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a b s t r a c t

In the last decade, several new Cretaceous ichthyosaurs have been described and/or redescribed, chal-
lenging the traditional concept that, during the Cretaceous, ichthyosaurs were abundant but not diverse.
Here, we redescribe the holotype and referred specimen of ‘Platypterygius’ hauthali Huene (1927) from
the Barremian of Argentinean Patagonia and compare its appendicular anatomy with that of a referred
specimen from the Valanginian - Hauterivian of Chile. These specimens consist almost entirely of
anterior appendicular elements, so we explore quantitatively the phylogenetic signal contained in the
forefin of the ophthalmosaurids and include them in a new phylogenetic analysis. Our results support the
revalidation of the genus Myobradypterygius Huene, 1927, for the reception of the materials previously
assigned to ‘Pl.’ hauthali. Moreover, we found that forefin characters present a strong phylogenetic signal,
highlighting the utility of these characters as a source of systematic information.

© 2024 Elsevier Ltd. All rights reserved.
1. Introduction

The interpretation of ichthyosaur diversity during the Creta-
ceous and the final extinction of the lineage has significantly
improved in recent years (e.g. Fischer et al., 2016; Motani, 2016).
Traditionally, it has been assumed that, based on the poor and
patchy Cretaceous records, the events around the Jurassic-
Cretaceous boundary strongly affected them and that all surviv-
ing forms were, although abundant, not diverse (Tennant et al.,
2016). The taxonomic consequence of this interpretation was that
almost all Cretaceous ichthyosaurs were gathered within the
catch�all genus ‘Platypterygius’ Huene, 1922 characterized by wide
fins (with no fewer than seven digits) and tightly packed brick-like
phalanges (McGowan 1972; McGowan andMotani 2003). However,
during the last decade, many contributions (e.g. Fischer, 2012;
tebrados, Museo de La Plata,
acional de La Plata. Av. 122 y
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Fischer et al., 2012, 2014a, b, c, 2016; Maxwell et al., 2016, 2019;
P�aramo-Fonseca et al., 2021; Cort�es et al., 2021) demonstrated that
the taxonomic, phylogenetic and ecological diversity of Cretaceous
ichthyosaurs were strongly underestimated.

Despite all the advances, the still persistent stratigraphic and
geographic gaps in the Cretaceous records hinder the under-
standing of the global diversity of this successful group of marine
tetrapods. Particularly, the western Gondwana records are patchy
both geographically and stratigraphically. Thus, only four valid taxa
(Caypullisaurus bonapartei Fern�andez 1997, ‘Platypterygius’ hauthali
Huene 1927, Kyhytysuka sachicarum P�aramo-Fonseca 1997, and
Muiscasaurus catheti Maxwell et al., 2016) encompass the Early
Cretaceous diversity described from South America (Table 1). These
records are also uneven in terms of completeness and preservation.
Rich HauterivianeAptian deposits of the Paja Formation yielded
well-preserved and informative materials (including skull and
postcranial remains) contrasting with the southern western
Gondwana records that are still poorly known (e.g. P�aramo-
Fonseca, 1997; Maxwell et al., 2016, 2019; Cort�es and P�aramo-
Fonseca, 2018; Cort�es et al., 2021; P�aramo-Fonseca et al., 2021).
Thus, except for a specimen referred to as Caypullisaurus bonapartei
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Table 1
Ophthalmosaurids records from the Lower Cretaceous of South America.

Stage Taxon Localities References

Berriasian Caypullisaurus bonapaertei Yesera del Tromen, Neuqu�en, Argentina Fern�andez (2007)
Barremian Myobradypterygius hauthali Cerro Belgrano, Santa Cruz, Argentina Huene (1925, 1927); Fern�andez and

Aguirre-Urreta (2005)
Valanginian Platypterygiinae indet. Pichaihue, Neuqu�en, Argentina Lazo et al. (2018)
Valanginian e Hauterivian ?Platypterygius hauthali, Platypterygius

cf. hauthali, Ophthalmosauridae indet.
Tyndall Glacier, Torres del Paine
National Park, Chile

P�ardo-P�erez et al. (2012, 2015);
Stinnisbeck et al. (2014)

BarremianeAptian Kyhytysuka sachicarum Villa de Leyva, Boyac�a, Colombia P�aramo-Fonseca (1997);
Maxwell et al. (2019);
Cort�es et al., (2021)

Barremian Platypterygius sp. Loma La Cabrera, Boyac�a, Colombia Cort�es and P�aramo-Fonseca (2018)
Barremian-Aptian Muiscasaurus catheti S�achica and Loma La Catalina, Boyac�a,

Colombia
Maxwell et al. (2016);
P�aramo-Fonseca et al. (2021)
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and a few fragmentary Valanginian to Hauterivian specimens from
Neuqu�en Province (Argentina) (Fern�andez, 2007; Lazo et al., 2018),
the knowledge of Cretaceous ophthalmosaurids from Patagonia is
restricted to the holotype and referred specimens of ‘Platypterygius’
hauthali.

In recent years, the rich deposits of the Zapata Formation at
Torres del Paine National Park (Southern Chile) have yielded more
than 40 ichthyosaur specimens (Stinnesbeck et al., 2014). Most of
the skeletons have suffered glacial erosion, although some of them
preserved articulated forefins and have been tentatively identified
as ‘Pl.’ hauthali (Pardo-P�erez et al., 2012, 2015; Stinnesbeck et al.,
2014). The characteristics observed in the anterior appendicular
skeleton of the Patagonian specimens from Argentina and Chile
indicate that these are referable to the same taxon and, on the other
hand, that their position within ‘Platypterygius’ is problematic.
Moreover, a recent analysis of the morphological disparity of the
ophthalmosaurid forefins depicted that the humerus morphology
of ‘Pl.’ hauthali is also peculiar, occupying a sector of morphospace
that is clearly different from those of other species referred to
‘Platypterygius’ (Campos et al., 2021). As ‘Pl.’ hauthali is based on a
fragmentary forefin, and some ophthalmosaurid taxa have been
described based mainly on forefin morphology (e.g. Arkhangelsky
and Zverkov, 2014; Tyborowski, 2016; Zverkov and Jacobs, 2021),
we explore the quantitative assessment of the phylogenetic signal
within the forefin. Here, and based on the strong phylogenetic
signal and the unique forefin character combination, we reassign
‘Pl.’ hauthali to Myobradypterygius Huene, 1927 and analyze its
phylogenetic relationships with other ophthalmosaurids.

1.1. Taxonomical history

The first mention in the literature of the materials upon which
Myobradypterygius was erected corresponds to Huene (1925).
There, the author describes remains of the vertebral column and
forelimbs (MLP 79-I-30-2) from an individual found at Cerro Bel-
grano, near Lake Belgrano (Santa Cruz Province, Argentina). Based
on the shape and arrangement of the elements in the forelimbs,
Huene reconstructed a significant portion of the forelimb (Huene,
1925: fig. 5) and identified two main characteristics: the presence
of at least seven digits and an intermedium that distally had two
subequal articular facets from which two digits developed. Based
on this latter feature, Huene (1925) suggested that the Argentinean
material was related to the ‘Campylodon group’, more specifically to
the genus Myopterygius Huene, 1922, because the species Ichthyo-
saurus kokeni Broili, 1908 (¼ Myopterygius kokeni sensu Huene
1922: 98) from the Hauterivian of Germany had a similar inter-
medium element. However, Huene (1925) refrained from formally
assigning these materials to any genus or species. Two years later,
Huene (1927) described new appendicular remains, which
included a humerus (MLP 79-I-30-1). Since the distal elements to
2

the humerus of this specimen were virtually identical to those of
MLP 79-I-30-2, including an intermedium that had two articular
facets distally, Huene (1927) concluded that they belonged to the
same genus. However, the characteristics of the humerus, specif-
ically the number of distal articular facets, were incompatible with
those of the humerus of Myopterygius. For this reason, the author
erected the name Myobradypterygius hauthali Huene, 1927 for the
reception of these materials.

McGowan (1972) revised the Cretaceous ichthyosaurs and
argued that due to the type material of Myobradypterygius hauthali
was largely indeterminable and did not exhibit features contra-
dicting its affinity with Platypterygius,Myobradypterygius should be
considered as nomen dubium. In the case of the species, the author
considered it should be retained as valid, transferred to Platypter-
ygius, and that the ‘Neocomian’ specimens from South America
should be assigned to this taxon. Similarly, McGowan and Motani
(2003) proposed that Platypterygius hauthali was still valid and
also serving for the reception of the Early Cretaceous ‘new world
material’. These authors also considered that in the future, it might
be demonstrated that Pl. hauthali is synonymouswith the European
species Platypterygius platydactylus.

Fern�andez and Aguirre-Urreta (2005) redescribed the holotype
and referred specimen of ‘Platypterygius’ hauthali and provided a
specific diagnosis for the taxon. These authors conclude that the
forefin morphology of ‘Pl.’ hauthali is quite different from those of
the other species of ‘Platypterygius’ and should be considered a
valid taxon. It is also important to note that this contribution is the
first to assign a Barremian age to these materials.
2. Material and methods

2.1. Material

We redescribed the holotype of Myobradypterygius hauthali
(MLP 79-I-30-1) and the specimen referred to this taxon by Huene
(1927) (MLP 79-I-30-2) and compared them with the specimen
CPAP-2011-0019 from the Valanginian to Hauterivian deposits of
the Zapata Formation, Chile (Pardo-P�erez et al., 2012). The CPAP-
2011-0019 was originally referred to ‘Platypterygius’ sp. by Pardo-
P�erez et al. (2012) based on the presence of several appendicular
features consistent with the diagnosis from McGowan and Motani
(2003) for this genus. In the same contribution, the authors suggest
that from all ‘Platypterygius’ spp. the CPAP-2011-0019 was more
similar to ‘Pl.’ hauthali due to the presence of an hexagonal inter-
medium and several pre- and postaxial digits, among other char-
acteristics. Several other specimens recovered from the Zapata Fm.
Were tentatively referred to ‘Pl.’ hauthali by Stinnesbeck et al.
(2014) and Pardo-P�erez et al. (2015). However, only the CPAP-
2011-0019 preserved the elements of the zeugopodium and
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basipodium that would allow comparison with the specimens
described by Huene (1925, 1927).

2.2. Methods

2.2.1. Phylogenetic analysis
To evaluate the phylogenetic position of Myobradypterygius

within Ophthalmosauridae, we used the matrix from Campos
(2022) generated with Mesquite v.3.31 (Maddison and Maddison,
2019). This matrix was built based on that of Campos et al. (2020)
and expanded by adding various taxa recently described taxa, as
well as characters gathered from multiple sources (Supplementary
Information and references therein). We created two data sets: one
considering the Argentinian (MLP 79-I-30-1 and MLP 79-I-30-2)
and Chilean (CPAP-2011-0019) specimens as independent OTUs,
and another coding Myobradypterygius hauthali based on the
specimens mentioned above. The resulting datasets contain 52/53
OTUs and 130 characters, respectively (Supplementary Informa-
tion). The phylogenetic analyses were run in TNT v.1.5 (Goloboff and
Catalano, 2016), using a traditional search with 1000 replicates and
tree bisection and reconnection with 100 trees retained per repli-
cation. All characters were treated as unordered and unweighted.
Bremer support was calculated using the Bremer script (“bremsu-
p.run”). The consensus tree, as well as all most parsimonious trees,
were time-calibrated using the paleotree package (Bapst, 2012) in R
Core Team (version 3.4.1, 2017). Occurrence data were collected
from literature for each taxon (Supplementary Information).

2.2.2. Phylogenetic signal
The phylogenetic signal can be defined as the statistical non-

independence among taxa trait values due to their phylogenetic
relatedness (Münkemüller et al., 2012). We tested for the presence
of a phylogenetic signal in characters of the forefin using Pagel's
lambda (Pagel, 1999). Assuming a Brownian motion model of trait
evolution, phylogenetic relationships among taxa solely determine
the covariation of traits. Nevertheless, the presence of external
factors unrelated to the phylogeny influencing trait evolution
makes necessary to modify the significance of the phylogenetic
influence. The lambda index determines this adjustment and is
fitted to observed data in a way that it scales the Brownian
phylogenetic covariances down to the actually observed ones
(Freckleton et al., 2002). When using empirical data lambda re-
trieves values between 0 and 1, where 0 indicates that character
states are distributed independent of phylogeny. Other indexes for
estimating the phylogenetic signal, such as Fritz and Purvis's D
(Fritz and Purvis, 2010) or Moran's I (Gittleman and Jot, 1990), were
not implemented as these are better suitable for binary characters
and would imply a large number of the characters to be discarded
from our dataset which contains several multistate traits
(Münkemüller et al., 2012; Molina-Venegas and Rodriguez, 2017).
For each character, taxa scored as unknownwere dropped from the
trees. Pagel's lambda was calculated using the fitdiscrete function of
the package geiger (Harmon et al., 2008) in R Core Team (version
3.4.1, 2017).

Institutional abbreviations. CPAP, Colecciones Paleontol�ogicas de
Ant�artica y Patagonia, Punta Arenas, Chile; MLP, Museo de La Plata,
Buenos Aires, Argentina.

3. Results

3.1. Systematic paleontology

Ichthyosauria de Blainville, 1835.
Ophthalmosauridae Baur, 1887.
3

Myobradypterygius Huene, 1927.
Platypterygius McGowan 1972:17; Maisch and Matzke 2000:81;
McGowan y Motani 2003: 118.
Type and only known species: Myobradypterygius hauthali Huene,
1927.
Diagnosis as for the type and only species.

Myobradypterygius hauthali Huene, 1927.
Figs.1-3
Platypterygius hauthali: McGowan, 1972.
Platypterygius hauthali: Gasparini and Go~ni, 1990.
Platypterygius hauthali: Maisch and Matzke, 2000.
Platypterygius hauthali: McGowan and Motani, 2003.
Platypterygius hauthali: Fern�andez and Aguirre-Urreta, 2005.
Holotype. MLP 79-I-30-1, left humerus, and partially preserved
zeugopodium and autopodium.
Type locality and horizon. Cerro Belgrano, Río Belgrano Formation
(Barremian), Santa Cruz Province, Argentina (Aguirre-Urreta 2002).
Referred specimens. MLP 79-I-30-2, vertebral centra and a slab
containing part of the zeugopodium and autopodium on each side
recovered from the type locality; CPAP-2011-0019, articulated left
forefin (Zapata Formation, ValanginianeHauterivian, Torres del
Paine National Park, Magallanes region, Chile) (Pardo-P�erez et al.,
2012).
Revised diagnosis. Ophthalmosaurid ichthyosaur characterized by
the following unique combination of characters: proximal and
distal ends of the humerus with nearly equal anteroposterior
development (shared with most ophthalmosaurids); humerus with
three distal articular facets for an anterior accessory element,
radius, and ulna (shared with most ophthalmosaurids except for
Brachypterygius, Aegirosaurus, Catutosaurus, Maiaspondylus, Kyhy-
tysuka and ‘Platypteygius’ americanus); intermedium with hexago-
nal shape and distally bearing two sub-equal facets for articulation
with the distal carpals of the primary digits III and IV (shared with
Catutosaurus); at least three postaxial digits in the forelimb (shared
with ‘Pl.’ australis); tightly packed autopodial elements with rect-
angular shape (shared with Platypterygiinae and Catutosaurus).

3.2. Description

3.2.1. Preservation
The axial skeleton is preserved only in the referred specimen

(MLP 79-I-30-2) and consists of a single presacral centrum and a
small block containing three caudal centra (Fig. 1). The humerus of
the holotype is well preserved and almost complete (Fig. 2). Only
the dorsal process and deltopectoral crest are slightly eroded. In
the holotype and the referred specimen (MLP 79-I-30-2) most of
the zeugopodium and autopodium are preserved as impressions
on the sedimentary matrix with a thin layer of bone included in it
(Figs. 2E-J). Some isolated phalanges are also preserved in the
referred specimen (MLP 79-I-30-2). For preservational aspects of
the specimen CPAP-2011-0019 we refer to Pardo-P�erez et al.
(2012).

3.2.2. Axial skeleton
A single posterior presacral centrum is preserved in a small

block together with its corresponding neural arch and spine
(Fig. 1A) (MLP 79-I-30-2). The exposed surface of the centrum is
typically convex with a rounded pit on its centre. Dorsally, the
neural canal surface is slightly raised and flanked by two thin,
elevated processes. The dorsal portion of those processes is concave
and forms the facets for the neural arches. The diapophysis is
located halfway down on the lateral surface of the centrum,
whereas the parapophysis is on the ventral half of the lateral
surface.



Fig. 1. Vertebral centra ofMyobradypterygius hauthali (MLP 79-I-30-2). A, posterior presacral centrum in anterior/posterior view. B, caudal central in lateral. view. C, caudal centrum
in anterior/posterior view. Abbreviations: di, diapophysis; naf, neural arch facet; nc, neural canal; pp, parapophysis.
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A small series of three postflexural centra are preserved artic-
ulated (Fig. 1B-C). In anterior/posterior view, the ventral half is
compressed, resulting in centra that are taller than wide. The pro-
cesses for the reception of the neural arches take the form of small
tubercles, and there are no indications of the presence of facets for
the haemal arches.

3.2.3. Forefin
Humerus. In proximal view the proximal end of the humerus is

rectangular and deeply pitted, indicating the presence of a thick
cartilage cap over the epiphysis (Fig. 2A). The dorsal process is well
developed and it is extended over more than half the length of the
humerus shaft (Fig. 2C). Ventrally, the deltopectoral crest is less
developed than the dorsal process and it is shifted towards the
anterior edge (Fig. 2D). In dorsal and ventral views, the proximal
end of the humerus is slightly anteroposteriorly more developed
than the distal end in the holotype and in the CPAP-2011-0019. The
maximum constriction of the midshaft is located near the distal
end.

In the holotype, the distal end bears three articular facets
(Figs. 2B). The anterior-most, for articulation with the anterior
accessory element (AAE), is the shortest and ‘D’-shaped with a
convex anterior margin. In the referred specimen (CPAP-2011-
0019), this facet is absent or lost (Fig. 3). In ventral and dorsal views,
this facet is slightly anteriorly deflected. The radial facet is the most
developed in both dorsoventral and anteroposterior direction and
presents a squared outline. Posterior to this facet is the one for the
articulation with the ulna, with a similar outline to that for the AAE
but with a posterior convex margin. Also, the ulnar facet is less
developed in dorsoventral direction. The articular surfaces of the
radial and ulnar facets are facing distally.

Zeugopodium. In the holotype, the only zeugopodial element
preserved is the incomplete ulna (Fig. 2 E-F), whereas in the
referred specimen MLP 79-I-30-2, this element is almost complete,
and it is articulated with a small fragment of the radius (Fig. 2H-I).
The specimen CPAP-2011-0019 preserved the radius and the ulna
and lacks the anterior accessory element (Fig. 3). The radius is
roughly pentagonal and bears two equally developed distal facets
for the articulation of the radial and intermedium. The ulna is also
4

pentagonal in shape and slightly larger than the radius. In ventral/
dorsal view, the posterior margin is convex and rounded.

Proximal carpals. In the holotype and the specimenMLP 79-I-30-
2, the only proximal carpals preserved are the intermedium and the
ulnare, whereas in the referred specimen CPAP-2011-0019, the
proximal carpal row also preserved the radiale (Fig. 3). The radiale
is pentagonal with convex proximal and distal edges. Proximally, it
articulates with the radial and the AAE. The anterior margin is
straight and contacts the second element of the first preaxial
accessory digit. Distally, the margin of the radiale contacts with
distal carpals II and III. The intermedium is hexagonal and is more
anteroposteriorly developed than proximodistal. The proximal
edge bears two facets for articulation with the radius and ulna. The
contact between the radius and ulna precludes the intermedium
from reaching the distal surface of the humerus. Distally, the
intermedium also bears two sub-equally articular facets for the
contact with the distal carpals III and IV.

The ulnare has six articular facets for the pisiform, the element
immediately distal to it, metacarpal 5, distal carpal IV, interme-
dium, and ulna.

Distal carpals. Both in the holotype and theMLP-79-I-30-2, distal
carpals III and IV are almost completely preserved (Figs. 2E-F, HeI).
These are pentagonal with two subequal articular facets on the
proximal margin for reception of the intermedium. Distally, the
margin of the carpals is flat and contacts the metacarpals corre-
sponding to digits III and IV.

Digits. From the distal carpals row onwards, the elements of the
forelimb are arranged as columns (Fig. 2E-J; 3). In the primary digits
(IIeV), the proximal phalanges are anteroposteriorly elongated and
brick-like. The distal region of the forelimb of the holotype presents
hexagonal phalanges with pointed anterior and posterior margins,
which gives the contact among adjacent digits the appearance of a
zipper.

There are at least two preaxial accessory digits as well as two or
even three postaxial accessory digits. The proximal-most elements
of the postaxial accessory digits, especially those in contact with
the pisiform, differ from those of the primary in shape. In this case,
the elements are markedly hexagonal and proximodistally elon-
gated (Figs. 2E-F, HeI).



Fig. 2. Appendicular skeleton of Myobradypterygius hauthali. A-D, MLP. 79-I-30-1, left humerus in proximal (A), distal (B), dorsal (C), and ventral (D). views. E-F, MLP 79-I-30-1,
zeugopodium and autopodium in dorsal/ventral view. G-J, MLP 79-I-30-2, zeugopodium and autopodium in dorsal/ventral view. Abbreviations: aaef, anterior accessory element
facet; D, primary digit; dp, dorsal process; dpc, deltopectoral crest; I, intermedium; pi, pisiform; pr, preaxial accessory digit; pod, postaxial accessory digit; R, radius; raf, radial facet;
U, ulna; uf, ulnar facet; ul, ulnare; 3e4, distal carpals; III-V, metacarpals.
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Fig. 3. Left forefin of Myobradypterygius hauthali (CPAP-2011-0019) in. ventral view.
Abbreviations: H, humerus; I, intermedium; pi, pisiform; pr, preaxial. accessory digit;
pod, postaxial accessory digit; R, radius; ra, radiale; U, ulna; ul; ulnare; 2e4, distal
carpals; II-V, metacarpals. Redraw from P�ardo-P�erez et al. (2012).
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3.3. Phylogenetic results

The first analysis, considering the Argentinean (MLP 79-I-30-1
and MLP 79-I-30-2) and Chilean (CPAP-2011-0019) specimens as
separate OTUs, resulted in six most parsimonious trees (MPTs) of
591 steps (consistency index, CI ¼ 0.259; retention index,
RI ¼ 0.566). These trees yielded a strict consensus tree (CI ¼ 0.255;
RI ¼ 0.556) with Chacaicosaurus cayi Fern�andez, 1994, as the sister
taxon of Ophthalmosauridae. Ophthalmosauridae was recovered as
6

a well-supported clade internally branching into two main sub-
clades. The second analysis was carried out by coding Myo. Hau-
thali I based on the Argentinean and Chilean specimens also resulted
in six MPTs (591 steps; CI ¼ 0.258; RI ¼ 0.566), and the topology of
the strict consensus is identical to that of the first analysis (Fig. 4).

Ophthalmosauridae is supported by an extensive lateral expo-
sure of the angular (78:1), a plate-like dorsal process on the dorsal
surface of the humerus (102:1), a well-developed humeral facet for
an anterior accessory element and a triangular/squared surface
(106:2), absence of notching on the leading edge elements of the
forefin (113:1), the presence of a rounded/squared AAE (115:2), at
least one preaxial accessory digit on the forefin (117:1) and prom-
inent plate-like dorsal and ventral processes on the femur that
extend distally and reach the midshaft (124:1).

The first analysis recovered the specimens referred to Myo-
bradypterygius hauthali as a clade deeply nested within Platypter-
ygiinae. When the scorings of the two OTUs are merged, the position
of this taxon and the topology of the strict consensus tree do not
change. In both analyses, Myobradypterygius is recovered as the
sister taxon of a clade formed by Caypullisaurus bonapartei and
Maiaspondylus lindoei (Fig. 4). In both analyses, Platypterygiinae is
supported by the following character states: descending process of
the nasal on the posterior dorsal border of the nares (13:1), a thin
dorsal arch of the supraoccipital (70:1), a parallelogram-like articular
(73:1), a complete fusion of the ischio-pubis (122:2) and a proximal
femurmore anteroposteriorly developed than the distal end (128:1).

3.4. Phylogenetic signal

From the 20 characters evaluated of the forefin, 10 presented
lambdavalues ofz1 (Supplementary Table 1). From these traits, four
correspond to the humerus: presence of a plate-like dorsal ridge on
the dorsal surface of the humerus, the presence and development of
the facet for the anterior accessory element, the relative ante-
roposterior development of themidshaft and the compression of the
posterior third of thehumeral shaft. In the zeugopodial rowonwards,
strong phylogenetic signal was found in the shape of the posterior
surface of the ulna, the shape of the AAE, the absence of notching on
the anterior surface of the leading-edge elements of the forefin, the
morphology of the distalmargin of the intermedium, the presence of
postaxial accessory digits and the shape of the phalanges. These
results suggest that these characters are phylogenetically clustered
within Ophthalmosauride. On the other hand, the presence of the
pisiform, humerus-intermedium contact, the posterior deflection of
the ulnar facet of the humerus, presence of an accessory epipodial
element posterior to ulna and digital bifurcation retrieved lambda
values near to zero, indicating independent distribution concerning
the phylogenetic relationships of the ophthalmosaurids.

4. Discussion

4.1. Comparison of Myobradypterygius with ‘Platypterygius’

Myobradypterygius was originally synonymized with ‘Platypter-
ygius’ by McGowan (1972), arguing the lack of inconsistency be-
tween these taxa and the incompleteness of the Argentinean
specimens. He also considered that the species ‘Pl.’ hauthali should
be retained and serve for the reception of the ‘Neocomian’material
from South America.

‘Platypterygius’’platydactylus, the type species of the genus, shares
with Myo. Hauthali, the presence of several pre- and postaxial
accessory digits, the rectangular shape of the autopodium elements
(McGowan, 1972), and possibly the proximodistally elongated prox-
imal elements of the accessorydigits. On theotherhand, thepresence
of a humeral facet for articulationwith an anterior accessory element



Fig. 4. Time-calibrated strict consensus tree considering the Argentinean and Chilean as the same OTU. The red bar represents the range extension of the Argentinean material,
whereas the blue one corresponds to the Chilean.
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and the hexagonal intermedium supporting distal carpals 3 and 4 in
Myo. Hauthali, clearly differentiates it from ‘Pl.’ platydactylus. More-
over, Myobradypterygius can be easily distinguished from other ‘Pla-
typterygius’ species based on the former trait: the intermediumof ‘Pl.’
hercynicus, ‘Pl.’ australis and ‘Pl.’ americanus possesses a pentagonal
shape, and its distal end is mainly defined by an anteroposteriorly
oriented and almost straight facet for articulation with the distal
carpal 3 (Kolb and Sander, 2009; Maxwell and Kear, 2010). The same
distinction can rule out the specimens described and referred by
Adams and Fiorillo (2011) and Cort�es and P�aramo-Fonseca (2018) to
‘Platypterygius’. The forefin of the specimen reported by Adams and
Fiorillo (2011) has a pentagonal intermedium and most of its distal
surface forms a straight horizontal facet for contact with the distal
carpal 3 and possibly distal carpal 2. The forefin described by Cort�es
and P�aramo-Fonseca (2018) also has a pentagonal intermedium,
but in this case the distal facet only contacts distal carpal 3.

4.2. Comparison of Myobradypterygius with other
ophthalmosaurids

Most Middle to Late Jurassic ophthalmosaurids can be easily
distinguished from Myobradypterygius hauthali based on the
7

morphology of the forefin. The presence of rounded or oval pha-
langes, as opposed to the polygonal elements with clearly demar-
cated facets of Myo. Hauthali, is known in taxa like Baptanodon,
Arthropterygius, Palvennia, Janusaurus, Keilhauia and Thalassodraco
(Gilmore, 1905; Kirton, 1983; Maxwell 2010; Roberts et al., 2014;
Delsett et al., 2017, 2018; Campos et al., 2020; Jacobs and Martill,
2020). Rounded phalanges are also found in the ophthalmosaurid
specimen from the Upper Kimmeridgian of India (Prasad et al.,
2017). Aegirosaurus, Brachypterygius, Caypullisaurus, and Catuto-
saurus are the only taxa with quadrangular/polygonal and tightly
packed elements in the carpus and manus, similar to those of
Myobradypterygius hauthali (Fern�andez, 1997, 2007; Bardet and
Fern�andez, 2000; Fern�andez et al., 2021). In Caypullisaurus, the
intermedium contacts distally with distal carpal III, forming a
longitudinal column along digit III, thus differing from Myo. Hau-
thali in which the intermedium contacts distally distal carpals III
and IV. The intermedium of Catutosaurus is very similar in shape
and position to that of Myo. Hauthali, as in both cases, digits III and
IV rise from the distal edge of the intermedium. However, the distal
humerus of Catutosaurus bears four articular facets (Fern�andez
et al., 2021), whereas in Myo. Hauthali, there are three, ruling out
the possibility of synonymy. In Brachypterygius, and Aegirosaurus
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the intermedium is in contact with the distal humerus (Huene,
1922; McGowan, 1997; Bardet and Fern�andez, 2000). Finally, it is
important to note that while the distal section of the forefin in the
Tithonian genus Sumpalla remains unknown, the intermedium is
hexagonal and articulates distally with distal carpals 3 and 4, as in
to Myo. Hauthali. However, the humeri of these taxa differ both in
shape and relative anteroposterior development of the proximal
and distal ends (Campos et al., 2021). In addition to the humeral
differences, the position of the intermedium distinguishes these
two taxa: distal to the radius and ulna inMyo.Hauthali, and situated
between the radius and ulna in Sumpalla.

Besides ‘Platypterygius’ spp., several Cretaceous oph-
thalmosaurid taxa have forefins comparable to those of Myo-
bradypterygius. The humerus of Acamptonectes densus from the
Hauterivian of England and Germany shares the presence of three
distal articular facets for the AAE, radius, and ulna with that of
Myobradypterygius. However, the ulnar facet is posteriorly deflec-
ted instead of distally facing, as inMyobradypterygius. The ulna, the
only element known from the zeugopodial row in Acamptonectes, is
posteriorly concave in dorsal view (Fischer et al., 2012), contrasting
with the convex margin of the ulna in Myobradypterygius. Finally,
Acamptonectes possesses rounded proximal phalanges, clearly
different from those brick-like of Myobradypterygius. Sveltonectes
insolitus and Kyhytysuka sachicarum are the only Barremian taxa
preserving appendicular remains comparable to those of Myo.
Hauthali (Fischer et al., 2011; Cort�es et al., 2021). The humerus of Sv.
Insolitus shares with Myo. Hauthali a rectangular cross-section of
the proximal end, the presence of a well-developed dorsal process,
and a distally facing ulnar facet on the distal end (Fischer et al.,
2011). However, the humeri of both taxa are quite different, as
the distal region of the humerus of Sveltonectes lacks a facet for the
anterior accessory element (Fischer et al., 2011). The basipodial row
also differs significantly as in Sveltonectes the radiale and the
intermedium are pentagonal in shape with a straight proximal
surface, whereas in Myo. Hauthali preserved basipodial elements
are hexagonal and with a pointed proximal end. Finally, although
most distal elements of the forefin are rectangular in dorsal or
ventral view and are closely disposed, Sveltonectes only presents
two accessory digits (one preaxial and the other postaxial),
whereas in Myobradypterygius there are, at least, two pre- and
three postaxial accessory digits (Figs. 2E-F, HeI; 3).

The appendicular skeleton of a recently described specimen of
Kyhytysuka sachicarum (CIP-GA-01042014) from the late Barremian
of La Paja Formation in Colombia, shows almost no resemblance
with the forefin of Myo. Hauthali and the synonymy of these taxa
has been previously discarded by Maxwell et al. (2019). Besides the
clear difference between the intermedium and digits disposition
among Kyhytysuka and Myobradypterygius it is also worth noting
that the size of the distal end of the humerus in the first taxon is
greater than that of the proximal end (Maxwell et al., 2019)
whereas in Myobradypterygius such relation is inverted. Another
difference is that in the case of Kyhytysuka the presence of postaxial
digits is unlikely (Maxwell et al., 2019).

4.3. Phylogenetic position of Myobradypterygius and
ophthalmosaurid phylogeny

Myobradypterygius hauthali was not incorporated in cladistic
analyses until recently (Maxwell et al., 2019; Moon, 2019). A
comparison with the results of Moon (2019) is difficult as the
phylogenetic hypothesis presented by this author recovers Oph-
thalmosauridae as a clade, but its internal relationships are unre-
solved. For this reason, our comparison is mostly restricted to the
results from Maxwell et al. (2019). As mentioned above, ‘Pla-
typterygius’ is recovered herein as a non-monophyletic assemblage
8

differing from the results of Maxwell et al. (2019). There, Myo-
bradypterygius hauthali is recovered forming a clade together with
‘Pl.’ platydactylus, ‘Pl.’ americanus, and Kyhytysuka sachicarum. As
previously discussed, most of the resemblances in the forefin of
Myobradypterygius hauthali with species within ‘Platypterygius’ are
also shared with other platypterygiines and Catutosaurus.

Most differences with other phylogenetic proposals rely on the
internal composition of the two main clades of ophthalmosaurids.
The genus Arthropterygius and closely related taxa have been
recovered in previous studies as members of Ophthalmosaurinae
(e.g. Barrientos-Lara and Alvarado-Ortega, 2021; Zverkov and
Grigoriev, 2021), Platypterygiinae (e.g. Cort�es et al., 2021;
Fern�andez et al., 2021) or even as sister clade of Ophthalmosaurinae
or Platypterygiinae (Zverkov and Prilepskaya, 2019). Here,
Arthropterygius spp. and closely related forms are recovered as an
early-branching member of Platypterygiinae. This lack of congru-
ence among results may reflect the extreme incompleteness of
some regions of the skeleton among the taxa belonging to this
clade. For instance, most species recovered in this clade preserve
much of their occipital region in the cranium, as well as the humeri
and zeugopodial row (Maxwell, 2010; Roberts et al., 2014; Delsett
et al., 2017, 2019; Campos et al., 2020). Nevertheless, many of
them such as Ar. chrisorum, Ar. thalassonotus, Ar. volgensis and Pal-
vennia hoybergeti lack a great part of the regions that are considered
diagnostics for the two main clades (e.g. distal portion of the
forefin, pelvic girdle elements).

4.4. Phylogenetic signal of the forefin

Our exploration of the phylogenetic signal among the oph-
thalmosaurid forefins showed that at least half of the characters
evaluated are strongly associated with the phylogenetic relation-
ships of the clade. Some of these characters are widely considered
synapomorphies of Ophthalmosauridae, such as the presence of a
plate-like dorsal process on the humerus (e.g. Fischer et al., 2011,
2012; Moon, 2019; Campos et al., 2020; Barrientos-Lara and
Alvarado-Ortega, 2021) or the facet for the AAE anteriorly located
to the radial facet (e.g. Fischer et al., 2012; Fern�andez et al., 2021).
Other characters, such as those describing the morphology of the
ulna and phalanges, are interpreted as diagnostic for the two main
ophthalmosaurid subclades (Ophthalmosaurinae and Platypter-
ygiinae) (e.g. Fischer et al., 2012; Zverkov and Grigoriev, 2021).
Traits describing anteroposterior development and compression of
the humeral shaft are considered to be diagnostic of Arthropterygius
spp. and closely related taxa (Campos et al., 2020, 2021). These
results indicate that the set of traits here analyzed carry a strong
phylogenetic signal expressed at different hierarchical levels.

The weak phylogenetic signal in some of the characters, such as
the posteriorly deflected ulnar facet, the contact humerus/inter-
medium, and the presence of epipodial elements posterior to the
ulna, is probably due to the independent evolution of these traits
among distantly related ophthalmosaurids. A posteriorly deflected
ulnar facet, as well as, epipodial elements posteriorly located to the
ulna are present in the forefins of both, Ophthalmosaurinae (e.g.
Ophthalmosaurus, Catutosaurus gaspariniae) and Platypterygiinae
(e.g. Maiaspondylus lindoei, ‘Pl.’ americanus) (Kirton, 1983; Maxwell
and Caldwell 2010; Maxwell and Kear 2010; Fern�andez et al.,
2021). The contact between the distal surface of the humerus
and the intermedium seems to be restricted to some
KimmeridgianeTithonianplatypterygiines, namely,Brachypterygius
extremus, Aegirosaurus leptospondylus, Parrasaurus yacahuitztli and
several individuals assigned to the problematic genus Grendelius
(McGowan 1997; Bardet and Fern�andez, 2000; Zverkov et al., 2015;
Barrientos-Lara and Alvarado-Ortega, 2021). Most recent phyloge-
netic analysis have failed in recovering a clade containing
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exclusively all aforementioned taxa (e.g. Delsett et al., 2017, 2019;
Maxwell et al., 2019; Campos et al., 2020, 2021; Cort�es et al., 2021;
Jacobs and Martill, 2020; Zverkov and Grigoriev 2021), although
some proposals have identified Br. extremus and Ae. Leptospondylus
(e.g. Jacobs and Martill, 2020; Zverkov and Grigoriev 2021) or Br.
extremus and Parrasaurus yacahuitztli (Barrientos-Lara and
Alvarado-Ortega 2021) as sister taxa and distantly related to Gren-
delius. This suggests an independent acquisition of a humerus/
intermedium contact. On the other hand, we hypothesize that the
presence and location of the pisiform as well as the digital bifurca-
tion, retain plesiomorphic states within Ophthalmosauridae as the
presence of both is known in many Early Jurassic non-
ophthalmosaurids (e.g. Motani, 1999; Lomax et al., 2017; Massare
and Lomax, 2018).

5. Conclusions

The re-evaluation and comparison of the holotype and referred
specimens of Myobradypterygius hauthali brings new information
for a deeper comprehension of ophthalmosaurid interrelationships
and the evolution of the appendicular skeleton. The morphological
evidence, which consists of a unique combination of appendicular
characters, along with the results of our cladistic analysis that po-
sition Myo. Hauthali as phylogenetically distant from any ‘Pla-
typterygius’ species, provides strong support for the revalidation of
this taxon.

The results obtained herein depict the ichthyosaurian forefin as
a valuable source of characters in which all different kinds of ele-
ments (e.g. humerus, zeugopodium, and autopodium) carry a
strong phylogenetic signal. Yet, new and more complete specimens
are needed to evaluate intrageneric/specific variation of the forefin
within Ophthalmosauridae.
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