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a b s t r a c t

Macrogryphosaurus gondwanicus is the largest Elasmaria (Dinosauria, Ornithischia) known up to the date,
from the Upper Cretaceous of Patagonia. The present contribution provides a detailed description of
Macrogryphosaurus anatomy based on the holotype and only known specimen. This dinosaur presents
several unique features along its vertebral column that distinguishes it from other ornithopods: the neck
is notably elongated by the acquisition of an additional cervical vertebra, having 10 cervical plus 14 dorsal
vertebrae, being the number of dorsals minor than in other taxa, which usually have 16. This implies that
Macrogryphosaurus represents a new ornithopod morphotype, with long neck and short thorax. More-
over, three autapomorphies are here added to the original diagnosis of Macrogryphosaurus: presence of
poorly developed diapophyses in the cervical vertebrae, anterior and posterior processes on the boat-
shaped haemal arches, and a pubic foot in the postpubic process. The dorsoventral length of haemal
arches indicate the ventral limit of the M. caudofemoralis longus and their posterior tapering so as the
dorsal limit of the M. ilio-ischiocaudalis and its posterior ascension and dominance in the posterior-most
portion of tail, resembling to the tail of some coelurosaur dinosaurs.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Traditionally considered as infrequent and eclipsed by sauris-
chian taxa, the record of ornithischian dinosaurs in South America
has been considerably increased in the last years (i.e., Coria and
Salgado, 1996; Salgado and Coria, 1996; Salgado et al., 1997;
Coria and Calvo, 2002; Porfiri and Calvo, 2002, 2006; Novas
et al., 2004; Calvo et al., 2007; Cambiaso, 2007; Coria et al.,
2007; Ibiricu et al., 2010; Ju�arez Valieri et al., 2010; Coria et al.,
2012; Canudo et al., 2013; Apesteguía et al., 2015; Cruzado-
Caballero and Powell, 2017; Cruzado-Caballero et al., 2016, 2018,
2019; Ibiricu et al., 2019). Among non-hadrosaurian euiguano-
dontians, there is Macrogryphosaurus gondwanicus Calvo, Porfiri
and Novas (2007), recovered from the Upper Cretaceous of
(S. Rozadilla), pccaballero@
com.ar (J.O. Calvo).
Neuqu�en Basin, Patagonia, Argentina (Fig. 1). The remains of this
dinosaur consist of an almost complete vertebral column, ribcage
and pelvic girdle, representing the largest and stouter member of
Elasmaria (Coria and Salgado, 1996; Coria and Calvo, 2002;
Rozadilla et al., 2019).

Macrogryphosaurus was first described by Calvo et al. (2007) as a
basal member of Euiguanodontia, and together with Talenkauen
santacrucensis Novas, Cambiaso and Ambrosio (2004), were used to
propose the clade Elasmaria for the first time (Calvo et al., 2007). The
composition of Elasmaria was changing (Calvo et al., 2007; Boyd,
2015; Rozadilla et al., 2016; Rozadilla et al., 2019) and within this
cladewere includedmediumto large sizedbasal iguanodontians from
South America (i.e. Gasparinisaura Coria and Salgado, 1996; Noto-
hypsilophodon Martínez, 1998; Macrogryphosaurus Calvo et al., 2007,
Talenkauen Novas et al., 2004; Anabisetia Coria and Calvo, 2002),
Antarctica (i.e. Trinisaura Coria et al., 2013; Morrosaurus Rozadilla
et al., 2016), Australia (i.e. Fulgurotherium Huene, 1932; Qantassau-
rus Rich and Vickers-Rich,1999, “Atlascopcosaurus” Rich and Vickers-
Rich, 1989) and Africa (i.e. Kangnasaurus Haughton, 1915),
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Fig. 1. Map showing the location of the Mari Menuco lake (Neuqu�en, Argentina).
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highlighting that this clade was more widely distributed than previ-
ously thought (Rozadilla et al., 2019).

The anatomy of Macrogryphosaurus gondwanicus was pre-
liminary provided by Calvo et al. (2007). In this regard, the aim of
the present work is to provide a detailed description of holotype
and only knownmaterial of this species, as well as to compare with
other ornithopods, and discuss implications for elasmarian
diversity.
2. Material and methods

2.1. Osteological nomenclature

We employ traditional, or ‘Romerian’ orientation terms (Wilson,
2006). ‘Anterior’ and ‘posterior’, for example, are used rather than
the veterinarian alternatives ‘rostral’ or ‘cranial’ and ‘caudal’. We
follow Wilson (1999) and Wilson et al. (2011) regarding the ter-
minology for vertebral laminae and fossae, respectively.

Institutional abbreviations: MLP, Museo de La Plata, La Plata,
Argentina; MPM, Museo Padre Molina, Río Gallegos, Santa Cruz;
MUCPv, Museo de la Universidad Nacional del Comahue, Neuqu�en,
Argentina; NMV P, Museum of Victoria, Melbourne, Victoria,
Australia, Paleontological collections.
3. Systematic palaeontology

DINOSAURIA Owen (1842)
ORNITHISCHIA Seeley (1887)
ORNITHOPODA Marsh (1881)
EUIGUANODONTIA Coria and Salgado (1996)

ELASMARIA Calvo, Porfiri and Novas (2007)
Macrogryphosaurus Calvo, Porfiri and Novas (2007)

Type species. Macrogryphosaurus gondwanicus Calvo, Porfiri and
Novas (2007)
Diagnosis: As for genus, for monotype.

Macrogryphosaurus gondwanicus Calvo, Porfiri and Novas (2007)
Figures 2-12

Emended diagnosis: Macrogryphosaurus gondwanicus is amedium to
large sized elasmarian ornithopod diagnosed by the presence of ten
cervical vertebrae; fourteen dorsal vertebrae; transversely short
diapophyses in the cervical series; last dorsal with well-developed
hyposphene; sternal ribs flattened, twisted and distally expanded;
distal haemal arches being boat-shaped and showing anterior and
posterior processes; postpubic process with a small distal foot.
Holotype: MUCPv-321, incomplete skeleton of an adult individual
that it includes an almost complete vertebral column, eight cervical
vertebrae (from C3 to C10; C8 is currently lost, atlas and axis is
missed), 14 dorsal vertebrae (complete series), six sacral vertebrae,
thirteen caudal vertebrae, a cervical rib, eleven dorsal ribs; nine
haemal arches, sternum, right and left pelvic girdles, and three
thoracic mineralized plates.
Remarks: The holotype of Macrogryphosaurus gondwanicus is the
only hitherto known specimen.
Locality and horizon: In the original publication, the authors com-
mented that the specimen was found 60 km NW from Neuqu�en
city, on the west coast of the Mari Menuco lake (Neuqu�en,
Argentina; Fig. 1) in the Portezuelo Formation, Neuqu�en Group;
Upper Cretaceous (Coniacian). Nonetheless, Garrido (2010) ana-
lysed the entire Neuqu�en Basin and reinterpreted the rocks where
Macrogryphosaurus holotype as a unit distinguished from the Por-
tezuelo Formation, and consequently it was named as Sierra Bar-
rosa Formation. This unit shows a succession of fine to limy
sandstones to mudstones, corresponding to overflow and flood
plains deposits, with well-developed palaeosoils (Garrido, 2010).
Sierra Barrosa Formation represents a palaeoenviroment of sinuous
river systems with a dominant sandy load. The age of this forma-
tion, based on its stratigraphical relation, ranges from middle to
upper Coniacian. Palaeontological remains are scarce, counting
with turtle plates, crocodile teeth and the megaraptorid theropod
Murusraptor barrosaensis Coria and Currie (2016). Nonetheless, the
stratigraphy of the site whereMacrogryphosauruswas unearthed is
under revision, and future works will provide a clearer perspective
of the site.
3. Description

3.1. Cervical vertebrae series

Macrogryphosaurus possess, together with Talenkauen, one of
the most complete necks among southern ornithopods. Macro-
gryphosaurus preserves eight post-axis cervical vertebrae. In this
regard, counting the lost atlas and axis elements, its neck counts
with ten vertebrae, representing the longest neck among Elasmaria.
In related taxa that the neck is preserved (e.g. Talenkauen; Novas
et al., 2004; Rozadilla et al., 2019), the neck has nine cervical
vertebrae, the plesiomorphic condition for Ornithopoda (Norman
et al., 2004; Rozadilla et al., 2019). Hence, Macrogryphosaurus re-
sembles more derived iguanodontians, such as Tenontosaurus
Ostrom, 1970, Iguanodon bernissartensis (Boulenger, 1881) and



Fig. 2. Macrogryphosaurus gondwanicus 3e4 cervical vertebrae in A, dorsal; B, ventral; C, anterior; DeE, lateral; F, posterior views. Abbreviations: di, diapophysis; epi, epipophysis;
nc, neural canal; ns, neural spine; pa, parapophyses; poz, postzigapophysis; prz, prezigapophysis; vk, ventral keel. Scale bar equals 5 cm.
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Ouranosaurus Taquet, 1976, in which the neck has between ten and
eleven vertebrae (Taquet, 1976; Norman, 1980, 1986, 2004).

In Macrogryphosaurus, as in others elasmarians (e.g Talenkauen;
Notohypsilophodon, Anabisetia, Mahuidacursor; Coria and Calvo,
2002; Ibiricu et al., 2014; Cruzado-Caballero et al., 2019; Rozadilla
et al., 2019) cervical vertebrae has a proportionally low neural
arch and anteroposteriorly longer centra than in non-elasmarian
taxa (i.e. Hypsilophodon Huxley, 1869; Thescelosaurus Gilmore,
1913; Dryosaurus Marsh, 1894; Tenontosaurus, Iguanodon; Galton,
1974a, b, 1981, 2009; Norman, 1980, 1986, 2004; Norman et al.,
2004; Tennant, 2013). The ventral surface of the centra bears a
sharp ventral ridge and show deep lateral depressions.

Among Elasmaria, Macrogryphosaurus cervical vertebrae are
strongly reminiscent to that seen in Talenkauen on its gross
anatomy. Nonetheless, in Macrogryphosaurus those elements are
bigger, stouter, and do not show the same degree of lateral
compression seen in the vertebral centra of Talenkauen (Rozadilla
et al., 2019). Further, the anteroposterior length of cervical centra
increases along the series, resulting in conspicuously elongate
posterior elements, as occurs in Talenkauen, Mahuidacursor and
Gasparinisaura, resulting in notably elongate posterior elements
(Cruzado-Caballero et al., 2019; Rozadilla et al., 2019). This,
together with the presence of an additional cervical vertebra
shows that the neck of Macrogryphosaurus was the largest among
elasmarians.

The neural spine is very low when compared with other basal
ornithopods (e.g. Galton, 1974a; b Norman et al., 2004), even
respecting other elasmarians (e.g. Talenkauen, Mahuidacursor,
Anabisetia; Coria and Calvo, 2002; Cruzado-Caballero et al., 2019;
Rozadilla et al., 2019). This is barely protruding in the most anterior
elements, but increases its high backwards the series, being sub-
triangular in outline with a gently convex dorsal edge in lateral
view. Nonetheless, the neural spine is always proportionally lower
when compared with other related taxa. Two low spinoprezyga-
pophyseal laminae connect the neural spine to the posteriormargin
of prezygapophyses. There is a spinoprezygapophyseal fossa be-
tween these laminae.

The prezygapophyses are anterodorsally projected. In the
anterior vertebrae these are transversely narrower and more
anteriorly projected than in posterior elements. Their articular
surface is wide, ovoidal in contour and dorsomedially facing.
Moreover, the prezygapophyses fuse with the diapophyses back-
wards the series. Between the prezygapophysis and the dia-
pophysis there is a sub-oval supraprezygodiapophyseal fossa.

The postzygapophyses are posterolaterally projected, showing a
gentle dorsal curvature, as is common among basal ornithopods
(Sereno, 1986; Norman, 2004; Norman et al., 2004). The articular
surfaces are long and ovoidal in contour, being lateroventrally
facing. the size of the postzygapophyses increases though posterior
elements of the series, being thicker and more posteriorly pro-
jected. The epipophyses are present at the dorsal surface of the
postzygapophyses as occurs in Talenkauen and Anabisetia (Novas
et al., 2004; Cambiaso, 2007; Novas, 2009; Rozadilla et al., 2016,
2019). The lateral surface of the epipophysis is concave, the
medial one is nearly flat, and its dorsal edge is a sharp longitudinal
ridge.

The Cervical 3 and Cervical 4 (Fig. 2) bear sub-triangular epi-
pophyses in the dorsal surface of the postzygapophyses, as occurs
in Talenkauen and Anabisetia (Novas et al., 2004; Cambiaso, 2007;
Novas, 2009; Rozadilla et al., 2016, 2019). In the Cervical 3
vertebra, the lateral surface of the epipophysis is concave, the
medial one is nearly flat, and its dorsal edge is a sharp longitudinal
ridge. On the other hand, the Cervical 4 epipophyses are smaller
than in the Cervical 3, being represented by a small tubercle that



Fig. 3. Macrogryphosaurus gondwanicus 9e10 cervical vertebrae in A, dorsal; B, ventral; C, anterior; DeE, lateral; F, posterior views. Abbreviations: di, diapophysis; nc, neural canal;
ns, neural spine; pa, parapophyses; poz, postzigapophysis; prz, prezigapophysis; vk, ventral keel. Scale bar equals 5 cm.
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anteriorly extends as a dorsolateral ridge along the proximal
portion of the postzygapophysis, as occurs in Talenkauen (Rozadilla
et al., 2019).

The diapophyses of Macrogryphosaurus are laterally short when
compared with that of other ornithopods (e.g. Talenkauen, Mahui-
dacursor, Anabisetia, Dryosaurus, Hypsilophodon; Galton, 1974a,
1981; Norman, 2004; Norman et al., 2004; Cambiaso, 2007;
Cruzado-Caballero et al., 2019; Rozadilla et al., 2019). Nonetheless,
backwards the neck, the diapophysis are more laterally projected.
In the C10 vertebra (Fig. 3), the transversal width of the dia-
pophyses is greater than the anteroposterior length of its centrum.
The ventral surface of the diapophysis lacks well-defined cen-
trodiapophyseal laminae, unlike Talenkauen (Rozadilla et al., 2019).
Along the series, the diapophyses get more fused to the pre-
zygapophyses than its respective previous element, with a stout
prezygodiapophyseal lamina that connects the diapophysis with its
respective prezygapophysis. Dorsally, there is the supra-
prezygodiapophyseal fossa which is small, subcircular and strongly
attached to the articular surface of the prezygapophysis. In themost
posterior cervical vertebrae, the supraprezygodiapophyseal fossa is
practically confluent with the articular surface of the pre-
zygapophysis. The neural canal is subcircular in contour, anteriorly
and posteriorly. It is continued by a wide dorsal groove on the
cervical centrum which are present in all the posterior half of the
neck vertebrae.
The parapophyses are sub triangular in contour, bulky and
anteroposteriorly extended. It shows a concave ventral surface, and
lateral depressions to articulate the capitulum of its corresponding
rib. The parapophyses become bigger, thicker and more dorsally
located through posterior cervical vertebrae.

The cervical centra are anteroposteriorly long and dorsoven-
trally low. This length increases along the consecutive elements of
the neck, being cervical nine and ten more stouter vertebrae. The
centra are laterally compressed which gives an hour-glass outline
in ventral view. The anterior articular is ovoidal in contour, being
more transversely wider than dorsoventrally tall. On the other
hand, the posterior articular surface is sub-circular. The centra are
slightly amphicoelous. In ventral view, the anterior half of the neck
vertebrae lacks a well-defined ventral keel, differing from Tal-
enkauen (Rozadilla et al., 2019) but in the posterior vertebrae the
ventral keel is well developed, being stouter in the C10. The anterior
ventral surface of cervical 10 shows a smooth and rounded ventral
keel, which disappears posteriorly.

3.2. Dorsal vertebrae series

Macrogryphosaurus holotype shows a complete dorsal series
composed by 14 vertebrae (Fig. 4-6). This number is lower than in
most ornithopods, which have between 15 and 16 vertebrae
(Norman et al., 2004; Calvo et al., 2007). This may be related with



Fig. 4. Macrogryphosaurus gondwanicus 1e4 dorsal vertebrae in A, dorsal; B, ventral; C, anterior; DeE, lateral views. Abbreviations: cdl, centrodiapophyseal lamina; di, diapophysis;
nc, neural canal; ncs, neurocentral suture; ns, neural spine; pa, parapophyses; poz, postzigapophysis; prz, prezigapophysis; ppdl, paradiapophyseal fossa; vk, ventral keel. Scale bar
equals 5 cm.
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the cervicalization of the first dorsal that distinguish this dinosaur
from other elasmarians (see Rozadilla et al., 2019).

The first four dorsal vertebrae (D1-D4) are articulated among
them and with their ribs (Fig. 8). Most of the anatomy of the middle
and posterior dorsal vertebrae are obscured by the sediment and
other bones.

Dorsal vertebra 1 is strongly reminiscent in anatomy to the last
cervical (C10; Fig. 3). Its neural spine is dorsoventrally low and
subtriangular contour in lateral view. The neural arch is slightly
higher than in cervical vertebrae and slightly anteroposteriorly
shorter. The centrum is strongly elongated as in last cervical
vertebra. The prezygapophyses are posteriorly located and
emplaced in the dorsomedial portion of the diapophyses. Its
articular surface is ventromedially directed, subcircular in shape
and proportionally wider than in the posterior cervical vertebrae.
The postzygapophyses are anteroposteriorly shorter than in last
cervical vertebrae and the articular surfaces are ovoidal in contour.
The diapophyses are anteroposteriorly wider than in the cervical
vertebrae, being subtriangular in dorsal view and having a rounded
distal end. The diapophyses are wider transversely than the
anteroposterior length of the centrum. Ventrally a para-
diapophyseal lamina is present. the paradiapophyseal lamina is
semilunar in cross-section and is relatively thicker than in C10. This
lamina is anteriorly and posteriorly delimited by shallow fossae.
The parapophyses are subcircular in shape and located at the
medioventral surface of these buttresses. A small anterior cen-
troparapophyseal lamina is present. The neural canal is sub-circular
in this and all dorsal vertebrae. The vertebral centrum is ante-
roposteriorly longer than in more posterior dorsal vertebrae. Its
ventral surface is concave when viewed from the side. In ventral
view, it shows an hour-glass contour. It is stouter than cervical
centra, and the ventral longitudinal keel is thicker than in preced-
ing vertebrae.

Dorsal vertebra 2 shows a subrectangular neural spine in lateral
view (Fig. 4). The prezygapophyses are shorter than in the first
dorsal, and its posterior margin contacts the supra-
prezygodiapophyseal fossa. Between the prezygapophyses there is
a prespinal fossawhich tapers dorsally to reach the point where the
prezygapophyses start. The diapophyses and subrectangular sha-
ped and larger than in preceding vertebrae. The



Fig. 5. Macrogryphosaurus gondwanicus dorsal vertebrae and ribs in articulation in dorsal view. Abbreviations: di, diapophysis; dr, dorsal rib; dv4, dorsal vertebra 4; dv12, dorsal
vertebra 12; mr, medial ridge; mp, mineralized plates; ns, neural spine; poz, postzigapophysis; prz, prezigapophysis. Scale bar equals 5 cm.

S. Rozadilla et al. / Cretaceous Research 108 (2020) 1043116
centrodiapophyseal laminae are subtriangular in cross-section. The
parapophyses are similar to that in the first dorsal vertebra, being
slightly larger and more posteriorly and dorsally located. The
centrum is shorter and stouter than in previous elements.

Dorsal vertebra 3 is similar to more posterior elements of the
dorsal series (Fig. 4). The neural arch is higher than the preceding
vertebrae, with a neural spine that is subrectangular in contour,
with a straight dorsal in lateral view. The prezygapophyses and
postzygapophyses are sub-equal in size, due to the shortening of
the latter when comparedwith anterior elements. The diapophyses
show quadrangular distal ends and are anteroposteriorly longer
and transversely greater than preceding vertebrae. The ventral
surface of the diapophyses shows a well-developed cen-
trodiapophyseal lamina, delimited by the parapophyses on its
anterior edge. The parapophyses are larger than in preceding
vertebrae, showing a posteroventrally faced articular surface.
Laterally projected parapophyses are present from third to the last
dorsal vertebra. The centrum is parallelogram-shaped in lateral
view, with the ventral portion of the anterior margin being ante-
riorly projected, and the dorsal portion of the posterior one, pos-
teriorly projected. The size of the centrum is larger than in the
second dorsal, but similar to more distal dorsal vertebrae, so as the
morphology of its ventral keel.

Dorsal vertebra 4 is similar in morphology to the D3 (Fig. 4). The
neural spine is higher and anteroposteriorly longer. The dia-
pophyses are wider, so as their centrodiapophyseal lamina, which
are proportionally thicker. The parapophyses are wider, and more
dorsally and anteriorly located, approaching the anterior margin of
the parapophyses. The centrum is also parallelogram shaped,
resembling to preceding vertebra. The ventral surface of the
centrum shows a small longitudinal keel.

All dorsal vertebrae posterior to the fourth vertebra remain
articulated among them and to their corresponding dorsal ribs
(Fig. 9). Through the most posterior dorsal vertebrae, the neural
arches become dorsoventrally higher, especially its neural spine,
which becomes taller, anteroposteriorly longer, and transversely
thicker. In this regard, more distal dorsal vertebrae show a large-
sized and sub-quadrangular neural spine. The three anterior
neural spines are sub-quadrangular in shape, have a straight and
more posterior are trapezoidal when viewed from the side. The
prezygapophyses and postzygapophyses are similar to more
anterior dorsal vertebrae, only differing in a slight increment in



Fig. 6. Macrogryphosaurus gondwanicus 13e14 dorsal vertebrae in A, G, dorsal; B, H, ventral; C, I, anterior; D, J, posterior; EeF, QeL, lateral views. Abbreviations: cdl, cen-
trodiapophyseal lamina; di, diapophysis; for, foramen; hpo, hyposphene; nc, neural canal; ncs, neurocentral suture; npdl, neuroprezigapophyseal lamina; ns, neural spine; ot,
ossified tendons; poz, postzigapophysis; prz, prezigapophysis, vk, ventral keel. Scale bar equals 5 cm.
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the anteroposterior extension of the postzygapophyses. The dia-
pophyses and parapophyses form the transverse processes, being
the parapophyses located on the anteromedial margin of the
diapophyses. Diapophyses are poorly dorsally projected in anterior
vertebrae, but posterior elements show a well-developed dorso-
lateral projection. The centrodiapophyseal laminae are well-
developed, subrectangular in cross section. Dorsal vertebrae
from ninth to fourteenth show proportionally larger transverse
processes, being more laterally projected than in preceding
vertebrae. more posterior elements show a subcircular neural
canal. The neurocentral suture is more visible through most pos-
terior elements f the dorsal series, showing an incomplete fusion
between the centrum and the neural arch, indicating that the
animal was not skeletally mature. The centra has anterior and
posterior articular surfaces subcircular in contour, being slightly
amphicoelous as in Thescelosaurus, Talenkauen, Notohypsilophodon
and Mahuidacursor (Galton, 1974a,b; Novas et al., 2004; Ibiricu
et al., 2014; Cruzado-Caballero et al., 2019). The ventral surface
of the centrum shows a shallow longitudinal keel as in Talenkauen,
Mahuidacursor, Notohypsilophodon and Trinisaura (Novas et al.,
2004; Coria et al., 2013; Ibiricu et al., 2014; Cruzado-Caballero
et al., 2019; Rozadilla et al., 2019).
Dorsal vertebra 13 is similar in shape to remaining dorsal
vertebrae. The diapophyses have a less developed cen-
trodiapophyseal lamina than in previous elements (Fig. 6 A-F).
The parapophyses are strongly anteroventrally oriented. The
centrum is subrectangular in contour when laterally viewed,
being slightly longer than high, it is subcircular in shape in
anterior and posterior views. A stout longitudinal keel is pre-
sent along the ventral surface of the centrum. Some vascular
foramina are present at the lateral and ventral part of this
centrum.

Dorsal vertebrae 14 is very similar to its precedent vertebra
although, it is a little bit larger (Fig.6 G-L). The prezygapophysis is
ovoidal in shape and ventromedially directed. The posterior
surface of the neural arch shows an hyposphene; this structure
was recognized as an autapomorphic feature for Macro-
gryphosaurus (Calvo et al., 2007). The two slightly inclined ven-
tromedially postzygapophyses reach the dorsoventral wall of the
hyposphene on the mid-line. The transversal section of the
hyposphene is trapezoidal in shape. The base of the hyposphene
is supported by the medial centropostzygapophyseal lamina
(Apesteguía, 2005). It arises dorsally from the centrum and sur-
round the neural canal.



Fig. 7. Macrogryphosaurus gondwanicus sacral vertebrae and ilia in A, dorsal; B, ventral; C, anterior; DeE, lateral; F, posterior views. Abbreviations: ac, acetabulum; cf, cupedicus
fossa; hpa, hypantrum; isp, Ischiadic process; nc, neural canal; ncs, neurocentral suture; ns, neural spine; pap, preacetabular process; pop, postacetabular process; poz, post-
zigapophysis; pup, pubic process; prz, prezigapophysis, sr, sacral rib; vk, ventral keel. Scale bar equals 5 cm.
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3.3. Sacral vertebrae series

The sacrum of Macrogryphosaurus is composed by six fused
vertebrae (Fig. 7). These vertebrae are proportionally larger and
transversely wider than in any other basal ornithopods, including
elasmarians (i.e. Hypsilophodon; Thescelosaurus; Gasparinisaura;
Talenkauen; Notohypsilophodon; Anabisetia; Sektensaurus; Galton,
1974a, b; Coria and Salgado, 1996; Salgado et al., 1997; Coria and
Calvo, 2002; Cambiaso, 2007; Ibiricu et al., 2014; 2019; Rozadilla
et al., 2019).

The neural arch of the first sacral is partially preserved, ante-
roposteriorly width and transversely narrow. It is crossed by
numerous ossified tendons, as occurs in posterior dorsal vertebrae.
The transverse processes are slender, and project dorsally and
anterolaterally, and their distal ends expand dorsoventrally and
anteroposteriorly. The surface for capitulum and tuberculum of the
rib are present. The prezygapophysis shows an hypantrum that
articulates with the hyposphene of the last dorsal, resembling the
morphology of the last dorsal.

The second sacral vertebra shows a smaller transverse process.
The sacral ribs are fused with the vertebra to form a structure that
extends along the posterior end of its neural arch and the centrum.
This structure is bulky and expands ventrally, showing a lateral
notch that medially embraces the pubic peduncle of the ilium and
the iliac processes of the pubis.

The third and fourth sacral vertebrae show transverse processes
fused ventrally with the sacral ribs. The transverse processes are
short and sub-quadrangular in shape, and laterally contact the iliac
blade. In the fifth sacral vertebra, the transverse processes are
slightly larger and contact the brevis shelf. On the other hand, the
sixth sacra vertebra shows a larger transverse process, with fan
shaped expansions on its distal end and fused to the respective
sacral rib. The neural spine is almost completely fusedwith the fifth
vertebra. It is backwardly oriented and the anterodorsal end sur-
passes the posterior margin of the centra. These lateral expansions
contact iliac brevis shelf.

In general, the sacral centra anatomy resembles that found in
other ornithopods (i.e. Hypsilophodon, Thescelosaurus, Dryosaurus,
Notohypsilophodon, Talenkauen; Galton, 1974a, b; Norman et al.,
2004; Cambiaso, 2007; Ibiricu et al., 2014; Rozadilla et al., 2019).
These are thick bones. The anteroposterior length differs slightly
between the elements, being the first two sacral vertebrae and the



Fig. 8. Macrogryphosaurus gondwanicus 1e3 caudal vertebrae and ilia in A, G, M, dorsal; B, H, N, ventral; C, I, O, anterior; D, J, P, posterior; EeF, KeL, QeR, lateral views. Abbre-
viations: cdl, centrodiapophyseal lamina; di, diapophysis; fo, foramen; hf, haemal facet; nc, neural canal; ncs, neurocentral suture; ns, neural spine; poz, postzigapophysis; prz,
prezigapophysis; vg, ventral groove; vk, ventral keel. Scale bar equals 5 cm.
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last one is the longest of the series. In ventral view, these elements
are pulley shaped. The first four sacral vertebrae bear a ventral keel,
while the ventral surface of the last two sacral vertebrae are flat and
smooth, unlike Sektensaurus who only have a ventral keel in the
first and second vertebrae (Ibiricu et al., 2019). . Some of the centra
show several small and crescent-shaped vascular foramina.
3.4. Caudal vertebrae series

On the original paper Calvo et al. (2007) indicates that there are
sixteen caudal vertebrae. We were able to identify thirteen caudal
vertebrae represented by the three more-anterior caudal centra
(Fig. 8) and 6 posterior ones (Fig. 9). The tail anatomy of elasmarian



Fig. 9. Macrogryphosaurus gondwanicus caudal vertebrae and haemal arches in A, DeE, lateral; B, anterior; C, posterior; F, dorsal views. Abbreviations: ap, anterior process; de, distal
expansion; hc, haemal canal; pe, posterior expansion; vg, ventral groove. Scale bar equals 5 cm.
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ornithopods is poorly known, its knowledge restricted to Gaspar-
inisaura (Coria and Salgado, 1996; Salgado et al., 1997) and isolated
elements of some taxa (Talenkauen, Notohypsilophodon, Kangna-
saurus; Cooper, 1985; Novas et al., 2004; Ibiricu et al., 2014;
Rozadilla et al., 2019).

Most proximal caudal vertebrae are strong and thick bones
(Fig. 8). The neural arches are fragmentary, lacking distal ends of
neural spines and distal end of transverse processes. The neural
spines are posteriorly located on the neural arch and almost
dorsally projected in the most proximal vertebra, whereas the
neural spines are strongly posterodorsally projected in the dorsal
anterior vertebra. Both laterals of the neural spine base there are
shallow cavities, which extend posterodorsally, following the
neural spine axis.

The transverse processes proximal anterior vertebrae are ante-
rolaterally projected and subrectangular in shape, showing a slight
constriction on its base (Fig. 8 A-F). The ventral surface of these
processes is excavated by a median crescent-shaped
centrodiapophyseal fossa. More distal caudal vertebrae show the
transverse processes that are laterally projected. These processes
are subrectangular shape and transversely shorter in dorsal view,
while its ventral fossa is less developed than in preceding caudal
vertebrae.

The third caudal vertebra presents its transverse processes
slightly posterolaterally projected, suggesting it belongs to a more
distal portion of the proximal tail (Fig. 8 M-R). These transverse
processes seem to be subrectangular shaped, and its cen-
trodiapophyseal fossae are smaller than in the previous vertebra.
The prezygapophyses, are wider than in the last dorsal vertebra. In
proximal anterior caudal vertebrae, these are separated from the
transverse processes by a well-marked ridge. Its articular surfaces
are dorsomedially facing and sub-ovoidal in contour. Between
prezygapophyses there is a spinoprezygapophyseal fossa, which
shows two lateral small laminae. On the last proximal caudal, the
ridge between the prezygapophyses and transverse processes is
rounded high and stout.



Fig. 10. Macrogryphosaurus gondwanicus sternum and mineralized thoracic plates in A, dorsal; B, ventral, C, anterior, D, posterior, F, lateral views. Abbreviations: ap, anterior
process; lp, lateral process; mc, median concavity; vk, ventral keel Scale bar equals 5 cm.
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The postzygapophyses show a relatively uniform
morphology in this part of the tail. These processes are more
dorsally arched and posteriorly projected than in posterior
dorsal vertebrae. The articular surfaces of the postzygapophysis
are subcircular in shape and lateroventrally facing. They are
located posterior to the posterior margin of the centrum. Be-
tween the neural arches and centra, the neurocentral suture is
visible as occurs in dorsal vertebrae. The centra are amphi-
coelous with both articular surfaces being subcircular in con-
tour. In lateral view, the centra are anteroposteriorly shorter
than transversely wider, with a deeply concave ventral surface.
In ventral view, these are hour-glass in shaper, and the ventral
surface shows a longitudinal thick keel. This keel resembles
that of the sacral vertebrae, being transversely stout, with
straight parallel sides and a smooth surface. The posterior edge
of the ventral surface shows a well-developed articular surface
for the haemal arches. These are mound structures that project
anteroventrally from the ventral margin of the posterior artic-
ular surface of the centra. The articular surface for haemal
arches is posterodorsally facing and crescent-shaped, with its
posterior side being convex and the dorsal one nearly straight.
These get less developed backwards the caudal series. Over the
medial dorsal surface of some elements transverse processes
there are fragments of ossified epiaxial tendons.

Six elements of the posterior portion of the mid-section of the
tail were recovered (Fig. 9). These strongly weathered, and all of
them lack neural arches, being only preserved by incomplete
centra. These centra are anteroposteriorly longer and dorsoven-
trally lower than in most proximal elements of the series. In lateral
view, these bones show straight anterior and posterior articular



Fig. 11. Macrogryphosaurus gondwanicus pubis in A, dorsal; BeD, lateral views. Abbreviations: as, Acetabular surface; df, distal foot; isp, ischiadic process; of, obturador foramen;
posp, postpubic process; prep: prepubic process. Scale bar equals 5 cm.
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Fig. 12. Macrogryphosaurus gondwanicus ischium in A, D, lateral; B, dorsal; C, ventral views. Abbreviations: df, distal foot; ip, iliac process; pp, pubic process. Scale bar equals 5 cm.
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surfaces, except on its ventral quarter where the haemal arches
articular surfaces develop. Near the articular surfaces, the lateral
surface of the centra exhibit well marked longitudinal muscle scars.
Lateral surfaces of centra show a longitudinal concavity on their
ventral half. Dorsal to it, the centrum is thicker, whereas it gets
ventrally narrower to from a sort of ridge, as in the most proximal
caudal vertebrae. Nonetheless, the ventral surface of these keel,
shows a median longitudinal groove. On most proximal caudal
vertebra of this portion of the series, this groove is deeper, but
becomes shallower to most posterior elements.
3.5. Cervical ribs

The only cervical rib preserved in Macrogryphosaurus is frag-
mentary, being represented only by its proximal end. The tuberc-
ulum is dorsoventrally expanded and it is relatively shorter than
the capitulum. The capitulum is transversely expanded and
dorsoventrally low. The articulated rib to the vertebra forms a
lateral canal that is 4 cm width and 1, 5 cm in height.

3.6. Dorsal ribs

Eleven dorsal ribs have been recovered (Fig. 5). These are arti-
culated with their corresponding dorsal vertebra. Ribs are stout and
slender bones, and show a strong lateral bowing, following the
body trunk curvature. These are bicipital ribs, showing well-
developed and differenced capitulum and tuberculum. The
former is larger than the latter, being anteromedially projected. Its
shaft is rod-shaped and its proximal articular surface is rounded.
The tuberculum is poorly projected from the shaft, conforming flat
and dorsolaterally faced articular surface, that contact the ventral
surface of the vertebral transverse process.

In lateral view, the shaft slightly widens towards its distal end.
The fourth preserved rib widens at mid-shaft. The distal end is sub-
quadrangular in contour in anterior ribs, with its anterior edge



Fig. 13. A, Schematic hindlimb and tail of Macrogryphosaurus gondwanicus in lateral view with full caudal musculature reconstructed. B, Detail of the preserved portion of the tail
associated with haemal arches, and where the M. ilio-ischiocaudalis/M. caudofemoralis septum (imss) would have been.
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more distally projected than the posterior one. On the other hand,
posterior ribs show a rounded distal end in lateral view. In cross-
section, the bone is subtriangular in contour, tapering medially
and presenting a prominent medial ridge that extends along the
length of the rib. The length of the dorsal ribs is greater on its
anterior elements, but from the seventh or eighth dorsal vertebrae,
these become proximodistally shorter.

3.7. Haemal arches

The proximal end of an anterior haemal arch was preserved
(Fig. 9 B-F). This bone is B-shaped in proximal view. The haemal
canal is ovoidal in contour, dorsoventrally tall and transversely
narrow. The haemal canal of mid-haemal arches is subcircular in
contour as occurs in Talenkauen (Rozadilla et al., 2019). Its shaft is
slightly curved, with its posterior margin concave. Most posterior
haemal arches are subtriangular in contour when viewed laterally,
as occurs in Gasparinisaura (Coria and Salgado, 1996) Diluvicursor
Herne, Tait, Weisbecker, Hall, Nair, Cleeland and Salisbury (2018)
and some indeterminate ornithopods from Australia (Rich and
Vickers-Rich, 1999; Herne et al., 2016).

Six haemal arches are found in articulation with its corre-
sponding middle-distal caudal vertebrae (Fig. 9 A). The most
anterior element of this series is badly damaged and the shaft is
sigmoidal in outlinewhen laterally viewed, with its distal half more
posteriorly projected. Its posterior margin bears a short keel-like
process which is laterally concave. The distal end of the bone is
rounded in lateral view and is transversely wider than the rest of
the shaft.

Next haemal arch maintains this sigmoidal shape, with its distal
end more posteriorly oriented than in previous elements. The
anterior margin of the bone presents the same sigmoidal outline
than in preceding haemal arch. Nonetheless, it shows a small
anterior projection on its distal end. On the other hand, the pos-
terior edge shows these posterior expansions more developed than
in preceding element. This expansion is strongly posteriorly
extended, but proximodistally shorter than in previous haemal and
does not reaches the distal end of the bone. It constitutes a
crescent-shaped posterior process. This posterior process is sepa-
rated by a distal concave surface, from the strongly expanded distal
end. In this regard, anterior and posterior expansions result in a
distal end that is anteroposteriorly wider than in preceding
elements.

Posterior haemal arch presents a wide anteroposteriorly
expanded distal end with respect to previous haemal arches. Its
anterior edge is not sigmoidal and presents a small and crescent-
shaped anterior process on its mid-height. The posterior surface
of the haemal shaft shows an expanded posterior process, which is
more proximally located on the shaft and more posteriorly pro-
jected than in anterior elements. Dorsal to this process the poste-
rior edge of the shaft is deeply concave, whereas on its distal end,
the bone is strongly posteriorly expanded, resulting in a fan-shaped
haemal arch. Its distal margin is gently convex.

Next haemal arch shows a small subtriangular anterior process
that separates the concave dorsal and ventral halves of the anterior
margin of the bone. Distally, the anterior edge of the distal end of
the bone shows a more developed anterior projection. On the other
hand, the posterior margin shows a distal process which is longer
proximodistally than in preceding haemal arches, and the concavity
that separates it from distal expansion of the haemal arch is shal-
lower. The distal end of the bone is lost, but its posterior expansion
is more extended than in preceding elements.

Last preserved haemal arch is the anteroposteriorly longer and
the proximodistally shorter element of the preserved haemal se-
ries. Its anterior margin bears a finger-like anterior process, wider
and more anteriorly projected than in other haemal arches. The
anterior edge of the distal end of the bone is anteriorly expanded
and rounded in lateral view, separated from the anterior projection
by a narrow and deep concavity. On the other hand, the posterior
edge shows a posterior process that is proximodistally longer than
in other haemal arches, but is poorly posteriorly projected. Poste-
rior and distal edges of the distal end are lost. In anterior view, the
haemal canal is transversely narrow, being proximally wider and a
groove distally.

3.8. Mineralized thoracic plates

Four intercostal plates have been recovered on Macro-
gryphosaurus holotype (Fig. 10 B, D-E). Plates of this kind have been
found in the closely related taxa Talenkauen and Mahuidacursor
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(Novas et al., 2004; Rozadilla et al., 2019; Rozadilla et al., 2019) and
the Laurasian taxa Hypsilophodon, Thescelosaurus, and Oth-
nielosaurusGalton, 2007 (Butler and Galton, 2008; Boyd et al., 2009,
2011). In Macrogryphosaurus these plates are wide and sub-
triangular to subcircular in contour, being transversely narrow. In
the most posterior elements recovered, there is a posterior sub-
rectangular expansion as occurs inThescelosaurus (Boyd et al., 2009,
2011). These elements are larger and wider than in Talenkauen
(Rozadilla et al., 2019), where the plates are sub-rhomboidal in
contour, anteroposteriorly short and dorsoventrally long, and from
Mahuidacursor, where the plates are sub-rectangular (Cruzado-
Caballero et al., 2019). Macrogryphosaurus holotype exhibits two
mineralized plates on the ventral surface of the sternum (Fig. 10 B,
D; Calvo et al., 2007). Calvo and collaborators (2007) claim this
condition as autapomorphic for this dinosaur, but it is probable that
this anomalous position is due to taphonomic transport of these
elements. In this regard, we do not consider this as an autapo-
morphic feature for Macrogryphosaurus.

3.9. Sternum

Macrogryphosaurus presents an unusual sternum among or-
nithopods, only shared with the closely related Mahuidacursor
(Cruzado-Caballero et al., 2019) (Fig.10 A-B). The sternal plates, that
in most ornithopod taxa are separate elements, here are fused on a
single large sternal plate. This element is almost complete, only
lacking most of its distal process and their posterior margin. This
plate is triradiate (Calvo et al., 2007) with a main body formed by
the parred sternal plates that fuse each other across the midline.
The distal processes are broken so that it is not possible to know if
these was rod-shaped as in derived iguanodontians (Norman,
2004).

The sternal plate is transversely wide and subtriangular in
outline both in ventral or dorsal view. Its anterior process is
transversely wide, with concave lateral margins and a rounded
anterior margin. Both in anterior as in posterior view, the sternum
is V-shaped, in a wide angle. Its ventral surface, is obscured by a
mineralized plate.

At the lateral sides of the anterior process, there are small and
irregular marks that could represent intercostal notches for the
attachment of the sternal ribs (Galton, 1974a; Godfrey and Currie,
2004). In anterior view, this process is stout and dorsally concave.
In cross section, this portion of the bone is transversely thicker than
the posterior one. Its posterior edge is highly weathered, but pre-
sents two wide crescent-shaped projections near the mid-line of
the bone. Two posterolateral processes projects at the sides of the
sternum. These processes are dorsoventrally thin. The right
posterolateral process is well preserved, being subrectangular in
contour when dorsally viewed, with concave anterior and posterior
margins. The distal end of these processes is lost.

Ossified sternal plates are uncommon among saurischian di-
nosaurs, being ambiguously present in paravians (Holtz et al., 2004;
Norell and Makovicky, 2004; Godfrey and Currie, 2004). Otherwise,
most ornithischians show an ossified sternum. Among Ornitho-
poda, basal taxa (e.g. Hypsilophodon, Thescelosaurus, etc), these are
reniform and show a sagittal ridge where each element contacts its
pair (Galton, 1974a; Norman et al., 2004). In more derived ornith-
opods (Iguanodon, Lurdursaurus, hadrosaurids; Norman,1980,1986,
2004; Horner et al., 2004), sternal plates are axe-shaped, with an
anterior aliform portion, were both sterna meet, and posterior rod-
like processes. These sternal plates are more distant between them
than in more basal ornithopods. An ossified and fused sternum
could provide, together with the mineralized intercostal plates,
stiffness to the ribcage of Macrogryphosaurus (Butler and Galton,
2008; Boyd et al., 2011).
Among elasmarians,Macrogryphosaurus sternum is the only one
recovered to the date. Calvo and collaborators (2007) considered
sternal anatomy as an autapomorphic feature for this dinosaur.
Nonetheless, because none other Gondwanan basal ornithopod has
preserved sternal plates, this morphology is more widely distrib-
uted than we thought.
3.10. Ilium

Both ilia are preserved and articulated with the sacrum, being
the left one highly weathered (Fig. 7). The ilium is anteroposteriorly
elongate and stout, lacking the posterior end of the postacetabular
process. The dorsal margin of the ilium is slightly sigmoidal in
lateral view, as occurs in many iguanodontians (e.g. Talenkauen,
Anabisetia, Gasparinisaura, Dryosaurus, Tenontosaurus, Iguanodon;
Galton, 1975, 1981, 2009; Norman, 1980, 1986; Norman et al., 2004;
Sereno, 1986; Coria and Salgado, 1996; Coria and Calvo, 2002;
Novas et al., 2004; Novas, 2009; Tennant, 2013; Calvo et al., 2007;
Rozadilla et al., 2019), differing from Trinisaura Coria, Moly,
Reguero, Santillana and Marenssi (2013), Hypsilophodon, Thescelo-
saurus and Orodromeus Horner and Weishampel, 1988, where this
margin is straight (Galton, 1974a, b; Scheetz, 1999; Norman et al.,
2004; Boyd et al., 2009; Coria et al., 2013). In dorsal view, the ilia
are medially convex and laterally concave, being more laterally
offset on its posterior end, at the level of brevis shelf.

The preacetabular process is anteriorly projected with a
ventrally curved anterior end as occurs in most iguanodontians
(Sereno, 1986; Norman et al., 2004). The dorsal margin of the
preacetabular process is convex while its ventral margin is deeply
concave. Its medial wall is in wide contact with the second sacral
rib. The preacetabular process is thicker and anteroposteriorly
shorter than in Anabisetia and Talenkauen (Coria and Calvo, 2002;
Rozadilla et al., 2019) but resembling Gasparinisaura (Coria and
Salgado, 1996). As in most ornithopod, with the exception of Ana-
bisetia (Coria and Calvo, 2002), this process does not reach the
anterior end of the prepubic process. the ventral surface of the
preacetabular process bears the cuppedicus fossa, which is ante-
roposteriorly long and shallow.

The pubic peduncle is gracile, being proximodistally short and
subtriangular in shape in lateral view as occurs in Gasparinisaura,
Anabisetia, and Talenkauen (Coria and Salgado, 1996; Coria and
Calvo, 2002; Rozadilla et al., 2019), but different from the condi-
tion Trinisaura, where it is dorsoventrally longer and acute (Coria
et al., 2013). In lateral view, its acetabular surface is flat, while the
anterior one is oblique, its medial surface is very wide. The lateral
surface shows a crest that posteriorly forms the supracetabular rim.
The pubic peduncle is subtriangular in lateral view and in cross-
section. This process has a rounded distal end.

The ischial peduncle is posteroventrally projected and larger
than the pubic one. The posterodorsal acetabular edge is oblique in
lateral view. This surface is transversely thicker distally, dorsally
narrow transversely, while its medial edge expands anteriorly to
form a posteromedial acetabular wall. Its posterior margin is
transversely thick and slightly concave in lateral view, as occurs in
most ornithopods (i.e. Gasparinisaura, Anabisetia, Trinisaura, Dry-
osaurus, Iguanodon; Norman, 1980, 1986; Norman et al., 2004;
Galton, 1981; Coria and Salgado, 1996; Coria and Calvo, 2002;
Coria et al., 2013). The anterior surface of the ischial process
forms part of the acetabulum presents a rugose acetabular flange
and a smooth lateral wall anteromedially directed; both surfaces
are separated by a smooth acetabular rim. In spite of presenting a
triangular and horizontal flat ischial articulation, there is a small
vertical medial articulation too. This surface is in contact with the
ventral part of fourth sacral vertebra.
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The postacetabular lacks its posterior end, but presents a similar
anatomy than in some related taxa (i.e. Talenkauen, Gasparinisaura,
Anabisetia; Coria and Salgado, 1996; Coria and Calvo, 2002;
Rozadilla et al., 2019). In dorsal view, the brevis shelves poster-
omedially extend in sub-rhomboidal structures. This shape is
probably that due to the broken distal end of the postacetabular
process. The brevis shelf is dorsoventrally flat, showing a smoothly
concave dorsal surface that attaches the sacral ribs of fifth and sixth
sacral. In ventral view, its ventral surface shows a deep and longi-
tudinal brevis fossa.
3.11. Pubis

Both pubes have been recovered. The left pubis is almost com-
plete, only lacking the middle part of the postpubic process, while
the right one is only represented by the postpubic process (Fig. 11).
The prepubic process is anteriorly projected with a slightly dorsally
projected anterior end. In lateral view, this process is dorsally
concave and a shallowly convex ventrally. On its anterior portion
this process is transversely compressed, as occurs in Anabisetia,
Talenkauen, Tenontosaurus, Dryosaurus and Ankylopolexia (Galton,
1981; 2009; Coria and Calvo, 2002; Norman et al., 2004; Novas
et al., 2004; Novas, 2009; Tennant, 2013; Rozadilla et al., 2019). It
becomes thicker posteriorly, and shows a flat dorsal surface and a
strongly curved ventral one just posterior to the iliac process. By
contrast, in Gasparinisaura, Hypsilophodon, Thescelosaurus and
other basal taxa, the prepubis has a rounded shape in cross section
(Galton, 1974a, b, 2009; Coria and Salgado, 1996; Norman et al.,
2004; Boyd et al., 2009). The length of the prepubic process sub-
equal to 80% of the length of the “postpubic” process (see the
measure tables in Appendix B). Its acetabular surface is stout,
rugose and concave, being its medial margin more slightly poste-
riorly projected to form the anteromedial portion of the inner
acetabular wall.

Ventral to the posterior margin of the acetabulum there is a
transversely compressed and rugose surface that received the pubic
peduncle of the ischium.More distally, there is a subcircular shaped
obturator foramen. The obturator foramen is posteriorly enclosed
by a thin rod of bone (Maidment and Barret, 2011).

The postpubic process is posteroventrally projected, forming an
angle greater than 150� with the prepubic process, as occurs in
basal ornithopods (Norman et al., 2004; Calvo et al., 2007). The
postpubic process is stout, slightly curved and sub-oval to sub-
triangular shaped in cross-section. This process is very long, it has
almost the same length as the shaft preserved of the posterior
process of the ischium. A long postpubic process is share with
Anabisetia, Gasparinisaura, Trinisaura, Hypsilophodon, Orodromeus,
Tenontosaurus, Yandurosaurus, Haya, Lesothosaurus (Galton, 1974a;
He and Cai, 1984; Coria and Salgado, 1996; Scheetz, 1999; Coria
and Calvo, 2002; Norman, 2004; Makovicky et al., 2011; Coria
et al., 2013; Baron et al., 2017). It is posteriorly bowed on its most
proximal portion, but it is mainly straight distally. Distal to the
obturator foramen the pubis is stout, showing a posterior flange.
This flange is gently convex and proximodistally long, occupying
the proximal quarter of the postpubic process. The distal end of the
pubis shows a small pubic foot. this structure is rare within or-
nithischians, with Lesothosaurus only having a slightly expanded
distal end of the postacetabular process but without having to have
foot shape (Baron et al., 2016). In this regard, this might be an
autapomorphic feature for Macrogryphosaurus. This foot presents a
sub-triangular anterior edge anteriorly projected. The articular
surface between pubes is sub triangular in contour, and prox-
imodistally elongated, extending along the distal quarter of the
bone.
3.12. Ischium

Both ischia have been recovered, being both represented by
proximal, middle and distal fragments (Fig. 12). These fragments
show that Macrogryphosaurus ischium was a slender and rod-like
bone. On the proximal end of the bone there are two well-
developed processes: the iliac and the pubic one. These are sepa-
rated by a deep concavity, which forms the posteroventral wall of
the acetabulum, in lateral view. Iliac and pubic processes are sub-
equal in size, as occurs in some nearly related taxa (i.e. Gaspar-
inisaura, Anabisetia; Coria and Salgado, 1996; Coria and Calvo,
2002).

The iliac process is roughly subtriangular shaped in lateral view,
with a rounded and rugose proximal margin. The articulation sur-
face to receive the ilium is subtriangular in outline and located on
the medial side of the iliac process. The pubic process is sub-
quadrangular in lateral view and is anteriorly projected to contact
with the pubis. The anterior margin of this process is subtriangular
in contour, with an anteriorly oriented apex and a dorsal and a
ventral surface. In anterior view, the dorsal half of the pubic process
is subquadrate, while the ventral half is subtriangular. These halves
are separated by a lateromedial constriction. This process is more
anteriorly offset from the ischium main body than the iliac one,
showing a wide neck between these.

Fragments of the ischium show that it exhibited a long, slender
and posteriorly curved shaft, being anteriorly arched and posteri-
orly concave. Near its mid-length, the ischial shaft is laterally
twisted and forms the inter-ischiatic articular surface, which seems
to be proximodistally long. At this point, the shaft presents a sub-
oval contour in cross-section. The distal end of the bone is
slightly expanded, but do not forms a distinct foot-like structure. Its
medial side presents some scars, indicating that left and right ischia
contact each other distally (Calvo et al., 2007). Its distal end is sub-
oval in shape when viewed distally.

4. Discussion

4.1. Macrogryphosaurus neck

Cervical series in most elasmarians remain poorly known, with
the exception of Talenkauen, which holotype preserves an almost
complete neck, only lacking the atlas. Talenkauen neck is con-
structed by nine cervical vertebrae (Novas et al., 2004; Novas, 2009;
Rozadilla et al., 2019) which is the plesiomorphic count for Orni-
thopoda (Sereno, 1986; Norman et al., 2004). Cervical vertebrae in
elasmarians present some unique features with regard to other
ornithopods (Norman, 2004; Norman et al., 2004): are gracile,
anteroposteriorly elongate and dorsoventrally low, bearing low
neural arches (Rozadilla et al., 2016, 2019). Thus, elasmarians have a
proportionally longer neck than most Laurasian ornithopods (i.e.
Hypsilophodon, Dryosaurus, Thescelosaurus; Galton, 1974a; b, 1981,
2009).

Therefore, Talenkauen and probably related taxa (i.e. Anabisetia,
Notohypsilophodon, Mahuidacursor) have an elongated neck related
with the anteroposteriorly elongation of each cervical centrum
fitting with the third model for neck enlargement proposed by
Mateus et al. (2009), in which the neck enlarges by individual
elongation of the vertebrae (Rozadilla et al., 2019).

Nonetheless, Macrogryphosaurus shows, counting the lost atlas
and axis, ten cervical vertebrae, resembling in this aspect to more
derived iguanodontians (Sereno, 1986; Norman, 2004) and
implying the addition of a vertebra on the cervical series. Further-
more, this dinosaur counts with fourteen dorsal vertebrae, which
represent a lower number than most ornithopods, where the usual
count is fifteen to sixteen, as occurs in the closely related
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Talenkauen (Novas et al., 2004). Therefore, it is probable that Mac-
rogryphosaurus long neck was formed by the elongation of cervical
elements as well as by the cervicalization of the first dorsal
vertebra, following the first model for neck enlargement proposed
by Mateus et al. (2009).

Regarding cervical vertebrae of Macrogryphosaurus, these are
slenderer than in other elasmarians. Moreover, morphology of C9 of
Talenkauen is similar to the C10 ofMacrogryphosaurus, whereas the
morphology of the C9 is intermediate between the ninth and the
eighth cervical vertebrae of Talenkauen. Macrogryphosaurus cervical
vertebrae show diapophyses proportionally short when compared
with other ornithopod taxa. These are rounded and strongly fused
to their correspondent prezygapophysis, forming short and stout
aliform lateral expansions. In this regard, this diapophyseal anat-
omy supports the idea of a neck narrower and more gracile than
other ornithopods and could be considered an autapomorphic
feature for Macrogryphosaurus.

4.2. Macrogryphosaurus thorax

Macrogryphosaurus dorsal vertebral series is shorter when
compared with other ornithopods (i.e. Talenkauen, Mahuidacursor,
Hypsilophodon, Thescelosaurus, Dryosaurus, Iguanodon; Galton,
1974a, b, 1981, 2009; Sereno, 1986; Norman, 1980, 1986, 2004;
Norman et al., 2004; Novas et al., 2004; Cruzado-Caballero., 2019;
Rozadilla et al., 2019), showing only fourteen elements. If we as-
sume that the anterior-most dorsal vertebra joined the cervical
series to form the tenth cervical, there is another dorsal vertebra
that is still wanting (the ornithopod have between 15 and 16
vertebrae). Sacral vertebrae in Macrogryphosaurus are six, a count
that is primitive for ornithopods and thus, no dorsal appears to be
added to the sacrum. In this regard, it could be assumed that the
wanting element was lost from Macrogryphosaurus vertebral col-
umn. Therefore, Macrogryphosaurus presents a shortening of the
thorax.

Nonetheless, the fact of Macrogryphosaurus being the only
elasmarian that added a vertebra on its cervical series and short-
ened its body trunk, could imply that this dinosaur represents a
new ornithopod morphotype with proportionally long neck and
short thorax in Gondwana.

One of the most remarkable features ofMacrogryphosaurus, that
share with Mahuidacursor is an ossified and fused triradiate ster-
num (Cruzado-Caballero et al., 2019). As aforementioned in the
description, most ornithopods present independent sternal plates,
that in derived taxa, becomes elongate and slender structures.
Macrogryphosaurus andMahuidacursor show a sternum that recalls
to the stouter sternal plates of basal ornithopods, but totally fused
between them on its mid-line. This sternum recalls on its main
structure to the stiff sternum found in some paravians. Nonethe-
less, the structures and processes of Macrogryphosaurus and
Mahuidacursor sternum can hardly been homologized to those of
paravian taxa. It is worth to mention that in paravian sterna, the
posteriormargin of these bones is subtriangular and acute, whereas
in Macrogryphosaurus and Mahuidacursor this margin is concave.
On the other hand, is the anterior margin of Macrogryphosaurus
sternum which is subtriangular and strongly projected anteriorly.
The presence of ossified and fused sternal elements in a unique
sternum could provide, together with the mineralized intercostals
plates, stiffness to the ribcage of Macrogryphosaurus (Butler and
Galton, 2008; Boyd et al., 2011).

4.3. On Macrogryphosaurus tail

With the exception of Gasparinisaura, Macrogryphosaurus pre-
sents the best-preserved tail within Elasmaria, with many
vertebrae and haemal arches. Regarding haemal arches, these have
been found in several taxa (i.e. Gasparinisaura, Anabisetia, Tal-
enkauen, Trinisaura, Macrogryphosaurus; Coria and Salgado, 1996;
Cambiaso, 2007; Coria et al., 2013; Rozadilla et al., 2019),
showing, in some cases, an anteroposterior expansion on its distal
end, which is an uncommon anatomy for ornithopod haemal
arches. This was considered an autapomorphy for Gasparinisaura
(Coria and Salgado, 1996), and then a synapomorphy for Elasmaria
(Ibiricu et al., 2010; Rozadilla et al., 2016).

As indicated in the descriptive section, the complex transition
between proximal and distal elements, and the differential devel-
opment of anterior and posterior processes and expansions (Fig. 9)
may imply a more complex musculature on the distal tail of
Gondwanan ornithopods (Fig. 13; Novas, 2009; Rozadilla et al.,
2016), than other taxa with a conservative haemal morphology
(i.e. Hypsilophodon, Thescelosaurus, Orodromeus, Dryosaurus,
Tenontosaurus, Iguanodon; Galton, 1974a, b, 1981; Norman, 1980,
1986, 2004; Norman et al., 2004; Forster, 1990; Scheetz, 1999;
Boyd et al., 2011; Tennant, 2013).

The haemal arches of Macrogryphosaurus show a progressive
change from simple, rod-shaped proximal haemal arches, to ele-
ments that are wider on its distal end and strongly expanded
backwards. Moreover, there are anterior and posterior processes,
whose development varies throughout the series, especially on the
anterior process, which gets anteriorly longer and digitiform in
posterior haemal arches. Furthermore, these processes become
closer to vertebral centra in posterior elements, the same as the
distal margins, defining dorsoventrally shorter haemal arches
through posterior tail. Because anterior and posterior processes of
the haemal arches are absent in other taxa, are here interpreted as a
possible autapomorphic feature for Macrogryphosaurus. Nonethe-
less, due the scarce recovered haemal arches in other elasmarians,
we do not dismiss that this morphology was more widely
distributed.

The anterior and posterior processes of the haemal arches
remind the scars present on several coelurosaur theropods (i.e.
Ornithomimus Marsh, 1890; Gorgosaurus Lambe, 1917; Tyranno-
saurus Osborn, 1905; Brochu, 2003; Persons and Currie, 2011;
Rauhut, 2003). Persons and Currie (2011) interpreted these scars
as the insertion point for the skeletogenous septum that divided
the M. caudofemoralis longis from the M. ilio-ischiocaudalis.
Furthermore, the anteroposterior ascension and eventual posterior
disappearance of this scar along the series is, therefore, taken to
mark the M. ilio-ischiocaudalis gradual dorsal intrusion, so as the
distal tapering of the M. caudofemoralis longis.

In anterior haemal arches, this skeletal septum is limited to the
distal margin of the haemal arches, being the M. caudofemoralis
longus strongly developed and covering the entire lateral surface of
the bones. On the other hand, theM. ilio-ischiocaudalis is externally
recovering the M. caudofemoralis longus. Therefore, when the
M. caudofemoralis longus tapers posteriorly and disappears, the
M. ilio-ichiocaudalis becomes the main muscle of the lateral and
ventral tail. Thus, the ventral expansion of the haemal arches of
Macrogryphosaurus and related ornithopods, is related to larger
areas for the attachment of M. ilio-ischiocaudalis. This muscle con-
trols the lateral and ventral movements of the tail, and therefore,
larger haemal attachment areas imply that this musclewas strongly
developed at mid to posterior portions of tail, than in other or-
nithopods with primitive shaped haemal arches (Persons et al.,
2013; Rozadilla et al., 2016).

Anterior and posterior processes in Macrogryphosaurus haemal
arches that mark the limit between the M. caudofemoralis and the
M. ischiocaudalis are here considered as an autapomorphic char-
acter for this dinosaur (Fig. 13). This is the first time that these
structures are observed in Ornithischia. In this aspect,
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Macrogryphosaurus haemal arches resembles more to the
coelurosaur-like haemals than to other ornithischians.
5. Conclusions

Present contribution provides a detailed description of osteo-
logical materials of the ornithopods dinosaur Macrogryphosaurus.
This constitutes the largest Elasmaria known hitherto and provides
important information about the vertebral column and pelvic gir-
dle of these ornithopods.

The analysis of its anatomy shows that Macrogryphosaurus was
the largest Elasmaria, approaching the size of more derived igua-
nodontians, but being more graceful than these taxa. Furthermore,
Macrogryphosaurus presents an elongate neck with an additional
vertebra and a dorsal series with a lower number than in related
ornithopods (Calvo et al., 2007). In this regard, Macrogryphosaurus
represents a unique morphotype indicating that the diversity of
forms was far diverse among Gondwanan ornithopods.

Three autapomorphic character are here added to Macro-
gryphosaurus, which implies the presence of poorly developed
diapophyses in the cervical vertebrae; anterior and posterior pro-
cesses on the boat-shaped haemal arches; and the distal end of the
postpubic process expanded in a foot. The former, indicate that
Macrogryphosaurus shows a proportionally longer and slenderer
neck than related ornithopods. On the other hand, haemal arch
anatomy shows the ventral limit of the M. caudofemoralis longus
and its posterior tapering so as the dorsal limit of the M. ilio-
ischiocaudalis and its posterior ascension and dominance on the
most posterior tail resembling to a coelurosaur-like tail (Persons
and Currie, 2011; Persons et al., 2013).
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