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Abstract

Large ornithopod dinosaurs have been successively described as quadrupeds, bipeds and facultative bipeds. Here we study the case
of three ankylopollexians (Iguanodon bernissartensis, Ouranosaurus nigeriensis and Lurdusaurus arenatus) for which locomotion
remains debated. We examine in detail their appendicular skeleton, focusing on osteological features that were previously associated
with either bipedality or quadrupedality in dinosaurs. We compare our observations with data obtained for 12 saurischians and 32
ornithischians whose bipedal or quadrupedal locomotion is unambiguous. Iguanodon and Ouranosaurus score as quadrupeds for
nine of the eleven correlates used in this study and are therefore best interpreted as obligate quadrupeds—contrasting with previous
hypotheses of facultative bipedalism in Ankylopollexia—although this is sensitive to how hadrosaur locomotion is assessed. Lur-
dusaurus is found among quadrupeds for all the osteological correlates employed and is thus considered as an obligate quadruped,
implying that obligate quadrupedality in ornithopods arose long before the hadrosaurs. Moreover, its extreme humeral and femoral
eccentricity, along with its very short metatarsus, indicate graviportality, making Lurdusaurus the first graviportal ornithopod.
Further biomechanical investigations are definitely needed to fully appreciate the locomotion of this unique taxon. Osteological
correlates appear to be useful tools for investigating the transition to quadrupedalism in ornithopods, and may provide a basis for
more comprehensive reconstructions of locomotor and postural evolution across diverse dinosaur lineages.
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Introduction

While the first dinosaurs were bipedal (Sereno 1999;
Hutchinson 2006; Persons and Currie 2017), evolution led
them to experience several reversals to quadrupedalism
(Fig. 1). This is the case in saurischian dinosaurs, with
sauropods, which are also graviportal (Coombs 1978;
Carrano 2005; Wilson 2005). For sauropods, this means
that they have appendicular skeletal adaptations related
to their characteristic high body mass, such as columnar
limbs and reduced distal limb segments (Goussard 2009;
Rauhut et al. 2011). Gregory (1912) and, more recently,

Carrano (1999) described this particular quadrupedal
condition as the morphological extreme of a multivariate
continuum, as opposed to the cursorial morphology.
However, while sauropods exemplify quadrupedalism
associated with extreme graviportal adaptations, quadrupe-
dalism does not necessarily imply graviportalism, nor does
bipedalism necessarily imply cursoriality. For example,
some quadrupedal mammals, most notably horses, are
cursorial (Jones 2016). Similarly, several early crocody-
lomorphs, such as Terrestrisuchus, are reconstructed as
cursors (Spiekman et al. 2024). In dinosaurs, however, these
traits generally covary: quadrupedal taxa show reduced
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cursoriality and more robust, load-bearing limb morpholo-
gies, though they do not reach the extreme condition seen
in sauropods, whereas bipedalism and cursoriality largely
overlap, particularly among theropods and small ornitho-
pods (Carrano 1999). Even large taxa like Tyrannosaurus
retain key cursorial features (e.g., proximally placed
trochanters, relatively long distal limb segments; Farlow et
al. 1995; Hutchinson and Garcia 2002). In this manuscript,
comparative references to “cursorial” and “graviportal”
are explicitly restricted to dinosaurs and framed along a
morpho-functional continuum, sensu Carrano (1999),
allowing discussion of relative locomotor adaptations
without assuming a perfect correspondence between loco-
motion and functional specialisation.

Beyond sauropods, repeated independent shifts to obli-
gate quadrupedalism occurred in Ornithischia, notably
in Thyreophora (stegosaurs, ankylosaurs) and in derived
Marginocephalia (ceratopsids). Within Ornithopoda,
small taxa are bipedal, while recent studies tend to support
obligate quadrupedalism in hadrosaurs, the most derived
ankylopollexians (Barrett and Maidment 2017; Dempsey et
al. 2023; Pintore et al. 2025). However, the locomotion and
posture adopted by many early branching ankylopollexians
remains unclear (Maidment and Barrett 2014).

The case of Iguanodon (Mantell 1825), one of the
very first dinosaurs to be named, perfectly illustrates this
long-lasting debate on ankylopollexian locomotion. First
thought to be a type of large iguana, its first representa-
tions in the mid-19" century showed it as a quadruped
(Michel and Witton 2022). Dollo (1883), following the
discovery of several dozen almost complete skeletons
of Iguanodon in Bernissart, Belgium, reconstructed this
dinosaur bipedal with an upright posture, leaning on its
tail like a gigantic kangaroo. This is the position in which
it is still presented to the public today in many museums
around the world. Almost a century later, Norman (1980)
re-examined the remains of Iguanodon bernissartensis
(Boulenger 1881). Based on a functional analysis of the
forelimbs, he concluded that /guanodon was primarily
quadrupedal, while claiming that it was most likely
capable of standing on its hindlimbs to run and defend
itself. This image of a facultatively bipedal animal was
gradually extended to all large ornithopods (Dilkes 2001;
Organ 2006; Persons and Currie 2017).

In 1965, Taquet discovered in Niger the nearly
complete skeletons of two atypical ankylopollexians
that he named Ouranosaurus nigeriensis (Taquet 1976)
and Lurdusaurus arenatus (Taquet and Russell 1999).
The skeleton of Ouranosaurus is slender and its rela-
tively short forelimbs suggest that it may have been
bipedal. Ouranosaurus was originally presented as a
morphological intermediate between early branching
ankylopollexians and hadrosaurids (Taquet 1976).
Unlike that of Ouranosaurus and all Early Cretaceous
ankylopollexians, the skeleton of Lurdusaurus is exces-
sively robust, which makes it unique among ornithopod
dinosaurs and raises questions about its locomotion and
posture. However, only a handful of studies—notably the
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unpublished PhD thesis of Chabli (1988) and the brief
description of its general anatomy (Taquet and Russell
1999)—followed its discovery. The distinctive features
of Lurdusaurus have led to it being compared to giant
ground sloths (Taquet and Russell 1999), or depicted as a
semi-aquatic organism (Holtz 2007).

Maidment and Barrett (2014) reviewed a list of previ-
ously proposed osteological correlates in dinosaurs,
that is osteological features associated with bipedal
or quadrupedal locomotion. They tested their rele-
vance in Ornithischia using unambiguously bipedal and
quadrupedal taxa from all lineages in which secondary
quadrupedalism is documented (thyreophorans and
marginocephalians). In addition, they used these osteo-
logical correlates to infer locomotion in some ornithopod
taxa, including some ankylopollexians. The present
study builds on this work. We investigated osteological
correlates in Quranosaurus, Iguanodon and Lurdusaurus,
three ankylopollexians with different morphologies
(slender, heavy and super-heavy, respectively), in an
attempt to better constrain their still discussed locomotor
preferences and thus improve our understanding of the
evolution of locomotion and posture in this lineage.

Material and methods

Material

We examined the appendicular skeletons of the anky-
lopollexians Iguanodon bernissartensis, Quranosaurus
nigeriensis and Lurdusaurus arenatus. Observations of
character states and osteological measurements were taken
directly on specimens of Iguanodon (MNHN.F.1899-1,
IRSNB R 51), Ouranosaurus (MNHN GDF 300 [holotype
cast]) and Lurdusaurus (MNHN.F.1966-15 GDF 1700) in
the palacontology collection of the Muséum national d’his-
toire naturelle (MNHN) and the Institut royal des sciences
naturelles de Belgique (IRSNB), and were also retrieved
from the literature (Table 1, Suppl. material 1).

Osteological correlates

Poole (2022) recently proposed that styracosternans
(a clade within Ankylopollexia including Iguanodon,
Ouranosaurus, Lurdusaurus and hadrosaurids) were
most likely obligate quadrupeds. The author relied on
only four of the eight osteological correlates previously
assessed by Maidment and Barrett (2014)—who tested
their relevance using a sample of uncontroversial ornith-
ischian bipeds and quadrupeds, including thyreophorans,
ceratopsids and ornithopods—because these characters
were also present in her phylogenetic matrix (femur
longer than tibia, flange on proximal ulna, tab-shaped
fourth trochanter, rounded manual unguals). Here we
employed a combination of eleven osteological correlates
to infer the locomotion of Iguanodon, Ouranosaurus and
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Figure 1. Simplified cladogram of avemetatarsalians, compiled from multiple sources (Benton 2004; Butler et al. 2008; Allain and Léng
2009; Poole 2022). Bipedal and quadrupedal lineages appear in red and green, respectively, and facultative quadrupeds and taxa with
ambiguous locomotion are shown in yellow and blue, respectively. While a return to quadrupedalism occurred at least four times inde-
pendently in dinosaurs, the locomotion of many early branching ankylopollexians remains debated. Node numbers: 1. Avemetatarsalia;
2. Dinosauria; 3. Saurischia; 4. Theropoda; 5. Coelurosauria; 6. Sauropodomorpha; 7. Sauropoda; 8. Ornithischia; 9. Thyreophora; 10.
Cerapoda; 11. Marginocephalia; 12. Ornithopoda; 13. Ankylopollexia; 14. Styracosterna. Silhouettes from https://www.phylopic.org/.
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Table 1. List of the dinosaurian taxa included in this study and

their preferred locomotion.

Taxon Locomotion
Saurischia Sauropoda Apatosaurus ajax Graviportal
Camarasaurus supremus Graviportal
Giraffatitan brancai Graviportal
Omeisaurus maoianus Graviportal
Tazoudasaurus naimi Graviportal
Vouivria damparisensis Graviportal
Theropoda Acrocanthosaurus atokensis Biped
Allosaurus fragilis Biped
Eoraptor lunensis Biped
Herrerasaurus ischigualastensis Biped
Torvosaurus tanneri Biped
Tyrannosaurus rex Biped
Ornithischia Abrictosaurus consors Biped
Lesothosaurus diagnosticus Biped
Ankylosauria Ankylosaurus magniventris Quadruped
Dyoplosaurus acutosquameus Quadruped
Edmontonia longiceps Quadruped
Edmontonia rugosidens Quadruped
Euoplocephalus tutus Quadruped
Hoplitosaurus marshi Quadruped
Panoplosaurus mirus Quadruped
Polacanthus foxii Quadruped
Sauropelta edwardsi Quadruped
Stegosauria Dacentrurus armatus Quadruped
Hesperosaurus mjosi Quadruped
Huayangosaurus taibaii Quadruped
Kentrosaurus aethiopicus Quadruped
Loricatosaurus priscus Quadruped
Stegosaurus stenops Quadruped
Ceratopsia Centrosaurus apertus Quadruped
Chasmosaurus belli Quadruped
Styracosaurus albertensis Quadruped
Vagaceratops irvinensis Quadruped
Ornithopoda  Brachylophosaurus canadensis Quadruped
Corythosaurus casuarius Quadruped
Edmontosaurus regalis Quadruped
Gryposaurus notabilis Quadruped
Hypacrosaurus altispinus Quadruped
Hypsilophodon foxii Biped
Iguanodon bernissartensis Debated
Jeholosaurus shangyuanensis Biped
Lambeosaurus lambei Quadruped
Lurdusaurus arenatus Debated
Quranosaurus nigeriensis Debated
Parasaurolophus walkeri Quadruped
Parksosaurus warreni Biped
Thescelosaurus neglectus Biped

Lurdusaurus (Fig. 2). Among those are the complete
set of eight osteological correlates from Maidment and
Barrett (2014). These correlates correspond to either
continuous (e.g., forelimb vs hindlimb length; iliac medi-
olateral width vs iliac blade length) or discrete (e.g.,
presence/absence of an ulnar anterolateral process; pres-
ence/absence of a femur that is straight in lateral view)
characters, and their functional significance is addressed

below (see also Fig. 2, Table 2):
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* Longer forelimbs. A lengthening of the forelimbs

relative to the hindlimbs is supposedly associated
with quadrupedalism, since it facilitates quadru-
pedal locomotion by reducing the distance between
the manus and the ground (Galton 1970; Yates et al.
2010; Maidment and Barrett 2014). This is assessed
using the ratio of forelimb to hindlimb length (Table
2). Forelimb length rarely exceeds hindlimb length
(ratio > 1), while a forelimb that is at least half as
long as the hindlimb (ratio > 0.5) is generally asso-
ciated with quadrupedal locomotion.

Broader ilium. Maidment and Barrett (2014)
showed that quadrupedal ornithischians present
a broader ilium than bipedal ones. Ilium breadth
can be quantified using the ratio of its maximum
width to the length of the iliac blade (Table 2).
A value above 0.2 generally indicates quadrupe-
dalism. A broad ilium, showing marked lateral
expansion of the iliac blade, modifies the lines of
action of the different muscles attaching to it, such
as the m. iliofemoralis or m. iliofibularis, resulting
in increased abduction moment at the hip (Romer
1927; Dilkes 1999; Maidment and Barrett 2011).
The latter would be needed in taxa that place their
feet lateral to the centre of mass to counteract the
adduction moment generated by the ground reac-
tion force (Maidment and Barrett 2014). Lateral
foot placement necessarily implies quadruped-
alism. In bipedal taxa, the feet are typically placed
directly under the pelvis to maintain balance
during locomotion. When the feet are positioned
more laterally, this balance cannot be maintained
without additional support, so that stability can
only be ensured if the forelimbs touch the ground
(Maidment et al. 2012).

Shorter metatarsals. Quadrupeds tend to present
a shorter metatarsus relative to hindlimb length
(Colbert 1964; Galton 1970; Yates and Kitching
2003; Maidment and Barrett 2014). This can be
quantified using the ratio of the length of metatarsal
IIT to the combined length of the femur and tibia,
with values below 0.2 generally indicating quadru-
pedal locomotion (Table 2). From a biomechanical
standpoint, shorter distal limb segments enhance
stability and reduce mechanical stress by bringing
the centre of mass closer to the foot, which in turn
lowers limb oscillation speed during locomotion
(Gregory 1912; Carrano 1999). Quadrupedal dino-
saurs were generally large herbivores within their
respective lineage that probably did not require fast
oscillation speeds in their daily activities, unlike
carnivorous bipeds, which exhibit a more curso-
rial morphology adapted to their hunting lifestyle,
or small herbivorous bipeds, which probably relied
mainly on fleeing to escape predators.
Anterolateral process on the ulna. Bonnan (2003),
echoed by Yates and Kitching (2003) and Yates
et al. (2010), suggested that the presence of a
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well-developed anterolateral process on the prox-
imal ulna of sauropods is related to a medial shift
of the radius leading to complete pronation of the
hand during quadrupedal locomotion. Maidment
and Barrett (2014) demonstrated that the presence
of this processus is also associated with quadrupe-
dalism in ornithischians, although the functional
implications in this clade might differ from those in
sauropods. For example, the presence of a well-de-
veloped anteromedial process on the proximal ulna
of many large ornithopods, such as hadrosaurids,
reportedly prevents complete pronation (Senter
2012). This is supported by ichnological evidence
from ornithopod tracks with manus impressions
(Diaz-Martinez et al. 2015). Alternatively, the pres-
ence of an anterolateral process on the ulna could
provide forearm reinforcement for body support.
Hoof-like manual unguals. The term “hoof-like”
refers to any terminal phalanx of the manus with
the following features: (1) the dorsoventral height
to mediolateral width ratio is less than 1; (2)
distally, the phalanx extends laterally, taking the
shape of an arrow with a rounded tip. The presence
of hoof-shaped unguals suggests that the forelimbs
were used, at least occasionally, to support the body
and thus indicates quadrupedalism (Galton 1970;
Maidment and Barrett 2014).

Short tibiae. Dinosaur quadrupeds typically have a
tibia shorter than the femur (Colbert 1964; Galton
1970). As with short metatarsals (see above), short
tibiae enhance stability and reduce mechanical
stress by lowering the centre of mass and decreasing
limb oscillation speed. This shortening of distal
limb segments is part of the suite of adaptations
associated with graviportal habits. Quadrupedal
large-bodied herbivores most likely did not require
rapid limb movements in routine activities, unlike
more cursorial or predator-escape specialists.
Straight femora in lateral view. A femur with minimal
curvature is better at withstanding the increased
compressive forces resulting from a larger body mass
and generally indicates quadrupedal locomotion

(Chinnery 2004; Yates et al. 2010). Indeed, dinosau-
rian lineages that evolved secondary quadrupedalism
often did so as body masses increased (Maidment
and Barrett 2012; Campione et al. 2014).

* Crest-like or reduced fourth trochanter.
Quadrupedal ornithischians often show a modi-
fied fourth trochanter, which is typically smaller
or crest-like, in contrast to the large, pendant
trochanter seen in bipeds (Galton 1970; Yates
and Kitching 2003; Maidment and Barrett 2014).
In ornithopods, increasing trochanter asym-
metry has been linked to a gradual shift toward
quadrupedalism (Pintore et al. 2025), and a distal
displacement of the trochanter—perhaps driven by
the mechanical demands of herbivory—may have
rendered the pendant process obsolete. Indeed,
the fourth trochanter, as a key muscle attachment,
is interpreted to reflect locomotor performance
relevant to foraging, such as sustained walking,
stability while browsing, and movement between
feeding patches (Persons and Currie 2020).
Although the precise functional relationship
between trochanter shape and stance remains to
be fully resolved, the repeated trochanter reduc-
tion in heavier, secondarily quadrupedal lineages
highlights the relevance of using this morpholog-
ical correlate for inferring locomotion.

Two additional correlates (manus vs forelimb length
ratio and radius vs humerus length ratio) were tested by
Maidment and Barrett (2014) as potential indicators of
locomotor posture in ornithischians, but were eventually
rejected as reliable metrics. This is because bipeds in their
sample did not exhibit a relatively longer radius or manus
compared to quadrupeds. However, the absence of manus
elongation in bipeds is not unexpected. Unlike the hind-
limb, where foot elongation can improve the efficiency of
limb oscillation during locomotion, the forelimb in bipeds
is not involved in propulsion. It is therefore subject to
different functional constraints, depending notably on the
forelimb usage, which likely explains the lack of common
morphological patterns with the hindlimb.

Table 2. List of the osteological correlates used in this study

Osteological correlate for quadrupedality

Ratio/Coding

References

Longer forelimbs
Broader pelvis

Shorter metatarsals

Presence of an ulnar anterolateral process

Presence of hoof-like manual unguals
Shorter tibiae
Straight femora

Crest-like or reduced fourth trochanter

Distal fourth trochanter

Eccentric humeral and femoral diaphysis

Humeroradial length vs femorotibial length
Iliac mediolateral width vs iliac blade length

Metatarsal I1I length vs femorotibial length
0 = absence; | = presence

0 = absence; 1 = presence
0 = absence; | = presence
0 = curved; 1 = straight

0 = pendant; 1 = a crest; 2 = reduced

0 = proximal; 1 = distal
Humeral (femoral) mediolateral width vs
anteroposterior width

Galton 1970; Yates et al. 2010; Maidment and Barrett 2014

Maidment and Barrett 2014

Colbert 1964; Galton 1970; Yates and Kitching 2003; Maidment

and Barrett 2014

Bonnan 2003; Yates and Kitching 2003; Yates et al. 2010;

Maidment and Barrett 2014
Galton 1970; Maidment and Barrett 2014

Colbert 1964; Galton 1970; Maidment and Barrett 2014
Chinnery 2004; Yates et al. 2010; Maidment and Barrett 2014

Galton 1970; Yates and Kitching 2003; Maidment and Barrett
2014; Persons and Currie 2020; Pintore et al. 2025

Persons and Currie 2020; this study

Carrano 2001; Yates and Kitching 2003; this study
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Figure 2. [llustration of the osteological correlates used in this study. A. Left humerus of Iguanodon in anterior view; mlw—medi-
olateral width; A’. Lateral view; apw—anteroposterior width. Humeral eccentricity is the ratio of mlw to apw at midshaft. B. Hoof-
like ungual phalange of /guanodon in dorsal view; B’. Lateral view; C. Claw-shaped ungual phalange of Herrerasaurus in dorsal
view; C’. Lateral view. Hoof-like manual unguals: absent (0); present (1); D. Reduced ulnar anterolateral process in Herrerasaurus;
amp—anteromedial process; E. Well-developed ulnar anterolateral process in /guanodon; alp—anterolateral process. Ulnar antero-
lateral process: absent (0); present (1); F. Left femur of Lesothosaurus; ft—fourth trochanter. The femur is curved in lateral view (0)
and the proximal fourth trochanter (0) is pendant (0); G. Left femur of Iguanodon. The femur is straight in lateral view (1) and the
mid-diaphyseal fourth trochanter (1) forms a crest (1); H. Left femur of Camarasaurus. The femur is straight in lateral view and the
mid-diaphyseal fourth trochanter is reduced (2); I. Left femur of Iguanodon in anterior view; I’. Lateral view. Femoral eccentricity
is the ratio of mlw to apw; J. Left ilium of Iguanodon in dorsal view; maxiw—maximum iliac width; J°. Lateral view; ibl—iliac
blade length. Iliac width is the ratio of maxiw to ibl. Relative forelimb length: ratio of humerus (blue) + radius (red) to femur
(pink) + tibia (orange); relative foot length: metatarsus III (green) to femur + tibia. Femur shorter than tibia: 0; longer: 1. Skeletal
representation of /guanodon adapted from Slate Weasel (CC BY-SA 4.0). We removed metatarsal and digit IV to expose metatarsal
[1I. Drawings based on Baron (2018), Norman (1980, 1986), Osborn and Mook (1919) and Sereno (1994). Drawings not at scale.

In this study, we used three additional osteological
correlates:

Barrett 2012; Campione et al. 2014), we suspect that
a mid-diaphyseal fourth trochanter could be indicative
of quadrupedal locomotion.

* Distal placement of the fourth trochanter on the * Eccentric humeri and femora. An eccentric femur

femoral diaphysis. Persons and Currie (2020) previ-
ously discussed the association between a distally
placed fourth trochanter and quadrupedalism in
dinosaurs. From a biomechanical point of view, the
caudofemoralis muscle, which originates from the
anterior caudal vertebrae and attaches on the fourth
trochanter, operates as a femoral retractor (Hutchinson
and Gatesy 2000). The position of the fourth trochanter
on the femoral diaphysis modifies the moment arm of
the caudofemoralis muscle. Proximal muscle inser-
tions are generally found in cursorial organisms,

was previously associated with obligate, graviportal
quadrupedalism (Wilson and Carrano 1999; Carrano
2001; Yates and Kitching 2003). Indeed, a marked
femoral eccentricity is thought to result from several
factors increasing mediolateral bending, such as high
body mass or lateral placement of the feet relative to
the midline (Wilson and Carrano 1999). Lateral foot
placement inherently implies a quadrupedal stance (see
above). The same reasoning applies to the humerus.

whereas more distal insertions characterise graviportal Comparative dataset

organisms (Gregory 1912; Carrano 1999). In addi-

tion, Pintore et al. (2025) considered that the distal ~We determined the state or value of each osteolog-
shift of the fourth trochanter is linked to body mass ical correlate for Iguanodon, QOuranosaurus and
increase in ornithopods. As quadrupedal dinosaurs  Lurdusaurus. Then, we compared them to those of a
tend to be heavier than bipedal taxa (Maidment and  sample of 44 dinosaurs with uncontroversial bipedal or
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quadrupedal locomotor habits (Table 1, Suppl. material
1). This sample comprises 32 ornithischian taxa used
in Maidment and Barrett (2014) and Maidment et al.
(2012), including 7 hadrosaurids (Brachylophosaurus
canadensis, Corythosaurus casuarius, Edmontosaurus
regalis, Gryposaurus notabilis, Hypacrosaurus altispinus,
Lambeosaurus lambei and Parasaurolophus walkeri) that
exhibit the full suite of osteological correlates originally
identified by Maidment and Barrett (2014) as indica-
tive of quadrupedal locomotion. Over the past decade,
hadrosaurs have increasingly been regarded as obligate
quadrupeds (Barrett and Maidment 2017; Dempsey et al.
2023; Pintore et al. 2025), while the possibility that they
were instead facultative bipeds—allowing both bipedal
and quadrupedal locomotion—continues to be discussed
(e.g., Sereno et al. 2025). The latter interpretation is
supported by ichnological evidence, including track-
ways preserving bipedal footprints (e.g., Vila et al. 2013;
Fiorillo and Tykoski 2016), as well as by biomechanical
studies suggesting that at least some taxa were capable of
facultatively switching between bipedal and quadrupedal
gaits (e.g., Sellers et al. 2009). However, converging
anatomical evidence strongly supports predominantly
quadrupedal habits in the subset of taxa considered
here (Maidment and Barrett 2014). This, together with
their close phylogenetic relationship to Iguanodon,
Ouranosaurus and Lurdusaurus, makes them particularly
well-suited for inclusion in our comparative sample.

The sample also comprises 12 saurischian dinosaur
taxa (6 bipedal theropods and 6 quadrupedal sauropods).
We included saurischians due to the apparent similarity
between Lurdusaurus humeri and femora and those of
sauropods, especially regarding shaft eccentricity (Ullmann
et al. 2017; Klinkhamer et al. 2019; Lefebvre et al. 2022).
We were able to assess all the osteological correlates in
saurischians except for the iliac mediolateral width vs iliac
blade length ratio: lateral expansion of the ilium is largely
absent in saurischians and therefore not measurable for
most taxa. This absence likely reflects a fundamentally
different overall pelvic morphology (lijima and Kobayashi
2016). For this reason, this osteological correlate should be
treated with caution in broad, inter-clade comparisons. It
appears most informative within Ornithischia and may not
be homologous or directly comparable across saurischian
taxa. We note one exception: some bipedal therizinosaurids
show lateral ilium expansion, but their pelves are highly
derived and therefore warrant dedicated study (Zanno et
al. 2009; Smith 2021).

To minimise the potential impact of ontogenetic vari-
ation, only specimens interpreted as subadults or adults
were considered, with one explicit exception discussed
below. The specimens of Iguanodon, Ouranosaurus and
Lurdusaurus included in this study are interpreted as adults
based on skeletal maturity and size. For comparative taxa
taken from Maidment and Barrett (2014) and Maidment
et al. (2012), the original datasets excluded small individ-
uals (defined as less than 50% of the size of the largest
conspecific), ensuring that no skeletally immature speci-
mens were included and thus are part of our sample. For

the remaining taxa (saurischians), none of the consulted
publications explicitly identified juvenile specimens
among the material considered here. The only exception
is Tazoudasaurus (specimen MHNM To2-112), for which
the morphology of the terminal manual phalanges is
known exclusively from a juvenile individual, as no adult
manus has been described to date. This specimen was
therefore included solely to score the presence or absence
of hoof-shaped terminal manual phalanges in this taxon,
a character that is not expected to vary ontogenetically.
For length ratios, measurements were gathered from the
literature or taken directly on published photographs of the
bones using Fiji (Schindelin et al. 2012). When the left and
right sides were present in the same individual, we used the
mean of both sides. When several individuals were avail-
able, we first calculated ratios for each individual, then we
used the mean of all individuals. Numerical values and
coded states of the osteological correlates for each taxon in
our comparative dataset are available in Suppl. material 1.

Taxonomic considerations on the sample

Part of our dataset is directly derived from the specimens
provided in Maidment et al. (2012) and Maidment and
Barrett (2014). In these studies, taxa such as Stegosaurus
armatus and Stegosaurus mjosi were used following the
taxonomic views of the authors at that time. To ensure consis-
tency with current taxonomic consensus, we have updated
these names in our study: Stegosaurus armatus is replaced
by Stegosaurus stenops, and Stegosaurus mjosi is referred to
Hesperosaurus mjosi, in accordance with more recent revi-
sions (Maidment et al. 2015; Raven and Maidment 2017).
These updates do not modify the underlying specimen-level
data; they simply align nomenclature with current usage so
that our dataset remains fully comparable with both the orig-
inal sources and modern taxonomical attributions.

In addition, Stormbergia dangershoeki, listed as a
distinct taxon in Maidment and Barrett (2014), is now
widely interpreted as the adult form of Lesothosaurus
diagnosticus and treated as its junior subjective synonym
(Knoll et al. 2010; Baron et al. 2017). We therefore follow
this interpretation and refer Stormbergia material to
Lesothosaurus diagnosticus.

Results
Forelimb vs hindlimb

The bipeds in our sample have shorter forelimbs than
the quadrupeds (Fig. 3A). Indeed, they present lower
ratio values, ranging from 0.23 to 0.50, indicating that
their forelimbs are generally less than half the length
of the hindlimbs. In contrast, quadrupeds show higher
ratios, from 0.56 to 1.04, meaning their forelimbs are at
least half as long as their hindlimbs and, in some cases,
nearly equal in length. This trend can be observed in
both saurischians and ornithischians, although the gap
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between bipeds and quadrupeds is greater in saurischians.
Lurdusaurus, Ouranosaurus and Iguanodon show typical
quadruped values (0.58, 0.60 and 0.62, respectively).

Metatarsal 111 vs hindlimb

A relatively shorter metatarsus is found in quadrupeds
(Fig. 3B). The latter show ratio values ranging from 0.08 to
0.19, with sauropods and Hesperosaurus mjosi presenting
the lowest values. Bipeds show values ranging from 0.20
to 0.28. Iguanodon and Ouranosaurus, with a value of
0.18, fall within the range of quadrupeds. Lurdusaurus
shows the lowest value of the entire sample (0.05).

[liac width

A laterally expanded ilium seems to indicate quadruped-
alism (Fig. 3C). This is observed at least in ornithischians;
in saurischians, this osteological correlate could not be
assessed because it is absent (see Material and Methods).
Bipeds range from 0.03 to 0.06, while quadrupeds
range from 0.20 to 0.95. Ouranosaurus, Iguanodon and
Lurdusaurus, with values of 0.20, 0.21 and 0.35 respec-
tively, all fall within the quadrupedal range.

Femoral eccentricity

The quadrupeds in our sample exhibit signifi-
cantly more eccentric femora compared to the
bipeds (Figs 3D, 4A), although several quadrupedal
taxa—including Panoplosaurus, Dyoplosaurus,
Hoplitosaurus, Centrosaurus, and most hadrosaurids—
overlap with bipeds. The latter present values below 1.19.
Parasaurolophus, a hadrosaurid, exhibits the lowest
value in the sample (0.58). At the other extreme, gravi-
portal sauropods reach values as high as 2.06. Iguanodon
and Ouranosaurus have intermediate values (1.10 and
1.30, respectively), while Lurdusaurus presents one of
the highest values (1.88), rivalling Stegosaurus stenops
and Tazoudasaurus (1.82 and 1.88, respectively).

Humeral eccentricity

The quadrupeds in our sample display significantly
greater humeral eccentricity than bipeds (Figs 3E, 4B).
Bipeds present ratio values of no more than 1.26, with
the exception of Parksosaurus (1.64). Ornithischian
quadrupeds show higher values, but largely overlap
with bipeds (1.06 to 1.80). Sauropods present values
higher than 1.54. Eccentricity in OQuranosaurus is
comparable to that of some bipeds (1.22). Iguanodon
has a relatively more eccentric humerus (1.50), while
Lurdusaurus has the fourth most eccentric humerus in
the sample (1.75).
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Ulnar anterolateral process

All bipedal dinosaurs in our sample (both saurischians
or ornithischians) have a reduced anterolateral process,
while all quadrupedal dinosaurs (graviportal or not) have
a well-developed process. Iguanodon, Ouranosaurus and
Lurdusaurus all have a well-developed process.

Hoof-shaped manual unguals

No saurischian, biped or quadruped, has hoof-shaped
manual unguals. Among ornithischians, all quadrupeds
as well as Iguanodon, Ouranosaurus and Lurdusaurus
have hoof-shaped manus phalanges, whereas all bipeds
lack them.

Femur longer than the tibia

All the saurischians in our sample, whether bipedal
or quadrupedal, have a femur longer than the tibia,
with the exception of Eoraptor, in which the femur
is slightly shorter. The situation is different in ornith-
ischians: the femur is systematically shorter than the
tibia in bipeds, whereas it is longer in quadrupeds.
Iguanodon, Ouranosaurus and Lurdusaurus all have a
femur that is longer than the tibia.

Straight femur in lateral view

The femur is curved in all bipedal saurischians and
straight in all quadrupedal ones. The same pattern is
observed in ornithischians. Iguanodon, Ouranosaurus
and Lurdusaurus all present a straight femur.

Reduced fourth trochanter

In our sample of saurischian dinosaurs, the fourth
trochanter forms a crest in bipeds, whereas it is reduced
in graviportal sauropods. In ornithischians, the fourth
trochanter is pendant in all bipeds except Parksosaurus,
where it forms a crest, and forms a crest or is reduced in all
quadrupeds. The fourth trochanter is a crest in Iguanodon,
Ouranosaurus and Lurdusaurus, as in hadrosaurids.

Mid-diaphyseal fourth trochanter

The majority of saurischian and ornithischian quadrupeds
have amid-diaphyseal fourth trochanter, with the exception
of Giraffatitan, Vouivria, Sauropelta and Vagaceratops,
in which it is more proximal. In all saurischian and ornith-
ischian bipeds, the fourth trochanter is proximal on the
femur. Iguanodon, Ouranosaurus and Lurdusaurus all
present a mid-diaphyseal fourth trochanter.
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Figure 3. Graphical representation of continuous osteological correlates in our dinosaur sample. A. Forelimb to hindlimb length
ratio; B. Metatarsal III to femur + tibia length ratio; C. Ratio of maximum iliac width to iliac blade length; D. Ratio of femur me-
diolateral width to anteroposterior width; E. Ratio of humerus mediolateral width to anteroposterior width. Lurdusaurus is consis-
tently found among quadrupeds, unlike /guanodon and Ouranosaurus, whose femoral and humeral eccentricities fall in the overlap
between locomotor categories. Silhouettes from https://www.phylopic.org/.

Discussion

Regarding forelimb elongation, Iguanodon, Ouranosaurus
and Lurdusaurus present typical quadruped values (Fig.
3A), similarly to hadrosaurs (Maidment and Barrett 2014),
such as Lambeosaurus (0.56), Edmontosaurus (0.56) or
Hypacrosaurus (0.57). It should be noted that the spec-
imens of Iguanodon, Ouranosaurus and Lurdusaurus
examined in this study are adults. Thus, our conclusions do
not necessarily apply to juveniles. Indeed, several authors
proposed that an allometric growth of the forelimbs could

trigger a shift from bipedalism to quadrupedalism during
the ontogeny of various dinosaurian taxa, including the
ornithopods Iguanodon (Norman 1980) and Maiasaura
(Dilkes 2001). However, subsequent works on Iguanodon
(Verdu et al. 2017), Maiasaura (Chapelle et al. 2020)
and Edmontosaurus (Wosik et al. 2017) found no signif-
icant change in forelimb-to-hindlimb proportions or limb
robusticity between subadult and adult individuals. Taken
together, the limb proportions observed in our adult spec-
imens of Iguanodon, Ouranosaurus and Lurdusaurus are
fully consistent with habitual quadrupedalism in these taxa.
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Figure 4. Comparison of femoral and humeral eccentricity between bipedal and quadrupedal dinosaurs. A. Femoral eccentricity;

B. Humeral eccentricity. Based on our comparative sample of dinosaurian taxa, femoral and humeral eccentricity are significantly
higher in quadrupeds than in bipeds (p < 0.05 [Welch’s t-test for A and Wilcoxon-Mann-Whitney test for B]). Species are distin-
guished by locomotor mode (red = bipeds; green = quadrupeds) and clade (triangles = saurischians; circles = ornithischians). Box

plots summarise group distributions: the horizontal line represents the median, the box indicates the interquartile range, and the

whiskers extend to the most extreme values.

Elongated forelimbs occur in all quadrupeds of
our sample, but the gap between bipeds and quadru-
peds is larger in saurischians. This is most likely due to
sampling bias. Indeed, our comparative dataset contains
only uncontested bipeds and quadrupeds, effectively
excluding taxa with mixed locomotor habits, such as
early-branching sauropodomorphs, which are thought
to be mostly facultative quadrupeds (Bonnan and Senter
2007). In many of these taxa, the forelimb-to-hindlimb
ratio—although based on ulna length rather than radius
length as in the present study—showed intermediate
values between those of the bipeds and quadrupeds of our
sample: e.g., 0.55 in Lufengosaurus, 0.57 in Mussaurus,
0.58 in Adeopapposaurus or 0.69 in Riojasaurus (Peyre
de Fabregues et al. pers. comm.). Nevertheless, forelimb
proportions in Iguanodon, Ouranosaurus and Lurdusaurus
fall within the range of the other quadrupeds in our sample,
suggesting that these taxa were also quadrupedal.

The metatarsals of Lurdusaurus are exceptionally short—
even shorter than those of the largest hadrosaurs (e.g., 0.18
in Magnapaulia; Prieto-Marquez et al. 2012), and markedly
more reduced than in the thyreophorans and sauropods of
our sample (Fig. 3B). Short metatarsals are often linked to
quadrupedalism in dinosaurs (Colbert 1964; Galton 1970;
Yates and Kitching 2003; Maidment and Barrett 2014)
and common in graviportal tetrapods (Gregory 1912;
Carrano 1999). In Lurdusaurus, this extreme reduction
suggests a strong adaptation toward both quadrupedalism
and graviportal locomotion. By contrast, Iguanodon and
Ouranosaurus show metatarsal proportions that fall within
the quadrupedal range in our sample and are comparable to
those of hadrosaurids (e.g., 0.18 and 0.19 in Corythosaurus
and Hypacrosaurus, respectively). These proportions are
consistent with quadrupedal locomotion, without indicating
either cursorial or graviportal specialisation.
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A broad Ilium characterises quadrupedal ornithis-
chians (Fig. 3C). Both Iguanodon and Ouranosaurus
exhibit a pelvic width comparable to those of quadrupedal
hadrosaurids. This, while indicating quadrupedalism in
Iguanodon and Ouranosaurus, also suggests that their
feet were positioned closer to the midline than in cera-
topsids or thyreophorans, which have wider pelves, as
suggested for hadrosaurids by Maidment et al. (2012),
a pattern consistent with observations from hadrosaurid
trackways (Lockley and Wright 2001). Lurdusaurus, in
turn, exhibits a typical quadrupedal value. It far surpasses
values found in all other ornithopods, even exceeding
the value reconstructed at the Ceratopsidae node (0.25),
although without reaching the condition observed in
Thyreophora (0.43; Maidment et al. 2014). This would
indicate a more lateral placement of the feet relative to
the midline in this taxon.

Regarding femoral eccentricity, some quadrupedal
taxa among the ornithischians in our sample fall within
the bipedal range. These include the thyreophorans
Panoplosaurus, Dyoplosaurus and Hoplitosaurus, the
eratopsids Centrosaurus, and several hadrosaurids (Fig.
3D). In the thyreophorans and Centrosaurus, their rela-
tively lower body mass could explain this result, as femoral
eccentricity was previously associated with graviportality
and therefore high body mass (Wilson and Carrano 1999;
Carrano 2001). Indeed, if we were unable to find body mass
estimates for these taxa in the literature, based on femur
lengths (Maidment et al. 2012), they are indeed those with
the shortest femora in their respective clades (see Suppl.
material 1). By contrast, the low values observed in hadro-
saurids do not seem to be related to low body mass. For
instance, Parasaurolophus exhibits the lowest value in the
sample (0.58) despite possessing a femur over one meter
in length (see Suppl. material 1). This may instead result
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from pronounced limb flexion combined with medial foot
placement, which shift peak stresses from a mediolateral
to an anteroposterior orientation, producing an inverted
eccentricity pattern (anteroposterior width > mediolateral
width; Maidment et al. 2012).

Wilson and Carrano (1999) also mentioned that
limb obliquity (humerus or femur arched medially) can
contribute to increasing eccentricity, as it moves the
feet away from the midline. Extreme femoral eccen-
tricity in Lurdusaurus, comparable to that of sauropods,
could therefore be induced by both high body mass and
its particularly high femoral obliquity. This supports
the interpretation that Lurdusaurus had a wide-gauge
stance—with its feet positioned farther from the body’s
midline—as observed in titanosaur sauropods (Wilson
and Carrano 1999), and consistently with the afore-
mentioned interpretation of Lurdusaurus’ broad pelvis.
Based on this correlate, Lurdusaurus is thus considered
an obligate, graviportal quadruped. Interpreting moderate
femoral eccentricity in Iguanodon and Ouranosaurus is
more challenging. Unlike large hadrosaurids, which show
low femoral eccentricity likely due to pronounced limb
flexion, Iguanodon and Ouranosaurus exhibit somewhat
higher values, which may reflect a more upright posture.

Humeral eccentricity broadly follows the same pattern
as femoral eccentricity, with several quadrupedal ornithis-
chians overlapping with bipeds (Fig. 3E), and is similarly
influenced by factors such as body mass and limb oblig-
uity. Shifts in the centre of mass due to anatomical features
(e.g., skull size in ceratopsids or dermal armour distribution
in stegosaurs) could further affect forelimb eccentricity
(Maidment et al. 2012). Indeed, such shifts would alter
the loading patterns on the forelimbs, particularly at the
humeral midshaft, influencing its cross-sectional shape.
Moreover, particular forelimb postures in quadrupedal
ornithischians might also affect the orientation of humeral
eccentricity. Indeed, the forelimbs of ceratopsids, for
example, are more splayed (with the elbow rotated
slightly outwards and the anterior humerus facing more
medially) than those of other quadrupedal taxa (Paul and
Christiansen 2000; Fujiwara 2009; Dempsey et al. 2023).
Such a forelimb posture would result in the mediolateral
stresses not being fully aligned with the mediolateral axis
of the humerus, leading to anteromedial-posterolateral
eccentricity. As a result, using the mediolateral-to-antero-
posterior width ratio alone would not fully capture the
eccentric loading pattern.

One last, but by no means least, factor that could affect
both humeral and femoral eccentricity is taphonomy. It is
illustrated here with Parksosaurus (from Maidment et al.
2012), which present one of the most eccentric humeri in
our comparative sample likely due to taphonomic defor-
mation and subsequent repair of the humerus. Indeed, the
humerus is crushed and presents extensive plaster recon-
struction (Sues et al. 2023).

Overall, interpreting femoral and humeral eccen-
tricity in the fossil record remains challenging. Factors
such as body size, locomotor habits, limb posture and

taphonomic distortion introduce substantial overlap and
confounding effects, limiting the use of these metrics
as strict proxies for quadrupedality. Nevertheless, our
sample reveals a significant difference in eccentricity
between bipeds and quadrupeds (Fig. 4) and identifies
clear empirical upper limits for unequivocal bipeds: no
biped—whether saurischian or ornithischian—exceeds a
femoral eccentricity of 1.19 (Thescelosaurus), and, apart
from Parksosaurus (see above), none exceeds a humeral
eccentricity of 1.26 (Allosaurus). Therefore, taxa with
eccentricity values above these thresholds can be consid-
ered non-bipeds, although this does not necessarily
indicate obligate quadrupedalism, particularly in taxa
with intermediate eccentricity values. Consequently, the
locomotor habits of Iguanodon and Ouranosaurus remain
inconclusive based on their moderately eccentric humeri
and femora. By contrast, the extreme eccentricity of both
the humeri and femora in Lurdusaurus, underpinned by
strong biomechanical arguments, helps overcome these
uncertainties and supports its interpretation as an obli-
gate, graviportal quadruped with a wide-gauge stance.

Both quadrupedal and bipedal saurischians possess a
femur that is longer than the tibia (with the exception of
the bipedal Eoraptor). However, this is most likely due to
sampling bias. Indeed, the femur is shorter than the tibia
in many coelurosaurians (Christiansen 1999), including
birds (Gatesy and Middleton 1997). Moreover, the fact
that this osteological correlate was coded as a two-state
character by Maidment and Barrett (2014) prevents any
quantitative discrimination between the saurischian quad-
rupeds and bipeds in our sample. Indeed, if we calculate
the tibia vs femur length ratio in the saurischians in our
sample, we observe that quadrupeds present ratio values
below 0.64 and bipeds above 0.81 (see Suppl. material 1).
Therefore, the femur of quadrupedal saurischians, without
necessarily being shorter than the tibia, is generally “less
short” than in bipeds. In contrast, in ornithischians,
the femur is longer than the tibia in quadrupeds, while
it is shorter in bipeds (Maidment and Barrett 2014).
Iguanodon, Ouranosaurus and Lurdusaurus all have a
femur longer than the tibia. They are therefore considered
quadrupeds based on this correlate.

Based on our sample, a mid-diaphyseal fourth
trochanter seems to indicate quadrupedal locomotion in
dinosaurs. Yet, some quadrupeds show a more proximal
trochanter, possibly reflecting autapomorphies related to
functional specialisation (e.g., Vagaceratops; see Holmes
2014). Recent studies based on geometric morphomet-
rics also showed that the position of this trochanter along
the diaphysis in non-avian theropods and ornithopods is
influenced by body mass, with a more distal placement
in heavier taxa (Pintore et al. 2024, 2025). However,
body size alone does not fully account for the observed
variation. Indeed, even the largest bipeds, such as
Tyrannosaurus rex, retain a fourth trochanter that is more
proximal than in all the quadrupeds in our sample, or at
least never more distal. Additionally, quadrupeds such as
Scelidosaurus also exhibit a mid-diaphyseal trochanter
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Table 3. Summary of the osteological correlates for Iguanodon, Ouranosaurus and Lurdusaurus. The check mark symbol indi-
cate quadrupedalism. Abbreviations: FL—forelimb relative length; MT3—metatarsus 111 relative length; IW—iliac width; Fecc—
femoral eccentricity; Hecc—humeral eccentricity; Antlat—anterolateral process on the ulna; Hoof—hoof-shaped manual unguals;
F>T—femur longer than tibia; FC—femoral curvature in lateral view; 4TS—fourth trochanter shape; 4TP—fourth trochanter posi-

tion. Silhouettes from https://www.phylopic.org/.

Taxon FL MT3 w Fecc Hecc Antlat Hoof F>T FC 4TS 4TP
Iguanodon v v 4 4 v 4 v 4 v
Ouranosaurus v v v v 4 v 4 v v
Lurdusaurus v 4 4 4 v v v v v v v

despite their relatively small size (Norman 2020).
Altogether, these observations suggest that Iguanodon,
Ouranosaurus and Lurdusaurus, which possess a mid-di-
aphyseal fourth trochanter, were obligate quadrupeds,
while acknowledging that trochanter position can be
influenced by multiple factors.

Importantly, the position of the fourth trochanter
should be considered separately from its shape, as each
reflects a distinct functional aspect of the caudofem-
oralis system. Shape indicates the nature and extent of
the muscle insertion, while position affects the lever arm
and mechanical advantage (Persons and Currie 2020).
In our sample, a mid-diaphyseal trochanter can be either
reduced (e.g., in ceratopsids) or crest-like (e.g., in hadro-
saurids), showing that shape and position are not always
correlated. Treating them independently allows for a more
nuanced understanding of potential functional variation.

To summarise, both Iguanodon and Ouranosaurus are
found among quadrupeds for nine of the eleven osteolog-
ical correlates used (Table 3). They differ from each other
mainly in humeral and femoral eccentricity, Iguanodon
falling within quadrupeds with respect to humeral eccen-
tricity, while Ouranosaurus is found in the overlap
between bipeds and quadrupeds. Iguanodon is included
in the overlap between bipeds and ornithischian quad-
rupeds for femoral eccentricity and the Ouranosaurus
femur, although more eccentric than that of Iguanodon
and all the bipeds in the sample, remains in the interval
between the bipeds and quadrupeds. We tentatively attri-
bute these eccentricity results to a more upright limb
posture compared with large hadrosaurids. However,
femoral and humeral eccentricity must be interpreted
with caution, as it is influenced by body mass, locomo-
tion, limb posture and taphonomy (see above). Other
osteological features—including elongated forelimbs, a
relatively short metatarsus, a moderately enlarged ilium,
hoof-like manual unguals, and a mid-diaphyseal fourth
trochanter—consistently indicate habitual quadruped-
alism in these taxa. Taken together, these traits suggest
that, while likely obligate quadrupeds, Iguanodon and
Ouranosaurus retained substantial locomotor versatility.

It should be noted, however, that when hadrosaurs are
treated as facultative bipeds rather than obligate quadru-
peds (see the Material and Methods section), Iguanodon
and Ouranosaurus fall between unambiguous bipeds
and quadrupeds for traits such as pelvic width and rela-
tive metatarsal length. Under this alternative coding, the
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number of osteological correlates supporting quadruped-
alism in these taxa decreases from nine out of eleven to
seven, producing a more balanced signal. This, in turn,
supports a more conservative interpretation in which
Iguanodon and Ouranosaurus were predominantly
quadrupedal while retaining some capacity for biped-
alism. More broadly, these results highlight the sensitivity
of comparative inferences to the definition of reference
taxa, especially hadrosaurs, and underscore the need for
further integrative studies of locomotion within this clade.

Lurdusaurus is found among quadrupeds for all the
osteological correlates used in this study (Table 3). It is
therefore considered an obligate quadruped. The appen-
dicular skeleton of Lurdusaurus is illustrated by a set of
anatomical features that are unique among ornithischians
(highly eccentric humeri and femora, extremely reduced
metatarsals), but which are typical of graviportal organ-
isms. This would make Lurdusaurus the first known
graviportal ornithopod. Also, the high obliquity of the
humerus and femur must have resulted in a wide-gauge
stance during the animal’s lifetime, comparable to the
condition seen in some titanosaurs.

Conclusion

Based on the comparisons of eleven osteological
correlates, this study clarifies the locomotion and
posture of three ankylopollexian ornithopods with
previously controversial locomotor habits. Iguanodon
and Ouranosaurus appear quite similar in their inferred
locomotor patterns. They were likely obligate quadru-
peds, contrasting with previous hypotheses suggesting
that ankylopollexians retained some capacity for occa-
sional bipedalism, although this interpretation depends
on whether hadrosaurs are coded as obligate quadru-
peds in our comparative sample. The uniquely massive
Lurdusaurus clearly deviates from the typical ornithopod
bauplan, exhibiting traits of an obligate, graviportal quad-
ruped, the first known among ornithopods. These findings
suggest that ankylopollexians were trending toward obli-
gate quadrupedalism—a locomotor pattern likely already
established in /guanodon (Barremian) and Ouranosaurus
(Aptian), and most certainly in Lurdusaurus (Aptian)—
predating some hadrosaurs by at least 30 million
years. Our results contribute to a better understanding
of the evolutionary trajectories of locomotion within
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Ornithopoda. Expanding the use of osteological correlates
to a broader range of ornithopods for which locomotion
remains debated would allow for a more comprehensive
reconstruction of their locomotor evolution, and further
clarify how morphological diversity influenced func-
tional adaptations in this clade.
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