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ABSTRACT
Ophthalmosaurids were a globally distributed clade of ichthyosaurs that thrived from the Middle 
Jurassic to the early Late Cretaceous. Although their fossil record spans a wide palaeogeographic 
range, much of what is known about their anatomy and diversity derives from Late Jurassic 
localities in the Northern Hemisphere. In contrast, Late Jurassic forms from the Southern 
Hemisphere remain comparatively less known. Here we describe Eternauta patagonica gen. et 
sp. nov. a new ophthalmosaurid from the Tithonian deposits of the Vaca Muerta Formation. The 
holotype, previously referred to Caypullisaurus bonapartei Fernández, 1997, comprises a skull, 
teeth, a forelimb, and rib fragments. Phylogenetic analyses consistently recover Eternauta as 
a member of Platypterygiinae. Diagnostic features include a unique morphology of the pterygoid, 
an expanded postorbital contribution to the ventral margin of the orbit, and a retroarticular 
process that is strongly angled posterodorsally. These traits, together with a low jaw-opening 
mechanical advantage and relatively large sclerotic aperture, suggest a feeding strategy for 
capturing small, agile prey. The anatomical and functional features of Eternauta expand the 
known morphological and ecological disparity of Late Jurassic ophthalmosaurids, reinforcing the 
significance of the Vaca Muerta Formation as a key unit for understanding ichthyosaur evolution 
across the Jurassic – Cretaceous transition.
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Introduction

Ichthyosaurs were a diverse and ecologically successful 
clade of marine reptiles that thrived throughout most of 
the Mesozoic (McGowan & Motani, 2003). The earliest 
finds herald from the Early Triassic (Kear et al. 2023), 
and they rapidly acquired a suite of adaptations for life 
in open marine environments, and by the Jurassic all 
shared a thunniform body-plan associated with pelagic 
pursuit predation and sustained swimming (Massare,  
1988; Motani, 2005). Since the Middle Jurassic, ophthal
mosaurids had become the dominant ichthyosaur line
age, achieving a global distribution by the Late Jurassic – 
including high-latitude records – and maintaining high 
ecological diversity until their extinction in the early 
Late Cretaceous (Bardet, 1994; Delsett et al., 2017; 
Fischer et al., 2016; Roberts et al., 2014).

Although their fossil record spans a wide geographic 
range, much of what is currently known about ophthal
mosaurid anatomy and diversity is based mainly on 

well-preserved specimens from Callovian to Tithonian 
localities in Europe (e.g. Bardet & Fernández, 2000; 
Jacobs & Martill, 2020; Moon & Kirton, 2016). In recent 
decades, however, discoveries from the Southern 
Hemisphere – particularly from various localities in 
Argentine Patagonia – have increased significantly, con
tributing to a more comprehensive and nuanced under
standing of ichthyosaur evolution across the Jurassic – 
Cretaceous transition (e.g. Fernández et al., 2019). In 
this regard, the Tithonian – Berriasian marine deposits 
of the Vaca Muerta Formation (Neuquén Basin, 
Argentina) are particularly noteworthy. This unit hosts 
a diverse marine reptile assemblage – including thalat
tosuchians, thalassochelydian turtles, plesiosaurs, and 
notably, ophthalmosaurid ichthyosaurs – which pro
vides key insights into marine ecosystems evolution 
during the end of the Jurassic (e.g. Gasparini et al.,  
2015; O’Gorman et al., 2018; Fernández et al., 2019; 
Herrera et al., 2021). Within the ichthyosaur material 
from the Tithonian levels of this unit, we re-examine 
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MLP-PV 85-I-15–1, a specimen from Chacay Melehue 
locality (Neuquén Province, Argentina; Figure 1), pre
viously referred to Caypullisaurus bonapartei 
Fernández, 1997 (Fernández, 1998). The new osteologi
cal observations and phylogenetic analysis support the 
recognition of this specimen as a new taxon, Eternauta 
patagonica gen. et sp. nov., which is distinguished by 
a unique combination of features in the postorbital 
region, palate and posterior mandible. The unusual 
orientation of the retroarticular process, along with 
other traits of documented palaeoecological impor
tance, not only expands the known morphological dis
parity of Jurassic ophthalmosaurids but also provides 
new insight into their palaeoecology, reinforcing the 
status of the Vaca Muerta Formation as a key ichthyo
saur-bearing unit for understanding Late Jurassic to 
Early Cretaceous evolutionary history of the lineage.

Institutional abbreviations

CAMSM, Sedgwick Museum of Earth Sciences, 
Cambridge, UK; MACN, Museo Argentino de 
Ciencias Naturales ‘Bernardino Rivadavia’, Ciudad 
Autónoma de Buenos Aires, Argentina; MLP-PV, 
Museo de La Plata, Paleontología Vertebrados, La 
Plata, Argentina; MOZ-Pv, Museo Provincial de 
Ciencias Naturales ‘Dr. Prof. Juan A. Olsacher’, 
Dirección Provincial de Minería, Zapala, Argentina.

Materials & methods

Phylogenetic analysis
To assess the internal phylogenetic relationships of 
Ophthalmosauridae, with special emphasis on 
Eternauta patagonica among ophthalmosaurids, we 
scored MLP-PV 85-I-15–1 in an expanded version of 
the dataset of Campos et al. (2024). This dataset was 
modified by incorporating two recently described 
ophthalmosaurid operational taxonomic units (OTUs): 
Argovisaurus martafernandezi Miedema et al., 2024 
from the Bajocian (Middle Jurassic) and 
‘Platypterygius’ elsuntuoso Páramo-Fonseca et al., 2024 
from the Barremian (Early Cretaceous). Additionally, 
we completed the character scoring for 
Myobradypterygius hauthali Huene, 1927 by integrating 
anatomical information from the specimens described 
by Pardo-Pérez et al. (2024). All modifications to the 
matrix were carried out using Mesquite v. 3.61 
(Maddison & Maddison, 2019). The maximum parsi
mony analysis was conducted in TNT v. 1.5 (Goloboff & 
Catalano, 2016) using the implied weighting method, 
which mitigates the influence of homoplasy by assigning 
lower weights to characters in proportion to their level 

of homoplasy. We tested different values of the concav
ity constant (k = 3, k = 5, k = 8). This range was selected 
based on the matrix dimensions (131 characters and 55 
OTUs) following the approach of Ezcurra (2024), who 
demonstrated a positive linear correlation between the 
optimal k-value range and the number of terminal taxa. 
Higher k-values progressively reduce the penalisation of 
homoplastic characters. For tree searches, we conducted 
a traditional heuristic analysis with 1000 replicates, 
using random addition sequences (RAS) and tree bisec
tion and reconnection (TBR) branch-swapping algo
rithm, retaining up to 100 trees per replicate. To assess 
nodal support, we performed symmetric resampling 
with a 33% change probability, generating frequency 
difference values across 1000 replicates. The parsimony 
analysis was run for a second time using an equal 
weights approach and with a tree search under the 
exact same parameters detailed above. In this case, 
nodal support was calculated using Bremer support.

Palaeoecological inferences
To evaluate potential similarities and differences in the 
feeding ecology between the new taxon and other 
ichthyosaurs from the Neuquén Basin, we calculated 
the jaw opening mechanical advantage (OMA) follow
ing established methods (Ponstein et al., 2024; 
Westneat, 1994). This index quantifies the mechanical 
trade-off between force and velocity in mandibular 
depression, offering insights into feeding strategies and 
potential prey preferences. The mandibular lever system 
was analysed by measuring: (1) the input moment arm 
(distance from jaw joint to retroarticular process poster
ior edge) and (2) the output moment arm (distance 
from joint to anterior tip of the mandible), with OMA 
calculated as their ratio (Figure 2). The midpoint of the 
glenoid fossa represents the fulcrum. This index pro
vides a biomechanical baseline for comparing jaw 
depression speed across taxa, where lower values indi
cate faster jaw opening and vice versa (Foffa et al., 2024; 
MacLaren et al., 2017). Measurements were taken from 
all known specimens recovered from Vaca Muerta 
Formation with a reasonably complete mandible: 
Eternauta patagonica (new taxon), Caypullisaurus bona
partei (MACN-N-32, MOZ-PV 6139), and an unde
scribed juvenile ophthalmosaurid (MLP-PV 83-XI 
-15–1). For comparisons, we included data from taxa 
with well-documented gut contents like Stenopterygius 
quadriscissus (Quenstedt, 1856) and ‘Platypterygius’ 
australis (M’Coy, 1867) and those with feeding habits 
inferred from dental or cranial morphology, such as 
Hauffiopteryx typicus (von Huene, 1931), 
Brachypterygius extremus (Boulenger, 1904) and 
Kyhytysuka sachicarum (Cortés et al., 2021; Dick et al.,  
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2016; Foffa et al., 2018; Jamison‐Todd et al., 2022; Kear 
et al., 2003; Páramo-Fonseca, 1997). This framework 
allows us to evaluate whether the OMA values of 
Eternauta align with those of the ichthyosaurs from 
the Vaca Muerta Formation or if the new taxon is 
a representative of a previously unnoticed functional 
diversity for this region of the paleopacific.

Palaeohistological analysis
Palaeohistological samples were taken from the dorsal 
rib of the MLP-PV 85-I-15–1. The transversal thin sec
tion was prepared using standard palaeohistological 
techniques and examined with light microscopy 
(Chinsamy & Raath, 1992). Nomenclature and defini
tions of structures used in this study are derived from 
Francillon-Vieillot et al. (1990) and Chinsamy-Turan 
(2005). Sections of this specimen were preliminarily 
reported for Talevi et al. (2012) and restudy here.

Systematic palaeontology

Ichthyosauria Blainville, 1835
Parvipelvia Motani et al., 1999
Ophthalmosauridae Baur, 1887

Eternauta gen. nov.

urn:lsid:zoobank.org:act:E06D57BE-2124–4958- 
B0B0-D9F65C6652AB

?Platypterygius Gasparini & Goñi, 1990, p. 303, pl. 2, 
Figure 4.

Diagnosis. As for the type and only species.

Eternauta patagonica sp. nov.

urn:lsid:zoobank.org:act:AB3E369E-11A3-4717- 
97E2-6E182C42C32A

Figures 3–9

Caypullisaurus bonapartei Fernández, 1998, p. 22, 
Figures 1–2.

Etymology. The genus name Eternauta combines the 
Latin aeternus (‘eternal’) and nauta (‘sailor’), in refer
ence to El Eternauta (1957) created by Héctor 
Oesterheld and Francisco Solano López, a seminal 
Argentine science fiction comic whose protagonist 
introduces himself as “a navigator of time, a traveller 
of eternity, and a pilgrim of the centuries”. The specific 
epithet patagonica denotes the Patagonian region, 
where the holotype was discovered. Together, the 

name translates to ‘The one who navigates eternally in 
Patagonia’ reflecting both its geographic origin and the 
enduring palaeontological legacy of marine reptiles in 
the region.

Holotype and only known specimen. MLP-PV 85- 
I-15–1, an almost complete skull mostly preserved on 
its right side, teeth, fragmentary rib and right forefin.

Occurrence. Chacay Melehue (37° 17’20‘S; 70° 20’ 45’ 
W) Neuquén Province, Patagonia, Argentina. Mendoza 
Group, Vaca Muerta Formation (Tithonian), Upper 
Jurassic (Figure 1).

Diagnosis. Ophthalmosaurid ichthyosaur characterised 
by the following autapomorphies (marked with an *) 
and a unique combination of characters states: external 
naris completely divided into two lobes by means of 
a nasomaxillary pillar formed by contributions of the 
nasal and the maxilla (as in Arthropterygius thalassono
tus Campos et al., 2020, Baptanodon natans (Marsh,  
1879), Parrassaurus yacahuitztli Barrientos-Lara & 
Alvarado-Ortega, 2021a, Simbirskiasaurus birjukovi 
Ochev & Efimov, 1985, K. sachicarum, and most 
‘Platypterygius’ spp.); ventral portion of the postorbital 
constitutes more than half of the ventral margin of the 
orbit*; well-developed occipital lamella of the quadrate 
(as in Ophthalmosaurus icenicus Seeley, 1874, Palvennia 
hoybergeti; Druckenmiller et al., 2012, Keilhauia; Delsett 
et al., 2017, and Leninia stellans Fischeret al., 2014); 
triangular lateral lamella of the quadrate ramus of the 
pterygoid longer than the medial lamella; dorsal lamella 
of the pterygoid formed by a broad squared basis and 
terminates in an arrowhead-shaped tip*; retroarticular 
process of the mandible strongly posterodorsally 
angled*; tooth roots with round cross-section (shared 
with most non-Platypterygiinae ophthalmosaurids); 
humerus with three distal articular facets for the ante
rior accessory element (aae), radius and ulna (unlike 
‘Platypterygius’ spp., B. extremus, Aegirosaurus leptos
pondylus Bardet & Fernández, 2000, Catutosaurus gas
pariniae Fernández et al., 2021; P. yacahuitztli, 
Sveltonectes insolitus Fischer et al., 2011, and 
Maiaspondylus lindoei Maxwell & Caldwell, 2006); 
intermedium not contacting the humerus and support
ing digits III and IV (as in O. icenicus, Ca. gaspariniae).

Description

Taphonomy. Specimen MLP-PV 85-I-15–1 consists of 
a laterally compressed skull, mostly preserved in right 
lateral view (Figures 3 and 4). The postorbital region 
and most of the right mandibular ramus remain 
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articulated. Compression has displaced the left premax
illa and nasal dorsally, such that they now lie above the 
right nasal. The right external naris is almost complete 
(Figure 5). The right quadrate has rotated along its 
longitudinal axis, revealing part of its anterior surface 
in lateral view whereas the left quadrate is completely 
disarticulated and exposed on the left side of the skull 
(Figures 6 and 7). Also, on the left surface of the skull, 
portions of the palatal complex are preserved in three 
dimensions, including both pterygoids and the left pala
tine (Figures 3(C,D), 7(A)). Most of the occipital region 
is missing, although the right supratemporal remains in 
place (Figure 6). Several premaxillary and dentary teeth 
are visible at the anterior end of the rostrum (Figure 8).

The right forelimb is incompletely preserved, three- 
dimensionally, and partially articulated (Figure 9). The 
humerus lacks part of the dorsal process. The zeugopo
dium is complete, although the ulna is displaced. Distal 
to the zeugopodium, the proximal carpals and part of 
the distal carpals are preserved.

Cranium—

Premaxilla. Both premaxillae are preserved, with the 
right one in anatomical position and the left one dis
placed (Figure 3). The right premaxilla is missing only 
a portion of the supranarial region. Several premaxillary 

Figure 2. Schematic representation of opening mechanical advantage. A, illustration of an ophthalmosaurid lower jaw in medial view; 
B, lower jaw represented as a lever.

Figure 1. Map showing the geographic position of the Neuquén Basin and the Chacay Melehue locality (blue star) within Neuquén 
Province, Argentina.
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Figure 3. Eternauta patagonica gen. et sp. nov., holotype. MLP-PV 85-I-15–1, skull in A-B, right lateral view; C-D, ventral (palatal 
complex) and medial (mandible) views. an, angular; ar, articular; dn, dentary; fod, fossa dentalis; fos, fossa surangularis; fp, fossa 
praemaxillaris; fsp, splenial facet; ju, jugal; lac, lachrymal; mcc, symphysial portion of Meckelian canal; mx, maxilla; na, nasal; plt, 
palatine; pmx, premaxilla; po, postorbital; psf, parasphenoid; pt, pterygoid; q, quadrate; qj, quadratojugal; san, surangular; sc, sclerotic 
ring; sut, supratemporal; utf, upper temporal fenestra; vo, vomer.
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teeth are preserved, both within and outside the dental 
groove (Figures 3 and 7). The premaxillae are elongated 
and slender, with minimal height variation along the 
anteroposterior axis. In lateral view, the anterior end 
tapers to a point. On the lateral surface of the anterior 
portion of the premaxilla, the fossa praemaxillaris forms 
a shallow, continuous groove that extends posteriorly 
before fading out prior to the external naris (Figure 3 
(A,B)). This fossa is located approximately 20 mm from 
the ventral margin of the premaxilla. Just below the 
external naris, the right premaxilla preserves part of the 
processus subnarialis, which extends beyond the anterior 

half of the external naris. However, its total extent is 
unknown as its posterior end is missing (Figure 5).

Maxilla. In lateral view, the maxilla contributes to the 
ventral and posterior margins of the external naris, with 
two low ascending processes (Figure 5). The anterior- 
most corresponds to the contribution of the maxilla to 
the nasomaxillary pillar which completely divides the 
external naris in two lobes. Ventrolateral to this process, 
the posterior portion of the processus subnarialis of the 
premaxilla overlaps the bone (Figure 5). The contribu
tion of the maxilla to the posterior margin of the 

Figure 5. Eternauta patagonica gen. et sp. nov., holotype. MLP-PV 85-I-15–1, external naris in A, right lateral view; B, interpretation. 
apm; ascending process of the maxilla; dpn, descending process of the nasal; ju, jugal; lac, lachrymal; mx, maxilla; na, nasal; naf, nasal 
foramen; pmx, premaxilla; psb, processus subnarialis. Red shaded areas indicate the approximate location of the nasal lobes.

Figure 4. Eternauta patagonica gen. et sp. nov., holotype. MLP-PV 85-I-15–1, A, detail of the postorbital region of the skull in right 
lateral view; B, interpretation. ar, articular; ju, jugal; po, postorbital; pt, pterygoid; q, quadrate; qj, quadratojugal; san, surangular; sc, 
sclerotic ring; sut, supratemporal.
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external naris constitutes the processus postnarialis. In 
this region, the damaged lachrymal prevents determin
ing whether it was excluded from this margin or not by 
the maxilla. The anterior portion of the jugal is broken 
and displaced dorsally, exposing the jugal process. This 
structure extends only a short distance beneath the orbit 
(Figure 3(A,B)). Unfortunately, no maxillary teeth were 
preserved.

Nasal. The right nasal is preserved, with most of its 
length in anatomical position, except for its posterodor
sal region (Figure 3(A,B)). It has an elongated triangular 
shape, with its anterior portion exceeding half the total 
length of the snout. In the narial region the nasals form 
part of the dorsal margin of the external naris and 
contribute to its division through a posteroventrally 
directed process that constitutes most of the nasomax
illary pillar (Figure 5). Posterodorsal to the external 
naris, on the lateral surface, the nasal bears a small oval- 
shaped foramen (Figure 5).

Lachrymal. Only the right lachrymal is preserved with 
its anterior region partially covered by the right jugal 
(Figures 3(A,B) and 5). The posterior edge of the lachry
mal constitutes more than half of the anterior margin of 
the orbit. It also extends posteroventrally, forming the 
posterior process of the lachrymal, contributing to the 
ventral margin of the orbit alongside the jugal. This 
process ends before reaching the posterior half of the 
orbit (Figures 3(A,B)).

Prefrontal and postfrontal. Both elements are very 
fragmentarily preserved, preventing a detailed descrip
tion. In the case of the prefrontal, the lateral surface 
bears marks indicating the position of the supraorbital 
crest, located above the anterodorsal portion of the orbit 
(Figure 3A,B).

Supratemporal. The main body of the right supratem
poral is in anatomical position, with the rami largely 
preserved and the articular facets clearly visible; the 
facet for receiving the right parietal supratemporal pro
cess is not preserved, and a small portion of the anterior 
ramus is missing (Figures 3, 6 and Supplementary 
Figure S1). In lateral view, the ventral margin contacts 
the quadratojugal and postorbital (Figures 3(A,B) and 
Figures 4). The full anterior extent of this ramus is 
uncertain. In posterior view, the ventral ramus is short 
and medially contacts the occipital lamella of the quad
rate and the dorsal lamella of the pterygoid, although 
the quadrate is displaced. Medial to this ramus, the 
stapedial process projects ventrally and is taller and 

more robust than the ventral ramus of the supratem
poral (Figure 6). However, it is unclear whether the 
stapedial process reached the dorsal surface of the 
stapes, as most basicranial elements are collapsed or 
missing. At the junction between the stapedial process 
and the main body of the bone, a small depression 
marks the contact site between the supratemporal and 
the paraoccipital process of the opisthotic (Figure 6).

Postorbital. The postorbital exhibits the characteristic 
crescent shape and contributes to both the posterior and 
ventral margins of the orbit (Figure 3(A,B) and Figure  
4). Its modest anteroposterior development at mid- 
orbital height results in a relatively narrow contribution 
to the postorbital region. Dorsally, it articulates with the 
supratemporal and postfrontal, although the relation
ships between these elements are difficult to discern, as 
most sutures in this region leave only subtle marks. 
Posteriorly, the postorbital articulates via a vertical, sim
ple, and straight suture with the quadratojugal. The 
ventral portion of the postorbital is unique among 
Ophthalmosauridae due to its anterior extension, 
which surpasses half the anteroposterior length of the 
orbit (Figure 3(A,B), 4).

Quadratojugal. The quadratojugal articulates ante
riorly with the postorbital, medially with the quadrate, 
and dorsally with the supratemporal. As is the case for 
the postorbital its lateral exposure is small, and its ante
roposterior extent is short. Ventrally, the lateral surface 
of the quadratojugal is almost entirely covered by the 
ascending process of the jugal. The lateral surface is 
completely smooth, similar to that of the postorbital 
(Figures 3(A,B), 4), making it unlikely that the squamo
sal was present in the postorbital region of this speci
men. For this reason, the absence of this element is 
interpreted as a genuine feature rather than 
a preservation artefact.

Jugal. This element is in near-anatomical position 
along most of its length but is disarticulated and dorsally 
displaced at its anterior end, overlapping parts of the 
lachrymal, the right nasal, and the external naris 
(Figures 3(A,B), 4 and 5). The jugal has a ‘J’ shape, 
with a horizontal bar extending anteroposteriorly 
beneath the orbit and an ascending process in the post
orbital region. The horizontal bar is low and straight 
throughout its length, with a flat lateral surface. The 
anterior region of the suborbital portion of the bar 
articulates ventrally with the posterior process of the 
lachrymal. Most of the ascending process is preserved 
as an impression on the postorbital and the quadrato
jugal. This process is broad, with a rounded and concave 
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dorsal margin that contacts the postorbital and the 
quadratojugal (Figures 3(A,B) and 4).

Pterygoid. Both pterygoids are almost completely pre
served, with only the anterior margins (the region 
immediately anterior to the interpterygoid vacuities) 
inaccessible for description. The right pterygoid retains 
the contact with the pterygoid lamella of the right quad
rate (Figure 6 and Supplementary Figure S2). The left 
pterygoid is disarticulated and lies above the right one, 
with its anterior end still articulating with the left pala
tine (Figures 3(C,D)). In ventral view, the bone is 
divided into two regions: an anterior or palatal ramus 
and a posterior or quadrate ramus, separated by 
a mediolateral constriction (Figure 7A). The palatal 
ramus is further subdivided anteriorly into two regions: 
a medial region, which is more elongated anteroposter
iorly, and a shorter lateral region. Both regions progres
sively narrow towards their anterior ends. The medial 
region forms a long anterior process that curves 

medially, defining the anterior and lateral margins of 
the interpterygoid vacuity. The medial edge of this 
region increases in height and thickness posteriorly, 
from the anterior tip of the process to the constriction 
separating the two rami. The lateral region of the palatal 
ramus originates from a lateral expansion beginning 
anterior to the constriction between the palatal and 
quadrate rami. Its anterior end articulates with the pala
tines through an interdigitated suture and forms the 
postpalatinus process. Posterior to this suture, the ven
tral surface of the pterygoid is subtly concave, marking 
the insertion site for the Musculus adductor mandibulae 
internus pterygoideus (Figure 7A). In posterior view, 
the quadrate ramus is triradiate due to the development 
of three lamellae oriented dorsally, lateroventrally, and 
medially (Figure 6, Supplementary Figure S2). In lateral 
or medial view, the dorsal lamella appears rectangular, 
with a broad base that narrows dorsally into a triangular 
end separated by a subtle ridge (Figure 3(C,D)). This 
lamella is the longest of the three. The lateral lamella is 

Figure 6. Eternauta patagonica gen. et sp. nov., holotype. MLP-PV 85-I-15–1, skull in A, posterior view; B, interpretation. acq, articular 
condyle of the quadrate; ar, articular; ars, anterior ramus of the supratemporal; dl, dorsal lamella of the pterygoid; ll, lateral lamella of 
the pterygoid; ml, medial lamella of the pterygoid; mrs, medial ramus of the supratemporal; olq, occipital lamella of the quadrate; opf, 
opisthotic facet; pt, pterygoid; psf, parasphenoid; q, quadrate; rap, retroarticular process; san, surangular; sc, sclerotic ring; sps, 
stapedial process; sut, supratemporal; vrs, ventral ramus of the supratemporal. Yellow coloured areas indicate the posterior and dorsal 
surfaces of the occipital lamella.
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triangular in posterior view, with a broad base but lack
ing a ridge separating it from the tip. The surface 
formed by the dorsal and lateral lamellae is markedly 
concave, accommodating the medial surface of the 
quadrate. The medioventral lamella is the least devel
oped of the three in posterior view (Figure 6, 
Supplementary Figure SXX). The dorsal surface of the 
pterygoid is irregular and rugose, indicating the pre
sence of cartilage in life. This region facilitated contact 
between the pterygoid, the ventral surface of the basi
sphenoid, and the basipterygoid processes.

Quadrate. The right quadrate is completely pre
served, although slightly rotated on its axis, exposing 
part of its anterior surface in right lateral view 
(Figures 3(A,B) and 7 (A)). The left quadrate is 
disarticulated, with its medial surface fully exposed 
(Figures 3(C,D) and 7B). In both lateral and medial 
views, the quadrate has a ‘C’ shape, with a well- 
developed occipital lamella dorsally and a pterygoid 
lamella positioned anteriorly and ventrally to it, with 
the articular condyle at its ventral end. When the 
quadrate is placed in anatomical position, the 

occipital lamella is oriented posterolaterally, while 
the pterygoid lamella faces medially. Between these 
structures lies a large lateral concavity, representing 
the quadrate foramen (Figure 7(B)), whose lateral 
margin is formed by the quadratojugal. Much of 
the medial surface of the right quadrate is covered 
by the quadrate ramus of the right pterygoid, leaving 
only its dorsal portion and the articular condyle 
exposed (Figure 6 and Supplementary Figure S3). 
Conversely, the medial surface of the left quadrate 
is entirely exposed, revealing a shallow vertical 
groove extending from the dorsal region to the sta
pedial facet, marking the contact between the quad
rate and the supratemporal. The stapedial facet is 
circular and formed by a depression located at the 
mid-height of the medial surface (Figure 7(B)). The 
articular condyle is a massive and robust structure, 
with an irregular and rugose surface indicating car
tilage coverage in life (Figure 7(A)). Due to displace
ment during compression, the condyle is positioned 
above the process for the Musculus adductor man
dibulae externus on the surangular. Immediately 
anterior to the condyle, the ventral margin of the 

Figure 7. Eternauta patagonica gen. et sp. nov., holotype. MLP-PV 85-I-15–1, A, right pterygoid in ventral view; B, left quadrate in 
medial view. acq, articular condyle of the quadrate; foq, quadrate foramen; fst, stapedial facet; ll, lateral lamella of the pterygoid; 
mame, Musculus adductor mandibulae externus attachment point; mamip, Musculus adductor mandibulae internus pterygoideus 
attachment; ml, medial lamella of the pterygoid; stg, supratemporal groove. Black arrows highlight the constriction delimiting the 
separation between the palatal and quadrate rami of the pterygoid.
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quadrate becomes concave, marking the quadrate 
neck (Figure 7(B)).

Parasphenoid. A fragmentary portion of the parasphe
noid is preserved lying next to the stapedial process of 
the supratemporal (Figures 3(C,D)). It is straight all 
along its length and triangular in cross-section.

Palatine. The left palatine is still in its anatomical 
position, articulating through an interdigitating suture 
with the pterygoid and with its dorsal surface exposed 
(Figures 3(C,D)). It comprises a roughly rectangular and 
thin posterior plate that contacts posterolaterally the 
pterygoid and an elongated anterolateral process for 
the reception of the maxilla. The anterior margin of 
the posterior plate curves posteriorly, defining the pos
terior border of the internal narial opening.

Mandible—

Dentary. The right dentary is fractured in three parts but 
still in anatomical position (Figure 3). In lateral view, at the 
anterior end of the dentary, there is a continuous and 
shallow groove running anteroposteriorly. This groove is 
located closer to the dorsal margin of the dentary than to 
the ventral margin and is recognisable along the anterior 
two-thirds of the lateral surface. In medial view, the surface 
is severely damaged, although the groove corresponding to 
the Meckelian canal can still be roughly traced, as the right 
splenial is not preserved (Figures 3(C,D)). This canal runs 
anteroposteriorly along the medial surface of the dentary, 
being lower at the anterior end and becoming higher 
posteriorly. In dorsal view, the dentary shows a deep and 
continuous alveolar groove, in which no distinguishable 
alveoli are formed (Figure 8). Only a single tooth has been 
preserved within the groove, although displaced from its 
anatomical position, as it is preserved horizontally with the 
apical end of the crown pointing anteriorly.

Surangular. The right surangular is almost complete, 
with only the most anterior ventral portion missing. It is 
in its anatomical position, articulating ventrally with the 
angular and posterodorsally with the articular (Figures 
3–4 and Supplementary Figure S3). In lateral view, the 
surangular is straight anteroposteriorly along most of its 
length, except for the posterior portion, which is 
strongly curved posterodorsally. This posterior curva
ture contributes to forming a deep glenoid fossa, 
although its exact extent cannot be determined due to 
slight displacement of the articular. Just anterior to this 
fossa, on the medial surface of the surangular, is the 
robust conical process for the insertion of the Musculus 

adductor mandibulae externus, oriented dorsomedially 
(Figure 7(A)). On the lateral surface, around the mid
point of the orbit, a shallow, continuous groove (fossa 
surangularis) originates and extends anteriorly, disap
pearing before the anterior end of the surangular con
tacts the dentary (Figures 3(A,B)).

Angular. Only the medial portion of the right angular 
and a fragment of the lateral surface have been preserved, 
exposed ventrolaterally to the surangular (Figure 3). In 
medial view, the angular is slightly separated from the 
medial surface of the surangular, creating a groove along 
which the prearticular would have articulated in life 
(Figure 3, Supplementary Figure S3). Anteriorly, the angu
lar extends beyond the paracoronoid process of the sur
angular; however, its full extent cannot be determined with 
certainty, as much of the anterior region of the angular 
would have been covered by the splenial in life. Although 
the splenials have not been preserved and the ventral 
margin of the angular is damaged, the facet for the splenial 
can still be observed on the preserved ventral margin of the 
angular. This facet is elongate and triangular in shape, 
terminating posteriorly in a sharp point (Figures 3(C,D)).

Articular. The right articular is preserved but slightly 
displaced from its anatomical position, such that its 
posterior surface now faces posterodorsaly, and a small 
portion of its lateral surface – normally concealed by the 
surangular – is exposed laterally (Figures 3–5). In med
ial view, the element is anteroposteriorly longer than 
dorsoventrally high rectangular, with a subtly convex 
anterior margin (Suplementary Figure S3).

Dentition—

A total of 21 teeth have been preserved, of which 14 are 
still associated with the premaxillae, one with the left 
dentary, and the remaining six are disassociated. None 
of these elements are complete, and in several cases, they 
are represented only by a fragment of the root still 
attached to the alveolar grooves, or by the isolated 
fragmentary crowns (Figure 8). The crown is charac
terised by being conical, slender, and with no signs of 
curvature in any direction. Its surface is covered by 
a thin layer of enamel, which defines a series of shallow 
grooves and delicate striations running in the apicobasal 
direction. The height of the crowns ranges between 15 
and 20 mm. The basal margin of this enamel layer is 
diffuse, with no distinct transition between it and the 
acellular cementum ring. The acellular cementum ring 
has a smooth surface and lacks any ornamentation or 
other structures. The root surface is covered by a series 
of fine, delicate striations running parallel in the 
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apicobasal direction; however, the spacing between 
these striations is much narrower compared to those 
on the crown. In cross-section, the root is circular in 
shape.

Forefin—

General aspects
Only part of the right limb is preserved, partially articu
lated with the zeugopodium and distal elements beyond 
it. Additionally, associated with the right limb is an 
elongated, recurved element, which is interpreted as 
a rib fragment (Figure 9).

Humerus. The right humerus is preserved in three 
dimensions, with no signs of plastic deformation, and 
is missing only the proximal region of the dorsal surface, 
including part of the dorsal process. Both the proximal 
and distal ends exhibit similar anteroposterior develop
ment, with the latter being slightly wider. The proximal 
epiphysis is approximately rectangular, with a rough 
surface indicative of a cartilaginous covering in life. In 
dorsal view, the humeral surface shows some damage to 
its proximal portion. However, the anterodistal region 
of the dorsal process is still preserved. The process is 
plate-like and arises from the posteroproximal margin 
of the dorsal surface and extends diagonally in antero
distal direction (Figure 9A). Similar to the deltopectoral 
crest, it is robust, with its distal end reaching halfway 
along the humerus. The deltopectoral crest is triangular, 
originating at the proximal end of the anterior half of 
the ventral surface and extending distally beyond the 
proximal half of the bone (Figure 9B–D). In anterior 

view, the proximal epiphysis is markedly widened due to 
the development of the dorsal process and the deltopec
toral crest. From this view it can be seen that the ulnar 
facet of the humerus is significantly displaced ventrally 
(Figure 9C). Distally, the humerus presents three articu
lar facets: one anterior for the accessory anterior ele
ment, one medial for the radius, and one posterior for 
the ulna. Radial and ulnar facets present similar lengths 
in ventral/dorsal view. The only facet whose surface can 
be observed is the ulnar one, due to the disarticulation 
of the ulna. This facet is rounded in shape, with a rough 
and strongly concave surface (Supplementary Figure 
S4). Additionally, this facet is not only displaced ven
trally relative to the radial and accessory anterior facets 
but is also inclined proximally, forming an acute angle 
of approximately 40° with the radial facet, which faces 
distally (Figure 9B).

Zeugopodium. The anterior accessory element and 
radius are articulated, whereas the ulna and the row of 
distal elements are moderately displaced from their 
anatomical position (Figures 9(A–C)). For this reason, 
the ulna is only visible in dorsal view, while the ulnar 
facet is only visible in ventral view (Figures 9(A,B)). The 
aae is located anterior to the radius and has a droplet 
shape, resulting in a very narrow proximal articular 
facet for the humerus and a broader, convex distal end 
(Figures 9(A,B)). Anteriorly, this element is strongly 
compressed, defining a very thin anterior margin 
(Figure 9C). The radius is pentagonal, wider than long, 
and mostly visible in ventral view (Figures 8(A,B)). The 
articular facet for the humerus is horizontal and straight 
although its edge is damaged. The articular facet for the 
accessory anterior element is also straight, oriented 
proximodistally. The distal margin is incomplete, 
although in dorsal view, it is possible to discern the 
articulation of the radius with the radiale (Figure 8A). 
The posterior margin of the radius is convex, defining 
the articular facet for the ulna (Figure 9B). The ulna is 
rectangular, with slightly convex and rounded margins 
(Figure 9B). Anteroposteriorly, it is shorter than the 
radius (Figure 9B).

Carpals. The proximal carpals are preserved but dis
placed from their anatomical positions. The radiale and 
ulnare closely resemble the radius and ulna, respec
tively. The radiale is also pentagonal in shape, although 
its posterior margin is less convex than that of the radius 
(Figure 9A). The intermedium is incomplete, with only 
its distal portion preserved; two articular facets, obli
quely oriented to one another, can be distinguished 
(Figure 9B). These facets can be confidently identified 

Figure 8. Eternauta patagonica, holotype. MLP- PV 85-I-15–1, 
rostrum and teeth. dt, dentary tooth; pmt, premaxillary teeth; rt, 
roots.
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Figure 9. Eternauta patagonica, holotype. MLP- PV 85-I-15–1, right forefin in A, dorsal; B, ventral; C, anterior and D, posterior views. 
aae, anterior accessory element; dp, dorsal process; dpc, deltopectoral crest; gs, gastralia; h, humerus; I, intermedium; R, radius; ra, 
radiale; rb, rib; U, ulna; ul, ulnare; uf, ulnar facet; 2, distal carpal 2.
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as those for distal carpals 3 and 4, as distal carpal 2 
remains in articulation with the radiale.

Phylogenetic analyses

Phylogenetic analyses conducted using maximum par
simony with implied weighting produced three most- 
parsimonious trees (MPTs) under a concavity constant 
of k = 3, with a tree length of 59.75921 (Figure 10). 

These trees exhibit a consistency index (CI) of 0.240 
and a retention index (RI) of 0.540. When the concavity 
constant was increased to k = 5, the analysis resulted in 
three MPTs with a length of 47.12532, along with mar
ginally higher consistency and retention indices (CI =  
0.246; RI = 0.556) (Supplementary Figure S5). Further 
increasing the concavity constant to k = 8 yielded two 
MPTs with a length of 35.8395, though with slightly 
lower indices (CI = 0.206; RI = 0.442) (Supplementary 

Figure 10. Time-calibrated strict consensus arising from implied weighting (k = 3) maximum parsimony analysis, in ‘equal’ reconstruc
tion branches lengths. Branch values of resampling ≥50 are indicated over the branches.
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Figure S6). Regardless of whether penalties are applied 
to homoplastic characters or if equal weights are 
employed, Ophthalmosauridae is recovered as a well- 
supported clade (Figures 10–11). The implementation 
of the strongest penalisation (k = 3), retrieves three 
synapomorphies for Ophthalmosauridae: presence of 
plate-like dorsal ridge on the humerus (ch. 102–1), 
loss of notching on the elements of the leading edge of 
the forefin (ch. 113–1) and the presence of at least one 
anterior accessory digit (ch. 117–1). Eternauta patago
nica is retrieved as a basal member of a clade of platyp
terygiines formed mostly by Cretaceous taxa and Late 
Jurassic forms like Brachypterygius extremus, 
Caypullisaurus bonapartei, Grendelius. alekseevi and 
Ac. carranzai Barrientos-Lara & Alvarado-Ortega,  
2020. This node is diagnosed by the presence of 
a lateral lamella of the pterygoid more mediolaterally 
developed than the medial lamella (ch. 8–0). When 
lower penalisations are applied (k = 5, 8) 
Ophthalmosauridae is diagnosed on the basis of four 
synapomorphies: basipterygoid processes markedly 
expanded laterally (ch. 46–1), extracondylar area of the 
basioccipital moderately developed in such a way that its 
expansion in any direction (lateral and/or ventral) is less 
than half the height of the occipital condyle (ch. 50–1), 
an extensive lateral exposure of the angular, exceeding 
that of the surangular (ch. 78–1) and a complete fusion 
of the atlas-axis without visible suture (ch. 83–1). 
Eternauta patagonica is recovered as the sister taxa of 
a small clade containing Sumpalla argentina Campos 
et al., 2021, Gengasaurus nicosiai Paparella et al., 2017, 
and Acamptonectes densus Fischer et al., 2012. This node 
is diagnosed based on the morphology of the nasals and 
the external naris (ch. 12–1, ch. 13–1, ch. 14–1).

In the case of the analysis using equal weights it 
resulted in 44 MPTs of 618 steps (CI = 0.249; RI =  
0.562). Ophthalmosauridae is diagnosed based on the 
loss of sagittal eminence on the parietals (ch. 28–1), and 
the same traits as in the analyses using concavity con
stants of 5 and 8. The strict consensus partially resolves 
the ophthalmosaurid ingroup, recovering A. martafer
nandezi as the basal-most member of the group. 
Internally, the resolution of the rest of the ophthalmo
saurids is moderate, with several Jurassic and 
Cretaceous taxa falling into a polytomy or as part of 
small clades. The IterPCR protocol (Pol & Scapa, 2009) 
identified L. stellans and Athabascasaurus bitumineus 
Druckenmiller & Maxwell, 2010 as unstable taxa, both 
exhibiting more than 50% missing data for the cranium 
and mandible and over 75% missing data for the post
cranium (Supplementary Figures S7,S8). Ignoring the 
alternative positions of the aforementioned taxa 
increases the resolution of the consensus retrieving 

nine additional nodes (Figure 11). As in the searches 
using implied weighting, E. patagonica is found as sister 
taxa of a clade containing Su. argentina, Ge. nicosiai and 
Ac. densus and sharing nasals and external naris 
characteristics.

Histology and microstructure

At the macroscopic level, the transverse section of the 
rib displays a circular outline and relatively small size 
(Supplementary Figure S9A). The structure is charac
terised by a large medullary cavity occupying 
a substantial proportion of the cross-sectional area 
(Supplementary Figure S9B). Within this cavity, isolated 
fragments of broken trabeculae are evident. The absence 
of any signs of fracturing or pathology suggests that the 
presence of these trabeculae is attributable to diagenetic 
processes.

In the perimedullary region, trabeculae are lined with 
lamellar bone tissue. Cement lines are discernible within 
these structures, demarcating the successive lamellae 
(Supplementary Figure S9C). Osteocyte lacunae are 
fusiform to elliptical in shape, with their long axes 
aligned with the orientation of the surrounding lamel
lae. Although numerous, these lacunae are not densely 
packed.

Towards the cortical region, several resorption spaces 
are present, all bordered by lamellar tissue. Although the 
outermost compact cortical layer is not preserved in the 
section, its reduced thickness can be inferred. The 
sampled tissue is predominantly secondary in nature, 
as evidenced by the abundance of secondary osteons 
distributed across the section.

The histological features of the bone tissue preclude 
the possibility that the specimen belonged to an osteo
logically immature individual. On the contrary, the pre
sence of extensively remodelled secondary trabecular 
bone, the abundance of resorption spaces bordered by 
lamellar tissue, and the absence of primary bone, carti
lage, or other indicators of early ontogenetic stages 
support the interpretation that the individual was osteo
logically mature. This conclusion is consistent with 
observations reported by Talevi et al. (2012) for ribs 
and by Talevi et al. (2021) for phalanges of other 
ichthyosaur specimens.

Discussion

Comparison of Eternauta with Caypullisaurus

The holotype of Eternauta patagonica gen. et sp. nov. 
(MLP-PV 85-I-15–1) was first mentioned and tenta
tively assigned to the genus ‘Platypterygius’ by 
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Gasparini and Goñi (1990), although these authors did 
not provide an osteological description of the speci
men or a justification for this assignment. A decade 
later, Fernández (1997) described two ophthalmo
saurid specimens and established the genus and spe
cies Caypullisaurus bonapartei. The following year, 
Fernández (1998) redescribed the specimen MLP-PV 
85-I-15–1 and concluded that it belonged to Cay. 

bonapartei. This reassignment was based on shared 
features of the rostrum, the shape of the external 
naris, and the forelimb (Fernández, 1998). However, 
the re-examination of MLP-PV 85-I-15–1 here con
ducted has revealed several differences from Cay. 
bonapartei.

The external naris of Cay. bonapartei is characterised 
by being elongated and simple, lacking structures 

Figure 11. Time-calibrated strict consensus arising from unweighted maximum parsimony analysis, in ‘equal’ reconstruction branches 
lengths. Nodal support > 1 is indicated.
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indicative of any division (Fernández, 1997, 2007), 
except possibly in the specimen MOZ-PV 6139 (L. 
Campos pers. obs. 2023). However, the morphology of 
the external naris in MLP-PV 85-I-15–1 differs substan
tially from that of Cay. bonapartei. In Eternauta, the 
maxilla bears a robust ascending process, which, despite 
being fragmentary, can be observed protruding into the 
external naris from the ventral margin (Figure 5). 
Similarly, the nasal presents a descending process that 
extends from the dorsal region of the external naris 
(Figure 5). Additionally, the lateral exposure of the 
anterior process of the maxilla is short in Eternauta, 
whereas in Cay. bonapartei, it is considerably longer.

The most notable cranial differences are found in the 
postorbital region. Caypullisaurus bonapartei is charac
terised by a well-developed anteroposteriorly elongated 
postorbital region, with a broad lateral exposure of the 
quadratojugal and a well-developed ventral margin, 
a robust postorbital restricted to the posterodorsal mar
gin of the orbit, and a rectangular squamosal 
(Fernández, 1997, 2007). In contrast, Eternauta exhibits 
markedly different features: the postorbital region is 
only weakly developed anteroposteriorly, the quadrato
jugal is poorly exposed laterally, and its ventral margin 
is poorly developed. The postorbital contributes signifi
cantly to the ventral margin of the orbit, extending 
beyond half of its anteroposterior length, and there is 
no indication of a squamosal, as seen in other platypter
ygiinae ophthalmosaurids (e.g. Kear, 2005). The mand
ible also differs substantially from that of Cay. 
bonapartei, particularly in the morphology of the pos
terior region. In the latter, the retroarticular process is 
robust and oriented almost horizontally in lateral view, 
whereas in Eternauta, this region is gracile and strongly 
inclined dorsally (Figure 3A,B, Supplementary 
Figure S3).

Although the preserved forefin elements of MLP-PV 
85-I-15–1 are scarcer than those known for Cay. bona
partei, differences can still be identified at the zeugopo
dial level. In Cay. bonapartei, the aae is quadrangular, 
establishing broad contact with the humerus 
(Fernández, 2001), whereas in Eternauta, this element 
is teardrop-shaped and forms a narrow contact with the 
humerus (Figure 9A–C).

Finally, it is worth noting that the intermedium of 
Eternauta has two distal facets indicating that articu
lated with two distal carpals, supporting two digits 
(Figure 9). In Cay. bonapartei, by contrast, the interme
dium supports only digit 3 (Fernández, 1997, 2001).

Comparison of Eternauta with other 
ophthalmosaurids

Middle Jurassic to Late Cretaceous ichthyosaurs can be 
readily distinguished from Eternauta based on the mor
phology of the postorbital region of the skull, ptery
goids, mandible and the forefin.

The postorbital region of the skull in Eternauta is 
slender, with subequal lateral exposition of the postor
bital and the quadratojugal and lack of squamosal bone. 
In the only known Bajocian ophthalmosaurid taxa, 
Mollesaurus periallus Fernández, 1999 and the recently 
described Argovisaurus martafernandezi, both lack pre
served forefins, so comparisons are limited to cranial 
and dental features. In M. periallus, the postorbital 
region is broad, with a quadratojugal that exhibits nar
row lateral exposure and a well-developed squamosal 
bone (Fernández & Talevi, 2014). Its teeth display 
a distinct pattern of ornamentation, with striations pre
dominantly on the labial surface of the crown, while the 
lingual side remains nearly smooth (Fernández & 
Talevi, 2014). In contrast, Eternauta exhibits longitudi
nal striations encircling the entire crown.

The postorbital region of A. martafernandezi and its 
dentition are too incomplete for detailed comparisons, 
although it is worth noting that the squamosal was 
present in this taxon (Miedema et al., 2024). In some 
ophthalmosaurine-grade ophthalmosaurids, such as Ba. 
natans and O. icenicus, the postorbital region is slender 
and characterised by the presence of a triangular squa
mosal bone (Gilmore, 1906; Moon & Kirton, 2016). This 
feature is also present in some Tithonian ophthalmo
saurids, including Aegirosaurus leptospondylus and 
Thalassodraco etchesi Jacobs & Martill, 2020, although 
in the latter, the postorbital is notably robust (Bardet & 
Fernández, 2000; Jacobs & Martill 2020). Among 
recently described ophthalmosaurids from the Late 
Jurassic of Mexico, Jabalisaurus metzli Barrientos-Lara 
& Alvarado-Ortega, 2021b also presents a triangular 
squamosal bone (Barrientos-Lara & Alvarado-Ortega,  
2021b). Another common character present in the 
aforementioned taxa is a quadratojugal almost entirely 
covered laterally by the postorbital. In all specimens 
referred to Nannopterygius von Huene, 1922, where 
the postorbital region is partially preserved, including 
the holotype of the type species Nannopterygius enthe
kiodon (Hulke, 1871), preservation prevents the assess
ment of the relationship between the postorbital and the 
quadratojugal (Moon & Kirton, 2018; Zverkov & Jacobs,  
2021). However, in this genus, the presence of a well- 
developed triangular squamosal is unambiguous (Moon 
& Kirton, 2018; Zverkov & Jacobs, 2021). Likewise, 
Undorosaurus? kristiansenae, from the Tithonian of 
Svalbard, also exhibits a triangular squamosal (Zverkov 
& Efimov, 2019). Conversely, Eternauta lacks 
a squamosal bone, a condition also found in some 
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Cretaceous taxa such as ‘Platypterygius’ spp (e.g. Kear,  
2005; Páramo-Fonseca et al., 2024). While this differ
ence could potentially be attributed to a taphonomic 
artefact – given that other elements of the postorbital 
region, such as the ascending process of the jugal, were 
also lost – contact marks left by these elements on 
adjacent bones confirm their original presence. In con
trast, there is no evidence of a squamosal at the contact 
between the quadratojugal and the supratemporal, sug
gesting that its absence is not merely a result of preser
vation bias.

The pterygoids of Eternauta exhibit a distinctive 
combination of traits, including a processus postpalati
nus, a triangular lateral lamella that is more mediolat
erally developed than the medial lamella, and a dorsal 
lamella with a remarkably broad base and a triangular 
tip, giving it an arrowhead-like shape in posterior view. 
Together, these features make this element unique 
among ichthyosaurs. The processus postpalatinus is pre
sent in many non-ophthalmosaurid parvipelvians, such 
as Hauffiopteryx typicus and Stenopterygius quadriscis
sus (Maxwell & Cortés, 2020; Miedema & Maxwell,  
2022). Among ophthalmosaurids, this structure is not 
widely represented and has only been reported in 
Baptanodon natans and Catutosaurus gaspariniae, both 
from the Late Jurassic (Fernández et al., 2021; Gilmore,  
1906). In all Cretaceous ophthalmosaurids for which the 
pterygoid is known, this process is absent (e.g. Kear,  
2005). The presence of a lateral lamella that is more 
mediolaterally developed than the medial lamella in 
the quadrate ramus of the pterygoid is shared with M. 
periallus (Fernández & Talevi, 2014: Figure 2k). 
Similarly, a dorsal lamella with a broad, quadrangular 
base has been reported in at least two ophthalmosaurids, 
Palvennia hoybergeti and Sistertonia seeleyi Fischer, 
Bardet, et al., 2014 (Delsett et al., 2018). However, in 
neither of these cases does the dorsal margin exhibit the 
distinctive arrowhead-like shape observed in Eternauta.

The region comprising the retroarticular process of 
the mandible in Eternauta shows very few similarities 
with other ophthalmosaurids. This process is strongly 
inclined posterodorsally and does not exhibit any med
ial curvature. In Nannopterygius the posterior portion of 
the surangular is ventrally curved (Zverkov & Jacobs,  
2021), giving it a somewhat similar appearance to the 
condition observed in Eternauta. However, in the latter, 
this ventral curvature is absent. In remaining ophthal
mosaurids this region of the mandible is mostly hori
zontally oriented (e.g. Barrientos-Lara & Alvarado- 
Ortega, 2021a; Delsett et al., 2018; Druckenmiller et al.,  
2012; Fischer et al., 2012), even in some of the earliest 
specimens like those recently recovered from the 
Bajocian of Luxembourg (Fischer et al., 2021). Among 

the more early-diverging parvipelvians, Hauffiopteryx 
spp. exhibit a similar curvature, though not immediately 
adjacent to the retroarticular process; rather, it occurs 
just below the orbit (Maxwell & Cortés 2020).

Aalenian records of marine reptiles, particularly 
ophthalmosaurid ichthyosaurs, are exceedingly rare 
and fragmentary (Druckenmiller & Maxwell, 2014; 
Fernández, 2003; Fischer et al., 2021). Consequently, 
comparisons of the forefin of Eternauta are limited to 
a single specimen (MLP-PV 92-III-2–1) that remains 
indeterminate at lower taxonomic levels (e.g. genus). 
Specimen MLP-PV 92-III-2–1 consists of the distal por
tion of a humerus, along with zeugopodial and meso
podial elements recovered from Aalenian levels of Los 
Molles Fm., Mendoza Province, Argentina (Fernández,  
2003). The humerus is largely incomplete, preserving 
only the three distal articular facets for the zeugopo
dium, which are similar in proportion to those of 
Eternauta. However, aside from the pentagonal shape 
of the radius, the remaining zeugopodial elements differ 
markedly from those of Eternauta: both the aae and the 
ulna are rounded to oval in shape, whereas in Eternauta, 
the aae is droplet-shaped and the ulna is nearly 
rectangular.

With the exception of P. hoybergeti, Arthropterygius 
spp. and closely related taxa (Janusaurus lundi Roberts 
et al., 2014 and Keilhauia nui) exhibit a distinctive 
humeral morphology, characterised by a distal end 
slightly wider than the proximal, minimal midshaft con
striction, and compression of the posterior third of the 
shaft (Campos et al., 2021). While Eternauta shares the 
first of these features, it does not exhibit additional 
similarities in humeral morphology with this clade of 
ophthalmosaurids (Figure 9).

Most ophthalmosaurids exhibit three distal articular 
facets on the humerus, being exceptions N. enthekiodon, 
U.? kristiansenae, U.? kielanae and Sveltonectes insolitus 
(Druckenmiller et al., 2012; Fischer et al., 2011; Moon & 
Kirton, 2018; Tyborowski, 2016). The most common 
condition, also observed in Eternauta, comprises facets 
for an anterior accessory element, the radius, and the 
ulna. This differs from forms that unambiguously pos
sess a facet for the intermedium, such as B. extremus, Ae. 
leptospondylus, and Parrasaurus yacahuitztli (Bardet & 
Fernández, 2000; Barrientos-Lara & Alvarado-Ortega,  
2021a; von Huene, 1922). The condition in Eternauta 
also differs from that of ‘Pl’. americanus (Nace, 1939), 
which, despite having three distal humeral facets, lacks 
a facet for aae; instead, the most posterior facet articu
lates with the pisiform (Maxwell & Kear, 2010). 
Additionally, Eternauta differs from taxa such as Cat. 
gaspariniae and ‘Pl.’ hercynicus Kuhn, 1946, which exhi
bit four distal facets. In Cat. gaspariniae, these include 
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facets for the radius and ulna, as well as an anterior facet 
for the aae and a posterior facet for the most proximal 
element of a postaxial accessory digit. In ‘Pl.’ hercynicus, 
the fourth facet articulates with the pisiform (Fernández 
et al., 2021; Kolb & Sander, 2009). Regarding the 
arrangement of articular facets, irrespective of their 
number, several taxa exhibit an ulnar facet with an 
articular surface facing posterodistally, often described 
as a posteriorly deflected ulnar facet (e.g. Delsett et al.,  
2017; Fernández, 1997; Maxwell, 2010; Moon & Kirton,  
2016; Roberts et al., 2014). In Eternauta, this deflection 
is present and accompanied by a conspicuous ventral 
displacement of the ulnar facet – a feature otherwise 
documented in the holotype of Arthropterygius chri
sorum, though in the latter, this displacement is far 
less pronounced (Maxwell, 2010).

At zeugopodial level, Eternauta differs from the 
majority of the Jurassic ophthalmosaurids in having 
a droplet-shaped aae with a pointed proximal apex in 
contact with the humerus and broad distal bulge, as 
Undorosaurus? kristiansenae (only in the right forefin) 
and Su. argentina (Campos et al., 2021; Druckenmiller 
et al., 2012). Other Late Jurassic taxa possess a similar 
aae, but in these cases this element is not in direct 
contact with humerus (e.g. Tyborowski, 2016; Moon & 
Kirton, 2018). Remaining ophthalmosaurids show an 
oval or square-shaped aae (e.g. Barrientos-Lara & 
Alvarado-Ortega, 2021a; Delsett et al., 2018; Roberts 
et al., 2014).

Palaeoecology of Eternauta

Currently, four valid ophthalmosaurid taxa are recog
nised from the Tithonian – Berriasian outcrops of the 
Vaca Muerta Fm.: Cay. bonapartei, Ar. thalassonotus, 
Cat. gaspariniae, and Su. argentina (Campos et al., 2020,  
2021; Fernández, 1997; Fernández et al., 2021). The 
recognition of Eternauta as a new genus and species 
not only increases the taxonomic diversity of this lithos
tratigraphic unit but also broadens the range of inferred 
palaeoecological aspects among the ichthyosaurs that 
inhabited the southwestern margin of the Palaeo- 
Pacific towards the end of the Jurassic. In this context, 
two anatomical regions of Eternauta—the sclerotic ring 
and the posterior mandible – warrant particular atten
tion due to their relevance in sensory and feeding 
performance.

Ocular dimensions exhibit a strong ecological signal: 
enlarged eyes – a trait particularly pronounced in 
ichthyosaurs – are consistent with adaptations to low- 
light pelagic environments, likely enhancing prey detec
tion and predator avoidance (Fernández et al., 2005; 
Motani et al., 1999). Particularly, the aperture of the 

sclerotic ring has been widely used as an accurate 
proxy for the total amount of light a given system can 
receive and for visual acuity (Motani, 1999; Humphries 
& Ruxton, 2002; Fernández et al., 2005; Fischer, 
Arkhangelsky, et al., 2014). Among ichthyosaurs recov
ered from the Neuquén Basin, the maximum sclerotic 
aperture of Eternauta is about 10%-8% bigger than that 
of Cay. bonapartei and over 40% when compared with 
that of Cat. gaspariniae. Only in Mollesaurus from the 
Bajocian similar maximum sclerotic aperture is found 
(Supplementary Material, Table S1). The presence of 
a sclerotic ring almost completely filling the orbit has 
been interpreted either as a feature of immature indivi
duals or as related to deep-diving habits (e.g. Fernández 
et al., 2005). However, the macro- and microanatomical 
characteristics of specimen MLP-PV 85-I-15–1 indicate 
that it was osteologically mature, suggesting that this 
condition in Eternauta is unlikely to reflect immaturity. 
Instead, it probably points to a visual system well 
adapted to exploiting different parts of the water col
umn relative to other ophthalmosaurids inhabiting the 
Tithonian seas of the Vaca Muerta Formation.

The posterior region of the mandible in Eternauta 
exhibits a marked posterodorsal curvature, an unusual 
configuration among ophthalmosaurids. This morphol
ogy modifies the spatial relationship between the origin 
and insertion of two jaw muscles. The M. depressor 
mandibulae, responsible for jaw opening, originates 
from the occipital region and inserts on the retroarticu
lar process. In Eternauta, the curvature of the posterior 
mandible shortens the linear distance between these two 
points, potentially reducing the torque and overall force 
transmitted by this muscle. However, this same geome
try may increase the angular velocity of jaw opening, 
favouring rapid mandibular depression at the expense of 
power. In contrast, the M. adductor mandibularis inter
nus pterygoideus, originating on the pterygoid flange 
and inserting on the angular, would experience an elon
gation of its fibre trajectory due to the posterodorsal 
displacement of the posterior mandible. This configura
tion likely enhances its role as a stabilising muscle, 
generating medially directed forces to maintain articu
lation between glenoid fossa and the quadrate condyle 
during jaw motion, as previously suggested for 
Ichthyosaurus (McGowan, 1973).

These anatomical interpretations align with the low 
jaw-opening mechanical advantage (OMA) calculated 
for Eternauta (Figure 12), which falls within the same 
range as Hauffiopteryx typicus and Stenopterygius 
quadriscissus. Hauffiopteryx has been interpreted as 
a fast but weak snap feeder, adapted to capturing 
small, soft-bodied prey (Jamison‐Todd et al., 2022; 
Maxwell & Cortés, 2020), whereas gut content analyses 
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of adult Stenopterygius quadriscissus indicate a diet 
consisting exclusively of cephalopods (Dick et al.,  
2016). Notably, Eternauta also differs markedly in 
OMA from ‘Pl. australis’, a presumed apex predator 
based on cranio-dental features and gut contents that 
include fish, turtles, and birds (Fischer et al., 2016; 
Kear et al., 2003). The inferred higher OMA of ‘Pl. 
australis’ is consistent with a more forceful but slower 
jaw depression, suitable for seizing and subduing larger 
or more resistant prey. Similarly, Kyhytysuka sachi
carum—a hypercarnivorous ophthalmosaurid with 
a robust snout, a strongly reinforced symphysis, and 
a horizontally oriented retroarticular process (Cortés 
et al., 2021) – and Brachypterygius extremus, which has 
also been recognized as an apex predator (Fischer et al.,  
2016), exhibit similarly high OMA values (based on 
CAMSM J68516) (Figure 12).

The comparison with Cay. bonapartei is particularly 
informative. This taxon has substantially higher OMA 
values (0.12–0.13), indicating a slower but more forceful 
jaw opening. This biomechanical disparity may reflect 
divergent prey preferences or feeding strategies within 
the same paleoenvironment. While Eternauta lacks the 
extreme rostral gracility of Hauffiopteryx, its low OMA 
and mandibular configuration suggest an emphasis on 
fast and precise jaw movement – potentially advanta
geous for capturing small, agile prey – rather than for
ceful biting. Taken together, the jaw morphology and 
ocular dimensions of Eternauta suggest a feeding strat
egy relying on relatively rapid but low-force jaw move
ments, potentially suited for capturing small or agile 
prey. While its sclerotic aperture is only marginally 

larger than that of Cay. bonapartei, it is substantially 
greater than in Cat. gaspariniae, reinforcing the idea 
that Eternauta occupied a somewhat distinct ecological 
role. The morphology and size of the tooth crowns is 
also congruent with a soft prey preference, as defined by 
Fischer et al. (2016).

The Tithonian seas of the Vaca Muerta Fm. hosted 
abundant nektonic prey such as ammonites (Vennari,  
2016) as well as diverse fishes, including small- to med
ium-sized pachycormids like Kaykay lafken Gouiric- 
Cavalli & Arratia, 2021, aspidorhynchiforms, and catur
ids (Gouiric-Cavalli, 2016; Gouiric-Cavalli & Cione,  
2015). Comparatively less diverse than ammonites, 
belemnites were also present and mainly represented 
by the genera Belemnopsis Bayle, 1878 and Hibolithes 
Montfort, 1808 (Vennari et al., 2023). These groups 
represent precisely the kind of small, agile prey that 
could have been targeted by a fast-jawed ichthyosaur 
such as Eternauta. These Tithonian seas also included 
large apex predators such as Pliosaurus Owen, 1842 and 
‘Dakosaurus’ andiniensis Vignaud & Gasparini, 1996 
(Pol & Gasparini 2009; Gasparini & O’Gorman, 2014; 
O’Gorman et al., 2018), suggesting that at least some 
ophthalmosaurids may have relied on niche partitioning 
to avoid direct competition with these macropredators.

In this light, Eternauta can be interpreted as occupy
ing a mesopredatory niche within the Tithonian seas of 
the Neuquén Basin, contrasting with both the apex pre
dators (e.g. pliosaurids, metriorhynchids) and coeval 
ophthalmosaurids with higher OMA values (e.g. 
Caypullisaurus). This functional and ecological differ
entiation further underscores the role of niche partition
ing in maintaining the high ichthyosaur taxonomic 
diversity recorded in the Vaca Muerta Fm. Moreover, 
these interpretations are in agreement with previous 
hypotheses on the trophic relationships of ichthyosaurs 
from the Neuquén Basin, particularly those from the 
Vaca Muerta Fm., which proposed that this lineage of 
marine reptiles belonged to a guild specializing in the 
active and sustained pursuit of agile prey (e.g. 
Fernández, 2007).

Conclusions

The re-examination of MLP-PV 85-I-15–1 reveals 
a distinctive combination of cranial and postcranial 
features that clearly differentiate it from 
Caypullisaurus bonapartei, to which it had previously 
been referred. In addition, the new taxon exhibits 
a unique set of traits – particularly in the postorbital 
region, palate and posterior mandible – that sets it apart 
from all other known ophthalmosaurids. Phylogenetic 
analysis places the new taxon within Platypterygiinae. 

Figure 12. OMA values calculated for different parvipelvian taxa.
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Its recognition also provides new insights into the extent 
of cranial morphological disparity within the clade, par
ticularly in less-explored regions of the skull such as the 
palate. While each of the traits observed in the sclerotic 
ring, dentition and mandible of Eternauta occurs in 
other ichthyosaurs, their combined presence in this 
taxon supports a functional interpretation of specialisa
tion on small, agile prey. This inferred trophic prefer
ence contributes to refining our understanding of 
ichthyosaur palaeoecology along the southwestern mar
gin of Gondwana during Late Jurassic. Furthermore, the 
recognition of this new taxon highlights the Vaca 
Muerta Formation as one of the most taxonomically 
diverse ichthyosaur-bearing units globally, underscor
ing its significance for exploring and reconstructing 
Late Jurassic to Early Cretaceous marine faunas.
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