two frontals meet in a 
straight suture as in Ophthalmosaurus icenicus (Moon and 
Kirton 2016) in contrast to the crenulated and interlocking 
margin in Platypterygius australis and Athabascasaurus 
bitumineus (Kear 2005; Druckenmiller and Maxwell 2010). 
The element is flat, in contrast to the deeply concave frontal 
in Platypterygius australis (Kear 2005), and it possesses a 
processus temporalis, which is thin and stretches laterally 
under the jugal on the left side.

Parietal (Fig. 8A1, A3): The parietals are not complete 
posteriorly, and the right parietal preserves incomplete su-
tures to other elements. The dorsal surface of the parietal is 
slightly convex as in Palvennia hoybergeti (Druckenmiller 
et al. 2012), and not concave as in Gengasaurus nicosiai 

(Paparella et al. 2016). As preserved, the parietals border 
most of the parietal foramen laterally and posteriorly, but 
might have been overlain by the frontals in the anterior por-
tion. In contrast, the parietals of Platypterygius hercynicus 
are excluded from contact with the parietal foramen (Fischer 
2012). The parietals do not contact the prefrontal. The pari-
etal foramen is anteroposteriorly elongated, and of the same 
relative size as in other ophthalmosaurids (Maxwell et al. 
2015; Moon and Kirton 2016) and not enlarged as is auta-
pomorphic for Palvennia hoybergeti (Druckenmiller et al. 
2012; Delsett et al. 2018). The supratemporal fenestra is not 
reduced and its anterior margin reaches halfway into antero-
posterior length of the parietal foramen.

Lacrimal (Fig. 8): The left lacrimal is preserved in me-
dial view and the right in lateral view in Ophthalmosauridae 
indet. PMO 224.252. The element has an anterior, a postero-
dorsal and a ventral process and is similar in overall shape 
to Palvennia hoybergeti (Druckenmiller et al. 2012). The an-
terior process is dorsoventrally taller than the posterior and 
drawn out into a small, triangular process that is similar to in 
shape but dorsoventrally taller than in Palvennia hoybergeti 
(Druckenmiller et al. 2012) and Janusaurus lundi (Roberts 
et al. 2014). The dorsal process is of the same width as the 
anterior process. The anterior process is mediolaterally thin 
anteriorly and thicker along the posterior margin, where it 
has a ridge on the medial surface. The posterior process is 
a single narrow process, not a number of finger-like pro-
jections as in Platypterygius australis (Kear 2005). Similar 
to Leninia stellans (Fischer et al. 2013b) the posterior pro-
cess is anteroposteriorly long compared to the middle por-
tion, compared to Undorosaurus? kristiansenae where the 
posterior process is relatively shorter (Druckenmiller et al. 
2012). The middle portion of the element is relatively large 
as in Caypullisaurus bonapartei (Fernández 2007) and 
Platypterygius americanus (McGowan 1972), but smaller 
than in Simbirskiasaurus birjukovi (Fischer et al. 2014b). The 
lateral surface bears a diagonal ridge for the anteroposterior 
margin of the orbit, as in Athabascasaurus bitumineus and 
Sveltonectes insolitus (Druckenmiller and Maxwell 2010; 
Fischer et al. 2012). On the medial surface are two slight 
depressions and a small ridge, probably for articulation with 
the maxilla (Moon and Kirton 2016). The posterior margin is 
curved although not to the near to 90° autapomorphic bend 
of Undorosaurus? kristiansenae (Druckenmiller et al. 2012). 
The ventral surface of the middle portion is grooved.

Pterygoid (Fig. 8A2, A4): Two partial pterygoids are 
preserved in the Ophthalmosauridae indet. specimen PMO 
224.252. The posterior portion is missing in both elements, 
and the medial sheet and anterior processes do not preserve 
details. As in other ophthalmosaurids, the medial sheet is 
dorsoventrally flattened and mediolaterally wider than the 
more anterior portion that is instead dorsoventrally thicker.

Parabasisphenoid (Fig. 8A2, A4): The only preserved 
part of the parabasisphenoid in PMO 224.252 is the majority 
of the anterior parasphenoid process (cultriform process). 
The preserved process is equally mediolaterally wide for 
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its entire length, and widens mediolaterally for articulation 
with the basisphenoid posteriorly.

Quadrate (Figs. 8A2, A4, 9A): Both quadrates are pre-
served in Ophthalmosauridae indet. PMO 224.252, and the 
description is based on the better preserved left element which 
is nearly complete, with only an incomplete medial margin 
(Fig. 9A). The dorsal portion of the occipital lamella is trian-
gular in posterior view and has a lateral reach approximately 
similar to that of the articular condyle. It is of approximately 
the same relative size as Ophthalmosaurus icenicus and 
Palvennia hoybergeti (Moon and Kirton 2016; Delsett et al. 
2018), while Platypterygius australis and P. hercynicus lack 
the lateral extension of the occipital lamella (Kear 2005; Kolb 
and Sander 2009). The quadrate foramen ventral to the oc-
cipital lamella is relatively smaller than in Ophthalmosaurus 
icenicus (Moon and Kirton 2016). The pterygoid lamella 
covers a smaller area than in Ophthalmosaurus icenicus 
and Palvennia hoybergeti and is dorsoventrally straight in 
posterior view compared to the rounded outline in these 
taxa (Moon and Kirton 2016; Delsett et al. 2018). Quadrate 
outline is however variable in Ophthalmosaurus icenicus 
(Moon and Kirton 2016; e.g., rounded in GLAHM V1852 
and straighter in MANCH L10304 personal observations 
AJR and LEIUG 90986 personal observations LLD). The 
pterygoid lamella is dorsoventrally taller relative to medio-
lateral width than in Sisteronia seeleyi (Fischer et al. 2014a). 
A ridge separates the occipital and pterygoid lamellae as 
in the Ophthalmosaurinae indet. specimen UAMES 3411 
(Druckenmiller and Maxwell 2013) but in contrast to PMO 
222.667 which has no such ridge. The ridge is formed by a 
convex surface in the dorsal portion of the quadrate and a 
distinct dorsoventrally oriented ridge ventral to the stapedial 
facet as in Palvennia hoybergeti (Delsett et al. 2018).

The stapedial facet on the posterior surface is large and 
as in Palvennia hoybergeti it is situated in a more dorsal po-
sition than in Ophthalmosaurus icenicus and Platypterygius 
australis (Kear 2005; Moon and Kirton 2016; Delsett et al. 
2018). The facet is dorsoventrally elongated with a thick-
ened lateral and ventral margin as in Sisteronia seeleyi 
and Sveltonectes insolitus (Fischer et al. 2011; Fischer et al. 
2014a). The articular condyle is relatively small compared to 
the rest of the element, compared to Acamptonectes densus 
and “Grendelius” alekseevi (Fischer et al. 2012; Zverkov et 
al. 2015a). In ventral view, the articular condyle bears the 
surangular and articular facets on each side of a depression 
in ventral view. The anterior surface of the element is con-
cave and featureless.

Dentary (Fig. 8): The anterior tip of the dentary is straight 
as in Acamptonectes densus (Fischer et al. 2012). The dorsal 
and ventral margins curve around the dorsal and ventral 
margins of the surangular. The dentary is dorsoventrally 
narrow compared to anteroposterior length and resembles 
Aegirosaurus leptospondylus (Bardet and Fernández 2000; 
LLD personal observations on SNSS-BSPG 1954 I 608) 
more than the more robust dentaries in Palvennia hoyber-
geti, Undorosaurus? kristiansenae (Druckenmiller et al. 
2012) and Brachypterygius extremus (McGowan 1976). In 
the anterior portion of the lateral surface are two rows of 
anteroposteriorly elongated foramina, as in Acamptonectes 
densus (Fischer et al. 2012) and the Palvennia hoybergeti 
specimen PMO 222.669 (Delsett et al. 2018). Posteriorly the 
foramina coalesce into a deep longitudinal groove that be-
comes shallower posteriorly as in Sveltonectes insolitus and 
Platypterygius australis (Kear 2005; Fischer et al. 2011). 
The alveolar groove is shallower than in Palvennia hoyber-
geti (Delsett et al. 2018), and the anterior portion is parti-
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Fig. 9. Elements of Ophthalmosauridae indet. (PMO 224.252) from Spitsbergen, Svalbard, Slottsmøya Member Lagerstätte, Tithonian. A. Left quadrate 
in posterior view. B. Hyoid in anterior or posterior view. C. Rib in anterior or posterior view.
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tioned into shallow tooth impressions as in Platypterygius 
australis (Kear 2005). On the medial surface the ventral 
margin is thickened, which forms a groove to the ventral 
margin that represents the anterior portion of the Meckelian 
canal (Moon and Kirton 2016; Kear 2005). The element has 
a diagonal posterior margin.

Splenial (Fig. 8): The total length of the splenial is 
less than the surangular, and it is slightly dorsoventrally 
shorter anteriorly than posteriorly as in Acamptonectes den-
sus (Fischer et al. 2012). As in Palvennia hoybergeti and 
Ophthalmosaurus icenicus (Moon and Kirton 2016; Delsett 
et al. 2018), the anterior, bifurcated portion, (“anterior fork”) 
is strongly elongated in contrast to Platypterygius australis 
(Kear 2005). In contrast to all of these, the anterior fork 
in PMO 224.252 has two additional, smaller processes be-
tween the dorsal and ventral processes. The opening be-
tween the two small processes might correspond to the tiny 
foramen found in Baptanodon natans (Gilmore 1906). As 
in Palvennia hoybergeti (Delsett et al. 2018) one of the long 
processes is concave. Posterior to the fork, the element has 
a thickened dorsal ridge on the lateral surface, decreasing 
in size posteriorly, as in Ophthalmosaurus icenicus (Moon 
and Kirton 2016). The element lacks the ventral semicircu-
lar ridge which is found in Pervushovisaurus bannovkensis 
(Fischer et al. 2014b).

Angular (Fig. 8A2, A4): The right angular is preserved 
in articulation with the surangular and the prearticular, and 
lacks the posteriormost portion. The element is medially 
and laterally slightly convex, in contrast to Sveltonectes 
insolitus, which is medially and laterally concave (Fischer et 
al. 2011). It has an extensive lateral exposure, common to all 
ophthalmosaurids (Bardet and Fernández 2000; Fernández 
and Campos 2015; Fischer et al. 2012). In contrast to Pal-
vennia hoybergeti, the element has a long and narrow ante-
rior process (Delsett et al. 2018) as found in other ophthal-
mosaurids (e.g., Druckenmiller et al. 2012; Moon and Kirton 
2016). It does, however, extend shorter anteriorly than the 
surangular, in contrast to Aegirosaurus leptospondylus and 
Platypterygius australis where the two elements are of the 
same length (Bardet and Fernández 2000; Kear 2005). The 
element increases in dorsoventral height posteriorly as in 
Ophthalmosaurus icenicus (Moon and Kirton 2016) and is 
dorsoventrally tallest anterior to the dorsoventral maximum 
height of the prearticular, where it contributes less than half 
to the total height of the ramus in medial view.

Prearticular (Fig. 8A2, A4): The right prearticular is pre-
served in articulation between the surangular and angular in 
medial view, and lacks the posterior bar. The angular reaches 
further anteriorly than the prearticular in medial view, as in 
Janusaurus lundi (Roberts et al. 2014). The dorsal margin is 
gently curved in lateral view as in Ophthalmosaurus iceni-
cus, Janusaurus lundi and Palvennia hoybergeti (Roberts et 
al. 2014; Moon and Kirton 2016; Delsett et al. 2018) in con-
trast to the pointed margin in Platypterygius australis (Kear 
2005). The dorsoventral maximum height is approximately 
one centimeter shorter than the height of the surangular.

Surangular (Fig. 8): The description is mainly based on 
the right surangular, which is preserved articulated to the 
prearticular, angular and dentary. The anterior tip is dorso-
ventrally short and increases in height posteriorly as in other 
ophthalmosaurids (e.g., Druckenmiller et al. 2012; Moon and 
Kirton 2016). The dorsal and ventral margins are thickened 
and rounded, and due to this, the anterior portion of the me-
dial surface is more concave than in Palvennia hoybergeti 
(Delsett et al. 2018) but resembles Platypterygius hercyn-
icus and P. australis in this aspect (Kear 2005; Kolb and 
Sander 2009). In lateral view, the surangular possesses a 
fossa surangularis, as in e.g. Pervushovisaurus bannovken-
sis, in contrast to Sveltonectes insolitus, which lacks this 
feature (Fischer et al. 2011, 2014b). The element is dorso-
ventrally tallest in the posterior portion, corresponding to 
the maximum dorsoventral height of the prearticular. The 
posteriormost portion is not preserved.

Dentition (Fig. 8A1, A3): Approximately 140 teeth are 
preserved in PMO 224.252 (Ophthalmosauridae indet.), not 
in life position, but what is likely an almost correct order, 
i.e. the smallest teeth are preserved at the anteriormost por-
tion of the rostrum. The teeth are poorly preserved, and 
few details from the surface can be described. Compared to 
other ophthalmosaurids, they are of an intermediate size and 
robustness: smaller than in Brachypterygius extremus and 
larger than in Aegirosaurus leptospondylus, and more sim-
ilar to e.g., Palvennia hoybergeti (McGowan 1976; Bardet 
and Fernández 2000; Delsett et al. 2018; LLD personal ob-
servations on SMC J68516 and SNSS-BSPG 1954 I 608). 
There is a significant increase in height and diameter of 
the teeth moving posteriorly in the jaw, from a total height 
of 16 mm in the anteriormost teeth to 41 mm in the largest, 
more posterior teeth, which is a wider size range than in 
Palvennia hoybergeti (Delsett et al. 2018). The crown and 
root are subtly ridged, with ridges that are more uneven in 
the root. The roots have an approximate rectangular cross 
section, with the shorter sides in the rectangle perpendicular 
to the curvation direction of the teeth. The corners of the 
rectangle are not well-defined.

Hyoid (Fig. 9B): The hyoid of Ophthalmosauridae in-
det. PMO 224.252 was found disarticulated on the right 
side of the skull, and is tentatively interpreted as the right. 
The element is almost straight as in Janusaurus lundi and 
Sveltonectes insolitus (Fischer et al. 2011; Roberts et al. 2014) 
and differs from the more curved hyoids in Platypterygius 
hercynicus (Kolb and Sander 2009) and PMO 222.667. The 
anterior end is mediolaterally thicker than the posterior end, 
as in Janusaurus lundi (Roberts et al. 2014) and has an oval 
cross section. The anterior end is, in contrast, flattened in 
Gengasaurus nicosiai (Paparella et al. 2016) and Sveltonectes 
insolitus (Fischer et al. 2011). The lateral surface (facing the 
mandible) of the hyoid in PMO 224.252 is flattened and bears 
a shallow groove, while the medial surface is convex.

Vertebral column and ribs: The five preserved vertebrae 
of Ophthalmosauridae indet. PMO 224.252 vary largely in 
size. The atlas-axis is the largest, and has one pentagonal 
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surface whereas the other is too poorly preserved for de-
scription. On the lateral surface is a single rib facet in the 
dorsal half on each side, but there was very likely a more 
ventrally placed facet as the short, presumably “cervical” 
rib is bicipital. One vertebra is interpreted as dorsal because 
its two lateral rib facets are confluent with the anterior mar-
gin (McGowan and Motani 2003). The smallest vertebral 
remains are interpreted to belong to caudal centra.

The neural arch of either the atlas or the axis is antero-
posteriorly narrow, but too poorly preserved to warrant a 
description.

The rib fragments vary in size. The shortest, which is the 
only complete rib, is 11 cm, and is interpreted to be from the 
anteriormost portion (“cervical”) of the vertebral column. 
The longest rib was at least four times as long (Fig. 9C). 
The proximal heads of the ribs, where preserved, are bi-
capitate and they have a thickened dorsal margin, resulting 
in a T-shaped cross section in contrast to the typical figure 
eight cross section in ophthalmosaurids, but similar to PMO 
222.667 in this aspect. The distalmost portion of the rib is 
subcircular in cross section and longitudinally striated which 
is uncommon among ophthalmosaurids, but found in the 
Ophthalmosauridae indet. specimen PMO 222.670 (Delsett 
et al. 2017) and Palvennia hoybergeti (Delsett et al. 2018).

Remains from some gastralia are present, but none 
of them are complete. As in Ophthalmosaurus icenicus, 
Janusaurus lundi, Palvennia hoybergeti and Keilhauia nui 
they are circular to subcircular in cross section (Roberts et 
al. 2014; Moon and Kirton 2016; Delsett et al. 2017, 2018).

Forefin elements: One complete but deformed, and one 
partial forefin element are preserved of the Ophthalmo-
sauridae indet. specimen PMO 224.252. The complete ele-
ment is oval in dorsal and ventral view and strongly thick-
ened, and based on comparison to Palvennia hoybergeti 
(Delsett et al. 2018), it might be a metacarpal. The less 
complete element is relatively small and circular in dorsal 
and ventral view, and is most likely a phalanx.
Remarks.—The preserved skull lacks the posteriormost por-
tion of the lower mandibles and the basicranium, but by 
comparison to the holotype of Undorosaurus? kristiansenae 
and Ophthalmosaurus icenicus (Druckenmiller et al. 2012; 
Moon and Kirton 2016), it is estimated that the preserved 
remains represent approximately 85% of total skull length. 
This gives an estimated total skull length in life of 1280 
mm, which is longer than the holotypes of Palvennia hoy-
bergeti (SVB 1451) and Undorosaurus? kristiansenae (PMO 
214.578), the latter with a total body length of 5.5 meters 
(Druckenmiller et al. 2012). The surface of the ribs and the 
best preserved skull elements display finished bone. Even 
though the typical ontogenetic criteria cannot be assessed 
(Johnson 1977, Kear 2005), the large size and surface texture 
where accessible are valid indicators of an adult stage.

Genus Undorosaurus Efimov, 1999
Type species: Undorosaurus gorodischensis Efimov, 1999; Volga re-
gion near Unlyanovsk, Gorodischi, Middle Volgian.

Undorosaurus? kristiansenae Druckenmiller, 
Hurum, Knutsen, and Nakrem, 2012
Fig. 10.

Holotype: PMO 214.578, complete skeleton primarily described by 
Druckenmiller et al. (2012); basioccipital, basisphenoid, and stapes are 
described herein for the first time.

Material.—Type material only (Fig. 10, SOM 4: table 3).
Emended diagnosis.—Large ophthalmosaurid ichthyosaur 
(estimated 5.5 m total body length) with the following au-
tapomorphies and unique character combinations: robust 
rostrum with snout ratio of 0.61 (relatively longer and more 
gracile in Aegirosaurus, Nannopterygius); orbital ratio of 
0.19 (relatively larger in Ophthalmosaurus, Nannopterygius); 
supranarial process of premaxilla strongly reduced and not 
contacting the external naris (well-developed supranarial 
process contacting the external naris in Brachypterygius 
and Caypullisaurus); subnarial process does not contact 
the jugal (contacts jugal in Brachypterygius); lacrimal 
does not contact the external naris (contacts external na-
ris in Ophthalmosaurus, Caypullisaurus, Aegirosaurus, 
Sveltonectes); posterior margin of lacrimal forms distinct, 
nearly 90° angle (autapomorphic); maxilla with 23 teeth 
(10–13 in Ophthalmosaurus); maxilla with extensive lateral 
exposure along the tooth row, extending as far posteriorly 
as the midpoint of the orbit (shorter exposure laterally in 
Brachypterygius, Aegirosaurus, Ophthalmosaurus); jugal 
nearly straight (bowed in Aegirosaurus, Ophthalmosaurus); 
postorbital bar anteroposteriorly broad (narrow in Ophthalmo-
saurus, Aegirosaurus, Nannopterygius); element (supratem-
poral?) located posterior to the quadratojugal with a narrow, 
ventrally projecting process (autapomorphic); large exposure 
of extracondylar area in posterior view (little or no exposure in 
Palvennia, Janusaurus, Simbirskiasaurus, Arthropterygius, 
Sisteronia, and Platypterygius australis); large basiptery-
goid processes on basisphenoid (small or non-existent in 
Palvennia hoybergeti, Arthropterygius chrisorum, Sistero-
nia seeleyi); teeth robust and large with numerous, fine, 
enamelled ridges (relatively smaller and more gracile in 
Aegirosaurus and Sveltonectes); 52 presacral vertebrae (39–
42 in Ophthalmosaurus, 37? in Platypterygius americanus); 
conspicuous V-shaped notch along the dorsal margin of pre-
sacral neural spines as seen in lateral view (autapomorphic 
among ophthalmosaurids); ribs 8-shaped in cross section 
(round in Acamptonectes); relatively small forelimb bearing 
5–6 digits (relatively larger with 6+ digits in Caypullisaurus, 
Platypterygius); humerus with two distal facets only (three 
facets in Ophthalmosaurus, Aegirosaurus, Caypullisaurus, 
Undorosaurus, Brachypterygius, Arthropterygius, Acamp-
to nectes, Palvennia); rounded phalanges (rectangular in 
Platypterygius, Sveltonectes); ischiopubis expanded and un-
fused distally (unlike Ophthalmosaurus, Keilhauia, Platy-
pterygius australis, Sveltonectes, Aegirosaurus, Caypulli-
saurus); femur anteroposteriorly broad with two facets 
distally (three distal facets in Platypterygius americanus, 
P. australis).
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Description.—Basioccipital (Fig. 10A): The dorsal and parts 
of the left lateral surfaces of the basioccipital from PMO 
214.578 (Undorosaurus? kristiansenae) are damaged. The 
floor of the foramen magnum is narrowest anteriorly and in-
creases in mediolateral width posteriorly (Fig. 10A4). In pos-
terior view (Fig. 10A1), the occipital condyle is slightly medio-

laterally wider than dorsoventrally tall and the extracondylar 
area is largely visible. Surrounding the condyle on all sides 
is a ring of unfinished bone. Anterior to this is a wider ex-
tracondylar area forming a second ring on the lateral and 
ventral surfaces, also visible in posterior view (Fig. 10A2). 
This is different from PMO 222.667, Simbirskiasaurus bir-
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Fig. 10. Basicranium of ophthalmosaurid ichthyosaur Undorosaurus? kristiansenae Druckenmiller, Hurum, Knutsen, and Nakrem, 2012 (PMO 214.578, ho-
lotype) from Spitsbergen, Svalbard, Slottsmøya Member Lagerstätte, Tithonian. A. Basioccipital posterior (A1), right lateral (A2), ventral (A3) and dorsal (A4) 
views. B. Basi sphenoid in ventral (B1), dorsal (B2), and anterior (B3) views. C. Left stapes in posterior (C1), medial (C2), anterior (C3), and dorsal (C4) views. 
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jukovi (Fischer et al. 2014b), Arthropterygius chrisorum 
(Maxwell 2010), Sisteronia seeleyi (Fischer et al. 2014a), 
Palvennia hoybergeti (Delsett et al. 2018) and Platypterygius 
australis (Kear 2005), which have little or no extracondylar 
area visible in posterior view. The morphology resembles 
Ophthalmosaurus icenicus, Athabascasaurus bitumineus 
and Acamptonectes densus (Druckenmiller and Maxwell 
2010; Fischer et al. 2012; Moon and Kirton 2016), but this 
specimen has even more extensive extracondylar area ex-
posed in posterior view and the condyle is more clearly set 
off from the extracondylar area. The basioccipital is not pre-
served in the holotype of Undorosaurus gorodischensis, but 
in another specimen attributed to the species, the basioccip-
ital displays a similar overall shape (Zverkov and Efimov 
2019). The extracondylar area visible in posterior view in 
Undorosaurus gorodischensis (Zverkov and Efimov 2019: 
fig. 6B, D) is relatively wide for an ophthalmosaurid, but not 
as extreme as that found in PMO 214.578. The notochordal pit 
in PMO 214.578 consists of only one pit, in contrast to PMO 
222.667 (Keilhauia sp.) and Undorosaurus gorodischensis 
(Zverkov and Efimov 2019: fig. 6A) and the Undorosaurus 
sp. specimen UPM-EP-II-23(744). The notochordal pit 
is situated more dorsally than in Arthropterygius chriso-
rum (Maxwell 2010) and Janusaurus lundi (Roberts et al. 
2014) but more ventrally than in Brachypterygius extremus 
(McGowan 1976). In lateral view, the stapedial and opist-
hotic facets are poorly separated from each other. Anteriorly 
on the ventral surface is a depression, probably represent-
ing a shallow ventral notch. The anteriormost portion of 
the element is significantly larger and more drawn out ven-
trally in PMO 214.578 than in Undorosaurus gorodischensis 
(UPM EP-II-21(1075) (Zverkov and Efimov 2019). Palvennia 
hoybergeti and Acamptonectes densus lack a ventral notch, 
whereas this structure is found in Ophthalmosaurus icenicus 
(Fischer et al. 2012; Moon and Kirton 2016; Delsett et al. 
2018). Because of preservation it is unknown whether the 
specimen possessed a basioccipital peg.

Basisphenoid (Fig. 10B): The basisphenoid from PMO 
214.578 (Undorosaurus? kristiansenae) is damaged on the 
left side and has suffered deformation along the sagittal 
plane. The element is anteroposteriorly short compared to 
mediolateral width and dorsoventrally tall relative to an-
teroposterior length, compared to almost all other oph-
thalmosaurids, except Undorosaurus gorodischensis and 
Sveltonectes insolitus which are also relatively dorsoven-
trally tall (Fischer et al. 2011; Zverkov and Efimov 2019). 
This might be affected to some degree by the deforma-
tion. The dorsal plateau covers a relatively small area and 
is coarsely rugose with a wide median furrow. The ante-
rior, posterior and lateral surfaces slope steeply from the 
dorsal surface. The anterior carotid foramen is situated in 
the mediolateral and dorsoventral midpoint of the anterior 
surface and is smaller than the ventral foramen. Almost 
the entire posterior surface is taken up by the basioccip-
ital facet. The ventral surface (Fig. 10B1) is flat with the 
base of the parasphenoid anterior to the carotid foramen, 

as in Ophthalmosaurus icenicus, Mollesaurus periallus, 
and Platypterygius australis (Fernández 1999; Kear 2005; 
Maxwell 2010; Moon and Kirton 2016). The parasphenoid 
has an oval cross section in anterior view and the same 
mediolateral width as the foramen. The carotid foramen is 
bordered by ridges laterally and anteriorly as in Sisteronia 
seeleyi (Fischer et al. 2014a). A ventral carotid foramen is 
found in Undorosaurus gorodischensis, Ophthalmosaurus 
icenicus, and Brachypterygius extremus (McGowan 1976, 
Moon and Kirton 2016, Zverkov and Efimov 2019) in con-
trast to the posterior foramen in Arthropterygius chrisorum 
(Maxwell 2010), Palvennia hoybergeti (Delsett et al. 2018) 
and PMO 222.667. In ventral view the basipterygoid pro-
cess is among the largest in any ophthalmosaurid (Fischer 
et al. 2014a, Kirton 1983, Maxwell 2010), even larger than 
in Platypterygius australis (Kear 2005), Mollesaurus peri-
allus (Fernández 1999; AJR personal observation on MOZ 
2282 V), Brachypterygius extremus (McGowan 1976) and 
Undorosaurus gorodischensis (Zverkov and Efimov 2019).

Stapes (Fig. 10C): The two stapes from PMO 214.578 
(Undorosaurus? kristiansenae) were oriented based on the 
articulation of the left to the basioccipital and their simi-
larity to Palvennia hoybergeti (Delsett et al. 2018) with a 
flatter posterior surface. The left stapes (Fig. 10C) is better 
preserved than the right, which is compressed and distorted. 
The overall morphology, especially relative size of the me-
dial and lateral heads and shaft outline is most similar to 
Platypterygius australis (Kear 2005) in constrast to the more 
slender stapes in Janusaurus lundi (Roberts et al. 2014). The 
medial head is dorsoventrally taller than anteroposteriorly 
long in medial view. The facet for the opisthotic is small 
and poorly demarcated. The facet for the basioccipital is the 
largest as in the Ophthalmosaurinae indet. specimen UAMES 
3411 (Druckenmiller and Maxwell 2013) and faces postero-
medially with an anterior margin that is well defined by a dor-
soventrally oriented ridge. Ventral to the basioccipital facet 
is the less well-defined basisphenoid facet. The shaft of the 
stapes has approximately the same relative thickness as in 
Platypterygius australis (Kear 2005) and Ophthalmosaurus 
icenicus (Moon and Kirton 2016), which is anteroposteriorly 
and dorsoventrally thicker than in Janusaurus lundi (Roberts 
et al. 2014) and Palvennia hoybergeti (Druckenmiller et al. 
2012), but more gracile than in Sisteronia seeleyi (Fischer et 
al. 2014a) and Leninia stellans (Fischer et al. 2013b). The shaft 
is pyriform in cross section, in contrast to the rounded cross 
section in the shaft of Janusaurus lundi (Roberts et al. 2014) 
as in Platypterygius australis (Kear 2005). The lateral head 
is expanded both dorsally and ventrally as in Platypterygius 
australis (Kear 2005), in contrast to Acamptonectes densus 
(Fischer et al. 2012), Janusaurus lundi (Roberts et al. 2014) 
and Palvennia hoybergeti (Druckenmiller et al. 2012), which 
have small lateral heads barely expanded relative to the shaft. 
The lateral head bears a triangular facet for the quadrate on its 
lateral surface. With regard to Undorosaurus gorodischensis, 
overlapping braincase material of the two holotype specimens 
PMO 214.578 and UPM EP-II-20(572) is only based on the sta-
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pes. It is not as slender and constricted in UPM EP-II-20(572) 
(Zverkov and Efrimov 2019: fig. 5E, F) as in PMO 214.578. In 
medial view UPM EP-II-20(572) is teardrop shaped (Zverkov 
and Efimov 2019: fig. 5I), while PMO 214.578 is oval. The 
fragmentary stapes in UPM EP-II-23(744) cannot be inter-
preted (Zverkov and Efimov 2019: fig. 6H, I).
Remarks.—Most of the reinterpretations by Zverkov and 
Efimov (2019) seem to be correct, but some misinterpre-
tations are summarized here, as it is of value to the hy-
pothesized synonymy of Undorosaurus gorodischensis and 
Cryopterygius kristiansenae (Zverkov and Efimov 2019).

The only preserved rostrum and orbital region el-
ements in the holotype of Undorosaurus gorodischensis 
(UPM EP-II-20[572]) are a well preserved nasal, a pari-
etal, and broken jugal and quadratojugal, that are barely 
overlapping with the preserved elements in PMO 214.578 
(Undorosaurus? kristiansenae). The parietal is hard to in-
terpret in PMO 214.578 as the skull is laterally compressed. 
The posterior portion of the nasals in Undorosaurus goro-
dischensis is not preserved, and the preserved portion is sim-
ilar both to Ophthalmosaurus icenicus (Moon and Kirton 
2016) and PMO 214.578. The quadratojugal fragment of 
UPM EP-II-20(572) has no features that are comparable to 
the well preserved element in PMO 214.578. The straight 
suborbital bar in the jugal fragment of UPM EP-II-20(572) 
resembles the complete element of PMO 214.578, but there 
is no contact between the jugal and the subnarial process of 
the premaxilla in PMO 214.578, contrary to the reconstruc-
tion by Zverkov and Efimov (2019: fig. 3C and SOM 3), even 
when the deformation is considered. A ventral exposure of 
the maxilla between the two elements is clearly visible in 
PMO 214.578 as in Ophthalmosaurus icenicus (Moon and 
Kirton 2016). In PMO 214.578, the sutures of the postorbital 
are easily observed and the element is surprisingly small 
compared to Ophthalmosaurus incenicus (Moon and Kirton 
2016: fig. 4), and more similar to Ichthyosaurus commu-
nis and Leptonectes moorei (McGowan and Motani 2003: 
pl. 2, text-fig. 69). The large anterodorsal projection of the 
postorbital limiting the posterior margin of the orbit in most 
ichthyosaurs is not present. The element contributing to the 
posterodorsal part of the orbit is clearly continuing medi-
ally to the postorbital and is covered by it ventralmost, and 
might represent a projection of the postfrontal. The quadrate 
is covered by the quadratojugal and postorbital in PMO 
214.578 and only partly visible and thus cannot be compared 
to the complete element in UPM EP-II-20(572).

The scapula of UPM EP-II-20(572) (Zverkov and Efimov 
2019: fig. 9A, D, E) lacks the acromion process seen in PMO 
214.578 (Druckenmiller et al. 2012: fig. 8). Only two clavicle 
fragments are preserved in UPM EP-II-20(572), and cannot 
be compared to the complete element in PMO 214.578. The 
humeri are superficially similar, but the trochanter dorsa-
lis is more pointed and well pronounced in proximal view 
in PMO 214.578 than in UPM EP-II-20(572) (Zverkov and 
Efimov 2019: fig. 11B). The radius in UPM EP-II-20(572) is 
eroded and with a pentagonal shape, whereas it is polygonal 

and anteroposteriorly wider than proximodirstally long in 
PMO 214.578 (Druckenmiller et al. 2012: fig. 9A–C). The 
radius and ulna of Undorosaurus gorodischensis are lon-
ger than wide in UPM EP-II-20(572) and YKM 44028-7 
(Zverkov and Efimov 2019: fig. 11A, F). In this respect the 
holotype of Undorosaurus nessovi (UPM EP-II-24[785]) 
(Zverkov and Efimov 2019: fig. 17A) is more similar to PMO 
214.578 than Undorosaurus gorodischensis.
Stratigraphic and geographic range.—Spitsbergen, Sval-
bard, Slottsmøya Member Lagerstätte, Tithonian.

Phylogenetic analysis
The most inclusive phylogenetic analysis (analysis 1) had 
a length of most parsimonious trees (MPT) of 326 steps 
(40 MPTs, CI = 0.37, RI = 0.66; Fig. 11A). When the most in-
complete specimens were removed (analysis 2), tree length 
was 312 (30 MPTs, CI = 0.38, RI = 0.65; Fig. 11B). The strict 
consensus tree for Ophthalmosauridae for each analysis is 
given in Fig. 11 (for full tree see SOM 2.1). The resulting 
tree in analysis 2 is less resolved with a polytomy at the 
base of Ophthalmosauridae, and a majority rule tree (50%; 
Fig. 11C) is also shown, however with low ingroup support. 
A monophyletic Ophthalmosauridae was recovered, with 
Stenopterygius aaleniensis and Chacaicosaurus cayi as sis-
ter taxa. However, ingroup relationships in the family are 
poorly supported (Bremer support < 2), as in all previous 
studies (e.g., Fischer et al. 2016; Delsett et al. 2017). The 
resulting trees from the analyses without new characters 
(analysis 3 and 4) are shown in SOM 2.2.

Discussion
Taxonomic referral of the new specimens.—PMO 222.667 
is referred to Keilhauia sp., a genus was described from the 
SML based on the early Berriasian holotype of Keilhauia nui 
(Delsett et al. 2017). The assignment is primarily based on a 
critical evaluation of skeletal similarities; and is consistent 
with its recovery as a sister taxon to the holotype specimen 
in the phylogenetic analysis. PMO 222.667 is not referred 
to the type species Keilhauia nui as there is no overlapping 
skull material, and the status of the autapomorphies in PMO 
222.667 is unknown because the pelvic girdle and hind-
fin is not preserved. The two specimens can be scored for 
20 overlapping phylogenetic characters in the postcranium, 
out of which they differ in only two. From the differential 
diagnosis of Keilhauia nui, PMO 222.667 shares a glenoid 
contribution of the scapula that is larger than the coracoid 
facet; a small dorsolateral flange of the scapula; an antero-
medial process of coracoid; absence of a strongly developed 
deltopectoral crest of the humerus; a facet on the humerus for 
a preaxial accessory element anterior to radius, a posteriorly 
deflected ulnar facet on the humerus and a lack of contact 
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Fig. 11. Strict consensus tree of analysis 1 (A) and 
ana lysis 2 (B) with Bremer support above 1 shown. 
Majority rule tree (50%) of analysis 2 (C) with values 
other than 100 shown.
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between the humerus and intermedium. PMO 222.667 also 
shares with Keilhauia nui an emarginated anterodorsal scap-
ular margin, bicapitate ribs in the thoracic region, and rib 
facets are confluent with the anterior face in some centra. 
The coracoids have the same length: width ratio, an anterior 
notch and differs only in a less clear demarcation between 
the scapular and glenoid facet in PMO 222.667. In Keilhauia 
nui the radial facet on the humerus is slightly larger than the 
ulnar facet, while they are equally anteroposteriorly long 
in PMO 222.667; however, the difference is negligible and 
might result from intrageneric variation. The cross section of 
the ribs from the same region also differs; the holotype spec-
imen of Keilhauia nui possesses the typical ophthalmosaurid 
figure of eight-shape while it is T-shaped in PMO 222.667. 
The stratigraphic difference between PMO 222.667 and the 
holotype of Keilhauia nui is large (equalling 10–12 million 
years), which argues against them belonging to a single spe-
cies, but note that Ophthalmosaurus icenicus has a strati-
graphic range that is much longer (Moon and Kirton 2016). 
The size difference might be ontogenetic, as the holotype of 
Keilhauia nui might be subadult (Delsett et al. 2017), or that 
they might represent two different species.

The new specimen shares with the SML ophthalmosau-
rids Janusaurus lundi and Palvennia hoybergeti, little or no 
extracondylar area visible in posterior view of the basioccip-
ital, but differs from the two genera in approximately 25% 
of the overlapping phylogenetic characters. PMO 222.667 
and Janusaurus lundi differ in the cross section of the ribs, 
coracoid length: width ratio, and the shape of the anterior 
margin of the anteromedial process of the coracoid. The 
unique morphology of the basisphenoid in PMO 222.667 
differs from that in Palvennia hoybergeti, and they differ in 
the shape and size of the acromion process on the scapula 
(Roberts et al. 2014; Delsett et al. 2018).

PMO 224.252 is referred to Ophthalmosauridae indet. 
based on the large lateral exposure of the angular and the 
result of the phylogenetic result, where it is nested witihin 
Ophthalmosauridae (Fernández and Campos 2015; Moon 
2017). The specimen lacks the orbital area, basicranium, 
vertebral column, fins and girdles, which makes a position 
within Ophthalmosauridae dubious. The specimen has more 
similarities with Palvennia hoybergeti and Undorosaurus? 
kristiansenae than with other SML taxa (Druckenmiller et 
al. 2012). The specimen does not possess the autapomor-
phies for these two species: the parietal foramen is small 
compared to the enlarged foramen in Palvennia hoyber-
geti, and the lacrimal does not have the 90° bend as in 
Undorosaurus? kristiansenae. It shares with Undorosaurus? 
kristiansenae the small supranarial process of the premax-
illa, but differs in the curvature of the jugal and the cross 
section of the ribs. The slender rostrum with intermediate 
dentition differs from the more robust rostrum in Keilhauia 
nui and Undorosaurus? kristiansenae, and the morphol-
ogy of the quadrate is different from Palvennia hoybergeti 
(Druckenmiller et al. 2012; Delsett et al. 2017).

Basicranium evolution.—Together, the specimens descri-
bed herein provide new information on the ophthalmosau-
rid basicranium, which possesses taxonomically important 
characters, due in part to rapid evolution (Druckenmiller 
and Maxwell 2013; Arkhangelsky and Zverkov 2014; Fischer 
et al. 2014b; Fernández and Campos 2015). Previously it was 
believed that the other basicranial elements than the basioc-
cipital were taxonomically uninformative, but subsequent 
work does not support this tenent (Fernández and Campos 
2015). The basicranium of Undorosaurus? kristiansenae 
has more extracondylar area visible in posterior view than 
most ophthalmosaurids, partitioned into two peripheral 
rings that include the ventral surface. The Keilhauia sp. 
specimen PMO 222.667 has no extracondylar area visible 
in posterior view, and these two specimens represent the 
extremes with regard to amount of extracondylar area vis-
ible in posterior view. The amount of extracondylar area 
visible in posterior view is a feature that varies intraspecif-
ically in Ophthalmosaurus icenicus (e.g., extensive expo-
sure in NHMUK 4522 (personal observations AJR), little 
in OUMNH J12452 and LEIUG 90986 (personal observa-
tions LLD). This large variation in supposedly “ophthal-
mosaurinae” ophthalmosaurids might mean that this char-
acter cannot be used to distinguish the clades (Fischer et 
al. 2012; Fischer et al. 2014b) as is also suggested by work 
on Platypterygius australis (Kear and Zammit 2014). The 
Keilhauia sp. specimen PMO 222.667 has a unique basi-
sphenoid as it does not possess basipterygoid processes, and 
a new phylogenetic character was incorporated to reflect 
this (character 95). Caution should be taken as basipterygoid 
process size might increase with age (Kear and Zammit 
2014), but for PMO 222.667 the ontogeny is well estab-
lished due to other features. It shares with Arthropterygius 
chrisorum and Palvennia hoybergeti a basisphenoid with 
anterior and posterior openings for the carotid artery, in 
contrast to other ophthalmosaurids where it enters and exits 
the element ventrally. In turtles, the evolution of the pattern 
of carotid circulation is complex because of the different 
ossification patterns of the para- and basisphenoid (Sterli et 
al. 2010), and this might be true also for ichthyosaurs.

Undorosaurus and Cryopterygius.—Cryopterygius kris-
tiansenae is known to differ from other SML specimens 
in a number of traits (Roberts et al. 2014; Maxwell et al. 
2015; Fischer et al. 2016; Paparella et al. 2016; Delsett et al. 
2017), and was recently synonymized with Undorosaurus 
gorodischensis (Zverkov and Efimov 2019). A second spe-
cies of Cryopterygius, Cryopterygius kielane, was recently 
described from the Tithonian Owadów-Brzezinki Quarry in 
Poland (Tyborowski 2016). The holotype of Undorosaurus 
is UPM EP-II-20(572) and referred specimens are PMO 
214.578 (holotype of Cryopterygius kristiansenae); UPM 
EP-II-23(744); UPM EP-II-21(1075); UPM EP-II-27(870) 
(holo type of U. khorlovensis) (Zverkov and Efimov 2019). 
We miss a formal statement on the reasons for referring 
other Russian specimens than the holotype to Undorosaurus 
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gorodischensis, given that the material is very incomplete. 
The paper (Zverkov and Efimov 2019) in some paragraphs 
assigns UPM EP-II-22(1073) and YKM 44028-7 to U. goro-
dischensis, whereas in other to Undorosaurus sp.

The new diagnosis of Undorosaurus gorodischensis by 
Zverkov and Efimov (2019) is a unique character combi-
nation relative to other species of Undorosaurus with ten 
characters. Out of these, only three, and possibly a fourth, 
are true for both PMO 214.578 and the holotype of U. goro-
dischensis: extensive anterolaterally directed basipterygoid 
processes of the basisphenoid; slightly pronounced antero-
distal accessory facet of the humerus, and small pisiform 
facet of the ulna. Possibly also an ulna posterior edge prox-
imodistally elongate and not involved in perichondral os-
sification. All of these characters are shared by at least 
one other ophthalmosaurid taxa, and thus not sufficient 
for referring these specimens to the same species. For two 
characters, the Russian Undorosaurus specimens and PMO 
214.578 actually differ: teardrop-shaped stapedial head in 
medial view, that points dorsally, and a humerus with ex-
tensive and anteroposteriorly elongate proximal end, poorly 
pronounced trochanter dorsalis and deltopectoral crest. 
The stapes is teardrop-shaped in the Undorosaurus goro-
dischensis holotype, but not in PMO 214.578 (oval), poorly 
preserved in UPM EP-II-23(744) and not pictured for UPM 
EP-II-22(1073). The proximal end of the humerus in the 
Undorosaurus gorodischensis holotype differs from PMO 
214.578, and is instead more similar to UPM EP-II-23(744). 
Thirdly, three characters in the diagnosis cannot be ob-
served in PMO 214.578 at all, due to preservation: a quad-
rate with relatively mediolaterally compressed condyle (only 
in the Undorosaurus gorodischensis holotype and UPM 
EP-II-22(1073)); articular isometric in medial view, with-
out medial bulge; (only in the Undorosaurus gorodischen-
sis holotype), and humerus length to quadrate height ratio 
1.01 (can only be calculated for UPM EP-II-20[572]). One 
character; relatively small forelimb (humerus to jaw length 
ratio c. 0.112) cannot be observed in any of the Russian 
Undorosaurus specimens, and only in PMO 214.578 be-
cause it is the only specimen with a preserved lower jaw.

In total, we find that the diagnosis of Undorosaurus 
gorodischensis is not covering the specimens currently as-
signed to the species, partly due to a number of misinter-
pretations as shown above, and partly due to the lack of 
overlap between the Russian specimens and PMO 214.578. 
Our phylogenetic analysis does also not support a common 
species. Undorosaurus? kristiansenae is not recovered in 
a monophyletic clade with the other Undorosaurus spe-
cies, and based on the re-examination herein where sev-
eral misinterpretations and differences were discovered, 
we disagree with the statement that there is not “any fea-
ture in overlapping material that could be used to distin-
guish Undorosaurus? kristiansenae as a valid species of 
Undorosaurus” (Zverkov and Efimov 2019). However, there 
are clearly many similarities between the specimens pre-
viously assigned to Cryopterygius and Undorosaurus in 

the basicranium (this contribution) and the fore- and hind-
fins (Druckenmiller et al. 2012; Arkhangelsky and Zverkov 
2014; Delsett et al. 2017, 2018). The ischiopubis is also sim-
ilar and might have taxonomic significance (Delsett et al. 
2017; Zverkov and Efimov 2019). For now, we refer PMO 
214.578 to Undorosaurus? kristiansenae. A new diagnosis 
for Undorosaurus and U. gorodischensis is needed, as well 
as a continued work to expand the dataset used for phyloge-
netic analysis of ophthalmosaurids.

Synonymy of SML taxa to Arthropterygius.—Zverkov and 
Prilepskaya (2019) argue that Keilhauia nui, Janusaurus lundi 
and Palvennia hoybergeti can be referred to Arthropterygius. 
A full evaluation of this hypothesis will be the topic of a 
follow-up paper, but some major points are addressed here. 
We cannot accept the synonymy as presented in Zverkov 
and Prilepskaya (2019), because we find several problematic 
issues with their arguments. A major point is that different 
skeletal parts are weighted differently through the discussion 
on taxonomic referral. Three characters on the humerus are 
said to “help for easy recongnition og humeri belongning to 
Arthropterygius among those of other ophthalmosaurids” 
(Zverkov and Prilepskaya 2019: 2). Ichthyosaur humeri are 
frequently preserved and are important for taxonomy, but 
they alone are not sufficient for referring a specimen to a ge-
nus. In Zverkov and Prilepskaya (2019) a PCA is conducted 
on a number of traits on the humerus. The variation between 
the left and right humeri is for some specimens (Zverkov and 
Prilepskaya: fig. 20) larger than the variation within some of 
the genera. This is explained in the paper with asymmetry in 
ophthalmosaurids, but it shows that caution should be taken 
in using humeri for taxonomic referral.

The two remarkably similar specimens of Palvennia 
hoybergeti (Delsett et al. 2018) are viewed to belong to 
different species (Zverkov and Prilepskaya 2019). An en-
larged parietal foramen is an autapomorphy of Palvennia 
hoybergeti (Druckenmiller et al. 2012; Delsett et al. 2018), 
and we disagree with Zverkov and Prilepskaya’s (2019) in-
terpretation that such a structure is present in the holotype 
of Janusaurus lundi, as the skull roof is totally crushed 
into small skeletal fragments (Roberts et al. 2014). Many 
ophthalmosaurid taxa do not preserve a complete and artic-
ulated skull roof, and thus this feature might of course be 
more widespread than is known at the moment. This is how-
ever always the case with incomplete specimens, and the 
feature should be treated as an autapomorphy until proven 
otherwise. Zverkov and Prilepskaya (2019) also use their 
interpretation of the humerus and clavicle remains from the 
holotype of Palvennia hoybergeti (SVB 1451). These ele-
ments are highly incomplete, and the clavicle is severly dis-
torted. Both represent too uncertain data points for inclusion 
in a taxonomic argument. Differences between Palvennia 
hoybergeti and Arthropterygius chrisorum (Delsett et al. 
2018) are in Zverkov and Prilepskaya (2019) seen as neglible 
as “none of these differences are sufficient enough” or that 
“this could be explained by ontogenetic variation” (Zverkov 
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and Prilepskaya 2019: 51), which in our opinion are not 
well-supported claims.

As stated in the original description of the the holotype 
of Keilhauia nui (Delsett et al. 2017), the preservation of the 
holotype specimen (PMO 222.655) is relatively poor and 
there is some uncertainty regarding its ontogenetic status. 
Zverkov and Prilepskaya (2019) consider it a nomen dubium, 
and it is removed from the phylogenetic analysis, “consid-
ered undiagnostic”. This becomes highly problematic when 
the very same skeletal elements are used for referring the 
specimen to Arthropterygius (in open nomenclature), are 
used as support for four characters in the diagnosis for the 
genus, and also in the reconstrucion of the ontogenetic tra-
jectory of Arthropterygius (Zverkov and Prilepskaya 2019).

Phylogenetic analysis.—The resulting trees from our analy-
sis vary largely, and it is evident that phylogenetic analysis 
of ophthalmosaurids still is very vulnerable to which char-
acters and OTUs are included, and caution should be taken 
when interpreting the results. The low number of largely 
complete and articulated ophthalmosaurids, as well as many 
taxa based solely on cranial material pose challenges for 
phylogenetic analysis, as do possible convergent evolution 
(Maxwell et al. 2015; Moon 2017; Massare and Lomax 2018).

A clade relatively similar to Platypterygiinae sensu 
Fischer et al. (2016) is recovered based on the largest data-
set (analysis 1), excluding Aegirosaurus leptospondylus, 
Sveltonectes insolitus, and Athabascasaurus bitumineus 
that are in some studies nested within this group (Fischer 
et al. 2016; but see Roberts et al. 2014; Maxwell et al. 2015). 
Arthropterygius chrisorum, Undorosaurus gorodischensis, 
and U. nessovi are recovered as succesive sister taxa. No 
monophyletic Ophthalmosaurinae is recovered, in contrast 
to some previous studies (e.g., Fischer et al. 2016; Delsett et 
al. 2017) but similar to others (Maxwell et al. 2015).

When incomplete OTUs are removed (analysis 2), a 
monophyletic Platypterygiinae, excluding Aegirosaurus 
leptospondylus, is found in 53% of the trees (Fig. 11C), 
with the three Undorosaurus species as succesive sister 
taxa to the clade, while they in two previous studies (Zver-
kov and Efimov 2019; Zverkov and Prilepskaya 2019) 
are nested within Platypterygiinae. An “ophthalmosauri-
nae” clade sensu Fischer et al. 2016 is found in all trees. 
All of the SML specimens, with the notable exception of 
Undorosaurus? kristiansenae, form a monophyletic group 
within “Ophthalmosaurinae”. PMO 222.667 and Keilhauia 
nui form a clade in 86% of the trees in analysis 2, and also 
among the otherwise unresolved non-platypterygiine spe-
cies in analysis 1. Compared to previous analyses that found 
Keilhauia nui as basal within Ophthalmosauridae (Delsett 
et al. 2017) or as a sister taxon to Platypterygius species 
(Moon 2017), the position of it is relatively stable in the 
present study, possibly as a result of being scored for a larger 
number of postcranial characters.

When the new characters (mainly postcranial) are ex-
cluded (analysis 3 and 4) the resulting tree is more similar 

to Fischer et al. (2016) in showing two monophyletic clades. 
Arthriopterygius chrisorum occupies a basal position in the 
family, similar to several other analyses (Roberts et al. 2014; 
Fischer et al. 2016), but in contrast to a position together with 
the SML taxa (Maxwell et al. 2015) and to the result in ana-
lysis 1 and 2. A plausible reason for this unstable placement is 
the lack of almost any cranial material in the holotype. In the 
phylogenetic analysis of Zverkov and Prilepskaya (2019), an 
unusually well-supported clade of four Arthropterygius spe-
cies, including all SML specimens except for PMO 214.578 
(Undorosaurus? kristiansenae) is found (Bremer support 5 
or 4, depending on which taxa are included). Compared to 
our analysis, the two character matrices differ in very many 
aspects even though both build on the dataset by Fischer 
et al. (2016) of 88 characters to a larger or smaller degree. 
A total of 13 characters are modified, 19 removed and 43 
characters added in Zverkov and Prilepskaya (2019), based 
on Zverkov and Efimov (2019), and a number of specimens 
are rescored for several characters. A full comparison of the 
results is thus beyond the scope of this paper.

Conclusions
Slottsmøya Member Lagerstätte is one of the richest lo-
calities for Late Jurassic–Early Cretaceous ichthyosaurs 
(Hurum et al. 2012). Through eight field seasons (2004–
2012), 26 ichthyosaur specimens were excavated and out of 
these are twelve formally described in this contribution and 
previous papers (Druckenmiller et al. 2012; Roberts et al. 
2014; Delsett et al. 2017, 2018). Through this contribution, 
a second Keilhauia specimen, a large Ophthalmosauridae 
indet. skull and new material from Undorosaurus? kris-
tiansenae has been described, adding to the knowledge 
on the skull and especially the basicranium in the group. 
This is also the first phylogenetic analysis including all the 
SML specimens. The SML specimens provide valuable data 
points for the understanding of ophthalmosaurid phylogeny 
and evolution as well as the palaeobiogeography, but also 
shows that our understanding of ichthyosaur phylogeny and 
biogeography is still incomplete. Articulated and complete 
specimens, and specimens that can provide additional post-
cranial information, are needed to solve these questions.
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