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Abstract — The first ophthalmosaurid ichthyosaur from the Upper Jurassic deposits of the Central—
Northern Apennines (Marche, Italy) is here described for the first time. The specimen is relatively
complete and is referred to Gengasaurus nicosiai gen. et sp. nov. based on a unique combination of
characters, including a peculiar condition of the preaxial accessory facet on the humerus. The faunal
association of the ichthyosaur-bearing level indicates a late Kimmeridgian — earliest Tithonian age,
and its finding contributes significantly to our knowledge of the diversity of Late Jurassic ichthyosaurs
from the Western Tethys. Two shark teeth assigned to the order Hexanchiformes were also recovered
in association with the ichthyosaur specimen, suggesting that scavenging of the carcass might have
occurred. Gengasaurus can be referred to Ophthalmosauridae based on the reduced extracondylar
area of the basioccipital, and the presence of a preaxial digit. It differs from Ophthalmosaurus spp.
in several respects, including the shape of the posterior basisphenoid, the shape of the supraoccipital,
the anteriorly deflected preaxial facet of the humerus, and a proximodistally shortened ulna. The new
taxon actually shares diagnostic characters with both members of the two main lineages recovered in
previous phylogenetic analyses, more nested within Ophthalmosauridae. The affinities of Gengasaurus
to genera from both the northern and southern hemispheres also suggest that connectivity between
pelagic habitats was high during the early Late Jurassic, allowing dispersal of some forms, followed
by local, endemic divergence.

Keywords: Ophthalmosauridae, Jurassic, Western Tethys, Apennines, hexanchiform teeth.

1. Introduction meridgian of France (in urgent need of taxonomic re-
appraisal) (reviewed by Lennier, 1887; Kirton, 1983;
Bardet & Fernandez, 2000). Reports of more fragment-
ary remains, mostly referred to Ophthalmosaurus sp.,
span the Oxfordian—Tithonian interval of both the UK
and Central Europe (Sauvage, 1902; Bardet, Corral &
Pereda-Suberbiola, 1997; Danise, Twitchett & Matts,
2014). In this context, new localities, especially from
the Southern European Tethyan margin, promise to be
particularly informative.

With the exception of the Triassic Lagerstitte of
Monte San Giorgio, the Italian fossil record of ich-
thyosaurs is particularly poor, and usually consists of a
few disarticulated elements. Sirotti & Papazzoni (2002)
described some Early Cretaceous remains from the
Northern Apennines, south of Modena and Bologna;
another rostrum belonging to Platypterygius sp. has
recently been reported in Fornaciari et al. (2014) from
the Lessini Mountains, near Verona, and a few verteb-
rae are reported from the Triassic of Sicily (Dal Sasso
et al. 2014) and the Southern Alps (reviewed by Balini
& Renesto, 2012). A few bone fragments, including
two ribs and a partial rostrum belonging to ichthy-
osaurs, have been found on Monte Nerone (Apecchio,
Pesaro Urbino, Marche, Italy) (I.P., pers. obs.), but the
tAuthor for correspondence: ilaria.paparella@uniromal..it material is still undescribed.

Ichthyosaurs were highly specialized marine reptiles,
with a fish-like shape that facilitated rapid dispersal
in an aquatic environment. First appearing in the
Early Triassic, ichthyosaurs quickly achieved a global
distribution, including the successful colonization of
high-latitude habitats (Sander, 2000). In Europe, the
Middle Triassic locality of Monte San Giorgio on the
Swiss—Italian border, and Early and Middle Jurassic
sites in the UK and Central Europe have particularly
well-documented ichthyosaur faunas (Sander, 2000).
However, Late Jurassic Southern European ichthyosaur
occurrences are substantially less well documented re-
lative to those of South America (reviewed by Fernan-
dez, 2007), Svalbard (e.g. Druckenmiller et al. 2012;
Roberts et al. 2014) and Russia (reviewed by Storrs,
Arkhangelsky & Efimov 2000), and there is a relative
paucity of knowledge of the ichthyosaur fauna from the
Western Tethys.

Diagnostic Late Jurassic ichthyosaur remains from
Europe have been documented from the UK (Kim-
meridge Clay; Tithonian), the Solnhofen Formation
(Fm.) (Germany; Tithonian), and also the Kim-
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During the summer of 1976, a largely complete
ichthyosaur specimen was discovered near Genga
(Ancona, Marche, Italy) in an Upper Jurassic outcrop
of the Marche Apennines.

After more than 20 years, a suitable location for the
specimen was found at the Abbey of San Vittore di
Genga, where it was finally prepared, and where it is
still part of the exhibition. This specimen is probably
one of the most complete ichthyosaur fossils ever found
in Italy, and is the first Jurassic ichthyosaur from the
Apennines, but since its discovery only a few studies
have discussed the material, and none has dealt with its
taxonomic affinities (Fastelli & Nicosia, 1980; De Mar-
inis & Nicosia, 2000; Marino & Sacchi, 2002; Tintori
et al. 2005). The history of this fossil has always been
problematic, mainly because of the authorities’ lack of
attention to palacontological findings (De Marinis &
Nicosia, 2000).

During the Late Jurassic, the Umbrian-Marchean
realm was characterized by pelagic deposition, and the
sea-floor was dotted with numerous structural highs
and lows, derived from the fragmentation and drown-
ing of the pre-rifting Early Jurassic carbonate plat-
form (e.g. Centamore et al. 1971; Farinacci et al.
1981; Santantonio, 1993, 1994). The ichthyosaur spe-
cimen comes from the ‘Calcari ad aptici e Saccocoma’
Fm. sensu Galluzzo & Santantonio (2002), and,
based on the association of micro- and macrofossils
(belemnites, aptychi, calpionellids and crinoids), it
has been dated to the late Kimmeridgian — earliest
Tithonian.

Here we describe the Genga ichthyosaur for the first
time, and undertake detailed comparisons with other
ophthalmosaurid ichthyosaurs.

2. Geological setting
2.a. The Jurassic of the Umbrian—Marchean Succession

In order to refine the stratigraphic position of the ichthy-
osaur, a detailed geological survey has been performed
in the area, supported by palaeontological and micro-
facies analyses. The ichthyosaur was discovered near
Genga (Ancona, Marche, Italy), in a small village called
Camponocecchio, on the right side of the Esino River
(Fig. 1). The specimen was embedded in Upper Jur-
assic pelagic deposits of the Umbrian—Marchean Suc-
cession (UMS) (Fig. 2), involved during the Neogene—
Quaternary in the fold-and-thrust propagation of the
Apenninic Chain (e.g. Centamore et al. 1971; Gal-
luzzo & Santantonio, 2002; Scrocca, Doglioni & In-
nocenti 2003). The sedimentary succession starts with
Hettangian—Sinemurian p.p. peritidal platform carbon-
ate (Calcare Massiccio Fm.), followed by Lower Juras-
sic — Miocene pelagites and hemipelagites. The super-
position of pelagic deposits on shallow water carbon-
ates is due to an extensional tectonic phase which af-
fected the Western Tethys during the Early Jurassic (see
Centamore et al. 1971; Farinacci et al. 1981; Santanto-
nio, 1993, 1994). This rifting stage related to the open-
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ing of the Ligurian—Piedmont Ocean, dismembered the
vast Calcare Massiccio carbonate palaecoplatform and
caused a complex submarine palaeotopography, con-
sisting of structural highs and lows (e.g. Centamore
et al. 1971; Farinacci et al. 1981; Santantonio, 1993,
1994). Tectonic subsidence caused the drowning of
the hangingwall-block carbonate factories around the
Hettangian—Sinemurian boundary, while horst-block
factories drowned in the early Pliensbachian, also due
to palacoceanographic perturbation (Morettini et al.
2002; Passeri & Venturi, 2005; Marino & Santanto-
nio, 2010; Santantonio & Carminati, 2011). The com-
plex Early Jurassic architecture is highlighted by dif-
ferences in facies and thickness of the syn- and post-
rifting deposits: a thick (several hundred metres) pela-
gic carbonate and siliceous succession, with common
gravity-flow deposits, characterizes the basinal areas,
while thin (few tens of metres) cephalopod-rich, ‘con-
densed’ sediments were deposited on the tops of struc-
tural highs (‘pelagic carbonate platforms’ or PCPs —
Santantonio, 1993, 1994) (Fig. 2). The Calcare Mas-
siccio limestone was exposed at the footwall of the
Jurassic faults in the form of submarine palacoescarp-
ments (Santantonio, 1993, 1994; Carminati & Santan-
tonio, 2005; Santantonio & Carminati, 2011), and was
gradually onlapped by basin-fill deposits. Calcare Mas-
siccio olistoliths can be found embedded in the basinal
successions due to episodic failures of the PCP mar-
gins. The contacts of the silica-rich pelagites with the
Calcare Massiccio (a chert-free carbonate limestone)
are marked by the occurrence of chert nodules and
crusts linked with surficial to pervasive silicification
of the Calcare Massiccio at the unconformity (Santan-
tonio, Galluzzo & Gill, 1996). The palaecobathymetric
differences existing between the top of the horst-blocks
and the basins were levelled in the Early Cretaceous by
the Maiolica Fm., and from this moment on, and until
the Miocene, sedimentation became homogeneous at
regional scale.

During the Late Jurassic, the area in which the
ichthyosaur was found was characterized by several
different PCPs surrounded by basins: Mount Murano
(Galluzzo & Santantonio, 1994), Mount Scoccioni (Di
Bucci et al. 1994) and Mount Valmontagnana — Mount
Frasassi (Coltorti, 1980; Coltorti & Bosellini, 1980).
Even Mount Revellone can likely be interpreted as a
structural high (Guerrera & Tramontana, 2002), des-
pite having been previously interpreted as an olistolith
by Coltorti & Bosellini (1980). Its SW steep palacoes-
carpment is perfectly exposed, and is onlapped by the
chert-rich units from the Corniola to the Maiolica of
the Camponocecchio basin. A small outcrop of Calcare
Massiccio, surrounded and onlapped by the Calcari e
Marne a Posidonia and Calcari Diasprigni deposits,
characterizes the I Sassone area (Fig. 1). This can be
interpreted as a huge olistolith of Calcare Massiccio,
embedded in the Middle Jurassic pelagites, related to
gravity failures of the Mount Revellone or the Mount
Scoccioni PCP margins during the deposition of the
Calcari e Marne a Posidonia. Evidence of tectonic
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Figure 1. (Colour online) Geological map and section of the discovery site of MSVG 39617. Legend: (1) Alluvial deposits (Holocene—
Pleistocene); (2) tufas (Holocene—Pleistocene); (3) detritus (Holocene—Pleistocene); (4) Maiolica Fm. (early Aptian — late Tithonian);
(5) “Calcari ad aptici e Saccocoma’ Fm. (early Tithonian — late Kimmeridgian); (6) ‘Calcari Diasprigni’ Fm. (early Kimmeridgian —
?middle-late Bajocian); (7) ‘Calcari e marne a Posidonia’ Fm. (?middle Bajocian — late Toarcian); (8) Rosso Ammonitico Fm. (Toarcian
p-p-); (9) Corniola Fm. (early Toarcian — Sinemurian p.p.); (10) ‘Calcare Massiccio C’ informal unit (Hettangian—Sinemurian); (11)
Calcare Massiccio Fm. (Hettangian); (12) strike-slip fault; (13) thrust; (14) bed attitude; (15) trace of the geological section; (16) exact
point of discovery of MSVG 39617; (17) stratigraphic boundary.

instability during the Middle Jurassic in the area is
abundant, with gravity-flows, slumps and breccias
bearing clasts of Calcare Massiccio (Centamore et al.
1975; Galdenzi, 1986).

2.b. Stratigraphic position of the specimen

The ichthyosaur specimen was found c¢. 200 m SW
of the Il Sassone olistolith, embedded in Upper Jur-
assic pelagites. The Upper Jurassic units building up
the UMS are the Calcari Diasprigni (lower Bajocian
p.p.- — lower Tithonian p.p.) and the lowermost part
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of the Maiolica (lower Tithonian p.p. — lower Aptian)
Fms. Fastelli & Nicosia (1980) attributed the beds in
which the specimen was found to the Calcari Dias-
prigni. This latter unit was formally subdivided by Cita
et al. (2007) into two members: the ‘selciferous’ and
‘aptychi and Saccocoma limestones’ members. Gal-
luzzo & Santantonio (2002) subdivided the ‘Calcari
Diasprigni’ into three formations, based on the litho-
genetic role played by the fossiliferous content: (from
bottom to top) ‘Calcari e marne a Posidonia’ (latest
Toarcian — ?late Bajocian; thin-shelled bivalves), ‘Cal-
cari Diasprigni’ (?late Bajocian — early Kimmeridgian;
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Figure 2. (Colour online) Simplified scheme of the Mesozoic
stratigraphy of a typical PCP-basin system in the Umbrian—
Marchean domain. Legend: (1) Marne a Fucoidi Fm. (Albian —
early Aptian); (2) Maiolica Fm. (early Aptian — late Tithonian);
(3) ‘Bugarone’ Group (early Tithonian — Sinemurian p.p.); (4)
‘Calcari ad Aptici e Saccocoma’ Fm. (early Tithonian—late Kim-
meridgian); (5) ‘Calcari Diasprigni’ Fm. (early Kimmeridgian —
?middle-late Bajocian); (6) ‘Calcari e marne a Posidonia’ Fm.
(?middle Bajocian — late Toarcian); (7) Rosso Ammonitico Fm.
(Toarcian p.p.); (8) Corniola Fm. (early Toarcian — Sinemurian
p.p.); (9) ‘Calcare Massiccio C’ informal unit (Hettangian—
Sinemurian); (10) Calcare Massiccio Fm. (Hettangian); (11)
Mount Cetona Fm. (Rhaetian p.p.); (12) Anidriti di Burano Fm.
(Rhaetian p.p. — ?Norian). The red arrows indicate the Jurassic
palaeofault.

radiolarians) and ‘Calcari ad aptici e Saccocoma’ (Kim-
meridgian p.p — lower Tithonian; crinoids and cephalo-
pods). The ‘Calcari e marne a Posidonia’ are chert-rich
limestones, in thin beds rich in posidoniid bivalves,
and marlier near the base, while the ‘Calcari Dias-
prigni’ are polychrome thin-bedded, chert-rich lime-
stones and cherts, apparently without macrofossils,
and the microfauna characterized only by radiolari-
ans. The ‘Calcari ad aptici e Saccocoma’ are green-
reddish, chert-rich, thin-bedded limestones and marly
limestones. The faunal association consists of macro-
fossils including Saccocoma spp., belemnites, aptychi,
rhyncholites and echinoid fragments, while the micro-
fauna is characterized by radiolarians and calcisphaer-
ulids. Given the lithological similarity between the two
formations (‘Calcari Diasprigni’ and ‘Calcari ad aptici
e Saccocoma’), according to Galluzzo & Santantonio
(2002), the boundary is placed at the occurrence of
Saccocoma sp. The field analysis of the area, where the
specimen was discovered, confirms the original obser-
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vations of Fastelli & Nicosia (1980), and applying the
stratigraphic subdivision of Galluzzo & Santantonio
(2002) it became evident that the ichthyosaur comes
from the ‘Calcari ad aptici e Saccocoma Fm.” (Figs 1,
2). About 10 m below the ichthyosaur-bearing level,
some belemnites were found, and in particular one com-
plete specimen and a fragment of the alveolar region.
The first one, ascribed to Produvalia cf. monsalven-
sis Gilliéron 1873 (Fig. 3e), has a middle Callovian
to Oxfordian stratigraphic distribution, and is reported
from SE France, Switzerland, SW Germany and Si-
cily (S Italy) (Mariotti, 2002). The alveolar fragment
is typical of some duvaliid specimens (Duvalia sp.)
(N. Mariotti, pers. comm. 2014). These data, coupled
with the finding of rhyncholites (Palaeoteuthis sp. and
Leptocheilus sp. fide Riegraf & Luterbacher, 1989),
crinoid fragments (?Cyrtocrinus sp.: Fig. 3¢) and apty-
chi (Laevaptychus sp.), and with the lack of Saccocoma
sp., suggest a ?middle-late Oxfordian — early Kim-
meridgian age for the horizon. The mass occurrence
of Saccocoma sp. is an ecological event that at regional
scale is dated at the latest early Kimmeridgian (e.g.
Winterer & Bosellini, 1981; Cecca ef al. 1990; Manni,
Nicosia & Tagliacozzo 1997; Marino et al. 2004), and
in the analysed area the first occurrence of Saccocoma
sp. is recorded c¢. 4 m below the ichthyosaur-bearing
level. In the Central and Northern Apennines, two spe-
cies of Saccocoma are described: S. tenella and S.
vernioryi (Nicosia & Parisi, 1979; Manni & Nicosia,
1984). S. tenella is the more abundant and has the
longer stratigraphic range (upper Kimmeridgian — up-
per Tithonian) (Chiocchini e al. 2008). According to
Manni & Nicosia (1984), presence of S. vernioryi is
recorded from the lower to middle Tithonian on the
Central-Northern Apennines, and it is less common
than S. fenella; moreover, it also seems to be mainly
typical of escarpment environments (A.C. pers. obs.),
so its absence is unlikely to be due to ecological factors.
By combining the two data points (i.e. first occur-
rence of Saccocoma sp. 4 m below the ichthyosaur
level, and the lack of S. vernioryi), the horizon is at
the oldest upper Kimmeridgian, and older than lower
Tithonian.

Finally, another important datum to constrain the
age of the new specimen is given by the lack of
chitinous forms among calpionellids: according to An-
dreini, Caracuel & Parisi (2007), chitinoidellids (e.g.
Chitinoidella sp.) make their appearance all over the
Tethys in the latest early Tithonian, and these forms
were not recovered from the ichthyosaur bed.

In conclusion, the faunal assemblage of the
ichthyosaur-bearing level includes belemnites (Duvalia
sp.), aptychi (Laevaptychus sp., ?Laevilamellaptychus
sp.: Fig. 3a, d), rhyncholites (Leptocheilus sp.: Fig. 3b),
trace fossils (Thalassinoides sp., Chondrites sp.), ra-
diolarians, calcisphaerulids and abundant Saccocoma
tenella (Fig. 3a). These data, coupled with the absence
of S. verniory and Chitinoidella sp., indicate a late Kim-
meridgian — earliest Tithonian age for the new ophthal-
mosaurid.
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Figure 3. (Colour online) Micro- and macrofossils from the horizon where Gengasaurus nicosiai MSVG 39617 was found. (a) Thin-
section of the slab on which the specimen lies: the micro-facies consists of a wackestone rich in fragments of Saccocoma sp. and
radiolarians, and a section of an aptychus is visible in the central part of the picture; (b) Leptocheilus sp.; (c) Cyrtocrinus sp.; (d)
tubular setting of the upper lamellar layer of Laevaptychus sp., sampled from the ichthyosaur-bearing bed; (e) specimen of Produvalia

cf. monsalvensis Gilliéron 1873. Scale bar is (a) 2 mm, (b—e) 10 mm.

3. Material

The specimen consists of an almost complete skeleton
crushed on a slab, and prepared from the top (i.e. strati-
graphic side up). It consists of a disarticulated skull
and an articulated vertebral column, extending from
the atlas-axis to the anterior caudal region. The pectoral
girdle and the forelimb are partially preserved, while
the pelvic girdle and hindlimb are missing. There are
two main gaps along the vertebral column that could
be due to scavenging, taphonomic processes or erosion.
Shark teeth have been recovered on the slab among the
ichthyosaur remains, but due to the deep erosion of the
bones it is difficult to establish the unambiguous pres-
ence of striations on the bone confirming interaction
between the sharks and the carcass. Measurements of
the specimen are provided in Table 1, and important
ratios in Table 2.
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Institutional abbreviations. GSM, Geological State
Museum of the Russian Academy of Sciences named
after V. I. Vernadsky (Moscow, Russia); MSVG, Museo
di speleo-paleontologia e archeologia di San Vittore
di Genga, Ancona, Marche, Italy; PMO, Palaeontolo-
gical Museum Oslo, University of Oslo, Oslo, Norway;
UPM, Undory Palaeontological Museum (Undory Vil-
lage, Ulyanovsk region, Russia).

4. Systematic palaeontology

Order ICHTHYOSAURIA de Blainville, 1835
Family OPHTHALMOSAURIDAE Baur, 1887
Gengasaurus gen. nov.

Etymology. Named after the town of Genga (Ancona,
Marche, Italy), where the specimen was found, and ‘-
saurus’, Greek for ‘lizard’.
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Table 1. Skeletal element measurements of Gengasaurus nicosiai
MSVG 39617. Values reported for the anterior and posterior
precaudal vertebrae and for the anterior caudals are average
measurements, while for the few preserved posterior caudals,
direct measurements are given. Abbreviations: avg, average; d,
diameter; d,.,, diameter anterior—posterior; dq.,, diameter
dorsal-ventral; CH, centrum height; CL, centrum length; CW,
centrum width; H, height; L, length; 1, left; r, right; W, width;
Wist, width measured at the distal head of the bone; W4, width
measured at the shaft of the bone; W, width measured at the
proximal head of the bone.

I. PAPARELLA AND OTHERS

Table 2. Principal ratios between some elements of Gengasaurus
nicosiai MSVG 39617 for body proportions. The values reported
for the anterior and posterior precaudal vertebrae and for the
anterior caudals are average measurements, while for posterior
caudals the direct measurements of the few preserved ones are
reported. Abbreviations: d, diameter; d,,, diameter
anterior—posterior; dg.,, diameter dorsal—ventral; CH, centrum
height; CL, centrum length; CW, centrum width; H, height; L,
length; W, width; Wi, width measured at the distal head of the
bone; W ,iq, width measured at the shaft of the bone; W, width
measured at the proximal head of the bone.

Element Measurement (cm) Elements Ratio
Mandible L (r) 74.50; (1) 62.50; Premaxilla L / mandible L (snout ratio) 0.44
(avg) 68.50 Premaxilla H / mandible L (snout depth ratio) 0.065
Premaxilla L 30.00 Mandible L / precaudal region L 0.47
Premaxilla H at mid-length 4.50 Mandible L / anterior caudal region L 0.65
Gullet W 25.00 (estimated) Sclerotic d,., / mandible L 0.21
Sclerotic d,., 14.20 Sclerotic dy., / mandible L 0.20
Sclerotic dg.y 13.50 Sclerotic d,., / premaxilla L 0.47
Hyoid shaft W 1.60 Sclerotic dy., / premaxilla L 0.45
Precaudal region L 147.00 (from atlas-axis) Humerus W, / L 0.45
(estimated) Humerus W,q /L 0.40
Atlas-axis CH 5.60 Humerus Wy / L 0.63
Atlas-axis CW 5.37 Radius W,;q /L 1.14
Anterior precaudal CH 5.58 Ulna W,,q /L 1.13
Anterior precaudal CL 2.52 Anterior caudal region L / precaudal region L 0.72
Anterior precaudal neural spine H 6.80 Anterior precaudal CH/CL 2.21
Anterior precaudal neural spine W 2.35 Posterior precaudal CH/CL 2.89
Posterior precaudal CH 8.07 Anterior caudal CH/CL 2.48
Posterior precaudal CL 2.79 Posterior caudal (postflexural) CH/CL 1.28
Mid-posterior precaudal neural 8.25 Atlas CH/CW 1.04
spine H Anterior caudal CH/CW 0.81
Mid-posterior precaudal neural 2.95 Posterior caudal (preflexural) CH/CW 0.90
spine W Posterior caudal (postflexural) CH/CW 0.83
Anterior caudal region L 105.5
Anterior caudal CH 7.43
Anterior caudal CL 3.00
Anterior caudal CH 5.22
Anterior caudal CW 4.22 : o
Posterior caudal CH (preflexural) 3.60 Gengasawﬂus nicosiat sp. nOv.
Posterior caudal CW (preflexural) 4.00 Figures 4, 5, 6
Posterior caudal CH (postflexural) 2.00 Etymology. Named after Umberto Nicosia, professor
gOSter?Or caudal CW (postflexural) 2:40 and mentor of Palaeontology at the University of Rome
osterior caudal CH (postflexural) 1.78 . . s . R .
Posterior caudal CL (postflexural) 1.39 Sapienza’, who prepared the specimen in 1998-9, in
Scapula Wrox 8.63 the Abbey of San Vittore di Genga.
Scapula W4 3.71
Humerus L 13.06 Holotype. MSVG 39617, a relatively complete indi-
Humerus Wox 5.85 vidual preserved on a slab, with a disarticulated skull,
Humerus W4 5.18 X )
Humerus W, 827 part of the pectoral girdle, and an articulated vertebral
Humerus preaxial facet 1.45 column lacking the posterior caudal region.
Humerus radial facet 3.97
Humerus ulnar facet 3.67 Locality and horizon. Camponocecchio, Genga
ﬁ:g;ﬁ: %PF_"X 43122 (Ancona, Marche, Italy), 43°24'28.05"N,
Radius L 420 12°58'52.60"E. Calcari ad aptici e Saccocoma
Ulna W 3.62 Fm. (sensu Galluzzo & Santantonio, 2002) (Fig. 1).
Ulna Wmid 3.67
Ulna L 3.25 Diagnosis. The new taxon is distinguished from other

DBype species. Gengasaurus nicosiai sp. nov.

Stratigraphy. Calcari ad aptici e Saccocoma Fm. (sensu
Galluzzo & Santantonio, 2002), Umbrian—Marchean
Succession, Central-Northern Apennines (Figs 1, 2).

Age. Late Kimmeridgian — earliest Tithonian (Fastelli
& Nicosia, 1980; this study).

Diagnosis. As for the type and only species.
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ophthalmosaurid ichthyosaurs by the following unique
combination of characters: basioccipital with reduced
extracondylar area similar in extent to Ophthalmo-
saurus spp. (extracondylar area less reduced than in
Brachypterygius extremus, Arthropterygius chrisorum:
Kirton, 1983; Maxwell, 2010); supraoccipital and exoc-
cipital contributing roughly equally to the foramen
magnum (supraoccipital contribution far exceeds exoc-
cipital contribution in Ophthalmosaurus natans; exoc-
cipital contribution exceeding supraoccipital contribu-
tionin O. icenicus: Gilmore, 1905, 1906; Kirton, 1983);
medial ramus of supraoccipital a thin bar (flat and
plate-like in O. icenicus: Kirton, 1983); orbit relatively
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Figure 4. (Colour online) Gengasaurus nicosiai gen. et sp. nov., MSVG 39617, holotype and only known specimen, consisting of
a relatively complete individual, with a disarticulated skull, partially articulated mandibles, part of the pectoral girdle, and a mostly
articulated vertebral column, mostly visible in lateral view, from the atlas-axis to the anterior caudals. (a) The overall view of the
specimen; (b) A closer view of palatal complex, skull roof, and mandible elements. Abbreviations: an, angular; ar, articular; at, atlas;
bs, basisphenoid; h, humerus; hy, hyoid; ic, interclavicle; 1, left; mand, mandible; n, nasal; pa, parietal; pmx, premaxilla; q, quadrate; r,
right; sa, surangular; sc, scapula; scr, sclerotic ring; sp, splenial; v, vomer.

large (ratio between the sclerotic ring and mandible
= 0.21); vertebrae in anterior caudal region not ex-
tremely shortened (centrum height:length <3.0; >3.0
in O. icenicus, Arthropterygius chrisorum: Massare
et al. 2006; Maxwell, 2010); three articular facets on
the humerus (only two facets present in Nannopterygius
enthekiodon and Cryopterygius kristiansenae: Kirton,
1983; Druckenmiller et al. 2012), with the smallest
located anteriorly for articulation with a preaxial ele-
ment (smallest facet for articulation with the interme-
dium in Aegirosaurus leptospondylus, Brachypterygius
extremus: Kirton, 1983; Bardet & Fernandez, 2000);
unusual condition of the preaxial accessory facet on
the humerus, highly anteroproximally deflected either
considering the longitudinal axis of the humerus or
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the radial-ulnar plane, likely shared with Undoro-
saurus sp. (Efimov, 1999; Arkhangelsky & Zverkov,
2014) (humeral facet for the preaxial element con-
tinuous with the radial one in Acamptonectes densus
and Ophthalmosaurus icenicus: Kirton, 1983; Fisc-
her et al. 2012); anteroposterior length of radius sim-
ilar to proximodistal length (unlike Caypullisaurus in
which the radius is anteroposteriorly elongate: Fernan-
dez, 1997, 2001); radius significantly larger than ulna,
with six articular facets for humerus, preaxial ele-
ment, preaxial carpal, radiale, intermedium, and ulna
posteriorly (radius smaller or sub-equal in Cryoptery-
gius kristiansenae, Ophthalmosaurus spp.: Gilmore,
1905, 1906; Kirton, 1983; Druckenmiller et al
2012).
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10 cm I

Figure 5. (Colour online) Cranial elements and atlas-axis of Gengasaurus nicosiai MSVG 39617, with interpretative drawing. Abbre-
viations: at-ax, atlas-axis; at-na, atlas neural arch; bo, basioccipital; bs, basisphenoid; exo, exoccipital; oo, opisthotic; pa, parietal; po,
prootic; q, quadrate; i, rib; scr, sclerotic ring; so, supraoccipital; st, stapes.

10 cmM

Figure 6. (Colour online) Postcranial elements of Gengasaurus nicosiai MSVG 39617, with interpretative drawings: (a) clavicle and
interclavicle; (b) scapula and rib fragment; (c, d) elements of the forefin; (e) portion of the vertebral column and ribs. In (e) the black
arrow indicates the approximate location of sacrum based on rapid shortening of ribs, ‘1’ indicates a typical bicipital dorsal rib, and ‘2’
indicates a posterior unicipital dorsal rib with the two heads almost completely fused. Abbreviations: acr, acromion process; c, carpal;
clav, clavicle; e, preaxial accessory element; h, humerus; ic, interclavicle; q, quadrate; r, radius; ri, rib; sc, scapula. All the scale bars
are equal to 10 cm.

https://doi.org/10.1017/50016756816000455 Published online by Cambridge University Press


https://doi.org/10.1017/S0016756816000455

First Upper Jurassic ophthalmosaurid from the Apennines 845

5. Description
5.a. Cranium
5.a.1. Braincase

Basioccipital. The surface of the basioccipital is
strongly eroded, thus making morphological interpret-
ation difficult. It is preserved in anterodorsal view, with
the condylar area poorly exposed (Fig. 5). On the right-
hand side of the condyle, a trace of a groove delimiting
the dorsal condyle is preserved. Slightly anterior to
the condylar area there are two embayments indicat-
ing the position of the extracondylar area, similar in
extent to that of Ophthalmosaurus icenicus (Kirton,
1983). In dorsal view, the basioccipital is wider (me-
diolaterally) than long (anteroposteriorly), similar to
Acamptonectes densus and Ophthalmosaurus icenicus
(Kirton, 1983; Fischer et al. 2012). The right opisthotic
facet is clearly defined on the anterolateral surface of
the basioccipital. It is much deeper than the opisthotic
facet of Ophthalmosaurus icenicus (Kirton, 1983), but
as in the latter taxon is separated from the dorsal sur-
face of the basioccipital by a ridge. A slightly recessed
area separates it from the roughened anterior surface of
the basioccipital.

Basisphenoid. The basisphenoid is not complete: about
half of the bone is preserved and is visible in dorsal
view; erosion is severe, especially on the left side
(Fig. 5). The dorsal plateau is interrupted by an exten-
ded fracture that crosses the basisphenoid diagonally,
but the undamaged portion of the plateau has a semicir-
cular outline, leading to the conclusion that the general
shape of the element was originally slightly rounded,
as in Ophthalmosaurus sp. (e.g. Kirton, 1983; Fischer
et al. 2014). The anterodorsal portion of the basisphen-
oid is broken, and the position of the sella turcica is
not clear. No pronounced dorsal crest was present: the
limit between the dorsal plateau and the anterodorsal
region of the basisphenoid (where the sella turcica is
located) is more like an extended ridge than a pointed
crista (visible only on the right side of the element).
The basipterygoid process is quite wide, and slightly
flattened in outline in dorsal view. Due to the erosion of
the left side and the partially overlapping supraoccipital
on the right, is not possible to see if the posteroventral
margin of this process is characterized by a notch for
the cranial nerve VII (Kirton, 1983; Maxwell, 2010).
Between the basipterygoid process and the supposed
position of the sella turcica, there is a smooth area that
could correspond to the cranio-quadrate passage de-
scribed in Ophthalmosaurus (Kirton, 1983). The pos-
terior surface of the basisphenoid, where the median
furrow is situated, is not as rounded as in Ophthalmo-
saurus, but more flattened as in Arthropterygius and
Acamptonectes, and is highly irregular and pitted. A
well-defined median groove runs dorsoventrally along
the posterior surface of the basisphenoid, with the ba-
sioccipital facets on either side. The facet for the an-
terior proximal head of the stapes in dorsal view is
smaller and less pronounced than the large, rounded
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depression described for Acamptonectes densus, more
similar to Ophthalmosaurus icenicus (Kirton, 1983;
Fischer et al. 2012).

Opisthotic. Both the opisthotics are preserved; the left
one is in distal view and the right one in anteroproximal
view (Fig. 5). In anteroproximal view the paroccipital
process appears quite elongated. The medial surface of
the opisthotic is deeply affected by erosion, so the otic
impression is poorly recognizable. A straight facet ori-
ented anteromedially for articulation with the basioc-
cipital can be recognized on the anterior edge of the
medial surface of the opisthotic. Running anteropos-
teriorly along the dorsal face of the paroccipital process,
there is a thin ridge and groove; this type of structure
is often found in ichthyosaurs, situated between the
impression of the otic labyrinth and the paroccipital
process (E.M. pers. obs.). On the ventral surface of the
opisthotic there is no evidence of a lateral ‘foot’ or an
unusual groove described by Fischer et al. (2012) for
Acamptonectes densus, and due to erosion it is not easy
to describe the stapedial facet. The left opisthotic is pre-
served in distal view, with the concave anterior surface
facing away from the basioccipital (as preserved). The
paroccipital process is broken, but appears compressed,
such that the dorsoventral axis is shorter than the antero-
posterior axis. The ventral edge of the bone is straight,
and lacks the foramen visible in Ophthalmosaurus icen-
icus (Kirton, 1983). The dorsal process, for contact with
the exoccipital, is long and relatively narrow.

Prootic. The prootic is approximately rounded in shape
and preserved in posterodorsal view (Fig. 5). Compar-
isons are difficult since it is preserved flattened on a
slab, and may be somewhat distorted. The canal im-
pressions are roughly V-shaped, as in Ophthalmosaurus
and Acamptonectes, and unlike Sveltonectes and most
Platypterygius species (Appleby, 1956; Kirton, 1983;
Fischer et al. 2011, 2012).

Supraoccipital. Only the right half of the supraoccipital
is preserved, visible in posterior view (Fig. 5). Assum-
ing bilateral symmetry, the supraoccipital contribution
to the foramen magnum was deeply arched and prob-
ably U-shaped, as in Ophthalmosaurus natans, Platy-
pterygius hercynicus and Platypterygius australis (Ap-
pleby, 1956; Wade, 1990; Kear, 2005; Kolb & Sander,
2009; Zammit, 2010). The medial ramus dorsal to the
foramen magnum is thinner than the lateral rami, and
the foramen magnum is higher and narrower than in
Acamptonectes densus, Ophthalmosaurus icenicus and
Sisteronia seeleyi, (Kirton, 1983; Fischer et al. 2012,
2014). The ventral facet for the exoccipital is roughly
triangular in shape, strongly tapering medioventrally.
A wave-like ridge runs horizontally along the dorsal
edge of the supraoccipital, reaching the lateral edge.
We interpret this as a contact surface for the parietal.
A depression on the lateral foot of the supraoccipital
could represent the supraoccipital foramen; however,
poor contrast between the sediment and bone prevents
verification that this is in fact a foramen. A second
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depression with a small notch lateral to the putative
supraoccipital foramen is a second potential candid-
ate; however, preservation prevents a clear view of this
structure. Although some other depressions are present
on the posterior surface of the supraoccipital, the state
of preservation of the element does not allow us to
rule out erosional artefacts. A prominent, obliquely
oriented supraoccipital foramen is present at the junc-
tion between the median ramus and the lateral foot of
the supraoccipital in Acamptonectes densus. This fo-
ramen is located further laterally in Ophthalmosaurus
icenicus, Platypterygius longmani and Platypterygius
hercynicus (Appleby, 1956; Kirton, 1983; Fischer et al.
2012).

Exoccipital. The right exoccipital is preserved in me-
dial view (Fig. 5). Its general shape is roughly triangu-
lar, similar to Ophthalmosaurus spp., Brachypterygius
extremus, Mollesaurus periallus and Acamptonectes
densus, and unlike Sveltonectes insolitus (Appleby,
1956; McGowan, 1976; Kirton, 1983; Fernandez, 1999;
Kear, 2005; Fischer et al. 2012). The tip of the anterior
process of the exoccipital is not clearly visible. A large
foramen is present on the medial surface; due to pre-
servation the presence of other foramina could not be
confirmed. Dorsally, the surface for the supraoccipital
contact is rounded in shape in medial view, and ap-
parently less oblique relative to the anterior process,
in comparison to Ophthalmosaurus icenicus, and more
similar to Acamptonectes (Kirton, 1983; Fischer et al.
2012); but this could also be due to preservation. The
articular facet for the basioccipital on the ventral edge
is convex and rounded in medial view.

Stapes. Only the right stape is preserved, flattened
and overlapped by an indeterminate element, making
detailed morphological comparisons difficult (Fig. 5).
The shaft appears relatively long and slender, as in
Opthalmosaurus icenicus and Acamptonectes densus
(Kirton, 1983; Fischer et al. 2012). The proximal head
is much broader than the distal head in MSVG 39617,
and this difference is most likely exaggerated through
compression. The distal head appears rounded, but may
be damaged.

5.a.2. Quadrate and Palatal complex

Quadrate. Both the quadrates are preserved: the left
quadrate in medial view and the right one in postero-
medial view, with the quadratojugal contact slightly
visible (Figs 5, 6a). The quadrate is robust, and both
its lamellae are expanded and fan-like, giving the bone
a well-defined C-shape, as in Ophthalmosaurus icen-
icus, and unlike for instance Platypterygius australis
(Kirton, 1983; Kear, 2005). In medial view, the mid-
point of the quadrate shaft at the level of the stape-
dial facet is more obviously constricted, as in Ophthal-
mosaurus spp. and to some degree in Acamptonectes
densus (Gilmore, 1905, 1906; Kirton, 1983; Fischer
et al. 2012). The stapedial facet is a slight concavity,
with an arched posterior edge and with a prominent and

https://doi.org/10.1017/50016756816000455 Published online by Cambridge University Press

I. PAPARELLA AND OTHERS

thickened ventrolateral edge, in the same position as in
Ophthalmosaurus icenicus relative to the occipital head
and the articular condyle (Kirton, 1983). Posterodorsal
to the stapedial contact there is an extended articula-
tion facet for the pterygoid, obliquely oriented from
the medial edge of the quadrate and reaching almost
its lateral edge. Ventrally, the condylar surface is par-
ticularly well exposed in the right quadrate, which is
almost in its position of articulation with the mandible:
prominent articular and surangular facets are visible,
the articular one being shorter than the other and with a
slight groove separating the two facets, as in Ophthal-
mosaurus icenicus (Kirton, 1983); in Acamptonectes
the situation is very similar, including for the groove,
but the two facets seems to be almost of the same length
(Fischer et al. 2012). Right above the articular condyle
on the posterolateral edge of the quadrate, there is a
subtriangular facet for the articulation of the quadrato-
jugal, slightly depressed and crossed in the middle by a
dorsoventrally directed ridge. A similar shape for this
facet, including the bony ridge, is visible in the quadrate
of Acamptonectes densus (Fischer et al. 2012, fig. 31),
even though in this case the quadratojugal facet seems
to be less elongated, occupying just the dorsal surface
of the condyle (Fischer ef al. 2012); in MSVG 39617
the quadratojugal contact begins above, at the level of
the ventral end of the stapedial facet.

Vomer. The left vomer is poorly preserved in medial
view, and its posterior end is missing (Fig. 4a, b). The
ventral edge of the vertical projection (sensu Kirton,
1983) is almost straight, while the dorsal edge is ob-
lique, giving the posterior vomer a trapezoidal shape, in
which the ventral edge is the major base and the dorsal
top is the minor base. The anterior end of the vomer
tapers sharply, as described for Ophthalmosaurus icen-
icus (Kirton, 1983), and the ventral border seems to
have an irregular outline close to the anterior tip, indic-
ating the suture with the contralateral vomer. The facet
for the contact with the pterygoid on the medial surface
of the vomer is elongated and slightly concave, running
from the central area to the anterior portion of the bone.
Along the dorsal edge of the bone, starting posteriorly,
two expanded vertical processes are present, although
this region is not well preserved.

5.a.3. Skull roof

The right side of the posterior skull roof is exposed in
ventral view, partially overlapping the right sclerotic
ring (Figs 4, 5). The parietal is broad and relatively
large, with a concave lateral margin that formed the
medial edge of the supratemporal fenestra. The lateral
margin of the parietal forms a slight ridge, bordering
a more concave area made up of the medial parietal.
The concavity is most pronounced anteriorly, extend-
ing onto the frontal, and is bordered anteriorly by a
transverse ridge. Just posterior to this transverse ridge,
a slight embayment on the medial surface of the skull
roof most likely corresponds to the pineal foramen. The
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ridge making up the concave lateral margin of the pari-
etal becomes straighter anteriorly, and may represent
the ventral surface of the prefrontal (as in Ophthal-
mosaurus icenicus: Kirton, 1983). The concave mor-
phology of the median skull is retained anterior to the
transverse ridge, and this may correspond to the olfact-
ory lobe (Kirton, 1983). Due to preservation, sutures
on the ventral surface of the skull roof are unclear.

Nasal. The antorbital portion of the right nasal is visible
in medial view (Fig. 4b). The medial surface of the
nasal is concave; the bone is poorly visible, and mainly
covered by other skull elements, so more details are
hard to identify.

Premaxilla. The left premaxilla is preserved in me-
dial view and the right one is slightly visible below
the right mandible (Fig. 4b). The premaxilla is not as
slender as in Ophthalmosaurus icenicus and Acamp-
tonectes densus relative to the total length of the mand-
ible (Table 2). The snout depth ratio is 0.065; values
for other ophthalmosaurids range between 0.044 in
Acamptonectes densus and 0.089 in Brachypterygius
extremus (McGowan, 1976; Fischer et al. 2012). The
left premaxilla is damaged both anteriorly and posteri-
orly. The medial surface is concave, and the posterior
premaxilla is divided into two processes, correspond-
ing to the end of the palatal ramus and the maxillary
ramus. The vomer remains loosely associated with the
medial surface of the palatal ramus. Due to breakage,
the shape of the dorsal edge of the premaxilla is not
well preserved, so the shape of the supranarial pro-
cess cannot be observed. Likewise, the palatal surface
becomes increasingly damaged anteriorly, and the al-
veolar groove is not visible.

5.a.4. Sclerotic rings

Both sclerotic rings are preserved in medial view
(Figs 4, 5). Neither is completely exposed and undam-
aged, but it is possible to recognize some of the plates:
in the posterodorsal quarter of the ring there are three
and a half plates. The sutures between the plates are
very difficult to discern, but are gently curved, and
are more sharply curved around the sclerotic aperture.
The anteroposterior diameter of the sclerotic ring is
142 mm, and the dorsoventral diameter is 135 mm.

5.a.5. Mandible

Both mandibles are preserved: the right mandible is in
dorsomedial view and the dentary, splenial, surangular,
angular, prearticular and articular are all present; the
left mandible is in dorsolateral view and the dentary,
splenial, surangular, angular and articular are visible
(Fig. 4a, b). The right mandible is 745 mm long, while
the left one is 625 mm long (Table 1). This discrepancy
is most likely due to taphonomy, but whether the left
mandible is compressed, the right one is sheared, or
both, is unclear. Because of this difference, we used
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the average value to calculate the ratios (Table 2). The
symphysis measures ¢. 300 mm. The gullet width is
estimated at 250 mm, although some taphonomic dis-
tortion makes this a rough estimate.

Articular. The dorsal edge of the articular is gently
concave and there is a mediolateral constriction at the
midpoint of the bone, visible both in lateral and medial
views (Fig. 4b). The articular is widest anteriorly, and
appears to taper posteriorly. However, as the ventral
surface of the element remains embedded in sediment,
the degree of tapering is difficult to evaluate. There is
a horizontal groove along the dorsal edge of the left
articular. The anterior surface for the articulation with
the quadrate condyle is oval in shape, with the long axis
oriented dorsoventrally, and slightly concave. The an-
terior (glenoid) end of the articular is much thicker than
the posterior end. The glenoid facet is directed antero-
medially. The articular is closer in morphology to that
of Ophthalmosaurus icenicus than to Arthropterygius
chrisorum (Kirton, 1983; Maxwell, 2010).

Surangular. Both surangulars are preserved: the right
one in medial view and the left one in dorsolateral
view (Fig. 4b). The posterior margin of the surangu-
lar is rounded, and in medial view its posterior portion
is dorsoventrally expanded. On the dorsal edge, both
the coronoid process and the process for the insertion
of Musculus adductor mandibulae externus (MAME)
are present and well developed as in Ophthalmosaurus
icenicus, and unlike Janusaurus lundi, where the coro-
noid process is small and only the preglenoid process
is quite prominent (Kirton, 1983; Roberts et al. 2014).
Ventral to the coronoid and MAME insertion, the me-
dial surface of the surangular is concave. This con-
cavity forms an anteroposteriorly directed groove cor-
responding to the Meckelian canal. This groove is not
exposed more anteriorly as the prearticular remains in
articulation, covering the medial surface of the Meck-
elian canal. The ventromedial border of the Meckelian
canal posterior to the coronoid process is formed by
the angular, which expands medially anteroventral to
the coronoid process to enclose the glenoid. The pos-
terior prearticular is broken. More anteriorly, the medial
surface of the lower jaw consists of the splenial. The
posterior splenial overlies the more medial surangular.
As in most ichthyosaurs, the splenial participates in
the posterior mandibular symphysis; however, due to
weathering, the extent of splenial participation relative
to the dentary cannot be assessed. Corresponding to the
contact with the splenial, on the lateral surface there is
the surangular—dentary contact, and as in Ophthalmo-
saurus and other ophthalmosaurids, the dentary covers
much of the surangular’s dorsal surface. The ventral
edge of the surangular is almost entirely for the contact
with the angular.

Prearticular. The right prearticular is visible in medial
view, still in articulation with the rest of the mandible
but broken posteriorly. It forms the medial wall of the
Meckelian canal. On the left side, the prearticular is vis-
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ible as a thin splint in dorsal view, overlapped medially
by the posterior splenial.

Angular. The right angular is preserved in medial view
and the left one is slightly visible in dorsolateral view
(Fig. 4b). The angular is an elongate element consti-
tuting the ventral portion of the mandible. Anteriorly
in medial view, the articular is partially overlapped by
a pointed posterior process of the splenial, as in Oph-
thalmosaurus icenicus (Kirton, 1983). In medial and
lateral view, the angular tapers posteriorly and is dor-
soventrally flattened, constituting the floor of the glen-
oid fossa and contacting the surangular dorsally and
laterally, the prearticular dorsally and medially, and the
articular posterodorsally.

Splenial. The splenials contribute anteriorly to the
mandibular symphysis (Fig. 4b). Although a portion
of the mandible is missing, it seems likely that the
splenial contribution is limited to the posterior half of
the mandibular symphysis. In medial view the splenial
ends posteriorly as a pointed triangular bone that over-
laps the angular. Dorsally, the contact with the suran-
gular is slightly extended anteriorly, exceeding the an-
terior half of the splenial: in this contact, MSVG 39617
is more similar to Platypterygius australis, where the
splenial-surangular are in contact up to the most an-
terior half of the mandible, than to Ophthalmosaurus
icenicus, where it stops more posteriorly (Kirton, 1983;
Kear, 2005; Zammit, 2010; Zammit, Norris & Kear
2010).

Dentary. The anterior portion of the mandible is ex-
posed in dorsal view, but is heavily weathered and
eroded. The anterior half of the left dentary is broken
and still attached to the right counterpart; the two dent-
aries are in contact at the symphysis (Fig. 4b). Accord-
ing to Kirton (1983), in Ophthalmosaurus icenicus the
dentaries diverge at their tips, leaving space presum-
ably occupied by cartilage: at least ventrally, in MSVG
39617, there is no evidence of a divergence at the an-
terior mandibular symphysis. The contribution of the
dentary to the mandibular symphysis is greater than
that of the splenial. The alveolar groove is visible pos-
teriorly, but impressions of tooth positions are not pre-
served. The posterior end of the dentary in lateral view
is not well-preserved; on the dorsal surface instead,
the alveolar groove runs from the posterior end of the
dentary anteriorly. Weathering prevents an accurate as-
sessment of its depth.

5.a.6. Hyobranchial apparatus

A rod-like bone underlying the right posterior mand-
ible is interpreted as the hyobranchial apparatus (CB1).
The proximal end is hidden by the angular, the shaft
is bowed and rod-like, while the anterior end is quite
flattened and a little bit wider than the shaft, more sim-
ilar to the condition seen in Platypterygius australis
than in Sveltonectes insolitus (Fig. 4b) (Kear, 2005;
Fischer et al. 2011). On the ?dorsal surface of the hy-
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obranchial rod, running about parallel to the shaft and
close to the posterior edge, there is a slight groove.

5.b. Axial skeleton

The length of the presacral vertebral column is 147 cm,
and of the preserved portion of the caudal region is
105.5 cm. The column is mostly preserved in articula-
tion and the vertebrae are mainly visible in lateral view.
Because of'this, it was not possible to measure the width
of dorsal and anterior caudal vertebrae, while for pos-
terior caudals it was possible to measure the width but
not the length, since they are disarticulated on the slab,
mainly in anterior view (Fig. 4a). The apical vertebrae
and the postflexural column are not preserved, except
for a few postflexural vertebrae spread on the slab in
anterior view.

The atlas-axis complex is preserved in anterior
view (Figs 4, 5). The ventral edge is far less acute
than in Ophthalmosaurus icenicus or Arthropterygius
chrisorum, and more equidimensional as described in
Acamptonectes densus (see Table 1) (Kirton, 1983;
Maxwell, 2010; Fischer et al. 2012). The condylar
facet is eroded into an irregular basin, and the sides
are not well exposed, preventing detailed information
on suture erasure between the elements. The floor of
the neural canal is weakly concave in anterior view. A
bone that we interpret to be the left half of the atlan-
tal neural arch is preserved near the supraoccipital. If
correctly interpreted, the right and left halves of the
atlantal neural arch were unfused, and the neural spine
was much smaller than those of more posterior ver-
tebrae. By the eighth vertebra, the neural spines are
taller than the height of the centra, closely spaced and
rectangular. Although initially oriented vertically, they
become slightly posteriorly inclined in the mid-dorsal
region. In the posteriormost dorsal region, the neural
spines are gradually reduced in height. Neural spines
are not preserved in the caudal region, likely due to
erosion.

Because of weathering and the articulated nature of
the specimen, it is not possible to distinguish the cer-
vical from the dorsal vertebrae. It is possible to identify
a single ventrolateral rib facet (apophysis) occurring
at the 41st preserved vertebra, marking the presacral—
caudal transition. However, a portion of the mid-dorsal
region is missing, making this a minimum estimate.
Based on photos from the initial excavation, this is
likely due to recent erosion rather than scavenging (De
Marinis & Nicosia, 2000). In addition to the 41 pres-
acral vertebrae, 31 anterior caudals are preserved, for
a minimum count of preflexural vertebrae greater than
72.

In the literature, there are different numbers given
for the presacral—caudal transition in Ophthalmosaurus
icenicus: Kirton (1983) reports 42 presacral verteb-
rae, Buchholtz (2001) and Massare ef al. (2006) report
39 presacrals for Ophthalmosaurus icenicus. Appleby
(1956) reports 27, but this outlying value is most likely
attributable to missing centra, as unless a specimen is
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articulated there is no way to accurately evaluate the
number of missing vertebrae (if any) in ichthyosaurs.
The presacral count in Ophthalmosaurus natans is re-
ported as 35 (Massare et al. 2006). The presacral ver-
tebral count in Platypterygius species ranges from 46
to 54 (Maxwell & Kear (2010) note the artificially
low count presented by Nace (1939) for Platyptery-
gius americanus has a similar underlying cause to the
artificially low count of Appleby (1956)). With more
than 41 presacral vertebrae, MSVG 39617 is slightly
outside the range of Ophthalmosaurus species.

Almost the entire column is preserved in lateral view,
with the exception of a few rotated vertebrae that par-
tially show the anterior or posterior surface (Figs 4, 6¢).
Although compression of vertebrae is evident, most of
the column is preserved in articulation and there is no
significant deformation in the relative proportions of
the vertebral dimensions in lateral view (i.e. height and
length). The centrum height to length ratio (CH/CL)
varies from 2.21 to 2.89 in the presacral region and
around 2.5 for the anterior caudals, so there is not a
great deal of vertebral regionalization along the column
(see Table 2). This weak regionalization of the axial
skeleton is similar to the condition present in Ophthal-
mosaurus natans and Sveltonectes insolitus, but differs
from Ophthalmosaurus icenicus (Kirton, 1983; Mas-
sare et al. 2006; Fischer et al. 2011).

A distinction between the cervical and the dorsal
series is not possible, so the distinction made here is
between anterior dorsals, posterior dorsals and anterior
caudals. The anterior—posterior dorsal transition is not
based on significant differences in vertebral morpho-
logy, but loosely corresponds to the position of the
vertebrae relative to the gap in the dorsal region of
MSVG 39617 (Fig. 4a). The anterior dorsal centra are
longer than the other centra of the column, resulting
in the lower CH/CL ratio. The posterior dorsals are
more evenly amphicoelous than the anterior dorsals,
and have a higher CH/CL ratio; however, this is always
less than 3.0 (see Table 2). The diapophysis of the pos-
terior dorsals is still very close to the anterior margin of
the centrum, but its position is more ventral than in the
anterior presacrals; the parapophysis is shifted slightly
posteriorly and so is not as close to the anterior margin.

Most dorsal neural spines are preserved in articu-
lation with the centra in lateral view and sometimes
overlapped by the ribs (Figs 4, 6e). They are slightly
posteriorly inclined in orientation, and approximately
rectangular in shape. In the anterior dorsal region, there
is a gradual increase in heights of the neural spines
from 58 to 72 mm. The tallest neural spines are in the
mid-dorsal region, with heights between 76 and 89 mm
immediately anterior to the gap in the column, while
posterior to the gap the posterior dorsal neural spines
range between 65 and 70 mm in height (Table 1). In
lateral view, the prezygapophyses are less offset in the
anterior dorsal neural spines, and become more offset
posteriorly along the column. The post-zygapophyses
in lateral view are more pronounced in the anterior
dorsal region than in the rest of the column.
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The first unicipital rib facet occurs on the ventrolat-
eral edge of the 42nd preserved centrum, marking the
transition to the caudal region (Fig. 6e). The anterior
caudals resemble the posterior dorsals in their dimen-
sions, with a slightly lower CH/CL ratio (Table 2). The
neural arch facets and the apophysis are both very en-
larged, occupying a significant portion respectively of
the dorsolateral and ventrolateral surfaces. The amphi-
coely of the anterior caudals is still well developed, al-
though not as even as more anterior centra. In anterior
view, the dorsal edge of the anterior caudals looks quite
flattened and the centrum is rounded in shape, and in
the most posterior anterior caudals is even wider than
high, similar to Arthropterygius chrisorum and Oph-
thalmosaurus icenicus (Kirton, 1983; Maxwell, 2010).

A few postflexural caudal vertebrae are preserved,
a few in anterior view and one in lateral view. Both
preflexural and postflexural posterior caudal centra are
slightly wider than high and are approximately rounded
in shape, tapering slightly ventrally, and with a CH/CW
ratio close to 0.90 or less (Table 2). The only postflex-
ural centrum preserved in lateral view has a CH/CL
ratio of 1.28 and is of an almost rectangular shape,
with flattened dorsal and ventral edges; this centrum is
not truly amphicoelous and its anterior and posterior
borders are approximately parallel, as in Arthroptery-
gius chrisorum (Maxwell, 2010).

Ribs in the anterior, mid- and posterior dorsal region
are all prominently bicapitate, and bear a prominent
groove parallel to their long axes (Fig. 6b, e). The dorsal
ribs broaden slightly towards their distal tips. The distal
tips are flattened and ungrooved (Fig. 6¢). The tuber-
culum and capitulum of the most anterior trunk ribs
are equivalent in size and less widely separated than in
the posterior trunk ribs where the capitulum is much
wider than the tuberculum. This is also reflected in
the size of the diapophyses and parapophyses. The ribs
begin to shorten rapidly in the posterior dorsal-sacral
region (Fig. 6¢). One of the posteriormost dorsal ribs
is preserved dorsal to the vertebral column. This rib is
short relative to more anterior ribs, and is not bicapit-
ate (Fig. 6e). Its proximal end is slightly rounded, being
much less robust than the tuberculum of the bicipital
ribs.

No elements are preserved that can be unambigu-
ously interpreted as gastralia.

5.c. Appendicular skeleton

Large portions of the pectoral girdle and forelimb have
been preserved, but are disarticulated. No portions of
the pelvic girdle or hindlimb are preserved.

Scapula. Both scapulae are preserved, but the left scap-
ula is missing the proximal end, and is too flattened
on the ribs to provide additional morphological detail.
The right scapula is preserved in dorsal view, its distal
end is broken and the proximal one is partially covered
by a rib (Fig. 6b). It resembles the scapulae of Oph-
thalmosaurus icenicus and Acamptonectes densus in
possessing an anteroposteriorly expanded proximal
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end, and a flattened distal end (Kirton, 1983; Fisc-
her et al. 2012). The shaft is strap-like, and not as
slender as in Acamptonectes, with a broad proximal
expansion both anterior and posterior to the long axis
of the shaft (Fischer et al. 2012). The anterior edge for
the articulation with the clavicle is quite oblique and
externally concave, similar to the acromial process in
Ophthalmosaurus icenicus and Acamptonectes densus
(Kirton, 1983; Fischer ef al. 2012). A small portion of
the glenoid contribution is visible, but is covered by a
rib anteriorly. The acromial process is large and well
developed, similarly to Acamptonectes densus (Fischer
etal 2012).

Clavicle. The medial portion left clavicle is preserved
in dorsal view (Fig. 6a). It is a broad flange, taper-
ing distally, with a thickened ridge along the anterior
margin. A similarly thickened ridge on the shaft is
described for Platypterygius americanus (Maxwell &
Kear, 2010). As in Athabascasaurus bitumineus, the
descending ramus is wider and straighter than the pos-
terodistal tip (Druckenmiller & Maxwell, 2010), even
considering that both portions are flattened above the
left quadrate.

Interclavicle. The clavicle is associated with the trans-
verse bar of the interclavicle, also preserved in dorsal
view (Fig. 6a). The interclavicle is thickened along
the anterior margin, and its transverse bar is roughly
diamond-shaped; the medial stem is not preserved.

Humerus. A humerus (?left) is preserved in dorsal
view, severely dorsoventrally flattened (Figs 4, 6¢). It
is longer than it is wide, with a broader distal end than
the proximal end (respectively 63 % vs 45 % of the hu-
merus length), and is constricted at mid-shaft (Fig. 6c;
Table 2). There are three distal articular facets, for a
preaxial element, the radius and the ulna. The facets
for the radius and ulna are subequal in length; that for
articulation with the preaxial element is significantly
smaller. In Acamptonectes densus, and in Ophthalmo-
saurinae in general, the facet for the preaxial element
is described as being continuous with the radial one,
while the ulnar facet is posteriorly deflected (e.g. Fisc-
her et al. 2012). In dorsal view, the facet for the preaxial
element in MSVG 39617 is reduced and highly antero-
proximally deflected relative to both the radial facet and
the long axis of the humerus, while there is no posterior
deflection of the ulnar facet (Fig. 6¢). This condition of
the preaxial facet differs significantly in comparison to
both Ophthalmosaurus species, and most ophthalmo-
saurids; however, a similar shape and position of the
distal end of the humerus, based on personal observa-
tion, can be identified in both Undorosaurus species (U.
gorodischensis UPM EP-N-23(744), U. trautscholdi
GSM 1503: Arkhangelsky & Zverkov, 2014: figs 1, 2,
pp. 189-190). Moreover, along the distal edge of the
bone there is a thickening of the border coincident with
the radial and ulnar facets, but not along the preaxial
element facet; a similar thickening has been described
by Maxwell & Kear (2010) in the humerus of Platy-
plerygius americanus.
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Zeugopodium. The preaxial element is preserved in ar-
ticulation with the humerus (Fig. 6c¢). It is longer than
anteroposteriorly wide, and articulates with a carpal
distally, indicating the presence of a true preaxial digit;
running posterodistally, the preaxial element also bears
a faintly sinusoidal facet for articulation with the epi-
podial. The radius and ulna are preserved in the region
around the left-hand ramus of the lower jaw in either
dorsal or ventral view, and both are well exposed from
the sediment (Fig. 6d). The radius is hexagonal and a
great deal larger than the ulna, with six articular facets
for humerus, preaxial element, preaxial carpal, radiale,
intermedium, and for the ulna posteriorly (Fig 6¢c, d).
The ulna is roughly sub-rectangular in shape, being
proximo-distally shortened, and has only a single long
distal articular facet, presumably for articulation with
both the intermedium and ulnare, and then one for the
humerus (Fig. 6d). There is no evidence for a pisiform
facet. In McGowan & Motani (2003), an ulnar facet
shorter than the radial facet is cited as being diagnostic
of Ophthalmosaurus; in MSVG 39617, the two facets
are subequal, with the ulnar facet being slightly longer
(Table 1). The presence of posterior digits could not be
verified.

Autopodium. Some phalanges are preserved disarticu-
lated on the slab, all with an oval shape (Fig. 4a), as in
Ophthalmosaurus spp. and Arthropterygius chrisorum,
and unlike the rectangular phalanges of Platypterygius
spp. and Caypullisaurus bonapartei (e.g. Kirton, 1983;
Fernandez, 2001, 2007; Kolb & Sander, 2009; Max-
well, 2010; Maxwell & Kear, 2010).

6. Phylogenetic analysis

To investigate the phylogenetic position of the new spe-
cimen within Ophthalmosauridae, we included Gen-
gasaurus nicosiai gen. et sp. nov. in the data matrix
of Roberts et al. (2014), adding three characters re-
stored from the data matrix of Maxwell, Fernandez &
Schoch (2012), and including also Ophthalmosaurus
natans (see online Supplementary Material, Text S1 at
http://journals.cambridge.org/geo for characters list).
O. natans was scored based on personal observation
with reference to the literature (Gilmore, 1905, 1906);
the codings of Undorosaurus gorodischensis are based
on Arkhangelsky & Zverkov (2014) rather than Roberts
et al. (2014), and characters 1 and 2 for Maiaspon-
dylus lindoei are re-coded based on personal observa-
tion (see online Supplementary Material, Text S2 at
http://journals.cambridge.org/geo for character—taxon
matrix).

Our phylogenetic analysis is based on 24 taxa and 59
characters. The data matrix (generated with Mesquite
ver. 3.01) was analysed with the software package TNT
ver. 1.1 (Goloboff, Farris & Nixon 2008). Temnodon-
tosaurus sp. is retained as outgroup, the Maxtrees were
set to 10 000 and the analysis was run with 1000 replic-
ates, employing the tree-bisection-reconnection (TBR)
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Temnodontosaurus sp.

2 Ichthyosaurus communis
Malawania anachronus

59?(  — Stenopterygius quadriscissus

100 — Ophthalmosaurus natans
3 11— Arthropterygius chrisorum
— Undorosaurus gorodischensis
635 — Gengasaurus nicosiai gen. et sp. nov.
1 [— Acamptonectes densus
! = Leninia stellans
Ophthalmosaurus icenicus
: — Mollesaurus periallus
— Athabascasaurus bitumineus
1 1 — PM0222.667
1 — Janusaurus lundi
— Cryopterygius kristiansenae
1 — Palvennia hoybergeti

— Sveltonectes insolitus

_|: Aegirosaurus leptospondylus
Maiaspondylus lindoei

— Brachypterygius extremus

— Platypterygius hercynicus

3

_E Platypterygius australis
Caypullisaurus bonapartei

Figure 7. Strict consensus of three MPTs resulting from the performed analysis to assess the phylogenetic position of Gengasaurus
nicosiai MSVG 39617: length = 157, CI = 0.465, RI = 0.594. Bremer support values of greater than 1 are presented above the
branches (in bold), while bootstrap support values of greater than 50 % are indicated below the branches.

algorithm. Following Roberts et al. (2014), characters
were not weighted or ordered.

The result of the analysis consists of three most parsi-
monious trees (MPTs) with a length of 155 steps, a con-
sistence index (CI) of 0.471 and a retention index (RI)
0f 0.604. We used TNT to calculate the Bremer support
and the bootstrap values (run with 1000 replicates using
the TBR algorithm). The resulting strict consensus tree
(SCT) (generated with Mesquite) has a length of 157
steps, CI 0.465 and RI 0.594 (Fig. 7). The list and map
of synapomorphies supporting each node is presented
in the online Supplementary Material (Table S1; Fig.
S1) at http://journals.cambridge.org/geo.

The family Ophthalmosauridae is well supported
by a high number of synapomorphies recovered in
all MPTs (see online Supplementary Material, Table
S1 at http://journals.cambridge.org/geo for details).
Ophthalmosaurus natans, Undorosaurus gorodischen-
sis and Arthropterygius chrisorum form a polytomy
basal to all the other ophthalmosaurids (Fig. 7). No un-
ambiguously optimized synapomorphies separate Gen-
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gasaurus nicosiai from more deeply nested nodes
within Ophthalmosauridae.

Our results differ from those of Roberts et al. (2014)
most significantly in loss of resolution. The addition of
O. natans and Gengasaurus nicosiai does little to al-
ter the basic structure of the tree recovered in Roberts
et al. (2014): small changes, such as Brachypterygius
extremus being more closely related to Platyptery-
gius spp. than to Aegirosaurus leptospondylus, and the
slightly altered relationship between Maiaspondylus
lindoei, Sveltonectes insolitus and A. leptospondylus,
are caused by re-coding the dental characters for M.
lindoei rather than by including the new taxa.

By including O. natans and G. nicosiai, what has
been affected most in the resulting topology is the
subdivision into the two main clades within Ophthal-
mosauridae recovered in previous analyses (e.g. Fisc-
her et al. 2012; Roberts et al. 2014). The more nes-
ted clade Platypterygiinae is retained, although with a
few changes in the relationships among the included
taxa with respect to Fischer er al. (2012) and Roberts
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et al. (2014) (mostly in the position of B. extremus,
as stated above). The Boreal clade of ophthalmosaurid
ichthyosaurs proposed by Roberts et al. (2014) is also
recovered, but the more inclusive Ophthalmosaurinae
clade instead collapses, and not necessarily because of
the inclusion of the new taxon. Indeed, an additional
analysis performed with the current data matrix (using
TNT) revealed that the simple addition of O. natans
is sufficient to block recovery of this group as a dis-
tinct clade. However, it is notable that O. natans, unlike
G. nicosiai, is clearly a member of Ophthalmosaur-
inae (sensu Fischer et al. 2012), but in this analysis
it is closer to A. chrisorum, U. gorodischensis and G.
nicosiai than to O. icenicus, raising questions about
the monophyly of the genus. The non-monophyly of
Ophthalmosaurus has also been recovered in previous
analyses (e.g. Druckenmiller & Maxwell, 2010; Fisc-
her et al. 2012), and thus requires closer scrutiny (see
discussion below).

7. Taphonomy and associated shark teeth

Class CHONDRICHTHYES Huxley, 1880
ELASMOBRANCHII Bonaparte, 1838
EUSELACHII Hay, 1902
NEOSELACHII Compagno, 1977
SQUALIMORPHII Compagno, 1973
Order HEXANCHIFORMES Buen, 1926
Family 7CRASSONOTIDAE Kriwet & Klug, 2011
gen. et sp. indet.

Figure 8

The presence of two shark teeth on the slab closely
associated with the ichthyosaur skeletal material, as
well as the partial disarticulation and worn appearance
of the bones, suggests that the skeleton lay exposed
on the sea-floor for some time and scavenging activity
may have occurred.

The teeth are 9 mm in length, multicuspid, with a
small mesial cusplet and three distal cusplets which
decrease in size distal to the main cusp (Fig. 8a, b).
The distal cusplets are only slightly smaller than the
main cusp. The root is poorly preserved in both ex-
amples. The teeth can be attributed to a hexanchiform
shark, whose fossil record extends from the Early to
Late Jurassic (Kriwet & Klug, 2011). Hexanchiformes
is a plesiomorphic group of squalomorph sharks, char-
acterized by numerous extinct genera and three ex-
tant ones, with a widespread geographical distribu-
tion. Since the fossil record consists mainly of isolated
teeth, hexanchiform sharks are recognized by a com-
bination of dental characters (Kriwet & Klug, 2011).
All Jurassic hexanchiforms described to date can be
referred to the extinct family Crassonotidae, which is
defined based on root morphology (Kriwet & Klug,
2011, 2014). Thus, although root morphology cannot
be accurately assessed in the current example, referral
to Crassonotidae is probable. The only hexanchiform
reported to date from the Late Jurassic of Italy be-
longs to Notidanus insignis Seguenza, 1887, from the
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Figure 8. (Colour online) Multicuspid shark teeth found on the
same slab with the skeleton of Gengasaurus nicosiai MSVG
39617, attributed to Hexanchiformes: (a) best-preserved tooth
in lingual view, with mesial and distal cusplets clearly visible; (b)
the second preserved tooth in lingual? view. Scale bar: 10 mm.

Oxfordian of Sicily (Seguenza, 1887; Kriwet & Klug,
2011).

MSVG 39617 is flattened on a slab, with the skull ele-
ments mostly disarticulated but limited to a small area,
and the vertebral column mainly in articulation and
characterized by two main gaps, where some vertebrae
are probably missing. The anterior ribs are broken and
disarticulated, and many are scattered dorsal to the ver-
tebral column and posterior to the skull. The shark teeth
are also situated in this region. Possible bite marks can
be identified on some bones, but it is difficult to estab-
lish this with certainty because of the deep erosion of
the remains which confounds accurate interpretation.
The carcass of the animal may have been exposed for
some time on the seabed prior to burial, as suggested by
poor preservation of the bone surfaces, and soft tissue
may have been removed via mobile scavengers such
as sharks. However, the limited degree of disarticula-
tion, especially of the posterior dorsal vertebral column
and ribs, suggests that this phase was short-lived and
possibly only involved part of the skeleton.

8. Discussion
8.a. The questionable monophyly of Ophthalmosaurus

When both O. icenicus and O. natans are included,
phylogenetic analyses of Ophthalmosauridae have per-
sistently failed to recover Ophthalmosaurus as a mono-
phyletic taxon because Ophthalmosaurus itself lacks
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Late Jurassic 150 Myr

Figure 9. (Colour online) Position of diagnostic ophthalmosaurid remains of the Late Jurassic, including Gengasaurus nicosiai gen.
et sp. nov. The palacogeographic map is modified from Blakey (2008). Abbreviations: Ae, Aegirosaurus; Upper Jurassic lithographic
limestones of Bavaria, Solnhofen Fm., lower Tithonian (Bardet & Fernandez, 2000); Ar, Arthropterygius sp.; Melville Island, Northwest
Territories, Canada, Ringnes Fm., (Oxfordian to Kimmeridgian) (Maxwell, 2010); Pampa Tril, Neuquén Province, Argentina, Upper
Jurassic, Vaca Muerta Fm. (Tithonian) (Fernandez & Maxwell, 2012); Porozhsk village, Sosnogorsk District, Komi Republic, Russia,
Paromes Fm., Middle Volgian, Upper Jurassic (Zverkov et al. 2015); B, Brachypterygius; South UK (Kirton, 1983); La Caja Fm.,
Coahuila, Mexico (Buchy & Lopez-Oliva, 2009); Ca, Caypullisaurus bonapartei; Cerro Lotena, Neuquén Province, northwestern
Patagonia, Argentina (Fernandez, 1999); Tithonian—Berriasian; Vaca Muerta Fm., Upper Jurassic (Fernandez, 1999); Cr, Cryopterygius;
Late Jurassic to earliest Cretaceous, Slottsmgya Member of the Agardhfjellet Fm. in the central Spitsbergen, Sassenfjord area
(Druckenmiller ez al. 2012; Roberts et al. 2014); G, Gengasaurus nicosiai; late Kimmeridgian — earliest Tithonian, Calcari a Saccocoma
e Aptici Member, Calcari Diasprigni Fm., Umbrian—Marchean Apennine Succession, Genga, Ancona, Marche, Italy; J, Janusaurus
lundi; North side of Janusfjellet, northeast of Longyearbyen, Spitsbergen, Svalbard, Norway; Late Jurassic to earliest Cretaceous,
Slottsmeya Member of the Agardhfjellet Fm. in the central Spitsbergen, Sassenfjord area (Roberts ef al. 2014); N, Nannopterygius
enthekiodon, Upper Jurassic, Tithonian, Kimmeridge Clay, UK (Hulke, 1871). O, Ophthalmosaurus spp.; Callovian — Kimmeridgian,
Oxford Clay of Peterborough, and Kimmeridge Clay of the Oxford district, Wiltshire and Dorset (South UK) (Kirton, 1983); lower to
middle Volgian, Ul’yanovsk Region, Russia (Storrs, Arkhangelsky & Efimov, 2000); early Tithonian, La Caja Fm., Coahuila, Mexico
(Buchy, 2010); Late Jurassic, Mendoza Province, Argentina (McGowan & Motani, 2003); Oxfordian, Sundance Fm., Wyoming, USA
(Gilmore, 1905); Polar District of Nenets Autonomous Region (Okrug), Volonga River, Upper Volgian to Berriasian (Zverkov et al.
2015); Pa, Palvennia; Late Jurassic to earliest Cretaceous, Slottsmaya Member of the Agardhfjellet Fm. in the central Spitsbergen,
Sassenfjord area (Druckenmiller et al. 2012; Roberts et al. 2014); U, Undorosaurus; middle Volgian, Ul’yanovsk and Moscow Region,
Russia (Efimov, 1999; Storrs, Arkhangelsky & Efimov, 2000; Arkhangelsky & Zverkov, 2014).

clear autapomorphies (e.g. Druckenmiller & Maxwell,
2010; Fischer et al. 2012). Our phylogenetic analysis
recovered O. natans to be closer to A. chrisorum, U.
gorodischensis and G. nicosiai than to O. icenicus, and
this result lends credence to the non-monophyly of the
genus Ophthalmosaurus, as well as the validity of O.
natans.

From the current data matrix (see online Sup-
plementary Material at http://journals.cambridge.org/
geo), it is obvious that O. natans differs from O.
icenicus in several aspects of both cranial and post-
cranial morphology. Previous authors have questioned
the validity of O. natans as a different species (e.g.
McGowan & Motani, 2003), and this taxon is often ex-
cluded from phylogenetic analyses (e.g. Roberts et al.
2014). Fischer et al. (2012) recall a former name for the
taxon (i.e. Baptanodon natans, according to Gilmore,
1906), and we agree with these authors that there is
no support for the synonymization of O. natans and
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O. icenicus. Moreover, the fact that O. natans is separ-
ated from the type species of the genus on the basis of a
consistent number of phylogenetically relevant features
should be enough to question its inclusion in the same
taxon.

8.b. Why Gengasaurus is a new valid taxon

A palaeogeographic map showing the distribution of
the Late Jurassic fossil record of ophthalmosaurid ich-
thyosaurs, and including the new material from Italy
from a poorly sampled area of the Tethys, is presented in
Figure 9. MSVG 39617 is clearly referable to Ophthal-
mosauridae based on the reduced extracondylar area of
the basioccipital, as well as the presence of a preaxial
digit (Motani, 1999). The affinities of MSVG 39617
relative to all the other ophthalmosaurid taxa are un-
resolved: no unambiguous diagnostic features can be
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addressed to justify the inclusion of this taxon in one
specific genus instead of another.

MSVG 39617 is most similar to Ophthalmosaurus
spp. in phalangeal and basioccipital morphology. How-
ever, the new taxon differs from the described species
of Ophthalmosaurus in several respects, including the
shape of the posterior basisphenoid (known only for
Ophthalmosaurus icenicus), a less regionalized ver-
tebral column than in O. icenicus (see following sec-
tion), the shape of the supraoccipital (differs only from
O. icenicus), the reduced and highly anteroproximally
deflected preaxial facet of the humerus, and a prox-
imodistally shortened ulna. The shape of the posterior
basisphenoid and a proportionately larger orbit also
distinguish MSVG 39617 from ‘O.’ normanniae from
the Kimmeridgian of France (Lennier, 1887).

The extracondylar area of the basioccipital is not
as reduced as in Palvennia hoybergeti, Brachyptery-
gius extremus, Janusaurus lundi or Arthropterygius
chrisorum (Kirton, 1983; Maxwell, 2010; Drucken-
miller et al. 2012; Roberts et al. 2014). In compar-
ison to Undorosaurus sp. and Paraophthalmosaurus
spp. the proximal end of the humerus is relatively less
expanded in MSVG 39617 (Arkhangelsky, 1997; see
also character scoring in Arkhangelsky & Zverkov,
2014). The new specimen lacks a distal facet on the
humerus for articulation with the intermedium (char-
acteristic, for instance, of Brachypterygius extremus
and Aegirosaurus leptospondylus: Kirton, 1983; Bardet
& Fernandez, 2000), but the facet for a preaxial ele-
ment is well developed (absent in Nannopterygius en-
thekiodon, reduced or absent in Cryopterygius kris-
tiansenae: Hulke, 1871; Kirton, 1983; Druckenmiller
et al. 2012). Phalanges are rounded, and not blocky
as in Caypullisaurus bonapartei (Fernandez, 1997,
2001) or typically rectangular as in Platypterygius
spp. (McGowan, 1972; McGowan & Motani, 2003)
and Sveltonectes insolitus (Fischer et al. 2011). MSVG
39617 lacks the expanded proximal ribs characteristic
of Mollesaurus periallus (Talevi & Fernandez, 2012).

The new specimen cannot be considered a member of
Ophthalmosaurinae (sensu Fischer et al. 2012) because
of the lack of a posterodistally deflected ulnar facet of
the humerus (which is clearly in line with the radial
facet in MSVG 39617), and a posterior surface of the
ulna straight and nearly as thick as the rest of the ele-
ment (and not concave and forming a sharp edge as in
Ophthalmosaurus icenicus or Acamptonectes densus:
Kirton, 1983; Fischer et al. 2012). Since the extracon-
dylar area of the basioccipital in MSVG 39617 is not
extremely reduced, the specimen is also excluded from
Platypterygiinae (sensu Fischer et al. 2012).

The peculiar condition of the preaxial accessory fa-
cet on the humerus in MSVG 39617 can be favourably
compared to Undorosaurus spp. (based on Arkhangel-
sky & Zverkov, 2014). However, the radius in MSVG
39617 has a hexagonal shape and bears six articular fa-
cets (Fig. 6¢), while in Undorosaurus spp. the radius is
pentagonal (Arkhangelsky & Zverkov, 2014); the ulnar
facet on the humerus is evidently posterodistally de-
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flected in U. trautscholdi (GSM 1503: Arkhangelsky &
Zverkov, 2014, fig. 2, p. 190) and the same is mentioned
in the description for U. gorodischensis (Arkhangelsky
& Zverkov, 2014, p. 188), while in MSVG 39617, ulnar
and radial facets are both directed distally (Fig. 6¢); fi-
nally, radius—ulna proportions, and phalanges in MSVG
39617 differ significantly from the same elements in
both Undorosaurus species (Efimov, 1999; Arkhangel-
sky & Zverkov, 2014).

This late Kimmeridgian — earliest Tithonian ichthy-
osaur from the Western Tethys retains a fairly basal
position within Ophthalmosauridae, displaying a very
conservative morphology in comparison to the two
more nested lineages of ophthalmosaurids (Ophthal-
mosaurinae and Platypterygiinae) recovered in previ-
ous phylogenetic analyses (e.g. Fischer et al. 2012,
2014; Arkhangelsky & Zverkov, 2014; Roberts et al.
2014). However, whereas MSVG 39617 is clearly a
valid taxon based on a unique combination of char-
acters, the lack of more evident autapomorphies will
make referral of subsequent material challenging.

8.c. Regionalization of the axial skeleton

Motani (1999) identified a short dorsal centrum length
relative to the height as a diagnostic vertebral feature
in Ophthalmosaurus icenicus; Massare et al. (2006)
reported that this feature could distinguish O. icenicus
(CH/CL greater than 3.0 and up to 4.0) from O. natans
(CH/CL between 2.0 and 2.5). MSVG 39617 exhib-
its a maximum CH/CL ratio of 2.89 in the preserved
dorsal region, suggesting it does not have the unusually
short centra and marked regionalization of the verteb-
ral column of O. icenicus (Buchholtz, 2001; Massare
et al. 2006). A highly regionalized column morpho-
logy is also characteristic of Arthropterygius chrisorum
(Maxwell, 2010), but is not observed in other ophthal-
mosaurids. A poorly regionalized column, resembling
the condition seen in MSVG 39617, is recognized in-
stead in O. natans as well as in Sveltonectes insolitus
(Massare et al. 2006; Fischer et al. 2011).

The regionalization of the column is expected to be
affected by homoplasy and is not considered to have
diagnostic value above the specific level. It is reason-
able to use columnar regionalization to eventually dis-
criminate two species within the same genus, but only
when they also share a certain number of phylogenetic-
ally relevant features (and as discussed in the previous
paragraphs this is not the case in ‘O.” natans and O.
icenicus). To consider this character for a distinction at
higher taxonomic ranks becomes inevitably problem-
atic, since it clearly evolved multiple times in different
lineages of ichthyosaurs (e.g. Buchholz, 2001; Massare
et al. 2006; Maxwell, 2010; Fischer et al. 2011, 2012).

Based on the criteria of Buchholz (2001), in spite of
the retention of a weakly regionalized vertebral column,
Gengasaurus nicosiai was likely capable of rapid and
sustained swimming, based on fused centra leading
to cervical stability, relatively small forefins, and high
neural spines to enhance trunk depth.


https://doi.org/10.1017/S0016756816000455

First Upper Jurassic ophthalmosaurid from the Apennines 855

9. Conclusion

Gengasaurus nicosiai gen. et sp. nov. is a new ophthal-
mosaurid that provides important new information on
the diversity of ophthalmosaurid ichthyosaurs from the
western Tethyan margin. Although not preserved un-
der Lagerstitte-type conditions, this specimen shows a
unique combination of characters relative to all other
ophthalmosaurids, including a peculiar condition of the
preaxial facet on the humerus, that based on personal
observation from the literature may be shared with
Undorosaurus spp. (Efimov, 1999; Arkhangelsky &
Zverkov, 2014). The inclusion of Gengasaurus nicosiai
and ‘Ophthalmosaurus’ natans in the updated data mat-
rix of ophthalmosaurid ichthyosaurs caused a loss of
cohesion of the subfamily Ophthalmosaurinae (sensu
Fischer et al. 2012). Gengasaurus is a new taxon that
shares characters with both platypterygiines (e.g. ulnar
facet in line with the radial one; posterior surface of
ulna straight and thick) and ophthalmosaurines (e.g. ex-
tracondylar area of basioccipital present ventrally and
laterally; rounded phalanges; paroccipital process of
opisthotic elongated and slender), being highly con-
servative from a morphological point of view in com-
parison to the two more nested lineages within Oph-
thalmosauridae. ‘O.” natans, although clearly sharing
the diagnostic features of Ophthalmosaurinae (sensu
Fischer et al. 2012), is basally positioned within Oph-
thalmosauridae rather than more deeply nested along
with the rest of the subfamily, which could be due to
poorly defined characters and missing data. Moreover,
as has been questioned by previous authors (e.g. Druck-
enmiller & Maxwell 2010, Fischer et al. 2012), our res-
ults recover a condition of non-monophyly of the genus
Ophthalmosaurus, and in addressing the number of dif-
ferences that distinguish ‘O.” natans from O. icenicus,
we reject the inclusion of the two taxa in the same
genus, recommending reconsideration of Baptanodon
natans as a valid taxon.

The monophyletic group of Boreal ophthalmosaur-
ids proposed by Roberts et al. (2014) is also recovered
in our analysis; however, the use of the endemicity of
ammonites and onychites described by Cecca et al.
(2005) and Hammer et al. (2013) is insufficient to jus-
tify the lack of connection between the Tethys and the
Proto-Atlantic at this time interval, since endemicity is
not recovered in other microfossils, like calpionellids
(Adatte et al. 1996), crinoids (Manni & Nicosia, 1996),
bivalves (Liu, Heinze & Farsich, 1998) and gastropods
(Gatto et al. 2015). Both the Hispanic corridor and the
South Africa — Rocas Verdes seaway were opened dur-
ing the Late Jurassic — Early Cretaceous as possible
dispersal routes between the Tethys and Pacific Ocean
(Shultz, Fildani & Suarez, 2003; Bardet et al. 2014);
however, factors like species-specific water temperat-
ure preferences, and distribution of preferred prey, are
often not considered when discussing dispersal capab-
ilities of Mesozoic marine reptiles. Although ophthal-
mosaurids are often suggested to be fast-swimming and
migratory, diagnostic remains normally show extreme
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endemism; the expected wide geographic ranges can
be observed at the generic level, but for few species
(e.g. Ophthalmosaurus and Arthropterygius). Ichthy-
osaur subgroups are highly affected by convergence, as
confirmed by the high values of RI usually retained in
phylogenetic analyses: this makes it more difficult to
solve the interrelationships at both the specific and gen-
eric levels, and even more at higher taxonomic ranks.
As a future goal, the redaction of a new and more ex-
panded character data matrix, improving the amount
of informative characters, is highly recommended in
order to better understand the diversity and disparity of
Jurassic and Cretaceous ichthyosaurs, and try to solve
the interrelationships between the terminal taxa.
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