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ARTICLE

ANEW SPECIMENOF PLATYPTERYGIUS SACHICARUM (REPTILIA, ICHTHYOSAURIA) FROM
THE EARLY CRETACEOUS OF COLOMBIA AND ITS PHYLOGENETIC IMPLICATIONS
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ABSTRACT—Platypterygius sachicarum is one of the few Lower Cretaceous ichthyosaurian species described from the
Hauterivian–Aptian-aged Paja Formation, the most complete Lower Cretaceous sedimentary sequence in northern South
America. To date, P. sachicarum has been described only from a single skull, limiting morphological, stratigraphic, and
phylogenetic comparisons. Here, we describe a new skull and associated postcranium of upper Barremian age from Villa de
Leyva, Colombia, which represent the first documented postcranial remains of this species and enable detailed comparison
with other Early Cretaceous ophthalmosaurid ichthyosaurs. Platypterygius sachicarum shares many morphological
similarities with contemporaneous taxa from Europe but differs in both skull and tooth morphology from coeval South
American species from northern South America and from the eastern Pacific. The additional data provide new diagnostic
characters for this species and resolve the position of P. sachicarum as part of a polytomy of other species historically
referred to Platypterygius. However, as with previous analyses, all recovered clades are poorly supported. The rich
vertebrate fossil record of the Paja Formation provides an unparalleled opportunity to explore paleobiogeographic and
paleoecological questions pertaining to Cretaceous marine reptiles; however, in most cases, a robust stratigraphic and
phylogenetic framework remains elusive.
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INTRODUCTION

The Barremian–Aptian interval represents a key window for
ichthyosaurian evolution. Cretaceous ichthyosaurs were at their
most taxonomically diverse and morphologically disparate at
this time (Fischer et al., 2016). However, a major loss of lineages
was ongoing, with the last diagnostic records of both non-ophthal-
mosaurid parvipelvians and ophthalmosaurines occurring during
this interval and, concomitantly, the diversification of the large
platypterygiine taxa historically referred to the genus Platyptery-
gius (Fischer et al., 2016). The ichthyosaurian fossil record during
the Barremian–Aptian is quite fragmentary, characterized by
many genera and species represented only by a single, usually
extremely incomplete, specimen. Moreover, the Gondwanan
record is particularly patchy, especially in terms of skeletal com-
pleteness: only three species are known, one based solely on
cranial material (Platypterygius sachicarum from Colombia;
Páramo, 1997), one based on a partial skull and anterior vertebral
column (Muiscasaurus catheti from Colombia; Maxwell et al.,

2016), and one described based only on forelimb material
(P. hauthali, from Argentina and Chile; Fernández and Aguirre-
Urreta, 2005; Pardo-Pérez et al., 2012). This has led to uncertainty
regarding the relationship, and possible synonymy, of P. hauthali
and P. sachicarum (McGowan andMotani, 2003); the relationship
of Muiscasaurus catheti to P. hauthali is also uncertain.
One of the richest sources of Lower Cretaceous marine ver-

tebrates in northern Gondwana is the Paja Formation, which is
Hauterivian–Aptian in age (Etayo Serna, 1968; Patarroyo,
2004) and crops out in the Colombian Eastern Cordillera
around Villa de Leyva, Boyacá Department, Colombia. Fossil ver-
tebrates, including ichthyosaur remains, are abundant and have
been known since the 1940s (reviewed by Páramo Fonseca,
2015). Description of the vertebrate fauna is ongoing, with most
of the described species from this formation named within the
past 5 years (Cadena, 2015; Cadena and Parham, 2015; Carballido
et al., 2015; Maxwell et al., 2016; Páramo-Fonseca et al., 2016;
Gómez-Pérez and Noè, 2017). The ichthyosaurs Platypterygius
sachicarum and Muiscasaurus catheti have both been described
from the Paja Formation. Platypterygius sachicarum has been
cited as being lower Aptian in age (Hampe, 2005), whereas Muis-
casaurus catheti is stratigraphically indeterminate.
Here, we describe the first associated cranial and limb material

of an ichthyosaur from the Paja Formation. We refer this
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specimen to Platypterygius sachicarum, making this the first post-
cranial material documented for the species and permitting more
detailed comparisons with ichthyosaurs from the Early Cretac-
eous of Europe.

Institutional Abbreviations—CIP, Centro de Investigaciones
Paleontológicas, Villa de Leyva, Colombia; DON, Museo Geoló-
gico Nacional José Royo y Gómez, Bogotá, Colombia; QM,
Queensland Museum, Brisbane, Australia.

MATERIAL

The skeleton (CIP-GA-01042014) is a large ichthyosaur from the
ElRoble locality (LomaLaCabrera, ‘Finca losMorros,’ 5°39.923′N,
73°32.305′W), Villa de Leyva, Boyacá, Colombia (Fig. 1), and was
found by the property owners Gustavo Amador and Carmenza
Amador in 2014. The Arcillolitas Abigarradas Member of the
Paja Formation crops out at the locality (Fig 1C; Etayo Serna,
1965, 1968). The ichthyosaur is preserved in poorly lithified clay,

and overlain by abundant bedding-parallel fibrous calcite (‘beef’),
with calcite-cemented concretions weathering out of the shale and
becoming concentrated on the surface. One fragmentary ammonite
was found in situ, in close proximity to the skeleton, and is referable
to Colchidites sp., indicating that CIP-GA-01042014 is uppermost
Barremian in age (∼125 Ma) (Patarroyo, 2000, 2004). Additional
ammonites were surface-collected from the locality and provide
anupperbound for theageof the specimen.This ageestimate is con-
sistent with the abundance of fibrous calcite at the locality (Forero-
Onofre and Sarmiento-Rojas, 1985).

The specimen consists of the skull and presacral vertebral
column in a clay matrix, collected in three blocks (Fig. 2A,B). It
was mechanically prepared from the reverse side by Juan Parra
and Fredy H. Parra at the CIP. The quality of preservation is vari-
able across the skeleton, with some areas showing a high degree
of weathering. The first block contains the skull, preserved in left
lateral view. The second block contains the pectoral girdle, fore-
limb, and dorsal vertebral column, all preserved in dorsal view,

FIGURE 1. Locality information for CIP-GA-01042014.A, location of the department of Boyacá within Colombia andB, the location of Villa de Leyva
within Boyacá; C, geological map of the Villa de Leyva region showing the localities of CIP-GA-01042014 and the holotype of Platypterygius sachi-
carum, DON-19671 (modified from Etayo Serna, 1965, 1968).
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suggesting that the skull was twisted relative to the postcranium.
The third block contains the posterior dorsal and the anterior
caudal vertebral column, and a putative pelvic element. Based
on preservation, the skeleton was lying on its back on the sea
floor at the time of burial.

SYSTEMATIC PALEONTOLOGY

ICHTHYOSAURIA Blainville, 1835
OPHTHALMOSAURIDAE Baur, 1887

PLATYPTERYGIUS Huene, 1922

PLATYPTERYGIUS SACHICARUM Páramo, 1997
(Figs. 2–4)

Diagnosis—A mid-sized ophthalmosaurid ichthyosaur with a
robust rostrum; markedly oval orbit; large temporal fenestra;
extensive lateral exposure of the maxilla anterior to the external
nares (unlikeMuiscasaurus); extensive exposure of the frontal on
the dorsal skull roof (unlike Leninia but similar to most Platypter-
ygius spp.); broad postorbital; laterally oriented cheek region;
little to no posterodorsal curvature of the posterior mandible;
lateral exposure of the angular on the retroarticular process less
extensive than that of the surangular; basioccipital wider than
high (as in Sisteronia, but unlike inP. platydactylus); teeth relatively
small, robust, and closely spaced with coarsely ridged enamel
(similar to P. hercynicus but differing in enamel ornamentation
from P. americanus,Maiaspondylus, andMuiscasaurus, and in rela-
tive size from those of P. australis, Simbirskiasaurus, and Svelto-
nectes); tooth roots quadrangular in cross-section (platypterygiine
synapomorphy); humerus short relative to the length of the skull,
with a plate-like dorsal process and two distal facets for articulation
with the radius and ulna (as in Cryopterygius, but unlike in most
ophthalmosaurids); radius and ulna subequal to each other in
size and subequal to the intermedium, radiale, and ulnare in prox-
imodistal length (as in P. platydactylus, but differing from most
other ichthyosaurs); intermedium pentagonal in outline and pri-
marily supporting digit III (unlike in P. hauthali); and phalanges
rectangular and dorsoventrally thicker than proximodistally long.
Modified from Páramo (1997).
Stratigraphic and Geographic Range—Barremian–Aptian of

Colombia. The holotype, DON-19671, from Loma Pedro Luis,
1.5 km NNW of Villa de Leyva (Fig. 1C), is said to be early
Aptian in age (Hampe, 2005). The referred specimen (CIP-
GA-01042014) from Loma La Cabrera, Finca Los Morros
(∼4 kmNNWofVilla de Leyva; Fig. 1C) is late Barremian in age.
Remarks—Platypterygius is a problematic genus to which all

Cretaceous ichthyosaurs have historically been referred. The
attribution of P. sachicarum to the genus is uncertain (Fischer
et al., 2016) and awaits detailed restudy of the holotype.
However, similarities of the generic type, Platypterygius platydac-
tylus, to P. sachicarum in forelimb structure and tooth enamel
ornamentation do not strongly argue against maintaining
P. sachicarum in the genus Platypterygius. In addition, the strati-
graphic range of P. sachicarum (upper Barremian–lower
Aptian) is consistent with that of many Platypterygius spp.,
including P. platydactylus.

Description

Skull—The skull is preserved in left lateral view (Figs. 2, 3). It
has been flattened, but the individual bones maintain a degree of
three-dimensionality. The quality of preservation is highly vari-
able across the skull. The skull is 1.33 m in length, when
measured from the anterior tip of the premaxilla to the posterior
end of the lower jaw.
The premaxilla (minimum length = 77.5 cm and depth at mid-

point = 70.5 mm) is complete anteriorly; the posterior end is not

well preserved. The premaxilla bears teeth, but the preservation
does not allow the presence of an alveolar groove to be assessed.
The anterior-most tip of the premaxilla is preserved; it is rounded
rather than pointed. The premaxillary fossa is very shallow pos-
teriorly and becomes slightly better defined anteriorly. Toward
the anterior tip, it disappears and becomes a series of pits. Poster-
iorly, a supranarial process appears to have been present,
although its extent cannot be assessed.
The maxilla is very long (∼37 cm externally), with a narrow but

extensive exposure anterior to the external nares. The maxilla
bears teeth, but the mode of tooth implantation cannot be deter-
mined. In the region of the narial opening, the sutures and mor-
phology are very difficult to see. Based on a series of prominent
ridges ventral to the narial region, the maxilla may have been
excluded from the nares in lateral view by some combination of
the lacrimal, premaxilla, and jugal. Lateral exposure appears to
have been quite narrow. However, due to poor preservation,
the presence of ascending processes, etc., cannot be ascertained.
Posteriorly, the maxilla is overlapped by the jugal anterior to
the edge of the orbit. The maxilla bears at minimum two tooth
positions ventral to the jugal contact.
The lacrimal forms the anterior edge of the orbit. It is incom-

pletely preserved, thus making comparisons difficult. Its ventral
contact is well preserved, but the exact location of the suture
cannot be identified with certainty.
The jugal is poorly preserved but appears to have been very

gracile and relatively straight ventral to the orbit. Anteriorly,
the jugal overlaps the maxilla laterally and extends at least to
the anterior edge of the posterior narial opening.
The anterior extent of the nasal cannot be determined. In the

narial region, the nasal develops a lateral exposure and at
minimum has a robust descending process anterior to the
primary narial opening. Preservation posterior to the narial
opening does not allow the presence of a posterior descending
process to be assessed. On the dorsal skull roof, the nasal has a
posterior spur that extends medial to the frontal. Lateral to the
frontal, the nasal does not extend as far posteriorly as its
process medial to the frontal. Sutural contacts with the prefrontal
cannot be distinguished. The posteromedial nasal is concave,
hinting at the presence of an internasal foramen, or at least a
medial depression.
The frontal is broad and constitutes a large portion of the

dorsal skull roof (Fig. 3D,E). It sends a narrow process anteriorly
to contact the nasal and widens posterior to the nasal contact.
Posteromedially and posterolaterally, it contacts the parietal.
The posterolateral frontal bears a depression bordered by a
ridge; this forms part of a depression continuous with the anterior
upper temporal fenestra. The frontal appears to participate in the
upper temporal fenestra with a minor contribution relative to
adjacent bones. The parietal foramen lies just anterior to the
frontal-parietal suture: although the opening itself cannot be
seen, the medial edge of the frontal is gently concave in this
region and dorsally the frontal forms a slightly raised ridge of
bone surrounding the concavity.
The parietal (Fig. 3D,E) is an extremely robust element with a

straight medial edge and a convex lateral edge, forming the
medial edge of the upper temporal fenestra. The suture with
the frontal appears to be interdigitating rather than straight.
The parietal sends short processes both medial and lateral to
the posterior-most frontal. Posteriorly, the parietal forms a well-
developed supratemporal ramus that forms most of the posterior
edge of the upper temporal fenestra. The posterior parietal has
been flattened such that its thickened posteroventral surface
has been pressed outward posterior to the smooth area lining
the posterior upper temporal fenestra; this is a taphonomic
feature and not a true parietal ridge/slope. The thickened pos-
terior parietal forms a concave arch for the supraoccipital. Later-
ally, the parietal forms an interdigitating suture with the

Maxwell et al.—New material of Platypterygius sachicarum (e1577875-3)



supratemporal. The posterior skull roof is only weakly embayed,
with the posterior corner of the supratemporal only slightly
exceeding the medial parietal in posterior extent.

The medial and lateral rami of the supratemporal are pre-
served; the posterodorsal surface of the element is badly
damaged (Fig. 3D,E). The medial ramus is shorter than the
lateral ramus and forms an interdigitating suture with the par-
ietal. The lateral ramus has been forced into the upper tem-
poral fenestra due to crushing and has sustained some
breakage. It forms at least half of the lateral edge of the
upper temporal fenestra, restricting the postfrontal to the ante-
rolateral corner.

The postfrontal is relatively poorly preserved, especially later-
ally. It forms a broad sheet of bone making a contribution to the
anterolateral edge of the upper temporal fenestra. It contacts the
frontal anteromedially, the nasal anteriorly, and the supratem-
poral posteromedially. The anterolateral and posterolateral con-
tacts are not well preserved.

Only a small portion of the dorsal-most postorbital is preserved;
it is in contact with the postfrontal and lies within the orbit.

The extent of the prefrontal cannot be conclusively assessed
due to preservation. The presence or absence of a squamosal
cannot be ascertained for the same reason: the cheek region is
present but is so poorly preserved that the individual elements
cannot be identified.

Of the braincase elements, only the basioccipital can be confi-
dently identified (Fig. 3C,D). It is interpreted as being exposed
in posterior view, although with some uncertainty. On the
posterodorsal surface is an eroded area that appears to have
been formed prior to burial. Little can be said of morphology
due to limited exposure and poor preservation, but the condyle
measures 84.9 mm in width.

The mandible is broken diagonally at its anterior end. The
dentary is tooth-bearing and does not appear to be reduced rela-
tive to the premaxilla. The dentary fossa forms a series of pits ante-
riorly but becomes a continuous groove more posteriorly. Ventral
to the external nares, the groove shallows and stops. Ventral to the
orbit, the surangular fossa is short and shallow. The dentary-suran-
gular suture cannot be identified. The posterolateral surface of the
mandible consists of the surangular and angular. The angular
forms less than half the lateral surface of the retroarticular
process, with the surangular forming the largest contribution.

The teeth are poorly preserved. The tooth crowns are large,
robust, and conical, covered with coarsely ridged enamel (Fig.
3B). Although no tooth roots are exposed in the prepared speci-
men, photographs taken in the field indicate that the roots are
quadrangular in cross-section and covered with a thick layer of
vascularized cellular cementum.

Postcranial Axial Skeleton—Preservation varies extensively
across the vertebral column. Anteriorly, the vertebrae are

FIGURE 2. Platypterygius sachicarum, CIP-GA-01042014. A, B, overview photo and interpretive illustration; C, anterior dorsal vertebral column,
arrow indicates zone of partial fusion between anterior dorsal vertebrae 4 and 5.
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poorly preserved. Preservation improves immediately anterior to
the cervical-dorsal transition (defined based on the position of the
diapophysis relative to the neural arch facet; Fig. 2). Centra are
exposed in dorsal view, with fragmentary neural arches above
the centra and fragmentary ribs below the centra. The floor of
the neural canal is rectangular in outline, with weak ridges separ-
ating it from the preceding centrum (Fig. 2C). Diapophyses and

parapophyses are widely separated. Centra are shortest ante-
riorly and increase in length toward the posterior dorsal region.
Because the centra remain embedded in matrix, width could
only be measured in a single instance (anterior dorsal centrum
3). The width:length ratio of this centrum was 2.35. Centrum
length remains essentially constant between the posterior dorsal
and anterior caudal regions. Anterior dorsal centra 4 and 5 are

FIGURE 3. Skull of CIP-GA-01042014, Platypterygius sachicarum. A, C, photo and interpretive drawing of the skull; B, close-up of a replacement
tooth, arrow indicates the coarsely striated enamel ornamentation; D, E, photo and drawing of the skull roof showing the arrangement of the
dermal bones. Abbreviations: an, angular; bo, basioccipital; de, dentary; f, frontal; j, jugal; lac, lacrimal; mx, maxilla; n, nasal; pa, parietal; paf, parietal
foramen; pf, postfrontal; pm, premaxilla; po, postorbital; prf, prefrontal; sa, surangular; saf, surangular fossa; st, supratemporal.
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partially ankylosed, being completely fused along the right lateral
surface (Fig. 2C). This is interpreted as pathological and is surpris-
ing because pathologies affecting the vertebral column are rela-
tively rare in ichthyosaurs (Pardo-Pérez et al., 2018). By the
mid-dorsal region, preservation changes dramatically and the ver-
tebrae become extremely weathered. Preservation improves
slightly in the region of the putative pelvic element. At least 41
presacral centra were present (39 that could be counted plus
the missing atlas-axis complex), but this count may be a substan-
tial underestimate based on poor preservation in the anterior and
posterior dorsal regions.

Anteriorly, a few neural arches are preserved. These are robust
and thickened. In one instance, the articular surface is exposed
and it can be observed that the surface is covered by a series of
raised tubercles.

The ribs are in general poorly preserved. Proximally, a crest is
developed along the anterior surface, but the ribs become flat-
tened distally. No gastralia are preserved.

Pectoral Girdle—The partial left and right coracoids are
exposed in internal view. The left coracoid is the better preserved
of the two. The coracoids are thickened medially and laterally and
thinning anteriorly and posteriorly, creating a saddle-shaped
internal surface (Fig. 4A,B). The presence of an anterior notch
cannot be assessed. The left intercoracoid facet is approximately
10 cm long. The glenoid region is not exposed.

The left scapula is preserved in external view (Fig. 4A,B) and
measures 18.5 cm in length. The shaft is narrow and strap-like,
and the medial end is deeply concave and expanded both ante-
riorly and posteriorly. The acromion process was present but
has been damaged. The relative extent of the glenoid and cora-
coid facets cannot be evaluated. The medial portion of the right
scapula appears to be preserved closer to the vertebral column
but is overlapped by rib fragments. It is also exposed in external
view.

A fragment of the left clavicle is preserved in articulation with
the scapula (Fig. 4A,B). The preserved portion is thin and circular
in cross-section.

Forelimb—Both humeri are present, but the left humerus is
the better preserved of the two. It is exposed in dorsal view
(Fig. 4C,D). The dorsal process is well developed and plate-like,
trending from posterior to anterior along the proximal-distal axis
and extending over more than half the length of the humeral

shaft. The humerus is anteroposteriorly wider distally than proxi-
mally (left humerus = 56 mm wide at the proximal end; 86 mm
wide at the distal end). There are two subequal distal facets, for
articulation with the radius and ulna. Preservation of the anterodis-
tal edge of the humerus does not allow the absence of a small
anterior extrazeugopodial facet to be conclusively assessed;
however, no extrazeugopodial element is preserved. The
humerus has a thick rim of endochondral bone along its distal
end extending distal to the periosteum.

The right humerus is preserved near the vertebral column and
is also exposed in dorsal view. It has been more flattened than the
left humerus and appears smaller, both in length (109 vs. 126 mm)
and in the length of the radial facet (36 vs. 44 mm). The ulnar
facet is not exposed. No more distal limb elements are preserved
in association with the right humerus.

The distal elements of the left limb are relatively well preserved
and more or less articulated. The radius and ulna are almost iden-
tical in size (Fig. 4C,D). The radius is pentagonal and articulates
with the radiale and intermedium distally and the ulna poster-
iorly. The ulna is also pentagonal and articulates with the interme-
dium and ulnare distally. The radius appears to be notched
anteriorly; however, macroscopic observation suggests that the
notch is not lined with cortical bone and is thus not homologous
with the notches in non-ophthalmosaurid parvipelvians (Maxwell
et al., 2014).

The proximal carpals are unusual in being subequal in length
to the radius and ulna. The radiale is a blocky element with a
concave anterior surface and a notch visible on the anterior
dorsal surface (Fig. 4C,D). Whether the notch was lined with
cortical bone cannot be confidently assessed, because lack of
separation between the bone and the matrix prevented
surface texture from being easily visible. The radiale articulates
with the intermedium posteriorly and with distal carpal 2
distally.

The intermedium is pentagonal in shape, positioned distally
between the radius and the ulna and contacting the ulnare and
distal carpal 4 posteriorly and distal carpal 3 distally. The ulnare
is narrower anteriorly than posteriorly and contacts distal
carpal 4 distally. There is no evidence of a posterior element,
but this may have been displaced.

The more distal elements approximately rectangular in outline.
The thickness of metacarpal IV could be measured, and this

FIGURE 4. Pectoral girdle and forelimb of CIP-GA-01042014, Platypterygius sachicarum. A, B, photo and interpretive drawing of the left pectoral
girdle; C, D, left forelimb in dorsal view. Abbreviations: cl, clavicle; co, coracoid; dr, dorsal ridge; H, humerus; i, intermedium; R, radius; re, radiale;
sc, scapula; U, ulna; ue, ulnare.
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element is dorsoventrally thicker than proximodistally long. No
posterior or anterior digits are preserved. Whereas the posterior
surfaces of the elements along the posterior edge of the limb are
proximodistally straight, the anterior surfaces of the elements
distal to the radiale are angled to form points. This suggests
that an anterior digit was present and that the elements have
been taphonomically lost. The presence of a posterior digit is
less certain. A mass of disarticulated phalanges is present anterior
to the limb.
Pelvic Girdle—A single, poorly preserved element is present in

the posterior dorsal region of the vertebral column; it is inter-
preted as a pelvic element. It is laterally flat and broadens poster-
iorly to form an ovate disc. Its identity is uncertain.

Specific Referral and Comparison

As previously noted, the Barremian–Aptian interval represents
the high point in taxonomic diversity among Cretaceous ichthyo-
saurs (Fischer et al., 2016), with nine named species assigned to
six genera: Malawania anachronus, Leninia stellans, Sveltonectes
insolitus, Simbirskiasaurus birjukovi,Muiscasaurus catheti,Platyp-
terygius platydactylus, P. hercynicus, P. sachicarum, and P. hauthali
(Broili, 1907; Páramo, 1997; Fernández andAguirre-Urreta, 2005;
Fischer et al., 2011, 2013, 2014a, 2014b; Fischer, 2012; Maxwell
et al., 2016). Based on the cross-sectional shape of the tooth
roots, CIP-GA-01042014 is referable to Platypterygiinae (sensu
Fischer et al., 2012), and we restrict comparisons to this subfamily.
Malawania and Leninia are the only non-platypterygiine ichthyo-
saur genera known from this time interval.
Based on the presence of robust conical teeth with coarsely

ridged enamel, as well as extensive exposure of the maxilla
anterior to the external nares, CIP-GA-01042014 is most consist-
ent with taxa historically referred to the catch-all genus Platypter-
ygius (including Simbirskiasaurus; McGowan and Motani, 2003).
There are two species of Platypterygius named from the Early
Cretaceous of South America. Platypterygius sachicarum was
described based on a single skull from the Paja Formation, with
an estimated jaw length of 95 cm (Páramo, 1997). The tooth
enamel ornamentation and tooth shape closely match that of
CIP-GA-01042014. Platypterygius sachicarum is poorly known,
and the holotype is in need of redescription; however, in addition
to the dentition, this taxon shares the robust jaws, shallow suran-
gular fossa on the mandible, greater contribution by the surangu-
lar than the angular to the lateral surface of the lower jaw, and
relatively small orbit with the current specimen. These features
are currently unique to Platypterygius sachicarum among both
the described and undescribed ichthyosaurs of the Paja For-
mation. Platypterygius hauthali is known from a fragmentary
forelimb from the Barremian of Argentina (Fernández and
Aguirre-Urreta, 2005), as well as from the Valanginian–Hauteri-
vian of Chile (Pardo-Pérez et al., 2012; Stinnesbeck et al., 2014).
It differs from the current specimen in that there is clear size
differentiation between the zeugopodial row and the proximal
carpals, and in addition, the intermedium supports digits III and
IV, as opposed to primarily digit III. This difference is critical,
because it provides definitive evidence that P. sachicarum and
P. hauthali are not synonymous.
Platypterygius platydactylus, from the Aptian of Germany, is

the type species of the genus. Unfortunately, it is very poorly
known due to the destruction of the holotype in World War II.
It shares similarities in forelimb morphology with CIP-GA-
01042014, namely, the reduction in proximodistal length of the
radius and ulna relative to the proximal carpals; however, the
basioccipital of P. platydactylus is more spherical than that of
CIP-GA-01042014, which is more oval in shape (Broili, 1907).
Platypterygius hercynicus, also from the Aptian of Europe,
differs in cranial morphology from the current specimen in the
extreme reduction of the lateral process of the supratemporal

(Kolb and Sander, 2009; Fischer, 2012). In the postcranium,
there is also more size differentiation between the radius and
ulna and the proximal carpals in P. hercynicus than seen in CIP-
GA-01042014 (Kolb and Sander, 2009).
Simbirskiasaurus birjukovi, from the Barremian of Russia, is

based on a fragmentary partial skull. There are notable simi-
larities with CIP-GA-01042014, namely, in the shape of the
jugal-maxillary contact, the length of the anterior maxilla, and
the robust descending process of the nasal anterior to the
primary narial opening (Fischer et al., 2014b). However, the den-
tition is proportionately more robust in S. birjukovi, with tooth
crowns 19 mm in height relative to a basioccipital with a condylar
diameter of 78 mm (vs. 16 and 85 mm, respectively, in the current
specimen), and this difference is enough to classify S. birjukovi in
the ‘apex predator’ guild of Fischer et al. (2016), whereas the
current specimen, with its relatively smaller dentition, falls into
the generalist category (as does P. sachicarum).
Based on these comparisons, CIP-GA-01042014 is most con-

sistent with Platypterygius sachicarum in morphology as well as
in stratigraphic and geographic provenance, and we refer CIP-
GA-01042014 to this species.
Comparison with Platypterygius sp. (CIP-FCG-CBP-87)—An

isolated forelimb has previously been described from the early
Barremian of Villa de Leyva (CIP-FCG-CBP-87) and referred
to Platypterygius sp. (Cortés and Páramo-Fonseca, 2018). Both
left and right forefins are preserved in CIP-FCG-CBP-87, but
only the left one is partially articulated. The comparison
between P. sachicarum (CIP-GA-01042014) and CIP-FCG-
CBP-87 is mostly based on the left forefins of the two specimens.
The proximal end of the left humerus is broken in CIP-FCG-
CBP-87, but the dorsal exposure can be recognized, showing a
pick-like shape of the dorsal process in dorsal view, as in CIP-
GA-01042014. Although the left forefin of CIP-FCG-CBP-87 is
slightly smaller than that of P. sachicarum, both have a thick
rim of endochondral bone along the distal end of the humerus
in dorsal/ventral view. Two facets can be identified in
P. sachicarum (radius, ulna) and three in CIP-FCG-CBP-87
(radius, ulna, and an anterior extrazeugopodial element).
However, the absence of a small extrazeugopodial facet in CIP-
GA-01042014 cannot be confirmed because the anterodistal
corner of the left humerus is covered by adhering sediment.
The radius and ulna are approximately equal in size in CIP-
FCG-CBP-87, as in P. sachicarum; however, in CIP-FCG-CBP-
87, the ulna is slightly bigger than the radius. Specimen CIP-
FCG-CBP-87 has a paddle-shaped extrazeugopodial element
anterior to the radius and also an unusual pisiform posterior to
the ulna, whose absence cannot be confirmed in P. sachicarum.
The ulna in both specimens is pentagonal in shape, with strong
anterior and posterior notches in CIP-FCG-CBP-87 that are not
visible in P. sachicarum. The intermedium is pentagonal in both
cases, but it appears more symmetrical in P. sachicarum than in
CIP-FCG-CBP-87. The similarities in size between zeugopodium
and mesopodium are more remarkable in P. sachicarum. The
radiale is rectangular and has an anterior notch, whereas in
CIP-FCG-CBP-87 it is pentagonal in outline and does not have
a notch. Metacarpals and phalanges appear to be more regular
and massive in outline in P. sachicarum than in CIP-FCG-CBP-
87, although in general terms the closely packed elements are
the same. Although these morphological differences are rela-
tively minor, uncertainty regarding the number of elements in
the zeugopodial row of CIP-GA-01042014 suggests that CIP-
FCG-CBP-87 should be maintained as Platypterygius sp. and
not be referred to P. sachicarum at present.

Phylogenetic Analysis

We used a modified version of the matrix of Moon (2019),
updating the scoring of Platypterygius sachicarum based on
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CIP-GA-01042014 to examine phylogenetic placement of this
species. Documentation of scoring and character modifications
for taxa other than P. sachicarum are provided in Supplementary
Data 1; the updated character list is compiled in Supplementary
Data 2, and the updated matrix is provided in Supplementary
Data 3. We excluded three problematic taxa following the analy-
sis of Moon (2019): Cymbospondylus piscosus, Isfjordosaurus
minor, and Dearcmhara shawcrossi. Although excluded by
Moon (2019) for being uninformative, Pervushovisaurus campy-
lodon was included in our analysis because its inclusion signifi-
cantly improved resolution under parsimony analysis. We also
excluded the following problematic taxa for reasons of taxonomic
uncertainty: Thaisaurus chonglakmanii and Tholodus schmidi
(following the argumentation in Moon, 2019), Phalarodon
major (following the argumentation in McGowan and Motani,
2003), Ichthyosaurus acutirostris (contains material consistent
with Temnodontosaurus trigonodon in the analysis of Moon,
2019), and Suevoleviathan disinteger (junior synonym of Suevole-
viathan integer; Maxwell, 2018). The final analysis included 106
ingroup taxa, with Hupehsuchus nanchangensis as the outgroup.

Moon (2019) treated characters 100 (size of the extracondylar
area of the basioccipital), 204 and 205 (size of the deltopectoral
crest), and 218 and 219 (presence of notching in the forelimb
and number of accessory digits) as ordered. Some of these (204,
205, 218) are binary, and the reasons for treating them as
ordered are not clear; we treat these as unordered. However,
we treat character 107 (position of the internal carotid foramen
on the parasphenoid) and character 153 (number of presacral ver-
tebrae) as ordered. Binary-state count characters and those per-
taining to the carpals and tarsals were not coded as ordered;
the latter are highly plastic and in some taxa appear to be onto-
genetically variable.

We analyzed the matrix under maximum parsimony
implemented in TNT v. 1.1, using a new technology search
(Goloboff et al., 2008) with the same algorithm settings as in
Moon (2019), and Bayesian analysis, implemented in MrBayes
(Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck,
2003). For the Bayesian analysis, we used the same settings as
in the original analysis of Moon (2019), with the following excep-
tions: we only used a gamma distribution of priors, rather than
both equal and gamma distributions, and we set the temperature
parameter to the default (0.2) rather than 0.1, as implemented by
Moon (2019).

Results

Parsimony analysis resulted in 150 most parsimonious trees of
length 1,634. Resolution within the strict consensus tree is quite
poor overall; however, the position of Platypterygius sachicarum
was resolved within a clade broadly composed of other species
referred to Platypterygius (P. americanus, P. hauthali, and
P. platydactylus), with P. australis and P. hercynicus positioned
successively outside the grouping (Fig. 5; Fig. S1). Taxa referred
to Brachypterygius/Grendelius are positioned outside the Platy-
pterygius clade. Character support for this grouping is relatively
weak, heavily biased toward forelimb characters. Few of the
unambiguous synapomorphies supporting these clades can be
scored in P. sachicarum. Bremer support values for groupings
within Ophthalmosauridae are less than 2.

Both the parsimony and Bayesian analyses recovered the
higher taxonomic groupings Ichthyosauria, Mixosauridae,
Ichthyosaurus, and Ophthalmosauridae, and both resolved the
position of Cryopterygius kielanae and Nannopterygius as basal
within Ophthalmosauridae (Figs. S1,S2). However, the Bayesian
analysis did not provide as much resolution of relationships
within Ophthalmosauridae (Fig. S2). Bayesian analysis has been
found by some authors to be more accurate than parsimony
when reconstructing relationships based on morphological data,

but less precise: i.e., the better resolution achieved by parsimony
analysis is artifactual (O’Reilly et al., 2016; see Goloboff et al.,
2018, for counterarguments). However, this has also recently
been questioned based on superior stratigraphic congruence of
the most parsimonious trees when compared with those obtained
through Bayesian analysis (Sansom et al., 2018). In either case,
better character support is needed to resolve relationships
within Ophthalmosauridae. We consider the strict consensus
tree recovered by parsimony analysis to represent a tentative
working hypothesis rather than a definitive taxonomic scheme.

DISCUSSION

Generic Referral

Following critical restudy, Platypterygius has recently come to
be regarded as nonmonophyletic (Fischer, 2016). However, it
has been maintained both for convenient classification of frag-
mentary Eurasian ichthyosaur material (Bardet et al., 2016) and
because relationships within Ophthalmosauridae are not robustly
supported in any phylogenetic analysis (Fischer et al., 2016). Our
results—both phylogenetic and based on comparative mor-
phology—suggest the potential for a close relationship between
Platypterygius sachicarum and the type species of the genus,
P. platydactylus (Fig. 5). As with previous analyses, resolution
of clades within Ophthalmosauridae were not robustly supported
in our analysis; however, our most parsimonious topology does
not contradict maintaining P. sachicarum within the genus Platyp-
terygius at the present time. There is no a priori reason to restrict
the occurrence of the genus Platypterygius to Eurasia (Fig. 6;
McGowan, 1978).

Ontogeny and Limb Regionalization

There is little doubt that CIP-GA-01042014 represents an adult
individual. Apart from large body size, the proportionately small
orbit, compact bone texture of the humeral shaft and the dorsal
and ventral surfaces of the phalanges, convex, well-developed
proximal humerus, and well-ossified vertebral centra suggest
that this specimen represents an adult individual (Johnson,
1977; Fernández et al., 2005; Maxwell et al., 2016). In this
context, the morphology of the forelimb elements, in particular
the distal humerus, requires some discussion. The absence of peri-
osteal bone around the distal humerus, resulting in a thick rim of
endochondral bone visible in dorsal or ventral view (Fig. 4C,D), is
not typical of adult ichthyosaurs but is frequently seen in juveniles
(e.g., the holotypes of Maiaspondylus lindoei and Platypterygius
americanus; Maxwell and Caldwell, 2006; Maxwell and Kear,
2010). The presence of a similar morphology in CIP-FCG-CBP-
87 (see Cortés and Páramo-Fonseca, 2018) strongly suggests
that this morphology is not anomalous or pathological in CIP-
GA-01042014. This is intriguing and may indicate that delayed
perichondral ossification, something previously associated with
mesopodialization in ichthyosaurs (Caldwell, 1997; Maxwell
et al., 2014), extends as far proximally as the distal humerus in
some species of Platypterygius.

An additional indication that loss of proximodistal limb regio-
nalization continued in a progressive way in Cretaceous ichthyo-
saurs is the even more pronounced loss of identity between the
epipodium and the more distal limb elements in Platypterygius
spp. Whereas the periosteum has been reduced on the anterior
and posterior surfaces of the limb elements distal to the
humerus in all ophthalmosaurids (Maxwell et al., 2014), in
many taxa the radius and ulna remain noticeably larger, and
especially longer along the proximodistal axis, than more distal
limb elements (e.g., Ophthalmosaurus, Cryopterygius; Drucken-
miller et al., 2012; Moon and Kirton, 2016). However, in Platyp-
terygius sachicarum, and to a lesser extent in P. platydactylus and
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P. hercynicus (but not P. americanus, P. australis, or P. hauthali;
Maxwell and Kear, 2010; Zammit et al., 2010; Pardo-Pérez
et al., 2012), the radius and ulna are almost identical in size to
the elements of the proximal carpal row in dorsal or ventral
view (Fig. 4C,D). This loss of size differentiation between the epi-
podial and mesopodial elements following the loss of shape differ-
entiation is here proposed to represent the end point in the
pattern of mesopodialization.

Body Size and Paleoecology

At 1.33 m long, the skull of CIP-GA-01042014 is among the
larger complete skulls recovered from Cretaceous ichthyosaurs.
The most complete skull of P. australis known (QM F 2453)
measures ∼1.43 m in length, although larger fragmentary
material is known (Wade, 1984). The most complete
P. americanus skull is ∼1.25 m long (Romer, 1968), the skull of
P. platydactylus is 1.17 m long (Broili, 1907), and the skull of
P. hercynicus is only 1.04 m long (Kolb and Sander, 2009).
Using measurements from P. australis (QM F 2453, which is
only slightly larger than CIP-GA-01042014 in cranial and presa-
cral measurements; Wade, 1984), we estimate total length in
CIP-GA-01042014 at around 5 m. An independent total length
estimation technique based on humerus length gives an identical
result (Scheyer et al., 2014). This relatively large skull-to-body
length ratio (Fig. 2A,B) is not surprising, given documented pro-
portional changes in skull and body length between Triassic and
Cretaceous ichthyosaurs (McGowan, 1972), but does suggest

that although jaw length may provide a useful metric of size
within a species, it is not a reliable predictor of body length
across phylogeny.
Based on its relatively small, unspecialized tooth morphology,

Platypterygius sachicarum falls into the generalist guild of
Fischer et al. (2016), as do the closely related taxa P. hercynicus
and P. americanus (Fischer, 2016). Body size and comparison of
P. sachicarum with contemporaneous marine reptiles are consist-
ent with this assessment. Upper Barremian–lower Aptian marine
reptile taxa from the Paja Formation include the pliosaurid Ste-
norhynchosaurus munozi (Páramo-Fonseca et al., 2016), the
turtle Desmatochelys padillai (Cadena and Parham, 2015), and
the elasmosaurid Callawayasaurus colombiensis (Welles, 1962).
Callawayasaurus was by far the largest marine reptile taxon
present based on body size (7+ m in length), but at only 35 cm
in length its skull size suggests that it was not capable of consum-
ing the same range of prey as P. sachicarum.Desmatochelys padil-
lai, although large (carapace ∼2 m in length; Cadena and
Parham, 2015), was edentulous and most likely consumed
sessile or slow-moving invertebrate prey, similar to extant
marine turtles. The pliosaurid Stenorhynchosaurus is most likely
to have been the top predator in the assemblage, if not the
largest reptile. The only known specimen is virtually identical in
both skull and body length to P. sachicarum but is inferred to
have been a juvenile (Páramo-Fonseca et al., 2016). Moreover,
its teeth were substantially larger and show a subtrihedral mor-
phology consistent with the cut guild of Massare (1987;
Páramo-Fonseca et al., 2016). Although there appears to be

FIGURE 5. Relationships within Ophthalmosauridae in the strict consensus of the 150 most parsimonious trees (length = 1,634). All Bremer support
values within this clade are <2. For the full topology, refer to Figure S1; for the results of the Bayesian analysis, refer to Figure S2.
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little trophic overlap among the upper Barremian–lower Aptian
marine reptile taxa from the Paja Formation, it is important to
note that numerous taxa were not included in this assessment
due to lack of stratigraphic information.

Both CIP-GA-01042014 and the holotype ofP. sachicarum come
from localities to the east of some of the better-known Paja For-
mation sites. Based on paleogeographic reconstructions (Fig. 6C;
Cáceres et al., 2005), this is several kilometers closer to the paleo-
coastline than the documented fossil localities to the west (see
Hampe, 2005). Plant fragments such as trunks and branches were
found associated with the specimen and assumed to have been
transported to the sea, possibly by river currents. Theonly dinosaur-
ian remains described to date from the Paja Formation have been
recovered from the same area (Carballido et al., 2015). Although
CIP-GA-01042014 and the holotype of P. sachicarum, together
with the accumulation of plant and marine remains, may have
been deposited closer to the paleo-coastline than other localities
of the same age, the depositional environment is still inferred to
have been inner shelf at these localities (Cáceres et al., 2005). It is
not possible to assess how far the carcass may have drifted prior
to deposition and thus to infer habitat.

Most fossils from the Paja Formation are preserved in calcar-
eous concretions. The taphonomy of the less robust marine ver-
tebrates (e.g., fishes and ichthyosaurs) is very unusual, with the
concretions formed around the skull and vertebral column, but
not typically including peripheral structures (i.e., distal ribs and
gastralia, paired fins/limbs, median fins). Structures outside of
the concretions are not preserved. This taphonomic signature
does not appear to extend to the sauropterygians, most of
which are substantially more complete than the ichthyosaurs,
with even distal limb phalanges frequently preserved (Welles,
1962; Hampe, 1992; Páramo-Fonseca et al., 2016; Gómez-Pérez
and Noè, 2017). Specimen CIP-GA-01042014 is unusual in that
the bones are for the most part not encased in concretions. Corre-
spondingly, the specimen shows a higher degree of compression
than the concretionary specimens. In marine clay- to silt-grade
sediments, syngenetic concretions form in relatively deep-water
environments (Yoshida et al., 2018), suggesting the possibility
that slightly shallower water depth during burial is related to
the lack of concretions encasing CIP-GA-01042014. However,
both the holotype of P. sachicarum and the dinosaurian material
found in the same general area appear to have been encased in

FIGURE 6. Paleogeographic reconstruction from the Hauterivian–Barremian interval. A, global reconstruction (from Smith et al., 1994), showing the
geographic distribution of ichthyosaurian taxa in the ‘Platypterygius’ clade; B, ‘Platypterygius’ clade recovered by maximum parsimony analysis. Note
that for the Albian–Cenomanian species P. americanus, the Western Interior Seaway was not open during this time interval; C, paleogeographic recon-
struction of Colombia during the Hauterivian–Barremian interval (based on Cáceres et al., 2005). Villa de Leyva is indicated by a star, showing the
proximity of coastal/terrestrial facies to the east.
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concretions, suggesting either fluctuations in water depth over
short timescales within the basin or that another, more complex
explanation is required.

CONCLUSION

The new specimen of Platypterygius sachicarum from the late
Barremian of Colombia provides the first detailed information
of postcranial anatomy in this taxon, including associated
cranial and limb material. The skull is relatively large in pro-
portion to the postcranium, the radius and ulna are similar in
size to the proximal carpals, and the distal humerus appears to
show reduced perichondral ossification. Parsimony analysis
recovers unexpected support for Platypterygius as a genus;
however, as usual with ichthyosaur phylogeny, the resulting top-
ology is poorly supported. Relationships within Ophthalmosauri-
dae are unresolved when Bayesian analysis is used. The new
specimen provides more detailed information regarding the size
range and trophic structure of marine reptiles from the upper
Barremian–lower Aptian Paja Formation; however, better strati-
graphic provenance information for many taxa has the potential
to dramatically alter this picture.

ACKNOWLEDGMENTS

We thank G. Amador and C. Amador, who found the specimen
and brought it to the attention of the CIP; F. H. Parra, J. De Dios
Parra, and C. Parra (CIP), who prepared the specimen; S. Padilla
(CIP), who helped establish the collaboration with E.E.M.; the
Alcaldía Municipal de Villa de Leyva and C. Igua Robles
(alcalde), who provided funds for excavation; C. Jaramillo
(STRI), the Smithsonian Tropical Research Institute, the
Anders Foundation, 1923 Fund, G. D. and J. W. Johnson, and
NSERC CREATE 466283-2015, who helped fund D.Y.C.; and a
DFG Kooperationsanbahnung and MWK Anschubfinanzierung
to E.E.M., which helped finance study of the
specimen. B. Moon and M. Fernández provided constructive
reviews that improved the manuscript.

ORCID

Dirley Cortés http://orcid.org/0000-0001-9409-7429
Erin E. Maxwell http://orcid.org/0000-0002-6032-6251

LITERATURE CITED

Bardet, N., V. Fischer, and M. Machalski. 2016. Large predatory marine
reptiles from the Albian-Cenomanian of Annopol, Poland.
Geological Magazine 153:1–16.

Baur, G. 1887. Über den Ursprung der Extremitäten der Ichthyopterygia.
Jahresberichte und Mitteilungen des Oberrheinischen geologischen
Vereines 20:17–20.

Blainville, H. M. de. 1835. Description de quelques espèces de reptiles de
la Californie, précédé de l’analyse d’un système général
d’erpétologie et d’amphibiologie. Nouvelles Annales du Muséum
d’Histoire Naturelle, Paris 4:233–296.

Broili, F. 1907. Ein neuer Ichthyosaurus aus der norddeutschen Kreide.
Palaeontographica 54:139–162.

Cáceres, C., F. Cediel, and F. Etayo. 2005. Guía introductoria de la
distribución de facies sedimentarias de Colombia, Mapas de
distribución de facies sedimentarias y armazón tectónico de
Colombia a través del Proterozoico y del Fanerozoico [Maps of
Sedimentary Facies Distribution and Tectonic Setting of Colombia
through the Proterozoic and Phanerozoic]. Instituto Colombiano
de Geología y Minería (INGEOMINAS), Bogotá, Columbia, 45 pp.

Cadena, E. 2015. The first South American sandownid turtle from the
Lower Cretaceous of Colombia. PeerJ 3:e1431.

Cadena, E. A., and J. F. Parham. 2015. Oldest known marine turtle? A
new protostegid from the Lower Cretaceous of Colombia.
Paleobios 32:1–42.

Caldwell, M. W. 1997. Modified perichondral ossification and the evol-
ution of paddle-like limbs in ichthyosaurs and plesiosaurs. Journal
of Vertebrate Paleontology 17:534–547.

Carballido, J. L., D. Pol, M. L. Parra Ruge, S. Padilla Bernal, M. E.
Páramo-Fonseca, and F. Etayo-Serna. 2015. A new Early
Cretaceous brachiosaurid (Dinosauria, Neosauropoda) from
Northwestern Gondwana (Villa de Leiva, Colombia). Journal of
Vertebrate Paleontology. doi: 10.1080/02724634.2015.980505.

Cortés, D., and M. E. Páramo-Fonseca. 2018. Restos apendiculares de un
ictiosaurio oftalmosáurido del Barremiano inferior de Villa de
Leiva, Colombia. Boletín de Geología 40:15–30.

Druckenmiller, P. S., J. H. Hurum, E. M. Knutsen, and H. A. Nakrem.
2012. Two new ophthalmosaurids (Reptilia: Ichthyosauria) from
the Agardhfjellet Formation (Upper Jurassic: Volgian/
Tithonian), Svalbard, Norway. Norwegian Journal of Geology
92:311–339.

Etayo Serna, F. 1965. Mapa geológico de la region de Villa de Leiva
zonas proximas, S. G. N. Ministerio de minas y petroleos, Bogotá,
Colombia.

Etayo Serna, F. 1968. El Sistema Cretácico en la región de Villa de Leiva y
zonas próximas. Geología Colombiana 5:5–74.

Fernández, M. S., and M. B. Aguirre-Urreta. 2005. Revision of
Platypterygius hauthali von Huene, 1927 (Ichthyosauria:
Ophthalmosauridae) from the Early Cretaceous of Patagonia,
Argentina. Journal of Vertebrate Paleontology 25:583–587.

Fernández, M. S., F. Archuby, M. Talevi, and R. Ebner. 2005.
Ichthyosaurian eyes: paleobiological information content in the
sclerotic ring of Caypullisaurus (Ichthyosauria, Ophthalmosauria).
Journal of Vertebrate Paleontology 25:330–337.

Fischer, V. 2012. New data on the ichthyosaur Platypterygius hercynicus
and its implications for the validity of the genus. Acta
Palaeontologica Polonica 57:123–134.

Fischer, V. 2016. Taxonomy of Platypterygius campylodon and the diver-
sity of the last ichthyosaurs. PeerJ 4:e2604.

Fischer, V., E. Masure, M. S. Arkhangelsky, and P. Godefroit. 2011. A new
Barremian (Early Cretaceous) ichthyosaur from Western Russia.
Journal of Vertebrate Paleontology 31:1010–1025.

Fischer, V., M. S. Arkhangelsky, G. N. Uspensky, I. M. Stenshin, and P.
Godefroit. 2014a. A new Lower Cretaceous ichthyosaur from
Russia reveals skull shape conservatism within Ophthalmosaurinae.
Geological Magazine 151:60–70.

Fischer, V., N. Bardet, R. B. J. Benson, M. S. Arkhangelsky, and M.
Friedman. 2016. Extinction of fish-shaped marine reptiles associated
with reduced evolutionary rates and global environmental volatility.
Nature Communications 7:10825.

Fischer, V., M. S. Arkhangelsky, D. Naish, I. M. Stenshin, G. N. Uspensky,
and P. Godefroit. 2014b. Simbirskiasaurus and Pervushovisaurus
reassessed: implications for the taxonomy and cranial osteology of
Cretaceous platypterygiine ichthyosaurs. Zoological Journal of the
Linnean Society 171:822–841.

Fischer, V., R. M. Appleby, D. Naish, J. Liston, J. B. Riding, S. Brindley,
and P. Godefroit. 2013. A basal thunnosaurian from Iraq reveals dis-
parate phylogenetic origins for Cretaceous ichthyosaurs. Biology
Letters 9:20130021.

Fischer, V., M. W. Maisch, D. Naish, R. Kosma, J. Liston, U. Joger, F. J.
Krüger, J. Pardo Pérez, J. Tainsh, and R. M. Appleby. 2012. New
ophthalmosaurid ichthyosaurs from the European Lower
Cretaceous demonstrate extensive ichthyosaur survival across the
Jurassic–Cretaceous boundary. PLoS ONE 7:e29234.

Forero-Onofre, H., and L. Sarmiento-Rojas. 1985. Las facies evaporíticas de
la Formación Paja en la región de Villa de Leiva. pp. 1–16 in F. Etayo-
Serna and F. Laverde (eds.), Proyecto Cretácico. Publicaciónes
Geologicas Especiales del Ingeominas 16. Bogotá, Colombia.

Goloboff, P. A., J. S. Farris, and K. C. Nixon. 2008. TNT, a free program for
phylogenetic analysis. Cladistics 24:774–786.

Goloboff, P. A., A. Torres, and J. S. Arias. 2018. Weighted parsimony out-
performs other methods of phylogenetic inference under models
appropriate for morphology. Cladistics 34:407–437.

Gómez-Pérez, M., and L. Noè. 2017. Cranial anatomy of a new pliosaurid
Acostasaurus pavachoquensis from the Lower Cretaceous of
Colombia, South America. Palaeontographica Abteilung A
310:5–42.

Maxwell et al.—New material of Platypterygius sachicarum (e1577875-11)

http://orcid.org/0000-0001-9409-7429
http://orcid.org/0000-0002-6032-6251
https://doi.org/%2010.1080/02724634.2015.980505


Hampe, O. 1992. Ein großwüchsiger Pliosauride (Reptilia: Plesiosauria)
aus der Unterkreide (oberes Aptium) von Kolumbien. Courier
Forschungsinstitut Senckenberg 145:1–32.

Hampe, O. 2005. Considerations on a Brachauchenius skeleton
(Pliosauroidea) from the lower Paja Formation (late Barremian) of
Villa de Leyva area (Colombia). Fossil Record 8:37–51.

Huelsenbeck, J. P., and F. Ronquist. 2001. MRBAYES: Bayesian inference
of phylogeny. Bioinformatics 17:754–755.

Huene, F. von. 1922. Die Ichthyosaurier des Lias und ihre
Zusammenhänge. Verlag von Gebrüder Borntraeger, Berlin, 114 pp.

Johnson, R. 1977. Size independent criteria for estimating relative age and
the relationship among growth parameters in a group of fossil rep-
tiles (Reptilia: Ichthyosauria). Canadian Journal of Earth Sciences
14:1916–1924.

Kolb, C., and P. M. Sander. 2009. Redescription of the ichthyosaur
Platypterygius hercynicus (Kuhn 1946) from the Lower Cretaceous
of Salzgitter (Lower Saxony, Germany). Palaeontographica
Abteilung A 288:151–192.

Massare, J. A. 1987. Tooth morphology and prey preference of Mesozoic
marine reptiles. Journal of Vertebrate Paleontology 7:121–137.

Maxwell, E. E. 2018. Redescription of the ‘lost’ holotype of Suevoleviathan
integer (Bronn, 1844) (Reptilia: Ichthyosauria). Journal of Vertebrate
Paleontology. doi: 10.1080/02724634.2018.1439833.

Maxwell, E. E., and M. W. Caldwell. 2006. A new genus of ichthyosaur
from the Lower Cretaceous of Western Canada. Palaeontology
49:1043–1052.

Maxwell, E. E., and B. P. Kear. 2010. Postcranial anatomy of Platypterygius
americanus (Reptilia: Ichthyosauria) from the Cretaceous of
Wyoming. Journal of Vertebrate Paleontology 30:1059–1068.

Maxwell, E. E., T. M. Scheyer, and D. A. Fowler. 2014. An evolutionary
and developmental perspective on the loss of regionalization in the
limbs of derived ichthyosaurs. Geological Magazine 151:29–40.

Maxwell, E. E., D. Dick, S. Padilla, and M. L. Parra. 2016. A new ophthal-
mosaurid ichthyosaur from the Early Cretaceous of Colombia.
Papers in Palaeontology 2:59–70.

McGowan, C. 1972. Evolutionary trends in longipinnate ichthyosaurs with
particular reference to the skull and fore fin. Life Sciences
Contributions, Royal Ontario Museum 83:1–38.

McGowan, C. 1978. Further evidence for the wide geographical distri-
bution of ichthyosaur taxa (Reptilia: Ichthyosauria). Journal of
Paleontology 52:1155–1162.

McGowan, C., and R. Motani. 2003. Ichthyopterygia. Verlag Dr. Friedrich
Pfeil, Munich, Germany, 175 pp.

Moon, B. C. 2019. A new phylogeny of ichthyosaurs (Reptilia: Diapsida).
Journal of Systematic Palaeontology 17:129–155.

Moon, B. C., and A. M. Kirton. 2016. Ichthyosaurs of the British Middle
and Upper Jurassic. Part 1, Ophthalmosaurus. Palaeontographical
Society, London, 84 pp.

O’Reilly, J. E., M. N. Puttick, L. Parry, A. R. Tanner, J. E. Tarver, J.
Fleming, D. Pisani, and P. C. J. Donoghue. 2016. Bayesian methods
outperform parsimony but at the expense of precision in the esti-
mation of phylogeny from discrete morphological data. Biology
Letters 12:20160081.

Páramo, F. M. E. 1997. Platypterygius sachicarum (Reptilia, Ichthyosauria)
nueva especie del Cretacico de Colombia. Revista Ingeominas 6:1–12.

Páramo Fonseca, M. E. 2015. Estado actual del conocimiento de los rep-
tiles marinos cretácicos de Colombia. Publicación Electrónica de la
Asociación Paleontológica Argentina 15:40–57.

Páramo-Fonseca, M. E., M. Gómez Pérez, L. Noé, and F. Etayo-Serna.
2016. Stenorhynchosaurus munozi, gen. et sp. nov. a new pliosaurid
from the upper Barremian (Lower Cretaceous) of Villa de Leiva,
Colombia, South America. Revista de la Academia Colombiana
de Ciencias Exactas, Físicas y Naturales 40:84–103.

Pardo-Pérez, J. M., B. P. Kear, M. Gómez, M. Moroni, and E. E. Maxwell.
2018. Ichthyosaurian palaeopathology: evidence of injury and
disease in fossil ‘fish-lizards’. Journal of Zoology 304:21–33.

Pardo-Pérez, J., E. Frey, W. Stinnesbeck, M. S. Fernández, L. Rivas, C.
Salazar, and M. Leppe. 2012. An ichthyosaurian forefin from the
Lower Cretaceous Zapata Formation of southern Chile: implications
for morphological variability within Platypterygius.
Palaeobiodiversity and Palaeoenvironments 92:287–294.

Patarroyo, P. 2000. Distribución de amonitas del Barremiano de la
Formación Paja en el sector de Villa de Leyva (Boyacá,
Colombia). Bioestratigrafía. Geología Colombiana 25:149–162.

Patarroyo, P. 2004. Die Entwicklung der Ammoniten der Familie
Pulchelliidae aus dem Barrême von Zentral-Kolumbien. Revue de
Paléobiologie 23:1–65.

Romer, A. S. 1968. An ichthyosaur skull from the Cretaceous of
Wyoming. Contributions to Geology 7:27–41.

Ronquist, F., and J. P. Huelsenbeck. 2003. MRBAYES 3: Bayesian
phylogenetic inference under mixed models. Bioinformatics
19:1572–1574.

Sansom, R. S., P. G. Choate, J. N. Keating, and E. Randle. 2018. Parsimony,
not Bayesian analysis, recovers more stratigraphically congruent
phylogenetic trees. Biology Letters 14:20180263.

Scheyer, T. M., C. Romano, J. Jenks, and H. Bucher. 2014. Early Triassic
marine biotic recovery: the predators’ perspective. PLoS ONE 9:
e88987.

Smith, A. G., D. G. Smith, and B. M. Funnell. 1994. Atlas of Mesozoic and
Cenozoic Coastlines. Cambridge University Press, Cambridge, UK.

Stinnesbeck,W.,E.Frey,L.Rivas, J. Pardo-Pérez,M.L.Cartes,C.S.Soto, and
P. Z. Lobos. 2014. A Lower Cretaceous ichthyosaur graveyard in deep
marine slope channel deposits at Torres del Paine National Park,
southernChile. Geological Society ofAmerica Bulletin 126:1317–1339.

Wade, M. 1984. Platypterygius australis, an Australian Cretaceous ichthyo-
saur. Lethaia 17:99–113.

Welles, S. P. 1962. A new species of elasmosaur from the Aptian of
Colombia and a review of the Cretaceous plesiosaurs. University
of California Publications in Geological Sciences 44:1–96.

Yoshida, H., K. Yamamoto, M. Minami, N. Katsuta, S. Sin-ichi, and R.
Metcalfe. 2018. Generalized conditions of spherical carbonate con-
cretion formation around decaying organic matter in early diagen-
esis. Scientific Reports 8:6308.

Zammit, M., R. Norris, and B. P. Kear. 2010. The Australian Cretaceous
ichthyosaurPlatypterygius australis: a description and review of post-
cranial remains. Journal of Vertebrate Paleontology 30:1726–1735.

Submitted July 24, 2018; revisions received October 29, 2018;
accepted November 10, 2018.
Handling editor: Jörg Fröbisch.

Maxwell et al.—New material of Platypterygius sachicarum (e1577875-12)

https://doi.org/10.1080/02724634.2018.1439833

	Abstract
	INTRODUCTION
	MATERIAL
	SYSTEMATIC PALEONTOLOGY
	Description
	Specific Referral and Comparison
	Phylogenetic Analysis
	Results

	DISCUSSION
	Generic Referral
	Ontogeny and Limb Regionalization
	Body Size and Paleoecology

	CONCLUSION
	ACKNOWLEDGMENTS
	ORCID
	LITERATURE CITED

