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AN UNEXPECTED EARLY-DIVERGING IGUANODONTIAN DINOSAUR (ORNITHISCHIA,
ORNITHOPODA) FROM THE UPPER JURASSIC OF PORTUGAL

FILIPPO MARIA ROTATORI, 1,2* LUCREZIA FERRARI, 3,4‡ CRISTINA SEQUERO, 1 BRUNO CAMILO, 1,5,6
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ABSTRACT— Iguanodontia is a diverse clade of herbivorous ornithischian dinosaurs that were speciose and abundant
during the Jurassic and Cretaceous. Although the monophyly of Iguanodontia is well supported, their internal
relationships have sparked heated debate due to several phylogenetic paradigm shifts. Late Jurassic basally branching
iguanodontians in particular are not well understood in terms of their systematic af� nities and evolutionary relevance.
Their fossil record in Europe is meager compared with North America, with only a few species currently recognized. Two
taxa are currently known from the Upper Jurassic of England, the basally branching styracosternanCumnoria prestwichii
and the putative dryosaurid Callovosaurus leedsi. In the Upper Jurassic of Portugal, the styracosternanDraconyx loureiroi
and the dryosaurid Eousdryosaurus nanohallucisare presently the only described basally branching iguanodontians. Here
we report a new species of early diverging iguanodontian from the Upper Jurassic Lourinhã Formation of western-central
Portugal. The new species is clearly distinguished from all other coeval taxa by an exclusive combination of characters
that include a tibia with a cnemial crest that is directed craniolaterally and a � bular condyle that is angled at 90° with
respect to the proximal epiphysis, a � bula with symmetrical proximal margins, and a reduced metatarsal I. The
phylogenetic relationships of the Lourinhã iguanodontian were explored using maximum parsimony and Bayesian
inference. The two analyses recover the Lourinhã iguanodontian as an indeterminate dryomorphan, with more precise
af� nities precluded due to the current available material. Body size is estimated between 3 and 4 meters for the holotype
specimen, adding to the diversity of small ornithopods already recognized in the paleoichnological record of the Lourinhã
Formation.
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INTRODUCTION

Iguanodontian (Baur, 1891) ornithopods are some of the most
abundant dinosaurs in the fossil record, and include some of the
very � rst taxa described in the palaeontological literature
(Norman, 2004). Despite their very long history of research,

their interrelationships are still a matter of heated debate (e.g.,
Cruzado-Caballero et al., 2019; Dieudonné et al., 2020; Han
et al., 2018; Madzia et al., 2018, 2018, 2021; McDonald, 2012;
Rozadilla et al., 2019, 2020; Xu et al., 2018). This systematic
turmoil is a direct consequence of a more general paradigm
shift in our comprehension of the inner relationships of
Ornithischia, and started with the in � uential work of Butler
et al. (2008). Regardless of the overall instability, usually Dryo-
morpha Milner and Norman, 1984, de� ned as the minimum
clade containingDryosaurus altusand Iguanodon bernissartensis
(Madzia et al., 2021), has been consistently recovered by most
workers. The relationships among the early-diverging

*Corresponding author.
‡Authors contributed equally to this work.
Color versions of one or more of the � gures in the article can be found

online at www.tandfonline.com/ujvp.
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dryomorphans are the ones for which consensus is lacking. In
particular, Jurassic dryomorphans have been dif� cult to identify
and different workers have outlined different phylogenetic
hypotheses (see, for instance, the debate on the status of the
genus Camptosaurus in Carpenter & Galton, 2018; Carpenter
& Lamanna, 2015; Carpenter & Wilson, 2008; Galton &
Powell, 1980; McDonald, 2011; Rotatori et al., 2022). In recent
years, it has been shown how the fossil record dated to the
Upper Jurassic of Europe can contribute to this debate, offering
several key taxa (e.g., Escaso et al.,2014; Rotatori et al., 2020,
2022; Sánchez-Fenollosa et al.,2022). With the exception of
Cumnoria prestwichii Hulke, 1880and the enigmatic taxon Cal-
lovosaurus leedsiLydekker ( 1889), most of the identi� able speci-
mens from the Upper Jurassic have been recovered from the
Iberian Peninsula (Escaso et al., 2014; Rotatori et al., 2020,
2022; Sánchez-Fenollosa et al.,2021, 2022). The Upper Jurassic
Lourinhã Formation of Portugal has yielded a diverse vertebrate
fauna dated Kimmeridgian to Tithonian (Mateus et al., 2017).
Among dryomorphan ornithopods, two species have been
reported: Draconyx loureiroi Mateus & Antunes, 2001, a styra-
costernan iguanodontian (Rotatori et al., 2022), and Eousdryo-
saurus nanohallucis Escaso et al., 2014. The af� nities of the
latter taxon are debated; it was initially described dryosaurid
(Escaso et al.,2014), while subsequently recovered within Elas-
maria (Dieudonné et al., 2020).

Here, we contribute to knowledge and systematic af� nities of
early-diverging dryomorphan iguanodontians by reporting a
new taxon from the Lourinhã Formation, adding to the diversity
of this group in Europe. Furthermore, the new taxon increases
the number of iguanodontian taxa present in the Lourinhã For-
mation, indicating complex ecological dynamics among the her-
bivorous dinosaurs present in this assemblage.

GEOLOGICAL CONTEXT

The specimen described was collected close to the Lourinhã
municipality —western-central Portugal—in the Porto Dinheiro
Beach (Fig. 1A, B). The beds cropping out in this area belong
to the highly fossiliferous Upper Jurassic Lourinhã Formation
(Kimmeridgian-Tithonian; Hill, 1989), a 200–1100 m thick
clastic continental succession deposited in the Lusitanian Basin
that represents alluvial fan and � uvio-deltaic environments,
with a few intercalations of shallow marine limestones that corre-
spond to short transgressive episodes (Hill,1988, 1989; Lein-
felder & Wilson, 1989; Taylor et al., 2014). In particular,
following the stratigraphic subdivision proposed by Mateus
et al. (2017) for the Lourinhã Formation in the west-central
part of Portugal, the outcrop in which the specimen was recov-
ered forms part of the Porto Novo Member, which has been
dated to the latest Kimmeridgian (Hill, 1989; Martinius &
Gowland, 2011; Mateus et al., 2017; Taylor et al., 2014).

Detailed sedimentological analysis of this outcrop recognizes
several lithologies, which vary from marls/mudstones, siltstones,
� ne- to coarse-grained sandstones, and microconglomerates
(Fig. 1C). The sandstones and microconglomerates form amalga-
mated cross-strati� ed lenticular bodies that grade laterally into
laminated dark mudstones and siltstones. These facies are inter-
preted as having been deposited in a meandering� uvial system,
with sandstones and microconglomerates representing channel-
� ll sediments and point-bars, and mudstones and siltstones the
associated� oodplain areas (Hill, 1989; Martinius & Gowland,
2011; Mateus et al., 2017; Taylor et al., 2014). Upwards, the
thick interval represented by reddish marls with green mottles,
rhizoliths, and calcareous nodules indicates the development of
paleosols (Hill, 1989).

The new specimen was found during the 2021 joint� eld season
of FCT NOVA and Museu da Lourinhã, within the interface
between a dark siltstone layer (� oodplain) and an overlying

microconglomerate bed (point-bar) in the lower part of
the section (Fig. 1C). This interface also coincides with the
development of a coal horizon, and shows intense soft-sediment
deformation (indicating that the depositional surface was water
saturated; Hill, 1988). Heterolithic planar- and cross-lamination
(i.e., indicative of the incorporation of � ne-grained organic
material and muddy sediment in planar and foreset laminations,
respectively) is frequent in these facies, as well as coal horizons
and plant remains (including large wood fragments) (Fig. 1C).
Previous authors have interpreted the presence of heterolithic
lamination in the Lourinhã Formation deposits as an indicator
of tidal modulation (Martinius & Gowland, 2011), suggesting
that the depositional environment in which the specimen was
found could represent the proximal areas of a � uvial-tidal tran-
sition zone. The existence of well-vegetated� oodplain areas is
re� ected in the large amount of carbonaceous material (coal hor-
izons and plant remains) preserved in these facies, which is con-
sistent with previous interpretations in the Lourinhã Formation
(Gowland et al., 2018; Taylor et al., 2014).

During the Late Jurassic, the Iberian Plate was situated at
approximately 30°N paleolatitude (Smith et al., 2004). Paleocli-
matic reconstructions during the deposition of the Lourinhã For-
mation indicate a warm climate with strong seasonal variation in
paleorainfall, with an average estimated surface temperature of
31°C (Gowland et al., 2018; Martinius & Gowland, 2011; Myers
et al., 2012). This interpretation is mainly based on previous ana-
lyses of paleosol morphologies and geochemical studies, com-
bined with information from growth ring variations in fossil
conifer samples, indicating unstable growing conditions due to
changes in water supply (Martinius & Gowland, 2011).

MATERIAL AND METHODS

ML 2700 was mechanically prepared at the Museu da Lour-
inhã, to which the specimen pertains. It was compared with refer-
ence material and literature. Specimens examined� rst hand:
AMNH R 3031, AMNH R 3013, AMNH R 314, NHMUK UK
R11521, YPM 5459.

In order to test the phylogenetic af � nities of the new taxon, we
ran a series of phylogenetic analyses, employing both Maximum
Parsimony (MP) and Bayesian Inference (BI). We scored ML
2700 in the dataset of Dieudonné et al. (2020), which broadly
samples Ornithischia, selectingHerrerasaurus ischigualastensis
as outgroup. All the matrices used in the present contributions
are available as supplementary� les. Selected measurements of
ML 2700 are given in Table 1.

Parsimony Analysis

We modi� ed the original dataset of Dieudonné et al. (2020),
changing the scoring for Dysalotosaurus lettowvorbecki and
Dryosaurus for the characters 306 (scored as 1) and 335
(scored as 0), based on hand examination of specimens. We
then created two datasets: dataset 1 including taxa from the
Upper Jurassic of Portugal (Draconyx loureiroi and
SHN.015.JJS.LPP), and dataset 2 with only ML 2700 included.
We need to remark that in the dataset of Dieudonné et al.
(2020) Uteodon aphanoecetesis recovered as earlier diverging
with respect to Camptosaurus dispar, which together with Igua-
nodon bernissartensisforms Ankylopollexia. This shift in top-
ology may be an artifact due to sub-sampling in that area of
the tree, or a genuine result that might indicate the need to reas-
sess the taxonomic status ofCamptosaurus dispar. Since this
taxonomic discussion is beyond the scope of the present contri-
bution, we consistently refer to the taxa closer to Iguanodon
than to Dryosaurus, but less deeply nested thanCamptosaurus,
as “ non-dryosaurid dryomorphans.”

Rotatori et al.—New iguanodontian from the Upper Jurassic of Portugal (e2310066-2)



FIGURE 1. Geographic and geological context of the holotype specimen of the new iguanodontian (ML 2700). A , general geological map of the
Iberian Peninsula; and B, close-up view of the geographic sector where the specimen was found (red square inA ), around the Lourinhã coastline
(Porto Dinheiro). C, detailed sedimentological pro� le of the outcrop where the specimen was collected, which belongs to the latest Kimmeridgian
Porto Novo Member of the Lourinhã Formation. The exact stratigraphic location of the vertebrate remains in the section is indicated.

Rotatori et al. —New iguanodontian from the Upper Jurassic of Portugal (e2310066-3)



Dataset 1 aimed speci�cally to test for possible af� nities of the
specimens with the previously known coeval taxa present in the
same formation. Dataset 2 aimed to (i) remove background noise
from the ingroup generated by the inclusion of incomplete speci-
mens and (ii) test the in� uence of ML 2700 on the topology. The
� rst dataset consists of 75 taxa, scored for 343 characters, while
the second 73 taxa for 343 characters. We treated as ordered
the same set of characters indicated by Dieudonné et al.
(2020), namely Ch.110, Ch.150, Ch. 203, and Ch. 282. Both data-
sets were analyzed in TNT V. 1.5 using the parsimony script used
by Vila et al. ( 2022). Trees of the analyses of dataset 2 are pro-
vided as Figures S1 and S2.

We used New Technology search strategies to search for most
parsimonious trees (MPTs). We ran a driven search with 10
initial addition sequences, � nding the minimum length 10
times. We used 100 rounds of sectorial searches, 100 cycles of
tree-drifting, 100 cycles of ratchet, and 10 rounds of tree fusing,
with the following parameters: for sectorial searchers we set
the minimum size of sectors to 5 and used random sector selec-
tions and 100 cycles of constraint-based selections with a
minimal fork of 5. For tree-drifting, we explored trees with a
max difference in absolute � t of 5 and a maximum difference
in relative � t of 0.1. All other settings were left at their default
values. The following command will set TNT v.1.5 ready for
this analysis: drift : � tdiff 5 r � tdiff 0.1; sectsch : rss minsize 5 ;
sectsch : css minfork 5 rounds 100 ; xmult : rss css drift 100
ratchet 100 fuse 10 replications 10 hits 10;

We used both equal weighting (EW) and extended implied
weighting (IW) with K = 15, for both datasets. Other k values
were explored, but values below 15 produced incoherent
results. The two datasets are available in NEXUS format as sup-
plementary � les, and alongside with them we provide the script
for reproducing the results of this analysis.

Bayesian Inference

In order to further explore the systematic af � nities of ML 2700
and to model the evolutionary history of Ornithischia, we re-ana-
lyzed dataset 2 via Bayesian inference using MrBayes v.3.2.7
(Ronquist et al., 2012). We � rst ran a Non-Clock analysis and
subsequently a relaxed Clock analysis to model rates of evol-
ution. In order to overcome computational limitations, we ran
analyses on CIPRES cluster. Both analyses used Mk model for
characters, indicated in the analysis to be“ parsimony-informa-
tive” and sampled from a gamma distribution. The Non-Clock
analysis used 10,000,000 generations, sampled with Metropolis

Coupled Markov Chain Monte Carlo (MCMCMC) method for
four independent runs of four chains per run. The Clock analysis
used 50,000,000 generations, sampled again with MCMCMC
method for four independent runs of four chains per run. We
employed IGR model for clock rates, and we adopted the
Skyline Fossilized Birth-Death (SFBD) model diversity sampling
corrected to remove the sampled ancestor option. Stratigraphical
ranges were obtained by Paleobiology Database (PDB). We
created three partitions for SFBD model, using the following par-
tition boundaries: 145 Ma and 137.5 Ma. The� rst represents the
Jurassic–Cretaceous boundary, while the second is the early radi-
ation of � owering plants according to latest molecular inferences
(Magallón et al., 2015). Furthermore, following Simões et al.
(2020a, b) as applied already in Rotatori et al. ( 2022) we
placed a soft prior for the root of the tree (238, 250) and a
prior for background clock rates. This prior value is obtained
by subdividing the median value for tree length in substitutions
from posterior trees by the age of the tree, based on the
median of the distribution for the root prior (12.18/244 = 0.05)
for the current dataset (Simões et al.,2020a, b). We modelled
rates based on a log-normal distribution, with the rates
sampled from the lognormal distribution and the mean of the
log-normal distribution given the value based on the non-clock
tree estimate (� 0.05) in natural log scale =Š2.9957. We chose
to use the exponent of the mean to provide a broad standard
deviation (e0.05= 1.0513). For both analyses, convergence of inde-
pendent runs and stationarity were assessed through the program
TRACER v.1.7.1 (Rambaut et al., 2018) considering effective
sample size (ESS) for each parameter informative with values
equal or >200. To avoid the effect of long-branch attraction,
ML 2700 was constrained to form a monophyletic clade with
Iguanodon bernissartensis, excluding Hypsilophodon foxii .
Since MrBayes software requires an extant taxon to perform
tip-dating, we inserted manually a ‘dummy’ taxon scored ‘?’ for
every character, except for the� rst one scored as‘0,’ whose pos-
ition has been constrained strictly as the sister taxon to Ankylo-
sauria. The‘dummy’ was later removed from the tree using the R
package ‘EvoPhylo,’ employing ‘drop.dummy.mb’ command
(Simões et al., 2022). Majority Rule Consensus is provided as
supplementary information in Figure S3.

Body Size Estimation

In order to estimate the body length of ML 2700, the linear
equation proposed by Becerra and Ramírez (2018) was
implemented adopting the length of the metatarsal III as a

TABLE 1. Selected measurements (in mm) of ML 2700, holotype of the new iguanodontian. Abbreviations : AP, anteroposterior; d, distal; H, height;
ML , mediolateral; p, proximal; W, width.

Total Wp Wp Wd Wd
Hp Hdlength (ML) (AP) (ML) (AP)

Metacarpal 28 36 21 16 14 16 —
Ulnare 26 — 18 — — — —
Manual Ungual phalanx 30.1 17 22 — — — —
Tibia 200.5 62 40.2 60.1 31 35 26
Fibula 380 70.2 22 40 14 28 12
Metatarsal I 62 13 15 2 6 18 2
Metatarsal II 150.2 90.5 15 46 28 5 23
Metatarsal* III 180 30.4 17 40.3 37 20 28
Metatarsal* IV 45 30 — — 73 — —
Phalanx II-1 84 61 42 48 28 25 26
Phalanx III-1 70 56 41 46 31 28 26
Phalanx III-2 40.4 40.3 40.2 30.5 30 29 40.1
Phalanx IV-2 40.4 40 34 35 26 22 29
Phalanx IV-3 28 15 13 5 9 25 18
Pedal claw 2 60.8 26 29 — — — —
Pedal claw 3 70.3 36 21 — — — —
Pedal claw 4 40.3 20.3 26 — — — —

Rotatori et al. —New iguanodontian from the Upper Jurassic of Portugal (e2310066-4)



dependent variable, as it is the intact bone for this value. As early
diverging iguanodontians may have different walking strategies
(Norman, 2004), we followed Rotatori et al. ( 2022) and estimated
a size range according to both cursorial and sub-cursorial models
using the following equations:

Cursorial locomotory model equation:

bl = � 147.18+ 17.45× (m3)

Subcursorial locomotory model equation:

bl = � 441.11+ 24.54× (m3)

Where bl is the estimated body length and m3 is the linear
measurement of the metatarsal III.

Institutional abbreviations —AMNH, American Museum of
Natural History, New York, NY, U.S.A.; ML , Museu da Lour-
inhã, Lourinhã, Portugal; NHMUK , Natural History Museum,
London, U.K.; YPM , Yale Peabody Museum, New Haven, CT,
U.S.A.; SHN, Sociedade de História Natural, Torres Vedras,
Portugal.

SYSTEMATIC PALEONTOLOGY

DINOSAURIA Owen, 1842
ORNITHISCHIA Seeley, 1888(sensu Madzia, Arbour, Boyd,

Farke, Cruzado-Caballero, & Evans, 2021)
ORNITHOPODA Marsh, 1881(sensu Madzia, Arbour, Boyd,

Farke, Cruzado-Caballero, & Evans, 2021)
IGUANODONTIA Sereno, 1986(sensu Madzia, Arbour,

Boyd, Farke, Cruzado-Caballero, & Evans, 2021)
DRYOMORPHA Milner & Norman, 1984(sensu Madzia,
Arbour, Boyd, Farke, Cruzado-Caballero, & Evans, 2021)

Hesperonyx martinhotomasorum, gen. et sp. nov.
(Figs. 2, 3, 4, 5, and 6)

Holotype —ML 2700, comprising: isolated carpal elements
including a ungual phalanx, a left ulnare and left metacarpal frag-
ment; and a partial left hind limb including tibia, � bula, complete
metatarsals I and II, a partial metatarsal III, and the proximal
end of metatarsal IV, � ve phalanges (phalanx II-1, phalanx III-
1, phalanx III-2, phalanx IV-2, and phalanx IV-3), and three
pedal unguals (pu-II, pu-III, pu-IV).

Etymology—Hesperonyxis the combination of Hesperusafter
the Greek mythological god Hesperus, or ‘Evening star,’ which
later meaning became“ west” or “ western”; and –onyx, Greek
for ‘claw.’ The genus name refers to the‘West Region’ (Região
Oeste) of Portugal where ML 2700 is from. Literally means:
‘the claw from the West’ or ‘Western Claw.’ The species name
martinhotomasorum honors the efforts of Micael Martinho and
Carla Alexandra Tomás of curating and preparing fossils in the
Museu da Lourinhã.

Comments—the name Hesperonyx was misused in a book of
zoology in (Guèrin-Mèneville, 1877). The name was a misspelling
of Hesperomys, a junior synonym of the rodent genus Calomys
(vesper mouse). Therefore,Hesperonyx is a nomen nudum and
available to for use, as by the rules of ICZN (Ride, 1999).

Diagnosis—Dryomorphan iguanodontian dinosaur differed
from other iguanodontians by the following unique combination
of characters: the cnemial crest of the tibia is laterally oriented,
inner condyle forms a 90° angle with cranio/caudal axis of prox-
imal end of tibia; articulation between � bula and tibia “ inter-
locked” ; having the � bula a protruding process that overhangs
on the � bular condyle cranially; the distal shaft of the � bula
develops a high crest and it is markedly twisted, reduced metatar-
sal I; claw-like pedal ungual phalanges.

Locality, Horizon , and Age— Pria de Praia de Porto Dinheiro,
Portugal. Lourinhã Formation, Porto Novo Member. Interface
between a dark siltstone layer and an overlying microconglome-
rate bed. Latest Kimmeridgian in age, Jurassic period.

DESCRIPTION

Manual Elements

Ulnare—An isolated carpal bone is preserved (Fig. 2G, H).
Although it is small and highly damaged, we interpret it as an iso-
lated ulnare. The bone is concave at its base, with two well-
demarcated articular facets on the distal surface. The bone
does not show any sign of fusion to any contiguous bone, indicat-
ing that Hesperonyx martinhotomasorum gen had an unfused
carpal.

Metacarpal—The only preserved element of the metacarpal is
its proximal-most part, missing the distalmost end (Fig. 2A–C).
The fragment is triangular-shaped distally in cross section,
becoming progressively elliptical proximally. On the proximal
epiphysis, a small stout process departs dorsally, while a deep
sulcus is present on the ventral surface.

Ungual Phalanx—One manual ungual is preserved in its
entirety, and it does not appear to have suffered breakage or dis-
tortion. As typical of manual unguals in iguanodontians it is
strongly arched dorsoventrally and slightly compressed latero-
medially (Fig. 2D, E). The claw culminates distally in an acumi-
nate tip. On the dorsal surface, two foramina are present. On
medial and lateral surfaces, two ginglymi are present, producing
two well marked and distinguishable crests. The proximal surface
is rounded and smooth.

Remarks—The peculiarly arched and slender shape of the
ungual, combined with its sharp apex is reminiscent of the con-
dition in early-diverging, bipedal iguanodontians, such as dryo-
saurids and the small-bodied styracosternans such asDraconyx
loureiroi and Uteodon aphanoecetes(Carpenter & Wilson,
2008; Galton, 1981; Rotatori et al., 2022). It strongly differs
from the dorsoventrally � attened condition seen in larger,
semi-quadrupedal species such asCamptosaurus disparor Igua-
nodon bernissartensis(Carpenter & Galton, 2018; Gilmore, 1909;
Norman, 1980). Furthermore, the unfused condition of the
carpus is typical of early-diverging iguanodontians, differing
from derived ankylopollexians (Norman, 2004).

Hind Limb

Tibia—Only the proximal epiphysis and small part of the dia-
physis of the left tibia are preserved; the specimen is fractured at
approximately mid-shaft (Fig. 3A, B, E ). The tibia is a thick and
robust element in general proportions, being the width approxi-
mately a third of the preserved length. The proximal end has suf-
fered a high degree of erosion and breakage. The cnemial crest
extends craniomedially, and tapers distally to form a well-
marked ridge in mediolateral view. Caudal to the cnemial crest,
the � bular condyle departs laterally with respect to the main
axis of the proximal epiphysis, and it consists of a strong and
stout process. The inner condyle is also a stout process, roughly
a third of the preserved epiphysis, oriented at approximately at
90° with respect to the main axis of the proximal epiphysis,
obscuring the � bular condyle in caudal view. The two condyles
are separated by a deep sulcus. The preserved portion of the
tibial shaft is ovoid in cross section.

Remarks—The cnemial crest of the tibia is directed craniome-
dially, as in many other dryomorphans differing from the earlier
diverging condition of Tenontosaurus tilletti (Dieudonné et al.,
2020). A well-de � ned cnemial crest is also seen in ankylopollex-
ian iguanodontians (Norman, 2004), and combined with the
slender proportions contrasts with the robust condition exhibited
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FIGURE 2. ML 2700, Hesperonyx martinhotomasorumholotype manual elements. Proximal end of isolated metacarpal.A , palmar view; B, dorsal
view; C, proximal view. Manual unguals in D, lateral view (reversed); E, ventral view; F, proximal view. Isolated carpal (ulnare) in G, proximal
and H, distal view. Scale bar equals 1 cm.
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FIGURE 3. ML 2700, Hesperonyx martinhotomasorumholotype hindlimb elements. Left tibia in A , lateral view and B, medial view. Left � bula in C,
lateral view and D, medial view. E, articulation of the tibia and � bula, proximal view. Abbreviations : cc, cnemial crest;fc: � bular condyle; � ; � bula; ic,
inner condyle; ti , tibia. Scale bars inA , B, C, D equal 10 cm. Scale bar inE equals 5 cm.
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by most styracosternans, e.g., RBINS 1551,Iguanodon bernissar-
tensisand other hadrosauriformes (Norman, 1980, 1986, 2004).
The � bular condyle is less pronounced than inUteodon aphanoe-
cetesand dryosaurids (Barrett et al., 2011; Carpenter & Wilson,
2008; Galton, 1981; Hübner, 2018), but it is not caudally de� ected
as inDraconyx loureiroi , Cumnoria prestwichii, RBINS 1551, and
other styracosternans (Bertozzo et al., 2017; Maidment et al.,
2022; Norman, 1986, 2004; Rotatori et al., 2022). The right
angle formed by the inner condyle and the rest of the epiphysis,
closely resembles the condition in some specimens ofTenonto-
saurus tilletti such as AMNH R 3031 and AMNH R 3013. The
tibial shaft does not differ much from the shaft of Dryosaurus
altus, showing the same structure of the bony crest for the attach-
ment of the medial gastrocnemial muscle. The cnemial crest is
more prominent in Hesperonyx martinhotomasorum than that
of D. altus while the proximal margin is more rounded in the
indeterminate specimen.

Fibula—The � bula is complete and presents some fractures in
the middle of the shaft (Fig. 3A, B, E). The articular surfaces are
well preserved. The bone is long and slender in the diaphysis and
becomes broader and thicker again in both epiphyses. The proximal
epiphysis is larger than the distal one and has a rugose surface, the
cranial and caudal margins divergesymmetrically along the cranio-
caudal axis. In dorsal view, where the � bula articulates with the
tibia, the bone interlocks the � bular condyle craniomedially. A
small, hook-like process of the � bular condyle of tibia protrudes
medially and interlocks with the � bular condyle, totally obscuring
the process of � bula in cranial view. Caudally, the � bula rests
within the sulcus between the � bular and inner condyle of the
tibia. On the medial surface, the proximal epiphysis has a sub-tri-
angular shape and de� ects in the middle in a diamond-shaped
depression that extends distally,likely representing the attachment
of popliteus muscle. The � bular shaft twists progressively towards
the distal end, producing a well-de� ned ridge that extends along
the medial surface of the shaft converging with the medial
margin. The shaft is thinner than the two epiphyses and medially
� attened, producing the typical, ‘D’-shaped cross section of the
distal half of the shaft. The distal end is a stout and robust
process, being 1.5 times the size of the proximal extremity.

Remarks—Hesperonyx martinhotomasorumshares the sym-
metrical margins of the proximal end of the � bula with dryo-
saurids, Talenkauen santacrucensis, Camptosaurus dispar, and
some specimens of Tenontosaurus tilletti (AMNH R 314,
YPM 5459) (Barrett, 2016; Barrett et al., 2011; Forster et al.,
2022; Galton, 1981; Hübner, 2018; Rozadilla et al., 2019).
This condition strongly differs from the asymmetrical extre-
mity of the end of the � bula in Draconyx loureiroi , Cumnoria
prestwichii, Uteodon aphanoecetes, and other Early Cretaceous
styracosternans, such asMantellisaurus ather� eldensis, RBINS
1551, and NHMUK UK R11521 (Carpenter & Wilson, 2008;
Galton & Powell, 1980; Maidment et al., 2022; Norman,1986;
Rotatori et al., 2022). Furthermore, it differs from dryosaurids
and Draconyx loureiroi (Barrett et al., 2011; Escaso et al.,
2014; Galton, 1981; Hübner, 2018; Rotatori et al., 2022) in
having a robust distal end, which becomes progressively
thicker mediolaterally.

Metatarsus

The metatarsus ofHesperonyx martinhotomasorumpreserves
four metatarsals (MT-I, MT-II, MT-III, and MT-IV), � ve pha-
langes (phalanx II-1, phalanx III-1, phalanx III-2, phalanx IV-2,
and phalanx IV-3) and three pedal unguals (pu-II, pu-III, pu-
IV) ( Fig. 4).

Pedal Digit I —Pedal digit I is constituted by the sole metatar-
sal I and is well-preserved (Fig. 4). The surface of the bone is
smooth, except for some small damage and erosion marks in
the distal end. It is smaller than the other preserved metatarsals,

although given the size of the distal end it may have been articu-
lated with other phalanges. Metatarsal I (Fig. 5A–D) is distally
slim and � attened, and it increases in thickness distally, resulting
in a squared outline. Metatarsal I is slightly bent at mid-shaft,
having its proximal-most end of the shaft compressed to the
medial surface of metatarsal II. On the lateral surface, a couple
of deep foramina are present.

Pedal Digit II —Metatarsal II is complete, although it appears
to have been compressed lateromedially (Fig. 5E–H). The prox-
imal epiphysis is totally � attened, with almost no mediolateral
thickness. Otherwise, its outline in mediolateral view remains
unaltered, expanding proximally. The mediolateral pro� le of
metatarsal II is keyhole shaped, with the proximal end higher
dorsoplantarly compared with the distal one. Due to the above-
mentioned compression, the cross section of the shaft of the
metatarsal II ( Fig. 5E–H) is obscured, although it culminates in
the sub-trapezoidal-shape of the distal condyle. This condyle pre-
sents a strong plantar muscular insertion. On the dorsal surface, a
small crest projecting from the mid-shaft overlaps the metatarsal
III.

The � rst phalanx of the second left toe (ph II-1) ( Fig. 6A–A3)
is the longest of the� ve phalanges of this specimen. The proximal
end is slightly larger than the distal one. The shaft is laterally
compressed in the middle. In dorsal view, the distal end bears
the articulation for the missing distal phalanx, creating two
sturdy processes with two ridges rising on their edges. Corre-
sponding to the processes, a concave midline sulcus divides the
distal extremity of the phalanx continuing on the ventral
surface of the bone. In plantar view, the bone is damaged in
the middle of the shaft creating a small depression. The articular
surface is intact. From this point, the proximal extremity forms a
V-shape in plantar view. A deep fracture divides the proximal
extremity. In lateral and medial views, the proximal end is
thicker mediolaterally than the distal end. The rounded process
that characterizes the distal extremity becomes thinner towards
the shaft.

The ungual of the second pedal digit (Fig. 6G–G2) has a
rounded cross section to the proximal articular surface, lightly
laterally compressed on both sides. In medial view, the ungual
is elongated and stout. The distal end of the ungual is marginally
angled downwards slightly towards the distal end. A deep, half-
moon-shaped groove forms a lateral process on the ventral
side, creating a low crest that follows the shape of the ungual.
In lateral view, the damage to the distal part is clearly visible.
The � exor tubercle is barely visible on the ventral side of the
proximal articulation surface.

Pedal Digit III —The main proximo-distal axis of metatarsal
III is complete, although the mid-shaft has an incipient fracture
(Fig. 5I–L). Its proximal end has been restored since it was
severely fractured. Metatarsal III is slender and gracile in
general proportions, the two epiphyses being almost the same
size. The bone is largest distally and slightly thickens dorsoplan-
tarly at mid-shaft. In anterior view, the proximal condyle is
damaged. The distal condyle is laterally compressed, highlighting
the collateral fossa becoming prominent anteriorly, with a thin
vertical sulcus medially. In proximal view, the metatarsal has a
quadrilateral shape that is slightly compressed from the cranial
and dorsal sides.

The � rst phalanx of the third toe is visibly longer than the
second phalanx of the same digit (Fig. 6B–B3). The proximal
end is mediolaterally larger than the distal end, which is due to
lateral compression of the shaft. The bone has a triangular
shaped fracture where the shaft becomes slender in the middle
of the phalanx. The distal processes are intact and form a sym-
metrical ‘V ’-shaped articulation. In plantar view, the bone is
damaged by multiple fractures along the shaft. In distal view,
the deep, concave midline depression, formed between the pro-
cesses, delineates the shape of the bone.
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FIGURE 4. ML 2700, Hesperonyx martinhotomasorumholotype pedal elements. Articulated pes in dorsal view. Abbreviations : mt, metatarsal;ph,
phalanx; pu, pedal ungual. Scale bar equals 10 cm.
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The second phalanx of the third toe is shorter than the � rst
phalanx (Fig. 6C–C3) and appears more mediolaterally com-
pressed. Whereas the two ends of the bone are equal in size,
the phalanx appears to be slightly compressed dorsoplantarly.
Phalanx III-1 does not seem to have any fractures present.
The distal articular processes are laterally expanded with a
rounded surface to articulate with the claw. As occurs on
phalanx III-1, the processes of phalanx III-2 become com-
pressed towards the shaft. In plantar view, the processes and
the distal end possess ridges. The distal end is‘V ’-shaped in
cross section.

The ungual of the third digit is the largest of the three ungual
phalanges (Fig. 6F–F2). In dorsal view, there is a deep fracture
that divides it into two parts. The ungual is dorsoplantarly com-
pressed, giving it an elliptical shape. The proximodorsal process
is poorly developed and crowns the proximal articulation with
a rounded edge. The lateral process is less developed in compari-
son with ungual 2, outlined only by a slight groove. The ventral
surface is � at and has a triangular outline, becoming narrower
distally. A slight ventral depression is present, delineated by a
small crest proximally.

Pedal Digit IV —Only the proximal-most end of the metatarsal
IV is preserved (Fig. 5M, N). The second phalanx of the fourth
toe (phalanx IV-2) is comparable in shape to phalanx III-1
(Fig. 6D–D3, E–E3). The main difference lies in the smaller

size of phalanx IV-2 (Fig. 6D–D3, E–E3). In fact, the proximal
end has a diameter of 40 mm, which is larger compared with
the distal end. In dorsal view, the concave depression between
the distal processes is not as deep and well-de� ned as in proximal
view. In plantar view, a slight compression of the shaft is present
in the middle. The proximal end is linear and gives the bone an
almost square outline with the exception of the deep sulcus in
the distal end. In distal view, the process for articulation with
the next phalanx IV-3 is more expanded medially, giving the
surface an asymmetrical shape.

The third phalanx of the fourth toe (phalanx IV-3) ( Fig. 6E–
E3) is the most gracile of the preserved phalanges. In dorsal
view, the distal processes form a crest that ends in a pointy tip
at the proximal end of the bone, where it articulates with
phalanx IV-2. The shaft is slightly laterally compressed in the
middle. The proximal end is slightly larger than the distal end,
narrowing towards the shaft. In plantar view, the distal process
is not well developed, creating a nearly � at surface. The lateral
corner of the proximal end is damaged. As with phalanx IV-2,
the overall outline is squared but narrowing proximally. Unlike
the other phalanges of Hesperonyx martinhotomasorum, the
distal processes of this phalanx has two well-de� ned fossae
laterally.

The ungual of the fourth digit ( Fig. 6H–H2) is the smallest and
shortest of the preserved unguals. Despite this, it is the most

FIGURE 5. ML 2700, Hesperonyx martinhotomasorumholotype metatarsals. Metatarsal I in A , lateral view; B, dorsal view;C, medial view; D, ventral
view. Metatarsal II in E, lateral view; F, dorsal view,G, medial view, H, ventral view. Metatarsal III in I , lateral view; J, dorsal view;K, medial view; L,
ventral view. Metatarsal IV (fragment) in M, lateral view and N, medial view. Scale bar ofA , B, C, D equals 5 cm. Scale bars ofE–N equal 10 cm.
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FIGURE 6. ML 2700, Hesperonyx martinhotomasorumholotype phalanges. Phalanx II-1 inA , distal view; A1, dorsal view;A2, lateral view; A3, prox-
imal view. Phalanx III-1 in B, distal view; B1, dorsal view;B2, lateral view; B3, proximal view. Phalanx III-2 in C, distal view; C1, dorsal view;C2, lateral
view; C3, proximal view. Phalanx IV-2 in D, distal view; D1, dorsal view;D2, lateral view; D3, proximal view. Phalanx IV-3 in E, distal view; E1, dorsal
view; E2, lateral view; E3, proximal view. F, ungual 3 in dorsal view,F1, lateral view, F2, proximal view. Ungual 2 in G, dorsal view, G1, lateral view,
G2, proximal view. Ungual 4 in H, dorsal view, H1, lateral view, H2, proximal view. Scale bar equals 5 cm.
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elongated. As with ungual phalanx III, there is a deep, horizontal
fracture. Compared with the other two preserved unguals, ungual
4 is dorsally arched and narrows distally. In cross section it is
cylindrically shaped. In lateral view, the lateral process forms a
small crest of the claw, marked by a proximodistally aligned
groove. On the dorsal surface a fossa is present.

Remarks—As in non-hadrosaurid iguanodontians, Hespero-
nyx martinhotomasorum presents four metatarsals, where
metatarsal I corresponds to the � rst digit of the pes (Horner
et al., 2004; Norman,2004). A functional, yet reduced, metatar-
sal I is present in Dryosaurus, Dysalotosaurus, Iyuku raathi ,
Camptosaurus dispar, Tenontosaurus tilletti (Escaso et al.,
2014; Forster, 1990; Forster et al., 2022; Galton, 1981;
Hübner, 2018). In Draconyx loureiroi , metatarsal I is splint-
like, appearing only as a protuberance on the medial side of
metatarsal II (Rotatori et al., 2022). This latter condition is
also present in some hadrosauriforms (Norman, 1980, 1986,
2004), although the lack of its presence in the dryosaurid Val-
dosaurus canaliculatusmay indicate a complex distribution and
evolutionary history for this character (Barrett, 2016; Barrett
et al., 2011). Furthermore, the Portuguese taxon Eousdryo-
saurus nanohallucis is unique in having a strongly reduced
metatarsal II articulating a phalanx (Escaso et al.,2014). Meta-
tarsal II presents the typical morphology of most iguanodon-
tians. The proximal end is large, mediolaterally compressed,
and laterally expanded as in many ankylopollexians such as
Camptosaurus dispar (Hübner, 2018). This character is also
present in many other dryosaurids, such asDysalotosaurus let-
towvorbecki and Valdosaurus canaliculatus, where the metatar-
sal II becomes medially concave for articulation with
metatarsal III (Galton 1981; Barrett et al. 2011; Hübner
2018), as also observed in Hesperonyx martinhotomasorum.
The main difference between these two taxa and
H. martinhotomasorum is the absence of symmetry of the
“ folding fan-shape” of the proximal end (Barret et al., 2011;
Hübner, 2018). Dysalotosaurus lettowvorbeckialso presents a
convexity in the shaft that is not visible in Hesperonyx martin-
hotomasorum (Barret et al., 2011; Hübner, 2018). In mediolat-
eral view, metatarsal II appears also to be similar in
morphology to Draconyx loureiroi , where the shaft is lower
in the distal epiphysis with respect to the dorsoplantar part
of the bone (Rotatori et al., 2022). Other comparable charac-
ters with Valdosaurus canaliculatusseen inHesperonyx martin-
hotomasorum include the asymmetrical antero-posterior and
mediolateral projections of the distal end towards the medial
margin (Rotatori et al., 2022). In proximal view, the metatarsal
II appears thinner than in the other taxa here discussed. The
metatarsal III of Hesperonyx martinhotomasorumis elongated
and slender in proportions, as occurs in dryosaurids,Draconyx
loureiroi and Cumnoria prestwichii (Forster et al., 2022;
Galton, 1981; Galton & Powell, 1980; Hübner,2018; Maidment
et al., 2022; Rotatori et al., 2022). This is in contrast to the con-
dition seen in Camptosaurus dispar, Iguanodon bernissartensis,
Ouranosaurus nigeriensis, and more derived ankylopollexians
(Bertozzo et al., 2017; Carpenter & Galton, 2018; Gilmore,
1909; Norman, 1980,2004).

PHYLOGENETIC ANALYSIS

Parsimony Analysis

The analyses of datasets 1 and 2 gave the same result. Analysis
parameters are given inTable 2. The following topology was that
obtained through the analysis of dataset 1. The equal weighting
(EW) analysis of the dataset 1 returned a topology of the strict
consensus tree (Fig. 7) that does not differ greatly from the one
recovered originally by Dieudonné et al. ( 2020). The only
notable exception is the position of Eousdryosaurus

nanohallucis, which is recovered within Dryosauridae, consistent
with the original hypothesis of Escaso et al. (2014). Hesperonyx
martinhotomasorum is recovered at the base of the clade con-
taining all the non-dryosaurid dryomorphans diverging earlier
than Uteodon aphanoecetesand Ankylopollexia. Draconyx lour-
eiroi and SHN.015.JJS.LPP diverge earlier than Ankylopollexia,
making Draconyx loureiroi more deeply nested than
SHN.015.JJS.LPP. We note that this result is consistent with the
recent analysis of Sánchez-Fenollosa et al. (2023).

The implied weighting analysis (K = 15) con� rmed the af� nities
of Hesperonyx martinhotomasorum previously recovered in the
EW analysis. Furthermore, we consistently recovered alsoEous-
dryosaurus nanohallucis in Dryosauridae, while Elasmaria and
Rhabdodontomorpha are mixed together in the same clade.

The inclusion of Hesperonyx martinhotomasorumamong ‘non
dryosaurid dryomorphan’ is based on all analyses on the follow-
ing combination of characters: strongly craniolateral bent
cnemial crest of the tibia (char.312, 0 > 1), proximally splint-
like reduced metatarsal I (char. 335, 0 > 1).

Bayesian Analysis

In the non-clock analysis all the parameters have effective
sample size (ESS) > 200, indicating that the analysis reached con-
vergence. The good quality of the analysis is also con�rmed by
potential scale reduction factor (PRSF) approaching 1, and the
average standard deviation of split frequencies (ASDSF) is
� 0.01. The clock analysis parameters have an ESS > 200, PRSF
approaching 1 and ASDSF of � 0.01, indicating the overall
good quality of the analysis. The overall topology (Fig. 8) of
the tree strongly differs from the one recovered by Dieudonné
et al. (2020). The most striking difference is that we do not
recover a monophyletic Marginecephalia, Ceratopsia being
recovered to diverge immediately earlier than the node contain-
ing Henxinlusaurus multidens+ Kulindadromeus zabalikus.
Jeholosauridae and Orodrominae (see Madzia et al., 2018,
2021) are sister taxa, forming a clade with Hypsilophodontidae
(sensuDieudonné et al., 2020). Within Iguanodontia, Tenonto-
saurussp. is sister taxon to Elasmaria.Hesperonyx martinhoto-
masorum is recovered at the base of Dryosauridae, contrary to
the previous analysis, andEousdryosaurus nanohallucisis again
recovered within Dryosauridae. There are no unambiguous syna-
pomorphies nesting Hesperonyx martinhotomasorum, but at
least � ve characters are shared with some other dryosaurid
taxa. These characters include: lateral� bular condyle of tibia
forms an abrupt overhanging buttress (char. 311: 1); cnemial
crest strongly bent laterally (char. 312:1); proximal head of
� bula moderately expanded at both sides (char. 315: 0);‘D ’-
shaped cross section of� bula (char. 316: 1); metatarsal II forms
a lateral step over a proximal outgrowth on the ventromedial
side of the metatarsal III (char. 327: 1).

Evolutionary rates estimated via SFBD indicates that across
major ornithischian lineages the rates of evolution were quite
constant during the Mesozoic. Jurassic/Cretaceous transition
and radiation of � owering plants did not play a major role

TABLE 2. Parameters of the parsimony analyses of dataset 1 and
dataset 2. CI = consistency index; RI = retention index; RCI = rescaled
consistency index.

Number of trees Tree length CI RI RCI

Dataset 1
EW 176 1435 0.294 0.617 0.181
K15 1 1441 0.293 0.614 0.180
Dataset 2
EW 176 1424 0.296 0.617 0.182
K15 1 1430 0.294 0.615 0.181
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FIGURE 7. Strict consensus tree of the parsimony analysis, equal weighting (EW) and implied weighting (K = 15) showing the phylogenetic relation-
ships ofHesperonyx martinhotomasorum. Numbers over branches indicate bootstrap values, while number below branches indicate Bremer supports.
Silhouette from: http://phylopic.org/ . Credit: Tasman Dixon.
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FIGURE 8. Maximum Compatibility Tree, time calibrated topology showing the phylogenetic relationships of Hesperonyx martinhotomasorumand
evolutionary rates calculated as median of the clock-rate values.http://phylopic.org/ . Credit: Tasman Dixon.
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in shaping the body plan of ornithischian dinosaurs. The
only exception to this general trend occurs at the base of Igua-
nodontia and the node containing Heterodontosauridae +
Pachycephalosauridae.

Body Size Estimation

When Hesperonyx martinhotomasorumis considered using the
cursorial locomotory model, the estimated total body length is
2994 mm. In the second scenario, whenHesperonyx martinhoto-
masorum is considered using the sub-cursorial locomotory
model, the equation estimated a total body length of 3976 mm.
At present, as in the case of Draconyx loureiroi (Rotatori
et al., 2022), it is not possible to favor one model over the
other. Therefore, we suggest that ML 2700 is approximately 3–
4 meters in length, which is the same range estimated forDraco-
nyx loureiroi (Rotatori et al., 2022).

DISCUSSION

Systematic Af� nities and Paleobiology of Hesperonyx
martinhotomasorum

Hesperonyx martinhotomasorumis recovered from the parsi-
mony analysis as an early-diverging, non-dryosaurid dryomor-
phan, with its inclusion supported by the same combination of
characters in all the parsimony analyses.

In dataset 1, H. martinhotomasorum was recovered in an
earlier diverging position with respect both to Draconyx loureiroi
and SHN.015.JJS.LPP. Furthermore, the taxon is further distin-
guished from the other iguanodontian dinosaur from Lourinhã
Formation, D. loureiroi , on the basis of: a lateral � bular
condyle of tibia not de� ected caudally, a straight medial margin
of the proximal end of tibia, symmetrical margins of the proximal
end of � bula, an expanded distal end� bula and the absence of a
deep notch on the medial side of metatarsal IV (Rotatori et al.,
2022). There is no overlapping material between ML 2700 and
SHN015.JJS.LPP, although the different af� nities of these speci-
mens hinder the scope of comparison, making the referral of
both specimens to the same taxon very unlikely.

SHN.015.JJS.LPP is currently under description by the main
author and other colleagues, and preliminary results indicate
this specimen as closer toCamptosaurus dispar(or other Camp-
tosaurus-like iguanodontians) than any other taxa.
H. martinhotomasorum does not show any strong similarity
either to Camptosaurus disparor to Camptosaurus, like iguano-
dontians. Instead, it presents a mosaic of plesiomorphic and
more deeply nested character states, which have a complex distri-
bution within Iguanodontia, such as: a cnemial crest laterally
de� ected, the expansion of the distal end of the � bula, the
reduction of digit I and claw-like manual unguals (Dieudonné
et al. 2020). One character of special interest is the inner
condyle, which has a similar morphology to that of the early-
diverging iguanodontian Tenontosaurussp. (Forster, 1990). On
the basis of these differences displayed between
H. martinhotomasorum and the other taxa described in the Lour-
inhã Formation, we feel con� dent in presenting ML 2700 as a
new taxon of iguanodontian dinosaur.

The heterodox topology recovered by the time-calibrated
Bayesian analysis is worth discussing. The intriguing hypothesis
of a polyphyletic Marginocephalia is worth future investigation;
we interpret this result as the effect of homoplastic characters
present in this matrix as already noted (Brown et al., 2021). Fur-
thermore, the diverging time between Saurischia and
Ornithischia is estimated at the very beginning of the Triassic
or latest stages of Permian. This very unlikely scenario is due
to the consideration of Chilesaurus diegosuarezias ornithischian,
as proposed by Dieudonné et al. (2020). Our results indicate that

this taxon is best interpreted as saurischian, or even theropod as
originally proposed (Novas et al., 2015), contradicting more
recent hypotheses (Baron, 2019; Baron & Barrett, 2018). In
this context, the recovery of H. martinhotomasorum within
Dryosauridae is probably due to the long branch attraction
effect and different optimization criteria. As mentioned above,
H. martinhotomasorum presents just two unambiguous synapo-
morphies that relate to non-dryosaurid dryomorphans, and
recovered by the Maximum Parsimony analysis. On the other
hand, no unambiguous synapomorphies were recovered in the
Bayesian analysis but at least� ve characters indicate closer af� -
nities with dryosaurids instead of any other clade. Therefore, at
the present time, due to its mosaic of characters and ambiguous
phylogenetic results we considerH. martinhotomasorum as dryo-
morphan of uncertain af� nities.

Iguanodontian Dinosaur Diversity in the Lourinhã Formation
and its Paleoecological Implications

The holotype and only specimen of Hesperonyx martinhoto-
masorum is estimated to be between 3 and 4 meters in length,
around the same size asDraconyx loureiroi . If we consider strati-
graphic distribution of ankylopollexian iguanodontians in the
Lourinhã Formation, H. martinhotomasorum and
SHN.015.JJS.LPP were recovered from Porto Novo Member,
while D. loureiroi occurs in Praia Azul Member (sensu Mateus
et al., 2017). The Porto Novo member is dated to uppermost
Kimmeridgian (see Geological Context section), while the
Praia Azul is dated to the interval between upper Kimmeridgian
and lower Tithonian (Mateus et al., 2017). At the present time,
we do not have evidence indicating that
H. martinhotomasorum, SHN.015.JJS.LPP, and D. loureiroi
were synchronous species, although some overlapping is very
likely at least for the � rst two. Hesperonyx martinhotomasorum
and D. loureiroi are relatively small species, while
SHN.015.JJS.LPP is a much larger specimen (Escaso,2014; Rota-
tori et al., 2022). Therefore, differences in size may re� ect differ-
ent auto-ecologies and resource-exploitation. Despite its stout
proportions, here we reconstructed H. martinhotomasorum as
being a relatively agile animal, considering its small body size.
The presence of a lightly built iguanodontian alongside a
robust species is observed in other formations such as the
Wessex Formation, Arcillas de Morella Formation, and Blesa
Formation (Gasulla et al., 2022; Lockwood et al., 2021;
Medrano-Aguado et al., 2022). Furthermore, the presence of
the two lightly built species (H. martinhotomasorum and
D. loureiroi ) in two different members of the same formation,
may be evidence of vertical replacement, as occurs with the
ornithopod taxa in the Dinosaur Park Formation (Mallon
et al., 2012). Further work in the Lourinhã Formation is
needed to prove if Hesperonyx and Draconyx were not coeval
ornithopod dinosaurs.

The increased taxonomic diversity of ornithopod dinosaurs
in the Upper Jurassic Lourinhã Formation is consistent with
what has been recently observed from the rich ichnological
record (Castanera et al., 2020, 2021). Notably, Castanera et al.
(2020) identi� ed Anomoepus? and Dineichnus, two
ichnogenera that can potentially be assigned to gracile ornitho-
pod track-makers. At the present time, it is not possible to
relate H. martinhotomasorum directly to either of these two
ichnotaxa.

CONCLUSIONS

Here we describe a new early diverging iguanodontian dino-
saur, Hesperonyx martinhotomasorum (ML 2700) from the
Upper Jurassic Lourinhã Formation of Portugal. The new
taxon can be diagnosed by the following features: the cnemial
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crest of the tibia is laterally oriented, the inner condyle of tibia
forms a 90° angle with cranio/caudal axis of proximal end of
tibia; the articulation between � bula and tibia is tightly “ inter-
locked” ; the � bula has a protruding process that overhangs on
the � bular condyle cranially; the distal shaft of the � bula has a
high crest and it is markedly twisted, reduced metatarsal I;
claw like pedal ungual phalanges.

Phylogenetic analyses, employing both maximum parsimony
and Bayesian inference, indicated that H. martinhotomasorum
is an early-diverging dryomorphan of uncertain af� nities. Ana-
lyses recoveredH. martinhotomasorum either as dryosaurid or
non-dryosaurid dryomorphan. Furthermore, they supported
alternative phylogenetic interpretations for already known
species Draconyx loureiroi and Eousdryosaurus nanohallucis.
The body size estimate of Hesperonyx martinhotomasorum is
close to that of D. loureiroi , and strongly differs from
SHN.015.JJS.LPP, indicating complex niche partition between
possibly synchronous iguanodontians. Furthermore, the possible
temporal segregation ofD. loureiroi and H. martinhotomasorum
may indicate vertical replacement of closely related taxa within
the same formation as is observed elsewhere.

ACKNOWLEDGMENTS

We deeply thank all the workers and volunteers of Museu da
Lourinhã. We thank also S. Rozadilla, P. Godoy, the editor
S. Salisbury and an anonymous reviewer who greatly improved
the quality of this manuscript. This research is funded by the Fun-
dação para Ciência e a Tecnologia, I. P. with National Funds from
the Ministério da Ciência, Tecnologia e Ensino Superior. Grant
numbers: UIDB/04035/2020, GeoBioTec; PTDC/CTA-PAL/
2217/2021, BioGeoSauria; and SFRH/BD/146230/2019 PhD fel-
lowship (FMR). MMA is supported by the MCIN/AEI/
10.13039/501100011033 and co-� nanced by the NextGeneration
EU/PRTR, Ramón y Cajal contract RYC2021-034473-I, and
Ministerio de Ciencia e Innnovación with the grant PID2021-
122612OB-100. FMR bene� ted from the Jurassic Foundation
grant that funded collection visit for data collecting.

DATA AVAILABILITY STATEMENT

The data matrix and the � les needed to replicate the analyses
performed in this study are provided as supplementary� les.

DISCLOSURE STATEMENT

No potential con� ict of interest was reported by the author(s).

AUTHOR CONTRIBUTIONS

FMR and MMA designed the project, FMR and LF gathered
the paleontological data, OM and MMA led the � eld campaign,
OM found the specimen, CS gathered the geological data, FMR,
LF, and CS drafted the manuscript, FMR, BC, and MMA dis-
cussed the results. All authors edited the manuscript.

SUPPLEMENTARY FILES

Supplementary File 1.nex: nexus� le to replicate the bayesian
clock analysis. (� le name: Bayes_Clock_analysis.nex)

Supplementary File 2.nex: nexus� le to replicate the bayesian
non-clock analysis. (� le name: Bayes_NonClock_analysis.nex)

Supplementary File 3.tnt: tnt � le excluding Portuguese taxa.
(� le name:ML2700_Ord_NOPT.tnt)

Supplementary File 4.tnt: tnt � le including Portuguese taxa.
(� le name: ML2700_Ord_PT.tnt)

Supplementary File 5.run: script to replicate the parsimony
analyses. (� le name: parsimony.run)

Supplementary File 6.tre: trees from parsimony analysis using
Equal Weighting excluding Portuguese taxa. (� le name:
NOPT_EW.tre)

Supplementary File 7.tre: trees from parsimony analysis using
K15 implied weighting excluding Portuguese taxa. (� le name:
NOPT_k15.tre)

Supplementary File 8.tre: trees from parsimony analysis using
Equal Weighting including Portuguese taxa. (� le name:
PT_EW.tre)

Supplementary File 9.tre: trees from parsimony analysis using
using K15 implied weighting including Portuguese taxa. (� le
name: PT_k15.tre)

Supplementary File 10.nex: matrix in nexus format excluding
portuguese taxa. (� le name: NOPT_matrix.nex)

Supplementary File 11.nex: matrix in nexus format including
portuguese taxa. (� le name: PT_matrix.nex)

ORCID

Filippo Maria Rotatori http://orcid.org/0000-0002-7084-1919
Cristina Sequero http://orcid.org/0000-0003-2449-5303
Bruno Camilo http://orcid.org/0000-0003-3202-5010
Octávio Mateus http://orcid.org/0000-0003-1253-3616
Miguel Moreno-Azanza http://orcid.org/0000-0002-7210-1033

LITERATURE CITED

Baron, M. G. ( 2019). Pisanosaurus mertiiand the Triassic ornithischian
crisis: Could phylogeny offer a solution? Historical Biology , 31(8),
967–981.

Baron, M. G., & Barrett, P. M. ( 2018). Support for the placement of
Chilesaurus within Ornithischia: A reply to Müller et al. Biology
Letters, 14(3), 20180002.https://doi.org/10.1098/rsbl.2018.0002

Barrett, P. M. ( 2016). A new specimen of Valdosaurus canaliculatus
(Ornithopoda: Dryosauridae) from the Lower Cretaceous of the
Isle of Wight, England. Memoirs of Museum Victoria, 74, 29–48.
https://doi.org/10.24199/j.mmv.2016.74.04

Barrett, P. M., Butler, R. J., Twitchett, R. J., & Hutt, S. ( 2011). New
material of Valdosaurus canaliculatus(Ornithischia: Ornithopoda)
from the Lower Cretaceous of southern England. Special Papers
in Palaeontology, 86, 131–163.

Baur, G. (1891). Remarks on the reptiles generally called Dinosauria.
The American Naturalist, 25(293), 434–454.

Becerra, M. G., & Ramírez, M. A. ( 2018). Locomotor morphotypes, allo-
metry, linear regressions and the smallest sizes in Ornithischia:
Estimating body length using hind limb variables. Ameghiniana,
55(5), 491–516.

Bertozzo, F., Dalla Vecchia, F. M., & Fabbri, M. ( 2017). The Venice speci-
men of Ouranosaurus nigeriensis(Dinosauria, Ornithopoda). PeerJ,
5, e3403.

Brown, E. E., Butler, R. J., Barrett, P. M., & Maidment, S. C. ( 2021).
Assessing con� ict between early neornithischian tree topologies.
Journal of Systematic Palaeontology, 19(17), 1183–1206.

Butler, R. J., Upchurch, P., & Norman, D. B. ( 2008). The phylogeny of the
ornithischian dinosaurs. Journal of Systematic Palaeontology, 6(1),
1–40.

Carpenter, K., & Galton, P. M. ( 2018). A photo documentation of bipedal
ornithischian dinosaurs from the Upper Jurassic Morrison
Formation, USA. Geology of the Intermountain West, 5, 167–207.

Carpenter, K., & Lamanna, M. C. ( 2015). The braincase assigned to the
ornithopod dinosaur Uteodon McDonald, 2011, reassigned to
Dryosaurus Marsh, 1894: Implications for iguanodontian mor-
phology and taxonomy. Annals of Carnegie Museum, 83(2), 149–166.

Carpenter, K., & Wilson, Y. ( 2008). A new species of Camptosaurus
(Ornithopoda: Dinosauria) from the Morrison Formation (Upper
Jurassic) of Dinosaur National Monument, Utah, and a biomechanical
analysis of its forelimb. Annals of Carnegie Museum, 76(4), 227–264.

Castanera, D., Malafaia, E., Silva, B. C., Santos, V. F., & Belvedere, M.
(2021). New dinosaur, crocodylomorph and swim tracks from the

Rotatori et al. —New iguanodontian from the Upper Jurassic of Portugal (e2310066-16)



Late Jurassic of the Lusitanian Basin: Implications for ichnodiver-
sity. Lethaia, 54(2), 271–287.

Castanera, D., Silva, B. C., Santos, V. F., Malafaia, E., & Belvedere, M.
(2020). Tracking Late Jurassic ornithopods in the Lusitanian Basin
of Portugal: Ichnotaxonomic implications. Acta Palaeontologica
Polonica, 65(2), 399–412.

Cruzado-Caballero, P., Gasca, J. M., Filippi, L. S., Cerda, I. A., & Garrido,
A. C. ( 2019). A new ornithopod dinosaur from the Santonian of
Northern Patagonia (Rincón de los Sauces, Argentina).
Cretaceous Research, 98, 211–229. https://doi.org/10.1016/j.cretres.
2019.02.014

Dieudonné, P.-E., Cruzado-Caballero, P., Godefroit, P., & Tortosa, T.
(2020). A new phylogeny of cerapodan dinosaurs. Historical
Biology, 33(10), 1–21. https://doi.org/10.1080/08912963.2020.
1793979

Escaso, F. (2014). Historia evolutiva de los Ornithischia (Dinosauria) del
Jurásico Superior de Portugal. Universidad Autónoma de Madrid.

Escaso, F., Ortega, F., Dantas, P., Malafaia, E., Silva, B., Gasulla, J. M.,
Mocho, P., Narváez, I., & Sanz, J. L. (2014). A new dryosaurid
ornithopod (Dinosauria, Ornithischia) from the Late Jurassic of
Portugal. Journal of Vertebrate Paleontology, 34(5), 1102–1112.
https://doi.org/10.1080/02724634.2014.849715

Forster, C. A. ( 1990). The postcranial skeleton of the ornithopod dino-
saur Tenontosaurus tilletti. Journal of Vertebrate Paleontology, 10
(3), 273–294.

Forster, C. A., de Klerk, W. J., Poole, K. E., Chinsamy-Turan, A., Roberts,
E. M., & Ross, C. F. (2022). Iyuku raathi , a new iguanodontian dino-
saur from the Early Cretaceous Kirkwood Formation, South Africa.
The Anatomical Record, 306(7), 1762–1803.

Galton, P. M. (1981). Dryosaurus, a hypsilophodontid dinosaur from the
Upper Jurassic of North America and Africa postcranial skeleton.
Paläontologische Zeitschrift, 55(3–4), 271–312.

Galton, P. M., & Powell, H. P. ( 1980). The ornithischian dinosaur
Camptosaurus prestwichii from the Upper Jurassic of England.
Palaeontology, 23(2), 411–443.

Gasulla, J. M., Escaso, F., Narváez, I., Sanz, J. L., & Ortega, F. (2022).
New Iguanodon bernissartensis axial bones (Dinosauria,
Ornithopoda) from the Early Cretaceous of Morella, Spain.
Diversity, 14(2), 63.

Gilmore, C. W. ( 1909). Osteology of the Jurassic reptile Camptosaurus:
With a revision of the species of the genus, and description of two
new species (Vol. 332).Proceedings of the United States National
Museum, 36(1666), 197–332.

Gowland, S., Taylor, A. M., & Martinius, A. W. ( 2018). Integrated
sedimentology and ichnology of Late Jurassic � uvial point-
bars–Facies architecture and colonization styles (Lourinha
Formation, Lusitanian Basin, western Portugal). Sedimentology,
65(2), 400–430.

Guèrin—Mèneville, M. F. E. 1877. Revue et magasin de zoologie pure et
appliquée. Libraire zoologique, E. Deyrolle Fils, 23 Rue de la
Monneie, Paris, 486 pp.

Han, F., Forster, C. A., Xu, X., & Clark, J. M. ( 2018). Postcranial anatomy
of Yinlong downsi (Dinosauria: Ceratopsia) from the Upper
Jurassic Shishugou Formation of China and the phylogeny of
basal ornithischians. Journal of Systematic Palaeontology, 16(14),
1159–1187.

Hill, G. ( 1989). Distal alluvial fan sediments from the Upper Jurassic of
Portugal: Controls on their cyclicity and channel formation.
Journal of the Geological Society, 146(3), 539–555.

Hill, G. ( 1988). The sedimentology and lithostratigraphy of the Upper
Jurassic Lourinha formation, Lusitanian Basin, Portugal. Open
University, London.

Horner, J. R., Weishampel, D. B., & Forster, Catherine. ( 2004).
Hadrosauridae. In The Dinosauria: Second Edition (pp. 438–463).
University of California Press.

Hübner, T. (2018). The postcranial ontogeny of Dysalotosaurus lettow-
vorbecki (Ornithischia: Iguanodontia) and implications for the evol-
ution of ornithopod dinosaurs. Palaeontographica Abteilung A, 43–
120.https://doi.org/10.1127/pala/2018/0072

Hulke, J. W. ( 1880). Iguanodon prestwichii, a new Species from the
Kimmeridge Clay, distinguished from I. Mantelli of the Wealden
Formation in the SE of England and Isle of Wight by differences
in the shape of the vertebral centra, by fewer than � ve sacral
vertebrœ, by the simpler character of its tooth-serrature, &· c.,
founded on numerous fossil remains lately discovered at Cumnor,

near Oxford. Quarterly Journal of the Geological Society, 36(1–4),
433–456.

Leinfelder, R. R., & Wilson, R. C. L. ( 1989). Seismic and sedimentologic
features of Oxfordian-Kimmeridgian syn-rift sediments on the
eastern margin of the Lusitanian Basin. Geologische Rundschau,
78(1), 81–104.

Lockwood, J. A., Martill, D. M., & Maidment, S. C. ( 2021). A new
hadrosauriform dinosaur from the Wessex Formation,
Wealden Group (Early Cretaceous), of the Isle of Wight,
southern England. Journal of Systematic Palaeontology, 19
(12), 847–888.

Lydekker, R. ( 1889). On the remains and af� nities of � ve genera of
Mesozoic reptiles. Quarterly Journal of the Geological Society, 45
(1–4), 41–59.

Madzia, D., Arbour, V. M., Boyd, C. A., Farke, A. A., Cruzado-Caballero,
P., & Evans, D. C. (2021). The phylogenetic nomenclature of
ornithischian dinosaurs. PeerJ, 9, e12362. https://doi.org/10.7717/
peerj.12362

Madzia, D., Boyd, C. A., & Mazuch, M. ( 2018). A basal ornithopod dino-
saur from the Cenomanian of the Czech Republic. Journal of
Systematic Palaeontology, 16(11), 967–979.

Magallón, S., Gómez-Acevedo, S., Sánchez-Reyes, L. L., & Hernández-
Hernández, T. (2015). A metacalibrated time-tree documents the
early rise of � owering plant phylogenetic diversity. New
Phytologist, 207(2), 437–453.

Maidment, S. C. R., Chapelle, K. E. J., Bonsor, J. A., Button, D., &
Barrett, P. M. ( 2022). Osteology and Relationships of Cumnoria
prestwichii (ornithischia: Ornithopoda) from the Late Jurassic of
Oxfordshire, Uk. Monographs of the Palaeontographical Society,
176(664), 1–55. https://doi.org/10.1080/02693445.2022.2162669

Mallon, J. C., Evans, D. C., Ryan, M. J., & Anderson, J. S. (2012).
Megaherbivorous dinosaur turnover in the Dinosaur Park
Formation (upper Campanian) of Alberta, Canada.
Palaeogeography, Palaeoclimatology, Palaeoecology, 350, 124–138.

Marsh, O. C. (1881). Principal characters of American Jurassic dinosaurs,
Part V. American Journal of Science, s3-21(125), 417–423. https://
doi.org/10.2475/ajs.s3-21.125.417

Martinius, A. W., & Gowland, S. ( 2011). Tide-in � uenced� uvial bedforms
and tidal bore deposits (late Jurassic Lourinhã Formation, Lusitanian
Basin, Western Portugal). Sedimentology, 58(1), 285–324.

Mateus, O., & Antunes, M. ( 2001). Draconyx loureiroi , a new
Camptosauridae (Dinosauria, Ornithopoda) from the Late
Jurassic of Lourinhã, Portugal. Annales de Paléontologie, 87(1),
61–73. https://doi.org/10.1016/S0753-3969(01)88003-4

Mateus, O., Dinis, J., & Cunha, P. P. (2017). The Lourinhã Formation: The
Upper Jurassic to lower most Cretaceous of the Lusitanian Basin,
Portugal – landscapes where dinosaurs walked.Ciências Da Terra -
Earth Sciences Journal, 19(1), 75–97. https://doi.org/10.21695/cterra/
esj.v19i1.355

McDonald, A. T. ( 2011). The taxonomy of species assigned to
Camptosaurus (Dinosauria: Ornithopoda). Zootaxa, 2783(1), 52–
68. https://doi.org/10.11646/zootaxa.2783.1.4

McDonald, A. T. ( 2012). Phylogeny of basal Iguanodonts (Dinosauria:
Ornithischia): An Update. PLoS ONE , 7(5), e36745.https://doi.
org/10.1371/journal.pone.0036745

Medrano-Aguado, E., Parrilla-Bel, J., Gasca, J. M., Alonso, A., & Canudo,
J. I. (2022). Ornithopod diversity in the Lower Cretaceous of Spain:
New styracosternan remains from the Barremian of the Maestrazgo
Basin (Teruel province, Spain). Cretaceous Research, 144, 105458.
https://doi.org/10.1016/j.cretres.2022.105458

Milner, A. R., & Norman, D. B. ( 1984). The biogeography of advanced
ornithopod dinosaurs (Archosauria: Ornithischia) —A cladistic-
vicariance model. In: W. E. Reif, F. Westphal (Eds.), Third sym-
posium on Mesozoic terrestrial ecosystems, short papers, pp. 145–
150. Attempto Verlag.

Myers, T. S., Tabor, N. J., Jacobs, L. L., & Mateus, O. (2012).
Palaeoclimate of the Late Jurassic of Portugal: Comparison with
the western United States.Sedimentology, 59(6), 1695–1717.

Norman, D. B. ( 1980). On the ornithischian dinosaur Iguanodon bernis-
sartensisfrom the lower Lower Cretaceous of Bernissart (Belgium).
Memoir de l’Institut Royal des Sciences Naturelles de Belgique, 178,
1–105.

Norman, D. B. ( 1986). On the anatomy of Iguanodon ather� eldensis
(Ornithischia: Ornithopoda). Bulletin de l’Institut royal des
Sciences naturelles de Belgique, 56, 281–372.

Rotatori et al. —New iguanodontian from the Upper Jurassic of Portugal (e2310066-17)



Norman, D. B. ( 2004). Basal iguanodontia. The Dinosauria, 2, 413–437.
Novas, F. E., Salgado, L., Suárez, M., Agnolín, F. L., Ezcurra, M. D.,

Chimento, N. R., de la Cruz, R., Isasi, M. P., Vargas, A. O., &
Rubilar-Rogers, D. ( 2015). An enigmatic plant-eating theropod
from the Late Jurassic period of Chile. Nature, 522(7556),
Articolo 7556. https://doi.org/10.1038/nature14307

Owen, R. (1842). Report on British fossil reptiles. Part II. Report of the
Eleventh Meeting of the British Association for the Advancement
of Science,1842, 60–204.

Rambaut, A., Drummond, A. J., Xie, D., Baele, G., & Suchard, M. A.
(2018). Posterior summarization in Bayesian phylogenetics using
Tracer 1.7.Systematic Biology, 67(5), 901–904.

Ride, W. 1999. International Code of Zoological Nomenclature.
International Trust for Zoological Nomenclature.

Ronquist, F., Teslenko, M., Van Der Mark, P., Ayres, D. L., Darling, A.,
Höhna, S., Larget, B., Liu, L., Suchard, M. A., & Huelsenbeck, J.
P. (2012). MrBayes 3.2: Ef� cient Bayesian phylogenetic inference
and model choice across a large model space.Systematic Biology,
61(3), 539–542.

Rotatori, F. M., Moreno-Azanza, M., & Mateus, O. ( 2020). New infor-
mation on ornithopod dinosaurs from the Late Jurassic of
Portugal. Acta Palaeontologica Polonica,65(1), 35–57.

Rotatori, F. M., Moreno-Azanza, M., & Mateus, O. (2022 ). Reappraisal
and new material of the holotype of Draconyx loureiroi
(Ornithischia: Iguanodontia) provide insights on the tempo and
modo of evolution of thumb-spiked dinosaurs. Zoological Journal
of the Linnean Society, 195(1), 125–156. https://doi.org/10.1093/
zoolinnean/zlab113

Rozadilla, S., Agnolín, F. L., & Novas, F. E. (2019). Osteology of the
Patagonian ornithopod Talenkauen santacrucensis(Dinosauria,
Ornithischia). Journal of Systematic Palaeontology, 17(24), 2043–
2089.https://doi.org/10.1080/14772019.2019.1582562

Rozadilla, S., Cruzado-Caballero, P., & Calvo, J. O. (2020). Osteology of
Ornithopod Macrogryphosaurus gondwanicus (Dinosauria,
Ornithischia) from the Upper Cretaceous of Patagonia,
Argentina. Cretaceous Research, 108, 104311.

Sánchez-Fenollosa, S., Verdú, F. J., & Cobos, A. (2023). The largest
ornithopod (Dinosauria: Ornithischia) from the Upper
Jurassic of Europe sheds light on the evolutionary history of
basal ankylopollexians. Zoological Journal of the Linnean Society,
199(4), 1013–1033.

Sánchez-Fenollosa, S., Verdú, F. J., & Suñer, M. (2021). Current knowl-
edge of Late Jurassic ornithopod dinosaurs from Europe.Ciências
da Terra/Earth Sciences Journal Procedia,1, 54–57.

Sánchez-Fenollosa, S., Verdú, F. J., Suñer, M., & de Santisteban, C.
(2022). Tracing Late Jurassic ornithopod diversity in the eastern
Iberian Peninsula: Camptosaurus-like postcranial remains from
Alpuente (Valencia, Spain). Journal of Iberian Geology, 48(2), 1–14.

Seeley, H. G. (1888). I. On the classi� cation of the fossil animals com-
monly named Dinosauria. Proceedings of the Royal Society of
London , 43(258–265), 165–171.

Sereno, P. C. (1986). Phylogeny of the bird-hipped dinosaurs (Order
Ornithischia). National Geographic Research, 2, 234–256.

Simões, T. R., Caldwell, M. W., & Pierce, S. E. (2020a). Sphenodontian
phylogeny and the impact of model choice in Bayesian morphologi-
cal clock estimates of divergence times and evolutionary rates.BMC
Biology, 18(1), 1–30.

Simões, T. R., Kammerer, C. F., Caldwell, M. W., & Pierce, S. E. (2022).
Successive climate crises in the deep past drove the early evolution
and radiation of reptiles. Science Advances, 8(33), eabq1898.

Simões, T. R., Vernygora, O., Caldwell, M. W., & Pierce, S. E. (2020b).
Megaevolutionary dynamics and the timing of evolutionary inno-
vation in reptiles. Nature Communications, 11(1), 1. https://doi.
org/10.1038/s41467-020-17190-9

Smith, A. G., Smith, D. G., & Funnell, B. M. ( 2004). Atlas of Mesozoic
and Cenozoic coastlines. Cambridge University Press.

Taylor, A. M., Gowland, S., Leary, S., Keogh, kevin j., & Martinius, A. W.
(2014). Stratigraphical correlation of the Late Jurassic Lourinhã
Formation in the Consolação Sub-basin (Lusitanian Basin), Portugal.
Geological Journal, 49(2), 143–162.https://doi.org/10.1002/gj.2505

Vila, B., Sellés, A., Moreno-Azanza, M., Razzolini, N. L., Gil-Delgado,
A., Canudo, J. I., & Galobart, À. ( 2022). A titanosaurian sauropod
with Gondwanan af� nities in the latest Cretaceous of Europe.
Nature Ecology & Evolution, 6(3), 288–296.

Xu, X., Tan, Q., Gao, Y., Bao, Z., Yin, Z., Guo, B., Wang, J., Tan, L.,
Zhang, Y., & Xing, H. ( 2018). A large-sized basal ankylopollexian
from East Asia, shedding light on early biogeographic history of
Iguanodontia. Science Bulletin, 63(9), 556–563. https://doi.org/10.
1016/j.scib.2018.03.016

Handling Editor: Steven Salisbury.
Phylogenetics Editor: Pedro Godoy.

Rotatori et al. —New iguanodontian from the Upper Jurassic of Portugal (e2310066-18)


	Abstract
	INTRODUCTION

