
Exploring the diversity and 
disparity of rhabdodontomorph 
ornithopods from the Late 
Cretaceous European archipelago
Łukasz Czepiński 1,2 & Daniel Madzia 1

The origin and early diversification of ornithopods, a major clade of ornithischian dinosaurs, remain 
poorly understood, with conflicting phylogenetic hypotheses regarding rootward neornithischian 
relationships. Some topological stability is inferred near the basal divergence of Iguanodontia, though 
the ingroup relationships remain unclear. For instance, Rhabdodontidae, a clade of Late Cretaceous 
European ornithopods ‘traditionally’ considered to include eight to nine species, presents significant 
taxonomic challenges. We explore the diversity and disparity of European Rhabdodon-lineage 
iguanodontians. We assembled a novel dataset comprising morphological and morphometric data 
obtained from rhabdodontomorph dentaries, which are abundant, well-preserved in the majority 
of the taxa, and distinctive. Special attention is given to Rhabdodon septimanicus, a poorly known 
taxon from the upper Campanian to lower Maastrichtian of southern France, established based on a 
particularly robust dentary bone that has been subjected to conflicting taxonomic interpretations. 
Our restudy of the specimen, combined with a multivariate and phylogenetic assessment, shows 
that this taxon is a clear morphological outlier among European rhabdodontomorphs, providing a 
basis for its assignment to a new genus, Obelignathus. Although further large-scale studies, especially 
detailed osteological descriptions, are needed to clarify the taxonomic significance of certain European 
rhabdodontomorphs, our results indicate that the group exhibits greater diversity than currently 
recognized, with several sympatric taxa co-occurring, at least in southern France and possibly also in 
Romania.

Untangling the complexity surrounding the origin and earliest diversification of ornithopods—a large 
evolutionary branch of dinosaurs that existed for more than 100 million years and encompassed a wide array of 
lineages, including some of the most dominant high-fiber herbivores among Mesozoic tetrapods—has proven to 
be a particularly difficult task. There has been a surge of interest in solving the puzzles surrounding the rootward 
relationships among Neornithischia, the more inclusive clade that consists of ornithopods, ceratopsians, 
pachycephalosaurs, and numerous related forms and lineages some of which had long been associated with 
the base of Ornithopoda1–3, but the results have been inconclusive, offering strikingly different phylogenetic 
hypotheses4–12.

Within Ornithopoda, tree structures appear relatively stable around the node marking the basal divergence 
of Iguanodontia, a species-rich clade of ornithopods that includes dryosaurids, ankylopollexians, and the 
Rhabdodon-lineage ornithopods, long known from a low-diversity group of latest Cretaceous taxa comprised 
within Rhabdodontidae13–16.

Rhabdodontids are commonly considered to represent a group of small to medium-sized ornithischian 
dinosaurs endemic for the Late Cretaceous European archipelago (see Augustin et al.15 for a recent review of the 
evolutionary history of the group). Eight to nine distinct species are currently recognized based on specimens 
unearthed from eastern Austria17, southern France18–20, western Hungary14, western Romania13,16, and northern 
Spain21 (Figs. 1 and 2). Still, the understanding of the diversity of Rhabdodontidae and their intrarelationships 
remains far from complete. For instance, recent studies focusing on the histology of long bones suggested that 
the taxic diversity within the clade may be greater than traditionally thought, with possible co-occurrences of 
multiple sympatric taxa at least in the sample from southern France14. The group is therefore in need of a detailed 
taxonomic reassessment.
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Fig. 1.  Taxonomic history of the currently existing nominal taxa of the European rhabdodontomorph 
dinosaurs. Individual species are shown in a different shade of color for the particular genus (blue for 
Rhabdodon, green for Mochlodon, orange for Zalmoxes, red for Obelignathus gen. nov.; other valid taxa are in 
purple and violet, while the invalid taxa are in white). The first use of the name is shown in bold font. Empty 
spaces indicate that the taxon was not mentioned in the given paper. Note that originally Rhabdodon priscus 
was spelled R. priscum18,25, and Mocholodon suessi was ‘Iguanodon’ suessii17. References: 118; 217; 326; 427; 528; 
629; 730; 831; 932; 1033; 1134; 1235; 1336; 1437; 1538; 1639; 1740; 1819; 1941; 2013; 2122; 2242; 2343; 2444; 2523; 2614; 2720; 
2821; 2916; 3015; 31: this study. Abbreviations: CI: Camptosaurus inkeyi; MS: Mochlodon suessi; OA: Oligosaurus 
adelus; OG: Ornithomerus gracilis; OH: Onychosaurus hungaricus; RA: Rhadinosaurus alcimus (partial);  
Transylvanos.: Transylvanosaurus.
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Owing to the fact that the type specimens of six of the taxa ‘traditionally’ comprised within Rhabdodontidae 
(Mochlodon suessi, M. vorosi, Rhabdodon priscus, R. septimanicus, Zalmoxes robustus, and Z. shqiperorum), are 
known from well-preserved and distinctive dentary bones, determining the diagnostic features present in these 
elements has the potential to provide crucial information improving the knowledge of their distinguishability 
and phylogenetic affinities. The main aim of this study is threefold: (1) to provide a thorough reevaluation of the 
dentary bone morphologies of these taxa, (2) to investigate the taxonomic significance of the new observations, 
and (3) to explore the phylogenetic implications of the obtained results on the European Rhabdodon-lineage 
iguanodontians.

A major part of the taxonomic section of the present study is dedicated to a thorough reevaluation of the 
poorly known ornithopod Rhabdodon septimanicus Buffetaut & Le Loeuff, 1991, from the upper Campanian-
lower Maastrichtian ‘Grès à Reptiles’ Formation in Hérault, southern France. The taxon was established upon 
a robustly-built right dentary (MDE D30) missing the anteriormost portion. Although originally considered 
distinct from the type species, R. priscus19, further studies have provided conflicting taxonomic interpretations. 
Whereas Allain and Pereda Suberbiola22 regarded the differences between R. priscus and R. septimanicus as 
merely reflecting infraspecific variability or sexual dimorphism, later studies were in favor of the distinctiveness 
of the two taxa (Fig. 1)13,14,23. However, none of the subsequent studies have assessed R. septimanicus specifically.

We provide a detailed description of the type dentary of R. septimanicus, identify new diagnostic characters, 
compare it with the dentaries of all other European rhabdodontomorphs (the largest clade containing Rhabdodon 
priscus Matheron, 1869 but not Hypsilophodon foxii Huxley, 1869 and Iguanodon bernissartensis Boulenger in 
Beneden, 1881; see:24) in which they are preserved, illustrate it using photogrammetric three-dimensional (3D) 
modeling, discuss the taxonomic significance of our new findings, and explore the phylogenetic affinities of the 
taxon.

Material and methods
Material
The present study is primarily based on first-hand examination of 31 rhabdodontomorph dentaries unearthed 
from Upper Cretaceous strata across Europe, including those of ‘Rhabdodon’ septimanicus (holotype: MDE 
D30), Mochlodon suessi (lectotype: PIUW 2349/2), Mochlodon vorosi (holotype: MTM V 2010.105.1; and referred 
dentaries: MTM V 2010.103.1, MTM V 2010.104.1, MTM V 2010 106.1, MTM V 2010 107.1, MTM V 2010 
108.1, MTM V 2010 109.1, MTM V 2010.112.1, MTM PAL 2012.15.1, MTM PAL 2012.16.1), Zalmoxes robustus 
(holotype: NHMUK R3392; and referred dentaries: NHMUK R3406, NHMUK R3407, NHMUK R4912, LPB 
(FGGUB) R.0088, LPB (FGGUB) R.1258, LPB (FGGUB) R.1372, LPB (FGGUB) R.1523, LPB (FGGUB) R.2369, 

Fig. 2.  Dentaries of selected European rhabdodontomorphs in dorsal and lateral views. (A) Obelignathus 
septimanicus gen. et comb. nov., holotype MDE D30, right dentary from the ‘Grès à Reptiles’ Formation, 
Montouliers (France); (B) Mochlodon vorosi holotype MTM V 2010.105.1, left dentary from the Csehbánya 
Formation, Iharkút (Hungary; mirrored); (C) Mochlodon suessi, lectotype PIUW 2349/2, right dentary from 
the Grünbach Formation, Muthmannsdorf (Austria); (D) Zalmoxes robustus holotype NHMUK R3392, 
right dentary from the Sinpetru Formation, Sânpetru (Romania); (E) Rhabdodon priscus, lectotype MPLM 
30, left dentary from the Marnes Rouges Inférieures Formation, la Nerthe (France; mirrored drawing after 
Matheron18; outline based on specimens MPLM 30 and MPLM 31, size estimation based on Matheron18 and 
Brinkman39); (F) Zalmoxes shqiperorum holotype NHMUK R4900, right dentary from the Sinpetru Formation 
of Sânpetru (Romania; outline based on the specimen UBB NVZ1-1).
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MCDRD 310), Zalmoxes shqiperorum (holotype: NHMUK R4900; and referred dentaries LPB (FGGUB) R.2349, 
LPB (FGGUB) R.2411, UBB NVZ1-1, UBB NVZ1-2), as well as several other rhabdodontid specimens from 
Romania (LPB (FGGUB) R.2776, LPB (FGGUB) R.2777, LPB (FGGUB) R.2778, SZTFH Ob.3065).

 The lectotype and paralectotype dentary of Rhabdodon priscus (MPLM 30 and MPLM 31) could not be 
examined in person because they were not re-located in the MPLM collection during the visit of one of us (Ł.C.) 
to Marseille in November 2023. Moreover, the lectotype specimen was reported to be highly deteriorated41. 
Hence, for the comparative studies, we used the drawings from Matheron18 and archival photography from 
Brinkman39.

Photogrammetry
 The photogrammetric three-dimensional (3D) model was created using photographs of the specimen MDE 
D30 in the Agisoft Metashape Professional 2.0.1 software. The obtained model was later processed in Meshlab 
2021.1045, using the Cook-Torrance and Radiance Scaling shaders. The mesh of the specimen MDE D30 is 
available at MorphoSource (​h​t​t​p​s​:​​/​/​w​w​w​.​​m​o​r​p​h​o​​s​o​u​r​c​e​​.​o​r​g​/​​c​o​n​c​e​r​​n​/​m​e​d​i​​a​/​0​0​0​6​​9​7​3​5​1).

Multivariate analyses
We explored the disparity in the dentary bones of rhabdodontomorph ornithopods through the assessment of 
a newly assembled specimen-level dataset comprising 15 continuous and eight discrete characters scored for 
47 elements, 45 of which have been unearthed across Europe and two are from North America. The character 
list is provided in Supplementary Information I, the dataset is in Supplementary Information II, and software-
executable scripts are included as Supplementary Information III and IV.

We performed a principal coordinates analysis (PCoA), using the full matrix and the Gower similarity index 
that is well suited for datasets including both continuous and discrete variables46, and a principal component 
analysis (PCA), using only the continuous variables. In both analyses, all continuous variables were z-transformed. 
The analyses were conducted in PAST 4.1747. Before each analysis, we imposed a 50% completeness threshold 
to exclude highly incomplete specimens, as their extensive missing data could hinder accurate estimation of 
pairwise distances. The PCoA utilized data from 34 specimens, whereas the PCA assessed 33 specimens.

Phylogenetic analyses
The phylogenetic relationships among rhabdodontomorph ornithopods were investigated using a modified 
version of the matrix assembled by Fonseca et al.12, to which we have made the following changes. ‘Rhabdodon’ 
septimanicus has been rescored based on personal observations and constructed to include only data obtained 
from the type specimen (MDE D30). ‘R.’ septimanicus has typically been assumed to be conspecific with or the 
sister taxon to R. priscus15,19, but the material has never been included in a phylogenetic analysis until the study 
by Fonseca et al.12, who reconstructed it as a non-rhabdodontid rhabdodontoid; thus, at an earlier-diverging 
position than R. priscus. However, in their analyses, Fonseca et al.12 also included characters present in material 
from Quarante that has only tentatively been referred to ‘R.’ septimanicus in a formally unpublished doctoral 
thesis23. Owing to the fact that this material awaits formal description, we decided to keep only those scores that 
can be obtained from the type specimen (MDE D30), and scored the Quarante material as a separate operational 
taxonomic unit (OTU), termed here as the ‘Quarante rhabdodontomorph’. We have further reassessed the 
scores provided for Rhabdodon priscus and included two OTUs: one comprising only the scores that can be 
inferred from the type (lectotype) and paralectotype dentaries ascribed to the taxon by Matheron18, and one 
based on referred material. Additionally, we have rescored a number of character states for the late-diverging 
rhabdodontoids Mochlodon suessi, Mochlodon vorosi, Zalmoxes robustus, and Zalmoxes shqiperorum, as well as 
for Convolosaurus marri, Iani smithi, Leptoceratops gracilis, Protoceratops andrewsi, Tenontosaurus dossi, and 
Tenontosaurus tilletti. Finally, we have included the recently described ornithopods Ampelognathus cogeni48 and 
Emiliasaura alessandrii49. A. coheni was proposed to represent a rhabdodontomorph12 though no phylogenetic 
analyses have supported such a placement so far. In turn, E. alessandrii is of potential interest for inferences 
concerning the evolutionary history of Rhabdodontomorpha as it was reconstructed to represent the earliest-
diverging member of the clade49. The final version of the matrix comprised 176 OTUs scored for 943 characters 
(+ one dummy character); 55 of these were set as ‘additive’ (= ‘ordered’), as originally proposed by Fonseca et 
al.12.

Our analyses used maximum parsimony as the optimality criterion and were performed in TNT 1.650. We 
have conducted four analyses, all using Euparkeria capensis as the outgroup; the first analysis was based on 
equal weights, whereas the remaining runs used the implied weighting function. The concavity parameters (K) 
were set 12, 15, and 21. Each of the analyses used the same software settings. Owing to the addition of the 
command “hold 200000;” to the TNT-executable script, the maximum number of most parsimonious trees 
was automatically set to 200,000 trees upon opening the .tnt file. First, we ran the ‘New Technology’ search, 
involving 500 addition sequences. We used default settings activated for sectorial searches, ratchet, drift, and tree 
fusing. After obtaining the initial results, we conducted an additional ‘Traditional’ search using tree bisection-
reconnection (TBR) branch-swapping, with trees stored in RAM. For the analysis with equal weighting, Bremer 
support was calculated using TBR branch-swapping, retaining sub-optimal trees with up to three additional 
steps. Nodal support in the analyses with implied weighting was assessed through Symmetric Resampling, 
utilizing a ‘Traditional’ search with 1,000 replicates, a default change probability of 33%, and results expressed as 
frequency differences (GC). See Supplementary Information V for detailed information regarding the changes 
applied to the character scores and Supplementary Information VI for the TNT-executable script.
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Nomenclatural acts
This published work and the nomenclatural acts it contains have been registered in ZooBank, the online 
registration system for the International Code of Zoological Nomenclature (ICZN). The ZooBank LSIDs (Life 
Science Identifiers) can be resolved and the associated information viewed through any standard web browser by 
appending the LSIDs to the prefix https://zoobank.org/. The LSIDs are ​u​r​n​:​l​s​i​d​:​z​o​o​b​a​n​k​.​o​r​g​:​p​u​b​:​4​0​8​1​5​0​4​3​-​9​B​
E​6​-​4​7​7​0​-​A​9​1​A​-​2​4​2​5​E​D​E​0​3​2​A​4 for this publication and urn:lsid:zoobank.org:act:3AB06061-8DE6-4E63-9139-
D587A0E30CD9 for the new genus Obelignathus.

Institutional abbreviations
CM, Collection Méchin, Vitrolles, France; LPB (FGGUB), Laboratory of Paleontology, Faculty of Geology 
and Geophysics, University of Bucharest, Bucharest, Romania; MC, Musée de Cruzy, Cruzy, France; MCDRD, 
Museum of Dacian and Roman Civilisation, Deva, Romania; MDE, Musée des Dinosaures, Espéraza, France; 
MHN-AIX-PV, Natural History Museum, Aix-en-Provence, France; MHNH, National Museum of the Natural 
History, Paris, France; MPLM, Palais Longchamp Museum, Marseille, France; MTM, Hungarian Natural 
History Museum, Budapest, Hungary; NHMUK, Natural History Museum, London, UK; PIUW, Department 
of Palaeontology, University of Vienna, Vienna, Austria; SZTFH, Collection of the Supervisory Authority for 
Regulatory Affairs, Budapest, Hungary; UBB, Faculty of Biology and Geology, Babeș-Bolyai University, Cluj-
Napoca, Romania.

Results
For the sake of convenience, we refer to ‘Rhabdodon’ septimanicus by its new genus name, Obelignathus, in 
our description and visualization of the results. For details on the nomenclatural acts, see  ‘Material and 
methods’ above and the ‘Systematic paleontology’ section below.

Multivariate analyses
Our multivariate analyses reveal a distinct separation in the morphospace occupied by Obelignathus septimanicus 
compared to other rhabdodontomorphs, as evidenced by the first two coordinates (PCo1 vs. PCo2) and the first 
two components (PC1 vs. PC2), establishing it as a clear outlier within the analyzed dataset in both its morphology 
as well as its morphometrics (Fig. 3). In our PCoA, O. septimanicus occupies an extreme positive side for the 
first coordinate, while the majority of rhabdodontomorphs, including the tenontosaurids Tenontosaurus tilletti 
and Iani smithi, are grouped near the center of the plot, leaning towards the negative side of coordinate 1. The 
results of the PCA show a similar pattern. O. septimanicus is placed on the extreme positive side of the second 
component, while the rest of the specimens occupy the center of the plot. Owing to the fact that Zalmoxes is 
in need of a thorough reevaluation51, all dentaries referred to as Z. robustus, Z. shqiperorum or Z. sp. have been 
assigned here to a single group (‘Zalmoxes spp.’). In both analyses, Zalmoxes occupies a broad morphospace 
that partly overlaps with that of Mochlodon vorosi and tenontosaurids, and covers the morphospace occupied 
by the data point representing the lectotype dentary of R. priscus. Interestingly, both analyses also show an 
apparent separation in the morphospace occupation of Mochlodon suessi and the rest of the later-diverging 
rhabdodontoids included in the dataset, supporting the distinctiveness of the type specimen of that taxon. The 
full results of our multivariate analyses are provided alongside the dataset in Supplementary Information II.

Phylogenetic analyses
The numerical results of our phylogenetic analyses, including the numbers of most parsimonious trees (MPTs), 
tree lengths, and Consistency and Retention indices are provided in Table 1; reduced tree topologies, focusing on 
the rhabdodontomorph segments of the ornithischian phylogenetic trees, are visualized on Fig. 4, and full tree 
topologies resulting from each run of our phylogenetic analyses, including the nodal support values, are accessible 
through Supplementary Information VII (Figs S7.1–S7.8). The parsimony analysis using equal weights has 
resulted in a rather poorly resolved neornithischian segment of the strict consensus tree and failed to reconstruct 
a monophyletic Rhabdodontomorpha (as inferred by Fonseca et al.12; Fig. 4A). Further inspection of the most 
parsimonious trees (MPTs) and the reconstruction of the 50% majority-rule consensus tree did not improve the 
resolution substantially though the North American branch, Tenontosauridae (including Convolosaurus marri, 
Iani smithi, and Tenontosaurus spp.), was inferred monophyletic in all runs. Neither Rhabdodontoidea nor 
Rhabdodontidae were reconstructed though 99% of the MPTs inferred monophyletic Mochlodon spp. and 84% 
of the shortest trees found an unresolved clade formed by Zalmoxes robustus, Z. shqiperorum, and Matheronodon 
provincialis.

The tree resolution was higher when using the implied weighting function (Fig.  4B, C). All runs found 
Rhabdodontomorpha composed of a basal polytomy comprising Transylvanosaurus platycephalus, the ‘Quarante 
rhabdodontomorph’, Ampelognathus coheni, and monophyletic tenontosaurids and rhabdodontoids, with the 
same internal topologies. The only difference in rhabdodontomorph intrarelationships was the placement of 
Obelignathus septimanicus under K = 12—a parameter setting that, among the K-values tested in this study, 
applied the strongest downweighting of homoplastic characters. When the K-value was set to 12, O. septimanicus 
was excluded from the rhabdodontomorphs and instead nested within the elasmarian lineage. It was positioned 
as a member of the earliest-diverging clade within this group, which consisted of O. septimanicus and Iyuku 
raathi from the Valanginian (Lower Cretaceous) of South Africa52.

Systematic paleontology
Dinosauria Owen, 1842 [Langer et al., 2020].

Ornithischia Seeley, 1888 [Madzia et al., 2021].
Ornithopoda Marsh, 1881 [Madzia et al., 2021].
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Iguanodontia Baur, 1891 [Madzia et al., 2021].
Rhabdodontomorpha Dieudonné et al., 2016 [Madzia et al., 2021].
Obelignathus gen. nov.

Etymology  A combination of Obélix, the name of a cartoon character in the French comic book series Asterix, 
or Asterix and Obelix, by René Goscinny and Albert Uderzo, known for his exceptional strength, as a reference 
to the unusually robustly-built holotype dentary; and “gnáthos” (“γνάθος”), Greek for “jaw”.

Diagnosis  As for the type and only species (see below).

Run MPT (NT) BS MPT (TS) CI RI

EW 24 7028 200,000 0.162 0.627

IW (K = 12) 19 282.82054 200,000 0.162 0.626

IW (K = 15) 5 245.66792 200,000 0.162 0.626

IW (K = 21) 6 195.13297 200,000 0.162 0.626

Table 1.  Numerical results of the phylogenetic analyses. BS, best score (tree length); CI, Consistency Index; 
EW, parsimony analysis using equal weighting; IW, parsimony analysis using implied weighting; MPT, number 
of most parsimonious trees; NT, ‘New Technology’ search; RI, Retention Index; TS, ‘Traditional’ search.

 

Fig. 3.  Results of the principal coordinates (A, C) and principal component (B, D) analyses showing 
the morphospace occupation of rhabdodontomorph ornithopods determined through assessment of the 
morphology and morphometrics of their dentaries.
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Obelignathus septimanicus (Buffetaut & Le Loeuff, 1991) comb. nov.
= Rhabdodon septimanicus Buffetaut & Le Loeuff, 1991.

Holotype  MDE D30 (earlier the Laboratoire de Paléontologie des Vertébrés, Universite Paris-VI, n° MTL 0219), 
a right dentary missing the anteriormost portion (Figs. 2 A,5,6,7 A).

Locality  Montouliers, Saint-Chinian commune, Hérault, southern France.

Horizon  ‘Grès à Reptiles’ Formation (upper Campanian-lower Maastrichtian, Upper Cretaceous53,54).

Revised diagnosis  A medium-sized rhabdodontomorph dinosaur with the following unique combination of 
characters (*previously identified autapomorphy; **newly identified autapomorphy):

	(1)**	 Dentary bone with a robust appearance, being anteroposteriorly shorter (with the main body of the den-
tary being about 3 times longer than high), labiolingually wider, and dorsoventrally higher than in other 
rhabdodontomorphs (where the dentary is about 4 times longer than high);

	 (2)*	 Absence of the buccal platform lateral to the alveolar row19;

Fig. 4.  Results of the phylogenetic analyses showing reduced topologies obtained through parsimony analyses 
using (A) equal weights and the implied weighting with K-values of (B) 12 and (C) 15 and 21. Although the 
results are inconsistent in reconstructing the intrarelationships of rhabdodontomorphs and rhabdodontoids, 
the topological uncertainties likely arise from incomplete knowledge of the morphology of some 
rhabdodontomorphs. The indicated extents of particular clade names reflect the hypothesized composition of 
the clades. Silhouette obtained from phylopic.org (Scott Hartman, CC BY 3.0).
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	(3)**	 Absence of the horizontal buccal crest in the posterior part of the dentary due to the poorly developed 
anterolateral ridge of the coronoid process;

	 (4)*	 Coronoid process of the dentary placed directly posterior to the alveolar row19, resulting in contact with a 
surangular being in line with the alveolar row and not displaced laterally as in other rhabdodontomorphs;

	(5)**	 Coronoid process rotated lateroposteriorly, such as the lateral and coronoid surfaces of the process face, 
respectively, more posteriorly and more anteriorly than in other rhabdodontomorphs;

	(6)**	 Meckelian canal mediolaterally and dorsoventrally deep, reaching 50% of the height of the medial wall 
of dentary below the alveolar groove (in other rhabdodontomorphs the dorsoventral height of the Meck-
elian canal is up to 33% of the medial height of the dentary wall).

Description and comparisons
MDE D30 is a right dentary bone missing the anteriormost portion of the tooth row and the symphysis. The 
preserved part is 105.5 mm long anteroposteriorly, with dorsoventral height (measured anterior to the coronoid 
process) equal to 44 mm. In overall morphology, the dentary is robust, being relatively deep and short. When 
compared to other known rhabdodontomorph dentaries, the estimated length of the MDE D30 would be 130–
140 mm (see Supplementary Information 1).

In dorsal view, the lateral wall of the dentary is slightly concave and the medial wall is strongly convex. This 
feature was suggested by Buffetaut & Le Loeuff19 as a possible diagnostic feature of O. septimanicus and is also 

Fig. 5.  Obelignathus septimanicus gen. et comb. nov. holotype, MDE D30 from the ‘Grès à Reptiles’ Formation 
of Montouliers, southern France. Photographs and photogrammetric models of the right dentary in dorsal (A), 
anterior (B), medial (C), and lateral (D) views.
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observed in one dentary from the La Boucharde site22 (note that no collection number was given in the original 
paper; hence, hereafter we refer to this dentary as “La Boucharde dentary 2”) and some dentaries from the 
Quarante site23. In rhabdodontids, such as R. priscus, Mochlodon spp., and Zalmoxes spp., the lateral side of the 
bone is nearly straight in dorsal view, and the curvature of the medial wall is visible mostly in the anteriormost 
part of the tooth row.

The lateral surface is smoothly convex dorsoventrally, without forming a well-defined flat shelf of the buccal 
platform lateral to the tooth row, which is otherwise present in all rhabdodontoids (Rhabdodon priscus, Mochlodon 
spp., Zalmoxes spp.; Fig. 8) and even in earlier-diverging members of Rhabdodontomorpha (Iani smithi NCSM 
2937355 and the Vegagete rhabdodontomorph MDS-VG,16/17/1525). The other rhabdodontomorph specimen 
lacking the buccal platform is the “La Boucharde dentary 2”22 and such a condition was also reported for a 
dentary from the Quarante site23.

In dorsal view, the dentary of O. septimanicus has a constant lateromedial width. In contrast, rhabdodontids 
show variation in the maximum width of the dentary due to the development of a buccal platform. For example, 
the lectotype of Rhabdodon priscus (MPLM 30) and the lectotype of Mochlodon suessi (PIUW 2349/2) reach 
the greatest width at their midlength, while in Mochlodon vorosi and Zalmoxes spp. the dentary is widest in its 
posterior part.

There is no buccal emargination in O. septimanicus. In all rhabdodontids, including R. priscus (MPLM 30), 
M. suessi (PIUW 2349/2), M. vorosi (e.g., MTM V. 2010.105.1), and Zalmoxes spp., a buccal crest is formed by 
the horizontal expansion of the anterolateral ridge of the coronoid process (Fig. 8). Such a ridge is only poorly 
developed in O. septimanicus, and is directed lateroventrally, rather than anterolaterally (Fig. 7).

The completely preserved coronoid process of MDE D30 forms an angle of about 103° with the dorsal edge 
of the labial alveolar wall in lateral view. In the lectotype of R. priscus, the process slopes backwards much 
more strongly (with an angle of 146°). However, this feature seems to vary intraspecifically within the sample of 
rhabdodontids19. Within the known material of Mochlodon spp. and Zalmoxes spp., there are specimens with both 

Fig. 6.  Obelignathus septimanicus gen. et comb. nov. holotype, MDE D30, preserved dentition. (A) 
Replacement teeth preserved in the ?3rd and ?5th alveoli in buccal view; (B) Replacement tooth preserved 
below the alveolar groove in lingual view.
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posteriorly sloping coronoid processes (e.g., Mochlodon vorosi MTM PAL 2012.15.1, MTM PAL 2012.16.1, and 
Zalmoxes spp. NHMUK R3392, NHMUK R4912, LPB (FGGUB) R.2349) as well as with a nearly perpendicular 
one (e.g., Mochlodon vorosi MTM V 2010.105.1, Zalmoxes spp. NHMUK R3407, and ‘K2 rhabdodontid’ LPB 
(FGGUB) R.2777), without clear separation between the morphotypes.

The coronoid process of MDE D30 develops directly posteriorly to the alveolar row19. It is a condition 
contrasting that present in all later-diverging rhabdodontoids (Rhabdodon priscus, Mochlodon spp., Zalmoxes 
spp., and ‘K2 rhabdodontid’), where the coronoid process develops anteriorly and laterally to the posteriormost 
alveoli, such as that these are hidden by the coronoid process in lateral view. In all those taxa, the buccal wall 
of the last alveolus is positioned medially to the lingual surface of the coronoid process. In R. priscus MPLM 30 
the posteriormost alveoli are placed at the base of the medial surface of the coronoid process. It further differs 
from Mochlodon spp. and Zalmoxes spp. in which the posteriorly extended buccal platform clearly separates 
the alveolar row and the coronoid process (this condition is especially pronounced in Z. shqiperorum NHMUK 
R4900). In contrast, in O. septimanicus the posteriormost alveolus is placed anteriorly to the coronoid process 
(Figs. 5 A, 7 A). A similar condition is also observed in the “La Boucharde dentary 2”22 and was also reported for 
specimen MC-CY_QR 1 from Quarante23.

There are two ridges present on the coronoid process in rhabdodontomorph dentaries (Fig. 7). In MDE D30, 
the medial ridge develops anteriorly towards the medial wall of the alveolar row and is confluent with the latter 
(Fig. 7A). In rhabdodontoids, this ridge also connects with the alveolar row, but due to its position, it develops 

Fig. 8.  The transverse cross-section of the posterior part of the dentary bones (at the level anterior to the 
coronoid process) within rhabdodontomorphs shows the absence of the buccal platform (orange) and buccal 
crest (blue) in Obelignathus septimanicus gen. et comb. nov. MDE D30 (A). B) Rhabdodon priscus MLPM 30 
(modified after Matheron, 1869), C) Mochlodon suessi PIUW 2349/2; D) Mochlodon vorosi MTM V 2010.105.1; 
E) Zalmoxes shqiperorum UBB NVZ1-1; F) Tenontosaurus tilletti OMNH 58340. Not to scale.

 

Fig. 7.  Coronoid process in rhabdodontomorphs. Lateroposteriorly rotated coronoid process of Obelignathus 
septimanicus gen. et comb. nov. MDE D30 (A) and typical rhabdodontoid condition seen in Mochlodon 
vorosi MTM V 2010.104.1 (B); both in anterodorsal view. In contrast to O. septimanicus, in rhabdodontoids 
the anterolateral ridge of the coronoid process is well-developed and forms a buccal crest that anteriorly 
and laterally delimitates the buccal platform. The medial ridge forms the anterior margin of the coronoid 
articulation and connects the coronoid process with the posterior part of the tooth row. Not to scale.
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medially (Fig. 7B). Posterior to this ridge on the coronoid process there is a flat surface covered with striations. It 
was suggested that it is a surface for muscle insertions, likely for the M. pseudotemporalis56,57; however, as is seen 
on the more complete rhabdodontoid specimens (e.g., Zalmoxes shqiperorum UBB NVZ1-1), the major part of 
this striated surface was covered by a tightly appressed coronoid bone58. In MDE D30, the striated medial surface 
covers only the dorsal half of the coronoid process, while in Mochlodon vorosi and Zalmoxes spp. it is almost 
reaching the level of the alveolar row.

The second ridge on the coronoid process in MDE D30 is poorly developed and expands anteroventrally for 
a short distance along the lateral surface of the process. In R. priscus (MPLM 30), Mochlodon spp. and Zalmoxes 
spp. such an anterolateral ridge develops anteriorly into the longitudinal buccal crest, laterally bordering the 
buccal platform (Fig. 7B). Posterior to this ridge, there is a relatively flat area with striations in MDE D30, that 
corresponds to the insertion surface for the M. adductor mandibulae externus profundus56,57.

As a result, the coronoid process of O. septimanicus is lateromedially narrow and rotated lateroposteriorly 
in relation to the longitudinal axis of dentary when compared with other rhabdodontomorphs (Fig. 7A). The 
medial surface of the coronoid process for contact with coronoid bone is nearly parallel to the tooth row, while 
the anterior surface is facing more laterally than in rhabdodontids. The contact with the surangular is positioned 
medially to the lateral wall of the alveolar row in O. septimanicus. This contrasts with the condition seen in all 
rhabdodontids (even in the lectotype of R. priscus MPLM 30), where the contact with the surangular is placed 
more laterally. Apart from MDE D30, such a posterolaterally rotated coronoid process is present only in the “La 
Boucharde dentary 2”22.

No clear track of the nutrient foramina is visible in MDE D30, although one foramen piercing the dentary at 
the level of the ?7th alveoli is poorly preserved19, being relatively smaller than those in other rhabdodontomorphs. 
The foramen lies within an anteroposterior groove developing anteroventrally at the level of posteriormost five 
alveoli (Fig. 5D), but which is most likely caused by some taphonomical damage19. However, notably, a similarly 
positioned groove connecting the nutrient foramina is visible in some dentaries of Zalmoxes spp.(e.g., LPB 
(FGGUB) R.1640, LPB (FGGUB) R.2411; NHMUK R3406).

Ventral to this longitudinal groove there is a shallow, but clearly delimited elliptical depression (Fig. 5D). 
Although it also may be caused by some taphonomic distortion of the specimen, it is again worth noting that a 
similar depression was reported in one specimen of the ‘K2 rhabdodontid’ (LPB (FGGUB) R.277851). Seemingly 
a similar fossa, but placed more anteriorly, is also present in the “La Boucharde dentary 2”22, although this needs 
to be confirmed by personal examination.

On the medial side, the alveolar groove is developed in the form of a distinct furrow. In MDE D30 it 
expands posterodorsally, resulting in the posterior part of the groove being terminated anterior to the coronoid 
process and dorsally reaching the level of the posteriormost tooth (Fig. 5C). This feature seems to be variable in 
rhabdodontoids, e.g., in Rhabdodon sp. CM 443 the alveolar groove develops ventrally, never reaching the dorsal 
portion of the dentary and does not terminate anterior to the coronoid process14, while in Zalmoxes robustus 
NHMUK R3407 the condition is similar to that observed in O. septimanicus MDE D30.

The Meckelian canal seems to be very well developed, dorsoventrally high and mediolaterally deep. In MDE 
D30, the Meckelian canal reaches up to 50% of the dorsoventral height of the dentary anteriorly to the coronoid 
process. The ratio seems to be much greater than in the majority of other rhabdodontomorph dentaries (22.5–
38.5% in Zalmoxes spp., 28.6–33.3% in Mochlodon spp., 27.8–38.0% in Rhabdodon sp., and 31.8% in Tenontosaurus 
tilletti), with only one other rhabdodontomorph dentary from France (the “La Boucharde dentary 2”22) being of 
a similar dorsoventral height (47.4% of the dentary height) as that present in O. septimanicus.

Just above the Meckelian canal, the medial wall of the dentary bears a longitudinal groove. It most likely 
represents a contact surface for the unpreserved splenial bone. Its anteriormost extent is unknown because of 
the incompleteness of the specimen.

Eight posterior alveoli are visible, with the anteriormost one being only partially preserved. The third to 
seventh preserved alveoli are similar in size, with the first two and the eighth one being significantly smaller. 
In rhabdodontids, the first two (e.g., Zalmoxes spp. NHMUK R3392, NHMUK R4912, SZTFH Ob.3065, 
UBB NVZ1-1) or three (e.g., Mochlodon suessi PIUW 2349/2; Mochlodon vorosi MTM V 2010.105.1, MTM 
PAL 2012.16.1; Zalmoxes spp. NHMUK R3407, LPB R.0088) alveoli are usually significantly smaller than the 
following ones. This suggests that originally there were most probably eight or nine dentary alveoli in MDE D30, 
and only a small anteriormost portion of the dentary is broken away.

Although incompletely preserved, the medial wall of MDE D30 seems to reach higher dorsally than the 
lateral one19. Although this condition can be compared only with a few specimens that preserved the medial 
parapet of the dentary, the medial wall is seemingly nearly at the same level as the lateral wall in Zalmoxes 
robustus LPB (FGGUB) R.1372 and Mochlodon vorosi MTM V 2010.104.1.

In dorsal view, the alveolar row is relatively curved, with a concave labial margin. Buffetaut & Le Loeuff19 
considered it to be a condition different from that seen in rhabdodontids. However, this feature is difficult to 
quantify, as the level of alveolar curvature seems to differ within the sample of a particular taxon, with, e.g., the 
majority of specimens of Mochlodon vorosi having only the anteriormost part of the alveolar row laterally arched, 
while it is being arched medially in some specimens of Zalmoxes spp. (e.g., Z. robustus LPB (FGGUB) R.1371) but 
straight in others (e.g., Z. robustus NHMUK R4912, Z. shqiperorum UBB NVZ1-1). Nevertheless, the curvature 
seen in specimen MDE D30 seems to be stronger than in the majority of other rhabdodontomorphs. A similar 
degree of curvature is present in the “La Boucharde dentary 2”22, and it is even more pronounced in specimen 
MC-CY_QR 1 from the Quarante site23.

As observed by Buffetaut & Le Loeuff19, the interdental plates between alveoli are incompletely preserved, 
suggesting that they were only partially ossified, similar to the condition reported in rhabdodontoids. 
Replacement teeth are present in several alveoli (2nd, 3rd, 5th, 6th, 8th and 9th from those preserved; Fig. 6A). 
One replacement tooth is also visible ventral to the alveolar groove below the ?3rd alveoli (Fig. 6B). The teeth are 
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roughly similar to those of rhabdodontoids, with a prominent primary ridge and a number of secondary ridges 
as in R. priscus and Mochlodon spp. but fewer than in Zalmoxes spp. Unfortunately, other features of the dentary 
teeth in MDE D30 (e.g., number of ridges) are indiscernible, because of the incomplete exposure of the teeth.

 Rhabdodontomorpha Dieudonné et al., 2016 [Madzia et al., 2021].
 Rhabdodontoidea Poole, 2022 [Fonseca et al., 2024].
 Rhabdodontidae Weishampel et al., 2003 [Madzia et al., 2021].
 Rhabdodon Matheron, 1869.
Rhabdodon priscus Matheron, 1869 (amended Brinkmann, 1986).

Lectotype  MPLM 30, a partial left dentary missing the anterior portion (Figs. 2E and 9).

Referred material  MPLM 31, an anterior part of the right dentary (paralectotype); MPLM 32, a dentary frag-
ment (paralectotype); MPLM 34, a posterior dorsal vertebra (paralectotype); MPLM 36, two fused sacral ver-
tebrae (paralectotype); MPLM 51, left radius (paralectotype); MPLM 59, proximal end of the right femur (pa-
ralectotype); MPLM 60, distal part of the right tibia (paralectotype); MPLM 61, distal end of a right femur 
(paralectotype); two posterior caudal vertebrae (no collection number given; paralectotypes)39,41,59.

Locality  “Tunnel de la Nerthe”, on the Avignon-Marseille railroad line between Marignane and L’Estaque 
(northwest of Marseille), Bouches-du-Rhône, Provence-Alpes-Côte d’Azur, southern France18,39.

Horizon  Early Rognacian lacustrian marl (lower Maastrichtian, Upper Cretaceous19,41,59,60).

Revised diagnosis  The lectotype of Rhabdodon priscus (MPLM 30) differs from other rhabdodontomorphs by 
the following unique combination of characters: (1) presence of a buccal platform (shared with Iani smithi, Ten-
ontosaurus spp., Mochlodon spp., and Zalmoxes spp.); (2) transversely sharp buccal crest of the dentary (shared 
with Mochlodon spp. and Zalmoxes spp.); (3) posteriormost alveolus placed medially to the coronoid process, 
but not separated by a buccal platform posteriorly (shared with I. smithi and Tenontosaurus spp.); (4) absence of 
a lateral depression on the posterior portion of the dentary, below the coronoid process (shared with I. smithi, 
Tenontosaurus spp., Zalmoxes spp., and O. septimanicus).

Remarks  The lectotype and paralectotype dentaries deteriorated since their discovery, and were not found in 
the MPLM collection during a visit to Marseille in 2023; hence, the diagnosis provided herein is based on illus-
trations by Matheron18 and a photograph from Brinkman39. The latter shows that the posterior part of the spec-
imen, including the coronoid process, was broken off already in the 1980s; the condition of the material further 
worsened thereafter41. Matheron61 and Lapparent35 referred additional material to this species. More recently, 
Garcia et al.59 and Pincemaille-Quillevéré41 described new specimens from de Vitrolles as belonging to this 
taxon, and provided a detailed diagnosis including features of the postcranial elements, while Allain and Pereda 
Suberbiola22 and Chanthasit23 referred even further specimens to this species. The once outstanding cranial fea-
tures (e.g., maxillary teeth with parallel ridges without prominent primary ridges; dentary teeth with prominent 
distal primary ridges; enamel thicker on the buccal side of the maxillary and lingual side of the dentary teeth) 
listed in the earlier emended diagnoses41,59 are in fact synapomorphies of rhabdodontomorph dinosaurs (pres-
ent also in Mochlodon spp., Zalmoxes spp., Obelignathus septimanicus, and Iani smithi).

 A large number of historical specimens from Eastern Europe were referred at one point to Rhabdodon priscus, 
including at least part of the material currently referred to Zalmoxes robustus, Z. shqiperorum and Mochlodon 
suessi13,17,26,32,39,44,62. Over the years additional western European specimens from several sites from Fran
ce22,35,41,59–61,63,64 and also from Spain65–69 were referred to this species, or at least to the genus Rhabdodon. 
However, this latter material requires a thorough revision; as such, these taxonomic referrals should be treated 
with caution.

Discussion and conclusions
The phylogeny and nomenclature of rhabdodontomorph clades
The phylogeny of Rhabdodontomorpha  The intrarelationships within the Rhabdodon-lineage iguandodon-
tians have been assessed multiple times, yielding varying outcomes. Traditionally, Rhabdodon priscus and its 
closest relatives, including Mochlodon spp. and Zalmoxes spp., have been united within Rhabdodontidae, a 
clade endemic to the Late Cretaceous European archipelago13,14,70. However, given the young age of these ‘core’ 
rhabdodontids combined with their proposed phylogenetic placement as some of the earliest-diverging iguan-
odontians, it has been expected that they formed part of a more inclusive branch with at least Early Cretaceous 
roots. Several taxa have been suggested to be placed as earlier representatives of the Rhabdodon lineage. The 
best candidates include the Early to ‘middle’ Cretaceous taxa Muttaburrasaurus langdoni5,6,8,49, the ‘Vegagete 
ornithopod’5,6,9,12, Fostoria dhimbangunmal6,55, Tenontosaurus spp.12,49,55,71, and Iani smithi12,55. The most recent 
addition to the list, but whose phylogenetic placement has not been tested beyond the original descriptive study, 
is Emiliasaura alessandrii from the Valanginian (Lower Cretaceous) of Patagonia, Argentina49.
New Late Cretaceous rhabdodontomorphs have been described in recent years from Europe as well. These 
include the possible non-rhabdodontid rhabdodontoid Transylvanosaurus platycephalus16 and the probable 
rhabdodontids Matheronodon provincialis20 and Pareisactus evrostos21. However, although they clearly show 
characters present in rhabdodontoid-line rhabdodontomorphs, the fragmentary nature of their material makes 
them difficult to be reliably assessed from a phylogenetic perspective.
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We provided a phylogenetic assessment of all of the taxa mentioned above using the character matrix of 
Fonseca et al.12, rescoring several of them and also including the recently-described Ampelognathus coheni and 
Emiliasaura alessandrii. We have also applied different settings. As in Fonseca et al.12, we conducted parsimony 
analyses using both equal weights and several runs with the implied weighting function. However, the weighted 
parsimony analyses of Fonseca et al.12 employed a much stronger downweighting of homoplastic characters, 
utilizing K-values of 3, 7, and 11. While the strong concavity K = 3 remains the default value in TNT 1.6, it is 
likely way too low for a character matrix of this size72.

Our analyses did not yield uniform results but generally supported the monophyly of Rhabdodontomorpha. 
The findings suggest that rhabdodontomorphs diverged early in their evolutionary history into two clades: 
one distributed in North America, comprising Convolosaurus marri, Iani smithi, and Tenontosaurus spp.; 
and another potentially endemic to the European archipelago. While the topology of the North American 

Fig. 9.  Rhabdodon priscus Matheron, 1869, lectotype and paralectotype dentaries from the Lower Rognacian 
lacustrine marls of ‘Tunnel de la Nerthe’, southern France. Lectotype left dentary (MPLM 30) in dorsal (A), 
lateral (C) and medial (E) views, with cross-sections in its anterior (B) and posterior (D) parts. Paralectotype 
right dentary (MPLM 31) in medial view (F), and cross-section of the posterior portion (G). Modified after 
Matheron18.
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clade (Tenontosauridae) remained stable across analyses, the intrarelationships within the European branch 
(Rhabdodontoidea) were poorly resolved, likely due to the limited knowledge of its members, many of which are 
represented by very fragmentary remains or require thorough revision.

As in Fonseca et al.12, our analyses found the Australian taxa Muttaburrasaurus langdoni and Fostoria 
dhimbangunmal to be nested outside Rhabdodontomorpha. Meanwhile, the recently-established Emiliasaura 
alessandrii, which was originally inferred to be the earliest-diverging rhabdodontomorph49 was consistently 
reconstructed as an early-diverging styracosternan by all our analyses using implied weighting. The analysis 
using equal weights was less conclusive but also preferred dryomorphan affinities for the taxon. It is worth noting, 
however, that the E. alessandrii OTU was scored based on the description and figures from Coria et al.49 and 
some of its characters are obscured. As such, the precise placement of the taxon requires further investigation. 
Still, we consider it unlikely to be a rhabdodontomorph.

 The recently-described Ampelognathus coheni from the Cenomanian of North America was originally 
reconstructed within Ornithopoda as the sister taxon to Thescelosaurus and Iguanodontia48. However, Fonseca et 
al.12 suggested that it may be a rhabdodontomorph instead. Our weighted parsimony analyses support the latter 
hypothesis, inferring Ampelognathus within Rhabdodontomorpha though its precise placement is uncertain. 
Ampelognathus shares with Obelignathus the relatively short dentary, arched medial wall of the tooth row, and 
absence of the buccal crest. Additionally, as in tenontosaurids and Rhabdodon priscus, the posteriormost dentary 
alveolus in A. coheni is placed laterally to the coronoid process but not separated from it by a buccal platform 
posteriorly.

 The phylogenetic placement of Obelignathus septimanicus  Our analyses provided two alternative hypotheses 
for the placement of O. septimanicus: as an early-diverging rhabdodontomorph (under K = 15 and 21) or as an 
early member of the elasmarian lineage (under K = 12). The analysis using equal weights was inconclusive but 
closer inspection of the MPTs showed that it also placed the taxon among early members of the elasmarian 
lineage.

Although problematic and clearly distinct in many morphological features from rhabdodontoids, we hypothesize 
that the uncertain position of O. septimanicus is most likely due to the highly incomplete nature of its type 
material. While further phylogenetic studies and potentially the discovery of new specimens referable to the 
taxon are needed, we are inclined to consider O. septimanicus a probable rhabdodontoid, with its dentary 
morphology likely shaped by a feeding ecology different from that of other clade members (Fig. 10).

The nomenclature of Rhabdodontomorpha  Following Article 11.10 of the International Code of Phylogenetic 
Nomenclature73, “when a clade name is converted from a preexisting name that is typified under a rank-based 
code or is a new or converted name derived from the stem of a typified name, the definition of the clade name 
must use the type species of that preexisting typified name or of the genus name from which it is derived (or 
the type specimen of that species) as an internal specifier”. Therefore, owing to the fact that the clade names 
Rhabdodontomorpha, Rhabdodontoidea, and Rhabdodontidae are derived from the stem of Rhabdodon Ma-
theron, 1869, R. priscus must be an internal specifier in their phylogenetic definitions. The recent studies that 
provided formal phylogenetic definitions of Rhabdodontomorpha and Rhabdodontidae[24], as well as Rhabdo-
dontoidea12, met this requirement. However, as the type material of Rhabdodon priscus has not been studied in 
detail on its own in recent years, it remains unclear which taxa these clade names, particularly Rhabdodontidae, 
encompass.

We have investigated the history of the lectotype and paralectotype specimens of R. priscus, compared it with 
other European rhabdodontoids, and rescored its OTU based on the type material only. Although highly 
fragmentary and unavailable for personal examination when we attempted to study it, the material is clearly 
nested among late-diverging rhabdodontoids and its position within the clade is comparatively stable, removing 
all doubts regarding its usefulness as a ‘phylogenetic anchor’ for the names aside.

 The history of Obelignathus septimanicus   Originally, specimen MDE D30 was referred to the genus Rhab-
dodon based on the overall similarities in their teeth morphology, yet it was distinct from all other dentaries 
referred at that time to the species Rhabdodon priscus19. It is worth emphasizing that back in 1991, R. priscus was 
the only rhabdodontid species recognized as valid, and within the material then referred to R. priscus were den-
taries from France, Austria, and Romania, that currently belong to several distinct taxa (R. priscus, Mochlodon 
suessi, Zalmoxes robustus and Z. shqiperorum; Fig. 1).

 Subsequently, Rhabdodon septimanicus was considered a junior synonym of Rhabdodon priscus by Allain & 
Pereda Suberbiola22 who noticed the presence of two rhabdodontid dentary morphotypes (one of them, the 
“La Boucharde dentary 2”, with several diagnostic features of R. septimanicus) within the rhabdodontid sample 
collected from the La Boucharde site, but simultaneously have not observed any disparity within the abundant 
rhabdodontid postcranial material from the same locality. They suggested that the distinction between R. 
septimanicus and R. priscus is a matter of individual differences or sexual dimorphism22.

 However, the taxonomic distinction between the two species was once again recognized by later authors13,42,58. 
Chanthasit23 not only accepted the validity of R. septimanicus but also referred a few new cranial elements from 
the Quarante site (Hérault) to this species. Ősi et al.14 also accepted the validity of R. septimanicus and, based 
on their histological analysis, pointed out the possibility that there were even as many as three or four distinct 
rhabdodontid taxa present in the Upper Cretaceous of France15,43,63,74.
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 Our studies confirm the unusual morphology of MDE D30 that differentiates this specimen from all other 
dentaries of rhabdodontomorph dinosaurs.

 The “La Boucharde dentary 2”, a nearly complete dentary that seems to be more robust than the other dentary 
specimen collected from the same site, was referred to R. priscus22. Nevertheless, lacking the buccal platform 
and buccal crest, with the coronoid process being placed posteriorly to the alveolar row, and not being laterally 
separated from the latter, as well as displaying a posterolaterally rotated coronoid process, it seems plausible that 
this dentary specimen represents the same species as MDE D30. However, as the specimen was not available for 
personal examination, the referral of this dentary to O. septimanicus should await its detailed description.

 Chantasit23 referred several specimens from the Quarante site (southern France) as potentially belonging 
to the same species as MDE D30; from these, the only illustrated dentary is specimen MC-CY_QR 1. Although 
the curvature of this dentary in dorsal view seems to be even more pronounced than that of MDE D30, the 
bone itself is one of the most elongated ones within rhabdodontomorphs, with an even more clearly defined 
buccal platform, a coronoid process seemingly displaced laterally from the alveolar row, a low mandibular canal, 
and a coronoid process that is not rotated posterolaterally, in contrast to the condition seen in MDE D30. As 
this material was not available for personal examination either, we refrain from referring this specimen to any 
particular taxon until a detailed description is published.

 The anatomy and feeding ecology of Obelignathus septimanicus  The estimated elongation of the MDE D30 
dentary (3.045) is lower than that found in the majority of rhabdodontomorphs. Among the material from 
France, a similar elongation is visible in one large dentary from the La Boucharde site (“La Boucharde dentary 
2”22, with an elongation equal to 2.59). Only one rhabdodontoid specimen, LPB (FGGUB) R.1523, a small den-
tary from Romania tentatively referred to Zalmoxes robustus, has a similar elongation ratio (3.02). However, this 
specimen differs from other Zalmoxes dentaries in, e.g., the morphology of the posterior part of the alveolar 
row, suggesting the high necessity of the taxonomic revaluation of all the rhabdodontid material from Romania.

 The buccal emargination is a common feature present in all neornithischian dinosaurs, hence the condition of O. 
septimanicus is a significant deviation within this group, most likely representing a reversal of this plesiomorphic 
condition.

 The posteriormost alveoli being placed anterior to the coronoid process is a feature that differentiates O. 
septimanicus from all currently known rhabdodontoid dentaries. Among Rhabdodontomorpha, a similar 

Fig. 10.  Life restoration of Obelignathus septimanicus gen. et comb. nov. in the Late Cretaceous environment 
recorded in the ‘Grès à Reptiles’ Formation, with a pair of dromaeosaurid dinosaurs in the background. 
Artwork by Edyta Felcyn-Kowalska (CC BY 4.0).
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condition is present in Tenontosaurus spp., but not in Iani smithi and Convolosaurus marri; however, in all these 
taxa, the coronoid process is again laterally displaced from the tooth row55,75,76, in contrast to O. septimanicus. 
Among Ornithopoda, a coronoid process that is not laterally displaced from the tooth row was reported for 
iguanodontian Iyuku raathi from the Lower Cretaceous of South Africa52. Although it was suggested that in 
some taxa this feature might be an ontogenetically variable one, it would be consistently observed in both 
dentaries potentially belonging to O. septimanicus (MDE D30 and the “La Boucharde dentary 2”), while not 
being a variable feature within rhabdodontoids in general, as a coronoid process covering the posteriormost part 
of the alveolar row in lateral view is already present in even the smallest specimens of other taxa (Mochlodon 
spp. and Zalmoxes spp.).

Due to the posterolaterally rotated coronoid process of O. septimanicus, in contrast to the condition seen 
in the majority of ornithischian dinosaurs, the insertions for the M. adductor mandibulae externus profundus 
on the lateral surface of the coronoid process were facing more posteriorly relative to the axis of the tooth 
row. Meanwhile, in other European rhabdodontomorphs, this insertion area was oriented more laterally. 
Similarly, the medial surface for insertion of the M. pseudotemporalis is facing more anteriorly in MDE D30 
than in rhabdodontoids. Hence, it suggests a relatively transversely wide posterior portion of the mandible in O. 
septimanicus. Together with poor development of the buccal crest, which most likely was an attachment site for 
M. adductor mandibulae externus superficialis57, this morphology may indicate quite different jaw mechanics of 
O. septimanicus compared to other rhabdodontomorphs19, including the material referred to R. priscus known 
from the same strata. A similar case of possible divergent feeding adaptations in sympatric taxa was suggested 
for rhabdodontids from Transylvania15,16. The proposed differences in jaw mechanics between O. septimanicus 
and the sympatric rhabdodontoid (e.g., material from the ‘Grès à Reptiles’ Formation preliminary referred to R. 
priscus) should be reflected in the wear patterns of teeth; hence, a closer investigation of the isolated teeth from 
the French sites in this regard would be highly desirable.

Data availability
All data generated or analysed during this study are included in this published article and its supplementary 
information files. The 3D model of the Obelignathus septimanicus gen. et comb. nov. holotype is available in 
MorphoSource (​h​t​t​p​s​:​​​/​​/​w​w​​w​.​m​o​r​p​h​o​s​o​u​r​c​​​e​.​o​​r​g​​/​c​o​n​c​e​​​r​n​/​m​e​​​d​i​a​/​0​​0​0​6​9​7​3​5​1).

Received: 20 December 2024; Accepted: 9 April 2025

References
	 1.	 Sereno, P. C. Phylogeny of the bird-hipped dinosaurs (Order Ornithischia). Natl. Geogr. Res. 2, 234–256 (1986).
	 2.	 Scheetz, R. D. Osteology of Orodromeus Makelai and the Phylogeny of Basal Ornithopod Dinosaurs186 (Montana State University, 

1999).
	 3.	 Butler, R. J., Upchurch, P. & Norman, D. B. The phylogeny of the ornithischian dinosaurs. J. Syst. Palaeontol. 6, 1–40. ​h​t​t​p​s​:​/​/​d​o​i​.​o​

r​g​/​1​0​.​1​0​1​7​/​S​1​4​7​7​2​0​1​9​0​7​0​0​2​2​7​1​​​​ (2008).
	 4.	 Boyd, C. A. The systematic relationships and biogeographic history of ornithischian dinosaurs. PeerJ 3, e1523. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​7​

7​1​7​/​p​e​e​r​j​.​1​5​2​3​​​​ (2015).
	 5.	 Dieudonné, P. E., Tortosa, T., Fernández-Baldor, T., Canudo, F., Diaz-Martinez, I. & J. I. & An unexpected early rhabdodontid 

from Europe (Lower cretaceous of Salas de Los Infantes, Burgos Province, Spain) and a re-examination of basal iguanodontian 
relationships. PLOS One. 11, e0156251. https://doi.org/10.1371/journal.pone.0156251 (2016).

	 6.	 Dieudonné, P. E., Cruzado-Caballero, P., Godefroit, P. & Tortosa, T. A new phylogeny of cerapodan dinosaurs. Hist. Biol. 33, 
2335–2355. https://doi.org/10.1080/08912963.2020.1793979 (2021).

	 7.	 Han, F., Forster, C. A., Xu, X. & Clark, J. M. Postcranial anatomy of Yinlong downsi (Dinosauria: Ceratopsia) from the upper 
jurassic Shishugou formation of China and the phylogeny of basal ornithischians. J. Syst. Palaeontol. 16, 1159–1187. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​
g​/​1​0​.​1​0​8​0​/​1​4​7​7​2​0​1​9​.​2​0​1​7​.​1​3​6​9​1​8​5​​​​ (2018).

	 8.	 Madzia, D., Boyd, C. A. & Mazuch, M. A basal ornithopod dinosaur from the cenomanian of the Czech Republic. J. Syst. Palaeontol. 
16, 967–979. https://doi.org/10.1080/14772019.2017.1371258 (2018).

	 9.	 Herne, M. C., Nair, J. P., Evans, A. R. & Tait, A. M. New small-bodied ornithopods (Dinosauria, Neornithischia) from the early 
cretaceous wonthaggi formation (Strzelecki Group) of the Australian-Antarctic rift system, with revision of Qantassaurus 
intrepidus rich and Vickers-Rich, 1999. J. Paleontol. 93, 543–584. https://doi.org/10.1017/jpa.2018.95 (2019).

	10.	 Černý, D., Madzia, D. & Slater, G. J. Empirical and methodological challenges to the model-based inference of diversification rates 
in extinct clades. Syst. Biol. 71, 153–171. https://doi.org/10.1093/sysbio/syab045 (2022).

	11.	 Czepiński, Ł. & Madzia, D. Osteology, phylogenetic affinities, and palaeobiogeographic significance of the bizarre ornithischian 
dinosaur Ajkaceratops kozmai from the late cretaceous European Archipelago. Zool. J. Linn. Soc. 202, zlae048. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​
0​9​3​/​z​o​o​l​i​n​n​e​a​n​/​z​l​a​e​0​4​8​​​​ (2024).

	12.	 Fonseca, A. O. et al. A comprehensive phylogenetic analysis on early ornithischian evolution. J. Syst. Palaeontol. 22, 2346577. 
https://doi.org/10.1080/14772019.2024.2346577 (2024).

	13.	 Weishampel, D. B., Jianu, C., Csiki, Z. & Norman, D. B. Osteology and phylogeny of Zalmoxes (n. g.), an unusual Euornithopod 
dinosaur from the latest cretaceous of Romania. J. Syst. Palaeontol. 1, 65–123. https://doi.org/10.1017/S1477201903001032 (2003).

	14.	 Ősi, A., Prondvai, E., Butler, R. & Weishampel, D. B. Phylogeny, histology and inferred body size evolution in a new rhabdodontid 
dinosaur from the late cretaceous of Hungary. PLOS One. 7, e44318. https://doi.org/10.1371/journal.pone.0044318 (2012).

	15.	 Augustin, F. J., Ősi, A. & Csiki-Sava, Z. The rhabdodontidae (Dinosauria, Ornithischia), an enigmatic dinosaur group endemic to 
the Late Cretaceous European Archipelago. Foss Rec. 26, 171–189. https://doi.org/10.3897/fr.26.108967 (2023).

	16.	 Augustin, F. J., Bastiaans, D., Dumbravă, M. D. & Csiki-Sava, Z. A new ornithopod dinosaur, Transylvanosaurus platycephalus gen. 
Et Sp. Nov. (Dinosauria: Ornithischia), from the Upper Cretaceous of the Haţeg Basin, Romania. J. Vertebr Paleontol. 42, e2133610. 
https://doi.org/10.1080/02724634.2022.2133610 (2022).

	17.	 Bunzel, E. Die reptilfauna der Gosau-Formation in der Neuen welt Bei Wiener-Neustadt. Abh K -kön Geol. Reichsanst. 5, 1–18 
(1871).

	18.	 Matheron, P. Notice sur les reptiles fossiles des dépôts fluviolacustres crétacés du bassin à lignite de Fuveau. Mémoires de l’Académie 
impériale des Sciences, Belles- Lettres et Arts de Marseille, 1–39 (1869).

	19.	 Buffetaut, E. & Le Loeuff, J. Une Nouvelle espèce de Rhabdodon (Dinosauria, Ornithischia) du Crétacé supérieur de L’Hérault (Sud 
de La France). CR Acad. Sci. II. 312, 943–948 (1991).

Scientific Reports |        (2025) 15:15209 16| https://doi.org/10.1038/s41598-025-98083-z

www.nature.com/scientificreports/

https://www.morphosource.org/concern/media/000697351
https://doi.org/10.1017/S1477201907002271
https://doi.org/10.1017/S1477201907002271
https://doi.org/10.7717/peerj.1523
https://doi.org/10.7717/peerj.1523
https://doi.org/10.1371/journal.pone.0156251
https://doi.org/10.1080/08912963.2020.1793979
https://doi.org/10.1080/14772019.2017.1369185
https://doi.org/10.1080/14772019.2017.1369185
https://doi.org/10.1080/14772019.2017.1371258
https://doi.org/10.1017/jpa.2018.95
https://doi.org/10.1093/sysbio/syab045
https://doi.org/10.1093/zoolinnean/zlae048
https://doi.org/10.1093/zoolinnean/zlae048
https://doi.org/10.1080/14772019.2024.2346577
https://doi.org/10.1017/S1477201903001032
https://doi.org/10.1371/journal.pone.0044318
https://doi.org/10.3897/fr.26.108967
https://doi.org/10.1080/02724634.2022.2133610
http://www.nature.com/scientificreports


	20.	 Godefroit, P. et al. Extreme tooth enlargement in a new late cretaceous rhabdodontid dinosaur from Southern France. Sci. Rep. 7 
https://doi.org/10.1038/s41598-017-13160-2 (2017).

	21.	 Párraga, J. & Prieto-Márquez, A. Pareisactus evrostos, a new basal iguanodontian (Dinosauria: Ornithopoda) from the upper 
cretaceous of Southwestern Europe. Zootaxa 4555, 247–258. https://doi.org/10.11646/zootaxa.4555.2.5 (2019).

	22.	 Allain, R. & Pereda Suberbiola, X. Dinosaurs of France. C R Palevol. 2, 27–44. https://doi.org/10.1016/S1631-0683(03)00002-2 
(2003).

	23.	 Chanthasit, P. The ornithopod dinosaur Rhabdodon from the Late Cretaceous of France: anatomy, systematics and paleobiology. PhD 
Thesis, Université Claude Bernard, 196 pp (2010).

	24.	 Madzia, D. et al. The phylogenetic nomenclature of ornithischian dinosaurs. PeerJ 9, e12362. https://doi.org/10.7717/peerj.12362 
(2021).

	25.	 Brinkmann, W. Rhabdodon Matheron, 1869 (Reptilia, Ornithischia): proposed conservation by suppression of Rhabdodon 
Fleischmann, 1831 (Reptilia, Serpentes). B Zool. Nomen. 43, 269–272 (1986).

	26.	 Seeley, H. G. The reptile fauna of the Gosau formation preserved in the geological museum of the university of Vienna. With a note 
on the geological horizon of the fossils at neue welt, East of wiener Neustadt. Q. J. Geol. Soc. Lond. 37, 620–707 (1881).

	27.	 Nopcsa, F. Dinosaurierreste Aus Siebenbürgen (Schädel von limnosaurus transsylvanicus Nov. Gen. Et spec). Denkschriften Der 
Kaiserlichen Akademie Der Wissenschaften Wien Mathematisch-Naturwissenschaftliche Klasse. 68, 555–591 (1900).

	28.	 Nopcsa, F. Dinosaurierreste Aus Siebenbürgen II. (Schädelreste von Mochlodon) Mit einem Anhange: Zur phylogenie der 
ornithopodiden. Denkschriften Der Kaiserlichen Akademie Der Wissenschaften Wien Mathematisch-Naturwissenschaftliche Klasse. 
72, 149–175 (1902).

	29.	 Nopcsa, F. Dinosaurierreste Aus Siebenbürgen III (Mochlodon und Onychosaurus). Anzeiger Der Kaiserlichen Akademie Der 
Wissenschaften Mathematisch-Naturwissenschaftliche Klasse. 39, 42–44 (1902).

	30.	 Nopcsa, F. Dinosaurierreste Aus Siebenbürgen III. (Weitere Schädelreste von Mochlodon). Denkschriften Der Kaiserlichen 
Akademie Der Wissenschaften Wien Mathematisch-Naturwissenschaftliche Klasse. 74, 229–263 (1904).

	31.	 Nopcsa, F. Zur geologie der gegend Zwischen Gyulafehérvár, Déva, Ruszkabánya und der rumänischen landesgrenze. Mitteilungen 
Aus Dem Jahrbuche Der Königlich Ungarischen Geologischen Reichsanstalt Budapest. 14, 93–279 (1905).

	32.	 Nopcsa, F. Die Dinosaurierreste der Siebenbürgischen landesteile ungarns. Mitteilungen Aus Dem Jahrbuch Der Königlich 
Ungarischen Geologischen Reichsanstalt Budapest. 23, 3–24 (1915).

	33.	 Nopcsa, F. Dinosaurierreste Aus Siebenbürgen IV. Die Wirbelsäule von Rhabdodon und Orthomerus. Palaeontol. Hung. 1, 273–304 
(1925).

	34.	 Kühn, O. Orniithischia (Stegosauriis exclusis). In: Quenstedt, W. (Ed.), Fossilium Catalogus, I: Animalia, Pars 78, pp. 1–81. Junk, 
‘s-Gravenhage (1936).

	35.	 de Lapparent, A. F. Les dinosauriens du Crétacé supérieur du midi de La France. Mém S Géo Fr. 56, 1–54 (1947).
	36.	 Steel, R. & Ornithischia in In Encyclopedia of Paleoherpetology, Part 15. (eds Kühn, O.) (Fischer, 1969).
	37.	 Bartholomai, A. & Molnar, R. E. Muttaburrasaurus, a new iguanodontid (Ornithischia: Ornithopoda) dinosaur from the lower 

cretaceous of Queensland. Mem. Qld. Mus. 20, 319–349 (1981).
	38.	 Weishampel, D. B. & Weishampel, J. B. Annotated localities of ornithopod dinosaurs: implications to mesozoic paleobiogeography. 

Mosasaur 1, 43–87 (1983).
	39.	 Brinkmann, W. Zur fundgeschichte und systematik der ornithopoden (Ornitischia, Reptilia) Aus der Ober-Kreide von Europa. 

Doc. Nat. 45, 1–157 (1988).
	40.	 Norman, D. B. & Weishampel, D. B. Iguanodontidae and related ornithopods. In: (eds Weishampel, D. B., Dodson, P. & Osmólska, 

H.) The Dinosauria. University of California Press, Berkeley, 510–533 (1990).
	41.	 Pincemaille-Quillevere, M. Description D’un squelette partiel de Rhabdodon priscus (Euornithopoda) du Crétacé supérieur de 

vitrolles (Bouches du Rhône, France). Oryctos 4, 39–70 (2002).
	42.	 Norman, D. B. Basal iguanodontia. In: (eds Weishampel, D. B., Dodson, P. & Osmólska, H.) The Dinosauria, 2nd ed. University of 

California Press, Berkeley, 517–606 (2004).
	43.	 Buffetaut, E. Late cretaceous vertebrates from the Saint-Chinian area (southern France): a review of previous research and an 

update on recent finds. Acta Palaeontol. Rom. 5, 39–48 (2005).
	44.	 Sachs, S. & Hornung, J. J. Juvenile ornithopod (Dinosauria: Rhabdodontidae) remains from the upper cretaceous (Lower Campanian, 

Gosau Group) of Muthmannsdorf (Lower Austria). Geobios 39, 415–425. https://doi.org/10.1016/j.geobios.2005.01.003 (2006).
	45.	 Cignoni, P. et al. Meshlab: an open-source mesh processing tool. Sixth Eurographics Italian Chapter Conference, 129–36 (2008).
	46.	 Gower, J. C. A general coefficient of similarity and some of its properties. Biometrics 27, 857–871 (1971).
	47.	 Hammer, Ø., Harper, D. A. T. & Ryan, P. D. PAST: paleontological statistics software package for education and data analysis. 

Palaeontol. Electron. 4, 1–9 (2001).
	48.	 Tykoski, R. S., Contreras, D. L. & Noto, C. The first small-bodied ornithopod dinosaur from the Lewisville formation (middle 

Cenomanian) of Texas. J. Vertebr. Paleontol. 43, e2257238 (2023).
	49.	 Coria, R. A. et al. First Valanginian (Early Cretaceous) ornithopod (Dinosauria, Ornithischia) from patagonia. Cretac. Res. 166, 

106027. https://doi.org/10.1016/j.cretres.2024.106027 (2025).
	50.	 Goloboff, P. A. & Morales, M. E. TNT V.1.6, with a graphical interface for MacOS and Linux, including new routines in parallel. 

Cladistics 39, 144–153. https://doi.org/10.1111/cla.12524 (2023).
	51.	 Magyar, J. et al. Dinosauria, Ornithopoda) diversity suggested by the first documented occurrence of associated cranial and 

postcranial material at Vălioara (uppermost cretaceous Densuș-Ciula formation, Hațeg basin, Romania). Cretac. Res. 156, 105810. 
https://doi.org/10.1016/j.cretres.2023.105810 (2024).

	52.	 Forster, C. A. et al. Iyuku raathi, a new iguanodontian dinosaur from the early cretaceous Kirkwood formation, South Africa. Anat. 
Rec. 306, 1762–1803. https://doi.org/10.1002/ar.25038 (2023).

	53.	 Buffetaut, E. et al. Late cretaceous non-marine vertebrates from Southern France: a review of recent finds. Geobios 30, 101–108. 
https://doi.org/10.1016/S0016-6995(97)80015-0 (1997).

	54.	 Laurent, Y., Le Loeuff, J., Bilotte, M. & Buffetaut, E. Campanian-Maastrichtian continental-marine connection at the Aquitaine-
Pyrenees-Provence area (S France). Dev. Palaeontol. Stratigr. 19, 657–674. https://doi.org/10.1016/S0920-5446(01)80061-3 (2001).

	55.	 Zanno, L. E., Gates, T. A., Avrahami, H. M., Tucker, R. T. & Makovicky, P. J. An early-diverging iguanodontian (Dinosauria: 
Rhabdodontomorpha) from the late cretaceous of North America. PLOS One. 18, e0286042. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​3​7​1​/​j​o​u​r​n​a​l​.​p​o​n​e​
.​0​2​8​6​0​4​2​​​​ (2023).

	56.	 Holliday, C. M. New insights into dinosaur jaw muscle anatomy. Anat. Rec. 292, 1246–1265. https://doi.org/10.1002/ar.20982 
(2009).

	57.	 Nabavizadeh, A. New reconstruction of cranial musculature in ornithischian dinosaurs: implications for feeding mechanisms and 
buccal anatomy. Anat. Rec. 303, 347–362. https://doi.org/10.1002/ar.23988 (2020).

	58.	 Godefroit, P., Codrea, V. & Weishampel, D. B. Osteology of Zalmoxes shqiperorum (Dinosauria, Ornithopoda), based on new 
specimens from the Upper Cretaceous of Nălaţ-Vad (Romania). Geodiversitas 31, 525–553. https://doi.org/10.5252/g2009n3a3 
(2009).

	59.	 Garcia, G. et al. Découverte du premier squelette Presque complet de Rhabdodon priscus (Dinosauria, Ornithopoda) du 
maastrichtien inférieur de Provence. C R Acad. Sci. IIA. 328, 415–421. https://doi.org/10.1016/S1251-8050(99)80108-6 (1999).

	60.	 Pincemaille-Quillevéré, M., Buffetaut, E. & Quillevere, F. Description ostéologique de l’arrière-crâne de Rhabdodon (Dinosauria, 
Euornithopoda) et implications phylogénétiques. B Soc. Géol Fr. 177, 97–104. https://doi.org/10.2113/gssgfbull.177.2.97 (2006).

Scientific Reports |        (2025) 15:15209 17| https://doi.org/10.1038/s41598-025-98083-z

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-017-13160-2
https://doi.org/10.11646/zootaxa.4555.2.5
https://doi.org/10.1016/S1631-0683(03)00002-2
https://doi.org/10.7717/peerj.12362
https://doi.org/10.1016/j.geobios.2005.01.003
https://doi.org/10.1016/j.cretres.2024.106027
https://doi.org/10.1111/cla.12524
https://doi.org/10.1016/j.cretres.2023.105810
https://doi.org/10.1002/ar.25038
https://doi.org/10.1016/S0016-6995(97)80015-0
https://doi.org/10.1016/S0920-5446(01)80061-3
https://doi.org/10.1371/journal.pone.0286042
https://doi.org/10.1371/journal.pone.0286042
https://doi.org/10.1002/ar.20982
https://doi.org/10.1002/ar.23988
https://doi.org/10.5252/g2009n3a3
https://doi.org/10.1016/S1251-8050(99)80108-6
https://doi.org/10.2113/gssgfbull.177.2.97
http://www.nature.com/scientificreports


	61.	 Matheron, P. Sur les Animaux vertébrés Dans les couches d’eau Douce Crétacées du midi de La France. C R Assoc. Fr. Pour 
l’Avancement Des. Sci. 20, 382–383 (1892).

	62.	 Nopcsa, F. Sexual differences in ornithopodous dinosaurs. Palaeobiologica 2, 187–200 (1929).
	63.	 Buffetaut, E. et al. An early Campanian vertebrate fauna from the Villeveyrac basin (Hérault, Southern France). Neues Jahrb Geol. 

Pal M. 1, 1–16 (1996).
	64.	 Le Loueff, J. Ampelosaurus atacis (nov. Gen., Nov. sp.), un nouveau Titanosauridae (Dinosauria, Sauropoda) du Crétacé supérieur 

de la Haute Vallée de l’Aude (France). C R Acad. Sci. Paris. 321, 693–699 (1995).
	65.	 Pereda-Suberbiola, X. & Sanz, J. L. The ornithopod dinosaur Rhabdodon from the upper cretaceous of Lano (Iberian peninsula). 

Estudios Del. Museo De Ciencias Naturales De Alava. 14, 257–272 (1999).
	66.	 de Lapparent, A. F. & Aguirre, E. Presencia De Dinosaurios En El Cretácico superior De La Cuenca De Tremp (prov. De Lérida, 

España). Notas Y Comun. Del. Instituto Geológico Y Min. 47, 1–6 (1957).
	67.	 Pereda Suberbiola, X. & Company, J. Ruiz-Omeñaca, J. I. Rhabdodontid ornithopod remains from the late cretaceous of Chera 

(Valencia, Iberian Peninsula): a tentative assignment. Hantkeniana 5, 101–101 (2006).
	68.	 Escaso, F., Ortega, F., Sanz, J. L., Pérez García, A. & Gasulla, J. M. New material of Rhabdodon from the upper Campanian-lower 

Maastrichtian of Lo Hueco (Cuenca, Spain). 7th Annual Meeting of the European Association of Vertebrate Palaeontology, 26 (2009).
	69.	 Ortega, F. et al. The biota of the upper cretaceous site of Lo Hueco (Cuenca, Spain). J. Iber. Geol. 41, 83–99. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​5​2​0​

9​/​r​e​v​_​J​I​G​E​.​2​0​1​5​.​v​4​1​.​n​1​.​4​8​6​5​7​​​​ (2015).
	70.	 Bell, P. R., Brougham, T., Herne, M. C., Frauenfelder, T. & Smith, E. Fostoria dhimbangunmal, gen. Et Sp. nov., a new iguanodontian 

(Dinosauria, Ornithopoda) from the mid-Cretaceous of lightning ridge, new South Wales, Australia. J. Vertebr Paleontol. 39, 
e1564757. https://doi.org/10.1080/02724634.2019.1564757 (2019).

	71.	 Poole, K. Phylogeny of iguanodontian dinosaurs and the evolution of quadrupedality. Palaeontol. Electron. 25, a30. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​
/​1​0​.​2​6​8​7​9​/​7​0​2​​​​ (2022).

	72.	 Goloboff, P. A., Torres, A. & Arias, J. S. Weighted parsimony outperforms other methods of phylogenetic inference under models 
appropriate for morphology. Cladistics 34, 407–437. https://doi.org/10.1111/cla.12205 (2018).

	73.	 de Queiroz, K. & Cantino, P. D. International Code of Phylogenetic Nomenclature (PhyloCode) (CRC, 2020).
	74.	 Tortosa, T. et al. New partial skeletons of Rhabdodon from the upper Campanian of Provence (southern France): towards a better 

understanding of specific diversity. 13th Annual Meeting of the European Association of Vertebrate Palaeontologists Opole, Poland 
(2015).

	75.	 Andrzejewski, K. A., Winkler, D. A. & Jacobs, L. L. A new basal ornithopod (Dinosauria: Ornithischia) from the early cretaceous 
of Texas. PLOS One. 14, e0207935. https://doi.org/10.1371/journal.pone.0217232 (2019).

	76.	 Thomas, D. A. The cranial anatomy of Tenontosaurus Tilletti Ostrom, 1970 (Dinosauria, Ornithopoda). Palaeontol. Electron. 18 
2.37A (2015).

Acknowledgements
We are indebted to Jean Le Loeuff (Musée des Dinosaures, Espéraza, France); Christophe Borrely and Philippe 
Largois (Natural History Museum of Marseille, France); Zoltán Csiki-Sava (University of Bucharest, Bucha-
rest, Romania); Liana Maria Săsăran and Vlad Codrea (Babeș-Bolyai University, Cluj-Napoca, Romania); Dorin 
Carabet (Muzeul Civilizaţiei Dacice şi Romane, Deva, Romania); Márton Szabó, Attila Ősi, and Zoltán Szentesi 
(Hungarian Natural History Museum, Budapest, Hungary); János Magyar (Eötvös Loránd University, Budapest, 
Hungary); Martin Maslo and Sebastian Stumpf (Paleontological Institute of the University of Vienna, Austria); 
and Marc E. H. Jones, Susannah C. R. Maidment, and Michael O. Day (Natural History Museum, London, UK) 
for access to specimens in their care and for their assistance during our research visits and examination of the 
material housed in their collections. We also thank Felix Augustin (University of Tübingen, Germany) and one 
anonymous reviewer for offering their time to comment on the manuscript, as well as Paweł Konarzewski and 
Michał Siedlecki for help with obtaining the historical literature. The program TNT is made freely available with 
the sponsorship of the Willi Hennig Society.

Author contributions
Ł.C.: conceptualization, data curation, methodology, formal analysis, investigation, project administration, writ-
ing—original draft, writing—review & editing; D.M.: conceptualization, data curation, methodology, formal 
analysis, investigation, project administration, writing—original draft, writing—review & editing. All authors 
gave final approval for publication and agreed to be held accountable for the work performed therein.

Funding
This project is supported by the National Science Centre, Poland, grant no. 2020/37/B/NZ8/01321.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​5​-​9​8​0​8​3​-​z​​​​​.​​

Correspondence and requests for materials should be addressed to Ł.C. or D.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Scientific Reports |        (2025) 15:15209 18| https://doi.org/10.1038/s41598-025-98083-z

www.nature.com/scientificreports/

https://doi.org/10.5209/rev_JIGE.2015.v41.n1.48657
https://doi.org/10.5209/rev_JIGE.2015.v41.n1.48657
https://doi.org/10.1080/02724634.2019.1564757
https://doi.org/10.26879/702
https://doi.org/10.26879/702
https://doi.org/10.1111/cla.12205
https://doi.org/10.1371/journal.pone.0217232
https://doi.org/10.1038/s41598-025-98083-z
https://doi.org/10.1038/s41598-025-98083-z
http://www.nature.com/scientificreports


Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025 

Scientific Reports |        (2025) 15:15209 19| https://doi.org/10.1038/s41598-025-98083-z

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Exploring the diversity and disparity of rhabdodontomorph ornithopods from the Late Cretaceous European archipelago
	﻿Material and methods
	﻿Material
	﻿Photogrammetry
	﻿Multivariate analyses
	﻿Phylogenetic analyses
	﻿Nomenclatural acts
	﻿Institutional abbreviations

	﻿Results


