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1. Taphonomical aspects of the holotype

The holotype of Stegouros was found semi-articulated, partially exposed in a slope within a
coarse to medium grain sandstone level, featuring some centimetric mudstone intercalations.
The whole skeleton lay within a vertical range of approximately 40 cm (Supplementary Fig.
la, b). These layers are interpreted locally as the bar of a river in a meandering fluvial system
(Supplementary Fig. 1a, b). The posterior half of the skeleton, including most of the pelvis,
hindlimbs, and tail was articulated. In contrast, the anterior half of the skeleton was mostly
disarticulated but closely associated in an area of approximately 2 m?. The posterior half of
the skeleton was also the portion lying deepest respect to the sandy (bottom) to muddy (top)
layers of sediment (Supplementary Data Fig. 1b). The skeleton was not overturned, with its
dorsal aspect facing upward. The proximal portion of the tail was bent into a “zig-zag” below
the pelvis, with the distal tail closer to the pelvic girdle than would be expected in its natural
extended position. Within the articulated half of the skeleton, portions of some elements are
absent, such as part of the right diaphysis of the tibia and fibula. This is likely due to
diagenetic alteration marked by the presence of joints (diaclases) which were mapped in
relation to bone positions and orientation (Supplementary Fig. 1a). One joint plane also
coincides with the breakage and unnatural position of the proximal tail, and the missing
posterior half of the 18th caudal vertebra, distal to which all vertebrae within the caudal
weapon are missing (supplementary movie 1). This brings up the possibility that the joint
may have led to conditions within the tail weapon that were unfavourable for preservation of
these vertebrae.

A directional analysis (rose diagram) was performed using PAST 4.0 (Hammer et al., 2001).
Due to extreme field conditions and challenging weather, the direction of some dorsal ribs,
some cervical ribs, left sternal plate, right radius, ulna, and articulated manus were not
measured in the field. Their positions shown in the quarry map are according to observations
made during the preparation process. A list of elements was made, considering those
recovered at the quarry and throughout the preparation of the five jackets processed in the
laboratory (Supplementary Table I). The presence/absence of elements was then compared

to attributed susceptibility to transportation of the Voorhies groups (Voorhies, 1969), taking



into consideration the revisions undertaken by several authors (Behrensmeyer, 1975; Wood,
1988; Holz and Barberena, 1994; Kaufman et al, 2011). The recovered disarticulated
elements were consistent with the skeletal composition and proportions expected for a single
individual, since no duplicated elements were found, and every element had a consistent size
and proportion (Supplementary Table I). Moreover, the articulated portion has a similar
surface texture to the associated anterior portion of the specimen. The directional analysis
showed a preferred trend to the NW-SE (Supplementary Fig.1c; p<0.05)- Accordingly, the
palaeocurrent direction measured in the trough cross-bedding structure of the sandstone bed
at the bottom of the deposition site was of NW direction (290°). The top layer of the
depositional site had no visible sedimentary structures that denote any movement by currents,
being thinner in granulometry (Extended Data Fig.1b) and therefore interpreted as a calmer
deposition environment at the final part of this portion of the sequence. On the other hand,
no alteration of the bone was observed regarding abrasion or wear pattern (which could be
obscured by diagenetic processes) and the analysis of presence/absence of elements based on
expected skeletal completeness is unrelated to water transportation for most of the
transportability classifications. For example, most of the phalanges are present, as well as
most vertebrae, ribs, sacrum, ilia (groups I and II, sensu Voorhies, 1969; Holz and Barberena,
1994). Meanwhile, the elements that are missing include scapulae and vertebrae, including
the more distal caudal vertebrae within the caudal weapon (group I or II, Voorhies, 1969;
Holz and Barberena, 1994; Group I of Kaufman et al., 2011), some of the cranial bones
(group III for all authors, including Beherensmeyer, 1975) and most of the left dentary
(Group II or IIT Voorhies, 1969; Holz and Barberena, 1994; Group I of Kaufman et al., 2011).
It is possible that missing skull elements were removed by recent weathering of the site,
considering that skull elements were found in disarticulation, and lied within the first 5 to 10
cm of depth in the sediment. Nevertheless, no recovered skull bone was extensively exposed
at the moment of the excavation. Since there is an observed directional trend, but not an
expected pattern of bone removal, it is possible that hydrodynamic transportation is one of
the factors of bone dispersion, but not entirely responsible for the resulting pattern. In turn,
combined action of breakage and disarticulation through biotic activity and later redirection
though a weak hydraulic transport could explain the scattering of these bones through

breakage and forced disarticulation of the skull and neck (although there are no evident



scavenging marks) and some degree of trampling or scavenging related to delayed burial of
the anterior portion of the skeleton. Given that this skeleton differs from the most common
upside-down position for floating ankylosaur carcasses (as analysed by Mallon et al., 2018),
if there was any transportation of the entire carcass, it would have been for a rather short
distance, without time for bloating. A plausible explanation to the whole ensemble would be
rapid burial of the posterior portion, or as a dead carcass floating down the river, deposited
at the river bar and rapidly buried (Weigelt, 1989). Meanwhile, the anterior portion could be
slightly dispersed by a low energy water current as scavenging disarticulated and dispersed
the remaining exposed bones, for a longer time span during which the anterior portion
remained exposed. The possibility of a floating carcass has the significant directional trend
to its favour (both articulated and associated portions of the skeleton) but would not suppose
a very long transportation stage from its original death place, given articulation (Holz and
Barerena, 1994) and no evidence for bloating (according to Mallon et al., 2018). If the
unnatural breakage of the tail and its missing distal caudal vertebrae are diagenetic and
related to the associated joints, a quicksand death trap scenario remains plausible. This can
be argued from the lower depth of the skeleton based on its exquisite preservation of almost
perfectly articulated bones, the skull and vertebral column twisted to the side (Weigtl, 1989),
and extended legs which are unusual for a floating carcass. In any scenario, there is no
evidence of an accumulation site, with a single specimen present, which could be
autochthonous to parautochthonous, having been deposited near its original death time and
place, at least in the same river system and in a somewhat humid environment, given that

there are no signs of extensive desiccation or tendon contraction in the entire skeleton.
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Supplementary Fig. 1 Taphonomic information on the excavation of the holotype of

Stegouros elengassen. a, Quarry map showing the distribution of bones, reconstructed

from field data and preparation of the jackets. b, Quarry map showing the depth of the

skeletal elements in the sedimentary layers. ¢, Rose diagram of the long bones and axial

skeleton of the posterior portion of the holotype of Stegouros elengassen. The red line

shows the average trend in degrees with respect to the North (0).




Supplementary Table I: List of preserved bones of Stegouros elengassen gen. et sp. nov

Skull bones

Rostral premaxilla
Left maxilla
Right maxilla
Right supraorbital?
Right prefrontal?
Occipital complex
Left prootic
Basisphenoid
Predentary
8 isolated teeth

Middle fragment of left
dentary

Right dentary

Axial postcranial bones
Axis
4 Postaxial cervical
vertebrae
10 Dorsal Vertebrae
2 Dorsosacral verebrae
4 sacral vertebrae
12 proximal caudal
vertebrae
5 distal caudal vertebrae
Left sternal plate
Right sternal plate

Scapular girdle bones

Left coracoid

Right coracoid

Forelimb bones Left hindlimb
bones
Left humerus Left femur
Left radius Left tibia

Left ulna Left metatarsal I

Left metacarpal I  Left phalanx I-1
Left metacarpal I Left phalanx I-2
Left metacarpal III Left metatarsal 11
Left metacarpal IV Left phalanx II-1
Left metacarpal V. Left phalanx 11-2
Right metacarpal I Left phalanx I1-3

Left metatarsal 111
Left phalanx III-1

Right phalanx I-1
Right phalanx -2

Right metacarpal
I

Right phalanx II-1

Right phalanx II-2

Left phalanx III-2

Left phalanx III-3
Left phalanx I11-4
Left metatarsal IV

Pelvic girdle Left phalanx IV-1
bones
Left ilium Left phalanx V-2
Left ischium Left phalanx IV-3
Right ilium Left phalanx V-4
Right ischium  Left phalanx IV-5

Right hindlimb
bones
Right femur
Right tibia

Right metatarsal I
Right phalanx I-1
Right phalanx 1-2
Right metatarsal 11
Right phalanx II-1
Right phalanx II-2
Right phalanx II-3
Right metatarsal I1I

Right phalanx III-1

Right phalanx I1I-2

Right phalanx III-3
Right phalanx I1I-4
Right metatarsal IV

Right phalanx IV-1

Right phalanx IV-2
Right phalanx V-3
Right phalanx IV-4

Right phalanx IV-5
Right metatarsal V

Osteoderms
Sacral shield
7 limb osteoderms

12 isolated

osteoderms

7 free caudal
osteoderms

Caudal weapon



2. Geological and Paleoenvironmental context

2.1. Geographical and Stratigraphic Provenance

The holotype of Stegouros elengassen gen. et sp. nov. CPAP-3165 was discovered in the Rio
de las Chinas Valley (50° 42° 42.72°° S /72° 32’ 29, 08”° W) in beds from the lower part of
the Dorotea Formation located in the Estancia Cerro Guido, northwest to the Torres del Paine
National Park, Ultima Esperanza Province, Magallanes Region, Chile (Fig. 2a - b).

The Late Cretaceous strata of Ultima Esperanza Province were deposited over the
Magallanes/Austral foreland basin. This basin was formed during the Andean compressional
orogenesis (Wilson, 1991; Fildani et al., 2003), associated with the initial break-up of
Gondwana and the opening of the Atlantic Ocean (Biddle et al., 1986; Mella, 2001). The
Upper Cretaceous-Paleogene succession in the Rio de las Chinas Valley includes the
following formations in ascending order (Extended Data Fig. 2b): Tres Pasos Formation
assigned to Campanian — lower Maastrichtian (Romans et al., 2009; Hubbard et al., 2010;
Auchter et al., 2016; Daniels et al., 2018), Dorotea Formation, upper Campanian-Danian
(Schwartz et al., 2016; Gutierrez et al., 2017; Daniels et al., 2018; George et al., 2020) and
Man Aike Formation assigned to middle Eocene (Malumian, 1990; Camacho et al., 2000;
Marenssi et al., 2003; Daniels et al., 2018; Gutiérrez et al., 2017; Schwartz et al., 2016;
Sickmann et al., 2018; Manriquez et al., 2019; George et al., 2020).

The Dorotea Formation (Katz, 1963) is characterized as a coastal environment,
shoreface and delta influenced by tides (Covault et al., 2009, Hubbard et al., 2010, Vogh et
al., 2014; Schwartz and Graham, 2015; Manriquez et al., 2019). It is constituted by 1250 -
900 m of thick, predominantly sandstones of different granulometries, frequent conglomerate
lenses, and thin beds of calcareous sandy concretions and mudstones (Fig. 2c¢). In addition,
this unit includes abundant fossils of marine invertebrates (bivalves, gastropods, among
others) and vertebrates, among which are the remains of sharks, anurans, mammals,
plesiosaurs, mosasaurs, turtles and dinosaurs including birds (Otero et al., 2013; Jujihara et
al., 2014; Soto-Acufa et al., 2014; Otero et al., 2015; Soto-Acuila et al., 2015; Suazo-Lara et
al., 2018; Goin et al., 2020; Alarcon-Muiioz et al., 2020; Martinelli et al., 2021), as well as

mudstones with micro and macroflora (pollen, plant remains and wood; Katz, 1963; Cortés,



1964; Schwartz and Graham, 2015; Gonzalez, 2015; Manriquez et al., 2019; Trevisan et al.,
2020).

The skeleton of Stegouros elengassen was collected from the Sauropodo locality (SP-
17 stratigraphic column, Fig. 2¢) found in the middle part of the valley, about a distance of
250 m from where the holotypes of the mammals Magallanodon baikaskenke and
Orretherium tzen were discovered (Goin et al., 2020, Martinelli et al., 2021). The fossil-
bearing level corresponds to medium- to coarse-grained sandstones with trough cross-
bedding of 1 m thickness (Fig. 2d). The depositional environment of the sandstone bed with
Stegouros is interpreted as a channel-bar deposit, associated to meandering fluvial system.
U-Pb maximum depositional age above and below the Stegouros horizons provides values
between 71.7 + 1.2 Ma and 74.9 + 2.1 Ma (Gutiérrez et al., 2017) supporting an upper

Campanian - lower Maastrichtian age for the fossil-bearing levels (Fig. 2c).

2.2. The Sauropodo Locality Flora

The palaeoflora of the Sauropodo locality was found in mudstones deposited in floodplain
facies of a meandering fluvial system, a few meters above the sandstone sequence that bears
Stegouros remains (Manriquez et al., 2019). The fossil flora consists mainly of
palynomorphs, and macrofossil remains of compressed stems, tree branches, sterile and
fertile pinnae of ferns, and leaves, predominantly ferns and angiosperms (Fig. 2e-h). The
pteridophytic fossils belong to Equisetaceae, Gleicheniaceae, Dicksoniaceae and
Cyatheaceae. Gymnosperms were only represented in the microflora, with pollen grains of
Podocarpaceae and Araucariaceae. Angiosperm diversity is dominated by pollen grains
assigned to Proteaceae, Arecaceae and Liliaceae, while leaf imprints show affinities with
Lauraceae, Rosaceae and monocot imprints tentatively classified as Typhaceae. The dicot
leaves are notoriously mesophyll-sized (sensu Ellis et al., 2009), with remarkable
preservation of details such as 5th order venation and areolation. Monocot leaf fragments are
large, with a broad midrib and parallel venation (Fig. 2, g), typical of perennial, hydrophytic
to helophytic aquatic herbs.

Leaf impressions, abundant stems, roots, and tree branch parts are also found in this layer,

with lengths reaching 25 cm, some of these related to angiosperm taxa with attached petiolate



dicot leaves (Fig 2, h). These suggest an autochthonous to parautochthonous deposition
(sensu Gastaldo, 2001) with virtually in sifu or no distant source, especially in the riparian

elements of the flora (i.e. Typhaceae and Equisetaceae).
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Supplementary Fig.2 Location and stratigraphical context of the finding of Stegouros
elengassen holotype. a, Map of Chile highlighting the location of Rio de las Chinas Valley
in Chilean Patagonia. b, Areal distribution of the Magallanes Basin formations in the sector
of Rio de las Chinas Valley, with the studied locality (SP17). ¢, General stratigraphic
column of ‘Sauropodo sector’. d, detail section showing the fossiliferous horizon. e-h, In-
situ plant fossil outcrops at Saurépodo locality. e, Sterile and fertile fern pinnae. Arrows

indicate reproductive structures. f, Tree branch with an attached angiosperm leaf. g, Large



leaf assigned to Typhaceae. Arrows indicate the wide leaf midrib. h, Very well-preserved

large dicot leaf of indeterminate affinity. Arrows indicate areolation and tooth venation.

3. Additional comparisons of Stegouros elengassen with Antarctopelta oliveroi

Besides the comparisons mentioned in the main text, our direct examination of Antarctopelta
oliveroi MLP 86-X-28-1 and Stegouros revealed other similarities. In both, the cervical
centra have concave lateral surfaces (a character usually found in Stegosauria; Pereda-
Suberbiola, 2013), and the first dorsosacral centrum has an expanded border in the anterior
articular face, which has previously been described as an unusual feature for an ankylosaur
(Arbour and Currie, 2016; but see Rozadilla et al., 2015 and Lamanna et al., 2019). The
morphology of anterior and posterior caudal vertebrae of Stegouros is similar to proposed
homologous elements of MLP 86-X-28 according to Salgado and Gasparini (2006). A
proximal caudal vertebra of MLP 86-X-28 has been argued to be a pygal (anterior caudal)
vertebra of a mosasaur, based on the triangular lateral outline (in cranial view) of a preserved
half centrum, and the ventralized position of the transverse process (Arbour and Currie,
2016). However, the centra of pygal vertebrae in mosasaurs and other squamates are
markedly procoelous (Estes et al., 1998), whereas the centra of anterior caudals of Stegouros
also have the roughly triangular lateral outline, and a very similar inclination of the posterior
articular surface (Extended Data Fig. 7k). The only notable difference is that the transverse
processes in Antarctopelta are more ventrally placed. A proposed distal caudal centrum of
MLP 86-X-28-1 was also suggested to be a cervical centrum of an elasmosaurian plesiosaur,
based on the combined presence of long articulations for the ribs, and the binocular shape
(‘dumbbell-shape’ of Gasparini et al., 2003) of the centrum (Arbour and Currie, 2016: Fig.
10). However, elasmosaur cervical centra bear paired foramina on the ventral surface
(Welles, 1962), and the presence of ossified tendons on the ventral surface of the proposed
distal caudal centrum of MLP 86-X-28 precludes an assignment to marine reptiles (Rozadilla
et al., 2015). In turn, this centrum of MLP 86-X-28 resembles the posterior caudals of
Stegouros, being dorsoventrally compressed (flat), with antero-posteriorly wide transverse

process, and a ventral sulcus (Extended Data Fig. 7h-o0). The main noticeable difference is



that in Stegouros ossified tendons are absent. Although appendicular remains of MLP 86-X-
28-1 are highly fragmentary, some similarities with Stegouros can be noted. Metatarsal IV
of both taxa has a laterally expanded proximal epiphysis, with a convex dorsal surface and a
slightly concave plantar surface (Extended Data Fig. 7p-t). The preserved diaphyseal portion
of metatarsal IV of Antarctopelta tapers significantly respect to the epiphysis, which along
with an extended contact surface with metatarsal 111, suggests a gracile foot as in Stegouros,
unlike the distally spreading foot of other ankylosaurs and stegosaurs (Galton and Upchurch,
2004; Currie et al., 2011). One preserved pedal phalanx in MLP 86-X-28-1 is very flat,
similar to the phalanges of toes three and four of Stegouros (Extended Data Fig. 7u). Unlike
Kunbarrasaurus and other Ankylosauria, large osteoderms that encircle the neck are not
known for Stegouros and Antarctopelta. Although this could be a preservation artifact, it is
worth noting that such osteoderms are present in Scelidosaurus and are likely primitive for
Ankylosauria. If actually absent in Stegourus or Antarctopelta, this would be a derived
condition. MLP 86-X-28-1 also comprises large elements identified as cranial bones by
Salgado and Gasparini (2006, fig. 3) which have an osteoderm-like texture of pits and striae
on their external surface. These were compared by Salgado and Gasparini with Edmontonia,
an ankylosaur whose skull bones are fused to osteoderms (Gilmore, 1930; Burns, 2015).
However, these elements do not compare well with skull bones of Kunbarrasaurus, which
are not fused to osteoderms; further, comparison to Stegouros suggests these elements may
correspond to osteoderms of the caudal weapon (Extended Data Fig. 8). When compared to
the most proximal (1st) pair of large osteoderms of the weapon, the putative supraorbital
bone figured by Salgado and Gasparini (2006, Fig 3 a, b) shares a strongly concave medial
surface, and a dorsal surface that is flatter than the convex ventrolateral surface; both surfaces
are separated by a long acuminate keel with a backwardly slanted apex (Extended Data Fig.
8a, d). The element originally identified as a putative parietal bone (Salgado and Gasparini
2006, Fig 3 d) also bears an internally concave surface and resembles an osteoderm of the
second pair in the caudal weapon of Stegouros, which is larger and has a flatter dorsal surface

(Extended Data Fig. 8e-j).



4. Phylogenetic analyses

In order to resolve the phylogenetic relationships of Stegouros elengassen, we carried out
five cladistic analyses based on different datasets. The first analysis was made using the data
matrix of Han et al. (2018) which is based on 383 characters, and includes a large sample of
ornithischian dinosaurs, including several thyreophorans. The second dataset is a version of
the data matrix of Raven and Maidment (2017) modified by Raven and Maidment (2018)
which is focused on Stegosauria, comprising 118 characters to which we added 10 new
characters. The third dataset used was that of Arbour et al. (2016), which is an expanded
version of the matrix of Arbour and Currie (2016) focused on ankylosauria, originally with
177 characters, to which we added 12 new characters. The fourth analysis was based on the
matrix built by Loewen and Kirkland (2013) but published by Wiersma and Irmis (2018),
which is focused on Ankylosauria and comprises 295 characters, to which we added 13 new
characters. The fifth dataset is from Norman (2020a) which tests the position of

Scelidosaurus and includes 115 characters, to which we added 12 new characters.

4.1. Protocol of analysis

All matrices were analyzed in TNT 1.5 (Goloboff et al., 2016) following the same steps as
the original publications. In the analysis by Han et al. 2018, characters 2, 23, 31, 39, 125,
163, 196, 203, 204, 222, 227, 238, 243, 247, 268, 292, 296, 302, 306, 320, 361 were treated
as ordered (Han et al., 2018). The search for more parsimonious trees (MPTs) was done by
traditional search (heuristic) with 1000 replicas of tree bisection and reconnection (TBR)
maintaining 100 trees per replica. The trees obtained were used as a starting point for a second
round of TBR by Traditional Search. In the matrix of Raven and Maidment (2018) characters
1-24, 29, 112 and 113 were treated as ordered (Raven and Maidment, 2017; 2018). A New
Technology Search was made with 1 random addition seed and 1000 replicas, and the trees
obtained were used for a second round of TBR using Traditional Search. In the analysis by
Arbour et al. (2016), all characters were treated as unordered, and the search for MPTs was
carried out using TBR with 1000 replicas, keeping 10 trees per replica, and then a second

search was carried out with the trees saved in memory. The analysis by Loewen and Kirkland



(2013) was carried out following Wiersma and Irmis (2018), considering characters 1, 2, 3,
7,10, 13, 16, 18, 23, 25, 30, 36, 38, 48, 49, 54, 64, 87, 98, 101, 103, 104, 105 140, 141, 143,
145, 148, 149, 156, 162, 165, 174, 177, 194, 201, 205, 209, 217 , 229, 231, 232, 236, 237,
238, 268, and 279 as ordered. To obtain MPTS, Traditional Search was used, with 10,000
TBR replicas with 10 trees saved per replica. The analysis of the Norman (2020) matrix was
caried out by traditional search with 10000 replicates holding 10 trees. All results were
analyzed with Bootstrap resampling (1000 pseudo-replicas) and Bremer support values.

We used a Templeton test to assess the significance of the phylogenetic position of Stegouros
closer to Ankylosauria than to Stegosauria (Extended Data Table I). For this we used the
resulting trees and a forced topology, where Stegouros is closer to Stegosauria than to
Ankylosauria, and applied a one-sided Wicoxon signed rank test to the differences in
character transformations between these trees. Templeton tests were carried out using TNT

1.5 and script available at http://www.anbg.gov.au/cpbr/tools/templetontest.tnt.

4.2. Estimation of divergence times.

The stratigraphic adjustment and estimation of the divergence times of the calibrated
phylogenies was performed by calculating MSM (Manhatan Stratigraphic Measure) and
GER (Gap Excess Ratio) (Siddall, 1998; Wills, 1999; Pol and Norrell, 2001; Pol et al., 2004)
using the TNT script implemented by Pol and Norrell (2006). Divergence times were not
estimated for the Han et al. matrix which only comprises a small sample of armoured

dinosaurs.

4.3. List of modifications to the data matrix of Han et al. (2018)

Character 45 — Kunbarrasaurus changed from ? to 1, based on Leahey et al. (2015).

Character 46 — Kunbarrasaurus changed from ? to 0, based on Leahey et al. (2015).

Character 47 — Kunbarrasaurus changed from ? to 1, based on Leahey et al. (2015).



Character 103 — Kunbarrasaurus changed from ? to 1, based on Leahey et al. (2015).
Character 104 — Kunbarrasaurus changed from ? to 0, based on Leahey et al. (2015).
Character 123 — Kunbarrasaurus changed from ? to 0, based on Leahey et al. (2015).
Character 126 — Kunbarrasaurus changed from ? to 0, based on Leahey et al. (2015).
Character 128 — Kunbarrasaurus changed from ? to 0, based on Leahey et al. (2015).
Character 130 — Kunbarrasaurus changed from ? to 0, based on Leahey et al. (2015).
Character 132 — Kunbarrasaurus changed from ? to 2, based on Leahey et al. (2015).
Character 133 — Kunbarrasaurus changed from ? to 0, based on Leahey et al. (2015).
Character 205 — Kunbarrasaurus changed from ? to 1, based on Molnar (1996).

Character 206 — Kunbarrasaurus changed from ? to 0, based on Molnar (1996).

Character 207 — Gargoyleosaurus changed from ? to 0 based on Osi et al. (2017);
Pinacosaurus changes from 0 to 1 based on Gilmore (1933) and Osi et al. (2017);
Kunbarrasaurus changed from 0 to 1, based on Molnar (1996).

Character 208 — Gargoyleosaurus changed from ? to 0 based on Osi et al. (2017);
Pinacosaurus changes from 0 to 1 based on Gilmore (1933) and Osi et al. (2017);

Kunbarrasaurus changed from 0 to 1, based on Molnar (1996).

Character 214 — Kunbarrasaurus changed from ? to 1, based on Molnar (1996).



Character 219 — Kunbarrasaurus changed from ? to 1, based on Molnar (1996).

Character 220 — Kunbarrasaurus changed from ? to 1, based on Molnar (1996).

Character 224 — Kunbarrasaurus changed from ? to 1, based on Molnar (1996).

Character 252 — Redefinition (new character state added): Distal caudal centra, proportions:
length greater than width and height (0), lenght subequal to width and height (1), length
subequal to width but greater than height ("flat" centrum) (2)

Character 253 — Kunbarrasaurus changed from 2 to ?, based on Molnar (1996).

Character 256 — Kunbarrasaurus changed from ? to 1, based on Molnar (1996) and Molnar

(2001).

Character 257 — Kunbarrasaurus changed from ? to 1, based on Molnar (1996) and Molnar
(2001).

Character 258 — Kunbarrasaurus changed from ? to 0, based on Molnar (1996) and Molnar
(2001).

Character 270 — Kunbarrasaurus changed from ? to 0, based on Molnar (1996).
Character 281 — Kunbarrasaurus changed from ? to 1, based on Molnar (1996).
Character 305 — Kunbarrasaurus changed from 1 to ?, based on Molnar (1996).
Character 381 (NEW) - Form of pelvic osteoderms: no osteoderms (0) unfused, but tightly
interlocking osteoderms (1), coossified osteoderm rosettes (2), coossified evenly-sized

polygons of similar size (3), coosified irregular osteoderms into a thin sheet-like sacral shield,

forming a bony bridge between de sacral spines and the ilium (4) (Arbour et al., 2014a: 140)



Character 382 (NEW) - Osteoderms on limbs: absent (0), present on the proximal limbs
segments (1), present on proximal ans distal limb segments (2) (modified from Arbour et al.,

2016: 166).

Character 383 (NEW) - Shape and texture of millimeter-sized ossicles: amorphous or
polygonal ossicles with irregular texture (0), oblate spheroid to squared ossicles with

conspicuous orthogonal fibers on the inner surface (1).

4.4. List of modifications to the data matrix of Raven and Maidment (2018)

The taxa Adratiklit bouhlafa (following Maidment et al., 2020), Antarctopelta oliveroi,

Kunbarrasaurus ieversi and Stegouros elengassen were added to this matrix.

Character 2 - Scelidosaurus recoded from? to 18. Based on description by Norman (2020b).

Character 27 - Lesothosaurus changed from 0 to 1, based on Sereno (1991); Scelidosaurus
changed from ? to 1 based on Norman (2020b); Huayangosaurus changed from 1 to 0 based
on Sereno and Dong (1992) and Raven and Maidment (2018) where the description in the

text does not coincide with coding in the matrix.

Character 29 - The row of encoded taxa published by Raven and Maidment (2018) is

switched with that of character 30. This was corrected keeping the order of the character list.

Character 30 - The state of the characters published by Raven and Maidment (2018) is
inverted, it was corrected keeping the order as follows: Striation continues with denticles do
not extend to cingulum (0); striations extend to cingulum (1). Lesothosaurus is recoded from
1 to 0, based on Sereno (1991); Scutellosaurus changed from 1 to 0 based on Colbert (1981);
Kentrosaurus changed from? a 1 based on Galton (1988) and Raven and Maidment (2018).



Character 53 - Kentrosaurus changed from 1 to 0 based on Raven and Maidment (2018);
Hesperosaurus changed from? a 0 based on Carpenter et al (2001); Gastonia changed from?

a 1 based on Kinner et al. (2016). Sauropelta changed from 1 to 0 based on Coombs (1990).

Character 53 - Kentrosaurus changed from ? to 1 based on Galton (1988); Hesperosaurus
changed from ? to 0 based on Carpenter et al (2001); Gastonia changed from? to 0 based on
Kinner et al. (2016).

Character 80 - A new character state was added : 2, Equally long as wide but low in height
("flat" morphology ) . Alcovasaurus changed from 0 to 1 based on Galton et al. (2016).

Character 102 - Sauropelta changed from 0 to [0 1] based on Ostrom (1970), Carpenter
(1984) and Currie et al. (2011); Euoplocephalus changed from 2 to 1 based on Coombs
(1986) and Currie et al. (2011).

Character 122 (NEW) - Position of the caudal end of the maxillary tooth row relative to the

rostral border of the orbit: posterior (0), anterior or just below (1).

Character 123 (NEW) - Sacrum, number of fused sacrodorsals in the presacral rod: (0) fused
sacrodorsals absent; (1) 1 or 2 sacrodorsals; (2) 3 sacrodorsals ; (3) 4 fused sacrodorsals (4)

5 or more fused sacrodorsals .

Character 124 (NEW) - Sacrum, number of fused sacrocaudal incorporated in the synsacrum

: (0) no sacrocaudals ; (1) 1 or more sacrocaudals.

Character 125 (NEW) - Presence of a longitudinal ventral concavity or sulcus in mid-

posterior caudal vertebrae: absent (0); present (1).

Character 126 (NEW) - Manual digit II phalangeal formula: three phalanges (0); two or less
phalanges (1).



Character 127 (NEW) - Pedal digit II, phalangeal formula: three phalanges (0); two or fewer
phalanges (1).

Character 128 (NEW) - Side trunk keeled scutes or osteoderms, over the rib cage: present

(0); absent (1).

Character 129 (NEW) - Form of pelvic osteoderms: no osteoderms (0) unfused, but tightly
interlocking osteoderms (1), coossified osteoderm rosettes (2), coossified evenly-sized
polygons of similar size (3), coosified irregular osteoderms into a thin sheet-like sacral shield,

forming a bony bridge between de sacral spines and the ilium (4) (Arbour et al., 2014a: 140).

Character 130 (NEW) - Osteoderms on limbs: absent (0), present on the proximal limbs
segments (1), present on proximal and distal limb segments (2) (modified from Arbour et al.,

2016: 166).

Character 131 (NEW) - Shape and texture of millimeter-sized ossicles: amorphous or
polygonal ossicles with irregular texture (0), oblate spheroid to squared ossicles with

conspicuous orthogonal fibers on the inner surface (1).

4.5. List of modifications to the data matrix of Arbour et al. (2016)

New taxa added are Paranthodon africanus (Raven and Maidment, 2018), Zuul
cruravastator (Arbour and Evans, 2017), Jinyunpelta sinensis (Zheng et al., 2018),
Borealopelta markmitchelli (Brown et al., 2017), Akainacephalus johnsoni (Wiersma and
Irmis, 2018; Parks et al., 2020), Antarctopelta oliveroi (Salgado and Gasparini, 2006) and

Stegouros elengassen.

Character 15 - Tsagantegia longicranialis changed from 1 to 0 according to Parks et al.

(2020).



Character 103 - Salitral Moreno (Argentinean) ankylosaur changed from 1 year, since the

specimen does not preserve sacral vertebrae (Coria et al., 2001).

Character 115 - Hylaeosaurus changed from 1 to 0 based on Raven et al. (2020).

Character 156 - Kunbarrasaurus changed from 1 to [1 2] based on Molnar (2001).

Character 166 - A new state was added: 2, present on proximal ans distal limb segments (2).

Character 168 - Kunbarrasaurus changed from 2 to 1, based on Molnar (2001).

Character 170 - Kunbarrasaurus changed from 2 to 1, based on Molnar (2001).

Character 171 - Kunbarrasaurus changed from? to 0, based on Molnar (2001).

Character 172 - A new state was added: 4, Coosified irregular osteoderms into a thin sheet-

like sacral shield, forming a bony bridge between de sacral spines and the ilium.

Character 1 78 (NEW) - Caudal end of maxillary tooth row relative position to the rostral
border of the orbit: caudal (0), rostral to or just below (1).

Character 1 79 (NEW) - Tooth crowns: asymmetric (0); symmetric (1).

Character 1 80 (NEW) - Tooth crowns: do not extend to cingulum (0); striations extend to

cingulum (1).

Character 1 81 (NEW) - Tooth crowns: striations not confluent with denticles (0); confluent

with denticles (1).



Character 1 82 (NEW) - Sacrum, number of fused sacrodorsals in the presacral rod: (0) fused
sacrodorsals absent; (1) 1 or 2 sacrodorsals ; (2) 3 sacrodorsals ; (3) 4 fused sacrodorsals (4)

5 or more fused sacrodorsals .

Character 1 83 (NEW) - Sacrum, number of fused sacrocaudal incorporated in the synsacrum:

(0) no sacrocaudals; (1) 1 or more sacrocaudals.

Character 1 84 (NEW) - Presence of a longitudinal ventral groove or sulcus in mid to

posterior caudal vertebrae (haemal canal): absent (0); present (1).

Character 1 85 (NEW) - Posterior caudal vertebrae: centra are elongate (0); equidimensional
(Iength, height and width roughly equivalent) (1); Equally long as wide but low in height
("flat") (2).

Character 1 86 (NEW) - Humerus: triceps tubercle and descending ridge posterolateral to the
deltopectoral crest: absent (0), present (1). [Raven and Maidment, 2017: 80 Based on Sereno
1999: 38]"

Character 1 87 (NEW) - Manual digit II phalangeal formula: three phalanges (0); two or less
phalanges (1).

Character 1 88 (NEW) - Pedal digit II, phalangeal formula: three phalanges (0); two or fewer
phalanges (1).

Character 1 89 (NEW) - Shape and texture of millimeter-sized ossicles: amorphous or
polygonal ossicles with irregular texture (0), oblate spheroid to squared ossicles with

conspicuous orthogonal fibers on the inner surface (1).

4.6. List of modifications to the data matrix of Loewen and Kirkland (2013)



The taxa Stegouros elengassen, Antarctopelta oliveroi and Isaberrysaura mollensis were
added to this matrix. The taxon ‘Tarchia gigantea’ (originally Dyoplosaurus giganteus,
Maleev, 1954) was removed, as the holotype consists of a fragmentary postcranium lacking
autapomorphies (Arbour and Currie, 2016). Also, the PIN 3142/250 specimen, on which the
coding of ‘Tarchia gigantea’ is based in part, was referred to Saichania chulsanensis by
Arbour and Currie (2016), but later designated as a holotype of Tarchia teresae by Penkalski
and Tumanova (2017).

The following taxa included in this analysis have been synonymized in recent reviews:
Zhongyuansaurus lauyangensis, considered a junior synonym of Gobisaurus domuculus
(Arbour and Currie, 2016); Tianzhenosaurus youngi, considered as a junior synonym of
Saichania chulsanensis (Arbour and Currie, 2016); Shanxia tianzhenensis, considered as a
junior synonym of Saichania chulsanensis (Arbour and Currie, 2016); Minotaurasaurus
ramachandrani, considered as a junior synonym of Tarchia kielanae (Arbour and Currie,
2016; however, see also Parks et al., 2020); Oohkotokia horneri, considered as a junior
synonym of Scolosaurus cutleri (Arbour and Currie, 2016; however, see also Penkalski,
2018). However, when removed from the analysis, this did not affect the position and stability

of Parankylosauria. We therefore decided to keep them as separate OTUs.

Character 140 — Character state 1 was divided into three states: Sacrum, number of fused
sacrodorsals in the presacral rod: fused sacrodorsals absent (0); 1 or 2 sacrodorsals (1); 3

sacrodorsals (2).

Character 141 - Cedarpelta bilbeyhallorum changed from 1 to 2 based on Carpenter et al.
(2008); Crichtonpelta benxiensis changed from 1 to 2 based on Lii et al. (2007);
Pinacosaurus mephistocephalus changed from 2 to 1 based on Godefroit et al. (1999);
Tianzhenosaurus youngi changed from 2 to 1 based on Pang and Cheng (1998), Scolosaurus
cutleri changed from 1 to 2 based on Penkalski and Blows (2013); Anodontosaurus lambei
changed from 1 to 2 based on Penkalski (2018); Oohkotokia horneri changed from 1 to 2
based on Penkalski (2018); Euoplocephalus tutus changed from 1 to 2 based on Arbour and
Currie (2013) and Penkalski (2018); Dyoplosaurus acutosquameus changed from 1 to 2
based on Parks (1924), Arbour et al. (2009) and Penkalski (2018).



Character 260 - A new state was added to the character: Thin sacral shield composed covering

just the space between ilia and sacral spines (3). It was treated as unordered.

Character 293 - Kunbarrasaurus changed from 0 to ?, since the distal end of the tail is

unknown (Molnar, 1996; 2001).

Character 294 (NEW) - Caudal end of maxillary tooth row relative position to the rostral
border of the orbit: caudal (0), rostral to or just below (1).

Character 295 (NEW) - Tooth crowns: asymmetric (0); symmetric (1).

Character 206 (NEW) - Tooth crowns: do not extend to cingulum (0); striations extend to

cingulum (1).

Character 297 (NEW) - Tooth crowns: striations not confluent with denticles (0); confluent

with denticles (1).

Character 298 (NEW) - Sacrum, number of fused sacrocaudal incorporated in the synsacrum:

(0) no sacrocaudals; (1) 1 or more sacrocaudals.

Character 299 (NEW) - Presence of a longitudinal ventral groove or sulcus in mid to posterior

caudal vertebrae (haemal canal): absent (0); present (1).

Character 300 (NEW) - Posterior caudal vertebrae: centra are elongate (0); equidimensional
(Iength, height, and width roughly equivalent) (1); Equally long as wide but low in height
(Hﬂat") (2)

Character 301 (NEW) - Humerus: triceps tubercle and descending ridge posterolateral to the
deltopectoral crest: absent (0), present (1). [Raven and Maidment, 2017: 80 Based on Sereno
1999: 38].



Character 302 (NEW) - Manual digit II phalangeal formula: three phalanges (0); two or less
phalanges (1).

Character 303 (NEW) - Pedal digit II, phalangeal formula: three phalanges (0); two or fewer
phalanges (1).

Character 304 (NEW) - Osteoderms on limbs: absent (0), present on the proximal limbs
segments (1), present on proximal and distal limb segments (2) (modified from Arbour and
Currie, 2016: 166).

Character 305 (NEW) - Osteoderms: mosaic of small osteoderms between larger osteoderms
on the ventral surfaces of the neck, trunk, and proximal portions of the limbs absent (0);
present (1).

Character 306 (NEW) - Shape and texture of millimeter -sized ossicles: amorphous or
polygonal ossicles with irregular texture (0), oblate spheroid to squared ossicles with
conspicuous orthogonal fibers on the inner surface (1).

4.7. List of modifications to the data matrix of Norman (2020a)

The taxa Antarctopelta oliveroi and Stegouros elengassen were added to the original matrix.

Character 5 - Kunbarrasaurus changed from 2 to ?, trait is not preserved in specimen

(Molnar, 1996; Leahey et al., 2015).

Character 36 - Kunbarrasaurus changed from 0 to 1 based on Leahey et al. (2015).

Character 39 - Kunbarrasaurus changed from 2 to ?, predentary is not preserved in specimen

(Leahey et al., 2015).



Character 52 - Kunbarrasaurus changed from 0 to 2 based on Molnar (1996).

Character 58 - Huayangosaurus changed from 0 to 1 based on Maidment et al. (2006);
Kentrosaurus changed from 0 to 1 based on Mallison (2011); Stegosaurus changed from 0

to 1 based on Gilmore (1914) and Maidment et al. (2015).

Character 110 - Definition of the character was modified: osteoderms on limbs: absent (0),
present on limb proximal segments (1) present on proximal and distal limb segments (2)

(modified from Arbour et al 2016: 166).

Character 116 (NEW) - Caudal end of maxillary tooth row relative position to the rostral
border of the orbit: caudal (0), rostral to or just below (1).

Character 117 (NEW) - Tooth crowns: asymmetric (0); symmetric (1).

Character 118 (NEW) - Tooth crowns: striations not confluent with denticles (0); confluent

with denticles (1).

Character 119 (NEW) - Sacrum, number of fused sacrodorsals in the presacral rod: (0) fused
sacrodorsals absent; (1) 1 or 2 sacrodorsals; (2) 3 sacrodorsals; (3) 4 fused sacrodorsals (4) 5

or more fused sacrodorsals.

Character 120 (NEW) - Sacrum, number of fused sacrocaudals incorporated in the

synsacrum: (0) no sacrocaudals; (1) 1 or more sacrocaudals.

Character 121 (NEW) - Presence of a longitudinal ventral groove or sulcus in mid to posterior

caudal vertebrae (haemal canal): absent (0); present (1).

Character 122 (NEW) - Posterior caudal vertebrae: centra are elongate (0); equidimensional
(Iength, height and width roughly equivalent) (1); Equally long as wide but low in height
("flat") (2).



Character 123 (NEW) - Humerus: triceps tubercle and descending ridge posterolateral to the
deltopectoral crest: absent (0), present (1). [Raven and Maidment, 2017: 80 Based on Sereno
1999: 38].

Character 124 (NEW) - Manual digit II phalangeal formula: three phalanges (0); two or less
phalanges (1).

Character 125 (NEW) - Pedal digit II, phalangeal formula: three phalanges (0); two or fewer
phalanges (1).

Character 126 (NEW) - Millimeter -sized ossicles abundant in spaces between osteoderms in
thoracic or caudal regions (excluding pelvic region), absent (0), present (1). [Based on

observations presented in Arbour et al. (2014b)].
Character 127 (NEW) - Shape and texture of millimeter -sized ossicles: amorphous or
polygonal ossicles with irregular texture (0), oblate spheroid to squared ossicles with

conspicuous orthogonal fibers on the inner surface (1).

4.8. Results
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Fig. 3. Strict consensus of 13392 MPTs resulting of the analysis of Han et al matrix.
Values above nodes represents bootstrap proportions (1000 pseudoreplicates). Values

beneath nodes represents Bremmer support.
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Fig. 4. Strict consensus of 2 MPTs resulting of the analysis of Raven and Maidment
matrix. Values above nodes represents bootstrap proportions (1000 pseudoreplicates).

Values beneath nodes represents Bremmer support.
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Fig. 5. Strict consensus of 20 MPTs resulting of the analysis of Arbour et al matrix.
Values above nodes represents bootstrap proportions (1000 pseudoreplicates). Values

beneath nodes represents Bremmer support.



Lesothosaurus diagnosticus
Scutellosaurus lawleri
Emausaurus_ernsti
Isaberrysaura mollensis

Tuojiangosaurus multispinus
Huayangosaurus taibaii
Scelidosaurus_harrisonii
g7 [ Antarctopelta_oliveroi
[ Stegouros_elengassen
— Kunbarrasaurus ieversi
fﬁ{:: Gargoyleosaurus parkpinorum
3 Mymoorapelta maysi
Cedarpelta bilbeyhallorum
Europelta carbonensis
 Shamosaurus scutatus
—— Zhongyuansaurus lauyangensis
[ Gobisaurus domoculus
Tsagantegia longicranialis
 Tarchia kielanae
Minotaurasaurus ramachandrani
2 —— Shanxia tianzhenensis
1 —— Ahshislepelta minor
Saichania chulsanensis
Pinacosaurus grangeri
2 Tianzhenosaurus_ youngi
Pinacosaurus mephistocephalus
I Zaraapelta nomadis
—— Crichtonpelta benxiensis
20 Nodocephalosaurus kirtlandensis
_T{::t::Akainacephalus_johnsoni
. Scolosaurus_cutleri
Oohkotokia horneri
Anodontosaurus lambei
Ziapelta sanjuanensis
Euoplocephalus tutus

Ankylosaurus magniventris
1 Dyoplosaurus _acutosquameus

Fig. 6. Strict consensus of 16 MPTs resulting of the analysis of Loewen and Kirkland
matrix. Values above nodes represents bootstrap proportions (1000 pseudoreplicates).

Values beneath nodes represents Bremmer support.



Silesaurus

Lesothosaurus

96 Dryosaurus

Hypsilophodon
Scutellosaurus

24 Scelidosaurus
Emausaurus
Huayangosaurus
Stegosaurus
Kentrosaurus
—— Antarctopelta
— Stegouros

— Kunbarrasaurus

Jinyunpelta
_I_E;;t:: Euoplocephalus
5

Pinacosaurus
3 Edmontonia
66 Silvisaurus

4 Struthiosaurus
Sauropelta

Fig. 7. Strict consensus of 4 MPTs resulting of the analysis of Norman matrix. Values
above nodes represents bootstrap proportions (1000 pseudoreplicates). Values beneath

nodes represents Bremmer support.



-

nbarr

psaury

= Sdelidosjaurus

Lalquintasaura
Jeutelipsauru

FlLesothosaurus

Pisanosalrus

Emau

fauru

A

dratiKlit

—

Tuo

r

[~ Jilangjun

L

~tiesper

jiango

Dacen

osaur

r

oricajosaur

saber

ysaurp

Ken

Gighntspi

P3ranth

lfaurug

Wiragdia

trurug

s

psaurus

tegosgurus

L.

stoni

pdon

ovasa

s

trosauyl

jurus

rus

osaurps

aurus|

Chungkingo
Huayangosalurus
20.0

Wue

rhosa

rus

aurop

erta

Euopl

hntarc

cephal

Stegopros

opelt

lus

i:“ig. 8. Time-calibrated subtree from ;"nalysis of Raven and Maidment matrix. Subtree number 2.




[ Antarqtopeita_pliverol
| L stegodros_erenpassen
L kupparrasajurus_revlerss

Splitral_Moreno_apkylosaulr

—
LLI- damontonia_iongiceps

Eamontolnia_rugdsidens

Dlenversagrus_schiessmani

Texasptes_plefironalio
Animandarx_ramlaijones]|
+Tatank3jcephaluls_cooneyorum
Si|visaurug_condrayl
1

N{obrarasjurus_cofell

[Paw_Paw_stuteling
1

Ansnisigpeita_mfnor
Slauropeith_edwards!

Stputhiosayrus_transyivanicus
Bofealopei{a_marknjitchelll
[~ Strdtniosaurfis_langupdocensils
L strdtniosaurps_austrlacus

Flawpaws3urus_campbelll
Stpgopeitalianderensis

+Europefta_carbopnensis

Hungarosauruj_tormal|

Nododaurus_textilis
I‘ Panofdlosaurui_mirus
Pgioroplitds_cedrimontanus

L Hoplitolsaurus_marshi
Poltacantpus_roxi
Gargpyleosaufus_paripinorum

rMymoofapeita_pays:

Hylpeosaurds_armatys
Taonpiong_jifchengenkis

Gastopla_burglel

Cedarpgita_blibgyhaliorgm

Fauroplites_scutiger
Dongydngopeity_yangyalnensis

Zuyi_crurayastator
Dygplosaurps_acutolsquameds
Zfapeita_sjanjuanedsis
Anpdontosdurus_lambel
I- Ejoplocephalus_tufus

Ankyllosaurud_magniventris
- Scolofsaurus_clutier!

Zaralapelta_rfomadis
_[L— Tardnia_kielanae
Salchpnia_chulsanens!

~Pinacosaurus_mepnistodepnalus
~Pinacdsaurus_granger:

T4aganteg{a_iongicfanialls
alarurug_plicatofpineus

Nodofephalospurus_kiftiandendls

Znefjangosadrus_luoyjangensis|

Akainacednalus_jdnnsoni

Cricnfonpeita [penxienils
Jinyunpelta_sinensis
Shamofaurus_slcutatus

Gobidaurus_dpmoculu
Liaoningosaurus_paradogus
Chuanq{iong_chdoyangerdsis

Aletogelita_cogdmbs!

[~ Stegdsaurus_gtenops
—_— Pafanthoddn_africanus

Huayaggosaurus_taiballl

L-Sceridosaprus_narfisonnt
Lesdthosauru's_dlagndsticus

20.0
r T T T T T 1

i;“ig. 9. Time-calibrated subtree from analysmis of Arbour et al matrix. Subtree number 1.




Ipaberrysaura_mollgnsis

[FAntarcfopelta_olive|roi

L dtegoudos_erelngassdn

Kunbarrasqurus_fevers|

Zjapelty_sanjanensis

Apkylosaurus_magniventris
Dyoplpsaurys_acutosquameus
uoplolcephalus_tutus
——Angdontosaurus_lambei
Oohkotokia_hofneri
Nodocephlalosadrus_kirtlandensis

AKainacéphaluls_johnsoni

Sclolosadrus_cdtieri

= Ahshlislepelita_minor

1 Tarchia_kiklanael

= Minptaurasaurujs_ramachandrani

Shanxia_tilanzhefensis

aichahia_chplsanelnsis

Flinacogaurus|grangleri

Tipnzhejosaurlus_yolngi

I_ Pidacosaprus_mephisfocephalus
Zar

apelth_nompdis

Crichtqnpeltq_benxliensis

. Tsagantqgia_Iqngicrdnialis

1 Slhamoslaurus |scutafus

hongyuansalurus_fauyanpensis|

Globisayrus_domoculus

Ceddrpeltal_bilbelyhallorum

uropellta_carbonengis

Gargqgyleospurus |parkplinoruni

Mymograpellta_malysi

 Scellidosalurus_harrisopii

[T Tupjiangpsaurds_multispinps

Liubyangdsauruls_taiblaii

Emapsaurds_ernjsti

- $cutelfosaurds_lawleri

Lesothosaurus_diagnosticus

20.0

r T T T T T

i:“ig. 10. Time-calibrated subtree from analysis of Loewen and Kirkland matrix. Subtree number 1.



_I- Antarctopelta
Kunb g

rrasagrus

Steglouros

rEuoplocephalu

LP:naco::uru:

=|Jinyurpelta

I Edmontonia

LS:IV sauru

Spurope|ita

Strythiosqurus
—r—sregasamus

Kelntrosqurus
Hugyangolsauru

[ Scelildosaurlus

= fcutellbsaurufs

['Dryo aurus

Hyplilophlodon

Lesqthosadrus

Silesaurus
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20 son 750 1000 1250 1500

i:“ig. 11. Time-calibrated subtree from Norman matrix. Subtree number 2.



Han et al Matrix

Marasuchus_lilloensis

2929992299222922299229922292229922292229922292229222992229222992299222922999

00000000070?10100000??000000?00000000700?000000011?000?700?0?00??0001000?0?1
Eoraptor lunensis

000007???0?010100007102000000?7011000000000000????002000000000?000?000

0000070????????0?00000000000????0010000000000000020000001?700000000000000101
0000?100?1001011100001000?70000000700?00007???01000000010000010000000010000

0011000000
Herrerasaurus_ischiugualastensis
00000???70?0001000000121000000001000000000000????0100000000000100000
000000000000000??00000011000000000020000?0??000000??000210??0?0000???00701?
0700000070????????0200000000700????0000000000070000020?000011000?00??0000000
0100070?0000?00000100000000000?00000007070000???0100002000110011?010000101
000010000?111000000007070010000000000000700000000????000000001000000100000
0000010000000

Abrictosaurus_consors



?0017??07000010000?10100????00000???107?03?000000010070?7??0101101111110177??

Heterodontosaurus_tucki

01000???710111011111001001000011001011101000100000100001020000100000
1010000010000001000200021010100011010000?0??0000001?0000201100000000000001
0000000007101001???0010001000001010001100001000010000300101100101111001111
11111111011?0?11010010000030000000001011000000007000000010000110010001000
0101000010002010201002100?70?101011000010000071110000100000010001121000021
1111?70001011000001

Pisanosaurus merti_

Pegomastax_africanus

29299922992229222992299222922299222922299229292229222992229222992299222922999



Eocursor_parvus

29299922992229222992299222922299222922299229292229222992229222992299222922999

0710701000000070107?11000?71000100100010200001?10??77?2??02??02?2??7?

Lesothosaurus_diagnosticus

200000000?710100000010000010000?0?1000?7000100000010000000010011100?00??1100

1111011100?000100101???0002?00????00?0111000000???010000?201000000??0000000

0000?000??100010100200070?001?00000000001100110000100?0[0

1]010001020000121010?1?200101100707?

Agilisaurus_louderbacki
01000???70?1100000110000010000010000002?1000110001?00000020000200000

0000000000010000000110000000000111000000?70??00?0001?000010070000010000000?



207?00000710?0?70007000000000001101001?70000000000100001010120011007007?1120

11701011000001
Yandusaurus_hongheensis_

Haya gravis
01000???2?0?01?10001?0010010?0011000010??1000100101?00000000000100000
0110000001010000000?10000100000111000000?0??00000007000?100?00???00000010?
22?00000071110001001100000000071010?1?000000000?70000010001010?1011000?1100
111101110?710000001011000003???00?700?1011010000000?0100001000000001000000?0
222202?77722220201002000?0?10101110000000?7100110000100111011112120000121070
11110001?000001
Hexinlusaurus multidens

07200?2??0???77?077?2??7710??0710000102?1070100001?70000000000020000001

0010000001011100002000000000101100000000701100001000000001000000000000000

00??20001010?200070?7101001000000000101110000101100011001020000121010011101

011000001

Changchunsaurus_parvus
?107077??0?017102?0110010010000110002101?71000100??1?7000011000001000000

010170000010000000?1?007??0??011?7??27??02??20000007??????020070000000??70?7?070

00000?111000100110000100001101001?100000000010000100010110101100??711001111

?1



Hypsilophodon_foxii
01000????0?010100011000000000011001010201000100101?00000000000200000
001000000101000000021000010000011100000070??000000070000101100000100000?01
00?7000000?711100010?7100000000001101001?1000000000100001000100001010010?1100
1111011101100000010111000030000000001011100000010001000010000000010000000
00000000000?2?00201002000?0?10101110000000010111000010111[0
1]011112120000121010?11100011000001
Jeholosaurus_shangyuanensis
01000??7?100101000110010010000110000102?1000100001?00000100000100000
001000000101000000001000010000011100000070??000000070000100100?0000000010?
10?000000?11100000010000010000?101001?700000000070000000001010?101100???100

1101011000001
Orodromeus_makelai
01000???70?01?10001100?70010000?11?0010211000100001?000010?0000200000
01?0000000010?000000100??1000?0111?0?00070???000001?0000?0??000?00??0?????00
2000000?1????222?1?00000000?71101001?100000000?700000100010?0?10010????100111
10?710?10??000101?1000030?00070001011?00000070001000010??7000001?0?0?70??0???
0000007??0010100200070?710101110000000010111000?101110011?121200001210101??
1002711000001

Yueosaurus_tiantaiensis_

2929992299222922299222922299229922292229922292229222992229222992299222922999

Gideonmantellia_amosanjuanae

2929992299222922299222922299229922292229922292229222992229222992299222922999



01110?2722272222127221142220111120??0001?1?10?1??0?01700000?
Koreanosaurus_boseongensis

2929992299222922299229922292229922292229922292229222992229222992299222922999

Parksosaurus_warreni
00007??220?7?22002?227?22207722?7717001???1000100??1?00?700000?0??00?0000?

200000?7070?0?07??2???0?1?000011??7?00007077?2??000?2?0????7?0?7??2077222?77272??7000

21007?0070??2?221??0?0000017111?00?1?41??01?2721201001??0?0???2002??1??220?
Zephylosaurus_schaffi

Thescelosaurus_neglectus
00000????0?010100011000000000?111000002010?0110001?00000000000000000

00000000000100010002100?70000000111?00000?0??000000070012?7001000000000?701??

?22200000?111000100110000000001101001?10001000000000000071001110110?0?0000

000000007?7120001010020007?0?1?71?11100000000101110000104111001?1212010012101
071?100011000001

Gasparinisaura_cincosaltensis_



2?0301002000?0?10001?1000000001011100071011100?1112120000??101021110101100

1001

Dryosaurus_altus
01?00??27101?10011111000070?70011100001201010110001000000000000?10000

0010000000?100000???00000000000111?00000?0??000000??001?1????00?01??000?010

111111011?7000010011100003000010000101100000000000100?01??020?0010002??00?7??
07?22722220?0101002000?0?1000111000010101011100001101100011120200111210102
11101011101001

Zalmoxes_robustus

20070????0?10?700011?7000010007?10070000201001?????1?7000000100003101001

Tenontosaurus_tilletti
00000???7?0?100000111100010000010100000201000100101?00000000000200100
001000000100000001020002000000011100000070??000000??00121001000101??70007??

1111?1110120001011101200002000011000101110000000000100?01??000000100000000

00000110001?700030100200070?1?7101110000001010111000011011010111202011112101

0211100011100001

Iguanodon_atherfieldensis
00000???710100001111100010000020?2??00201001100000700100010000310000

0010000000110000010000000000000111100000?70??0000007?0122201110020200000?02

11111211112000001?1112001030002100001011010000001001100000100001011011110
1021011101113100101002000?70?11001110001101011?7111000120111101112020111121
010210001017201001



Probactrosaurus_gobiensis
000?0??2??2010000111110001000002??7??220??10?12??72?2222220001000?3?00000?

12220??722272220103?0021?200?01??100000010?1?70?0?01000?201????11?172?11110111

2?001010?2000?0?11001111000101011?1110?012011?101112020111?210?0????0101720

1001

Ouranosaurus_nigeriensis_
000?0????101000001111000100000200000002010011000000??1000100003 10000

00100000001??000010000??1?700000111?0000070??00000???201220?2?20??7222722272277?

217112700?07?11120010370021?10?7101??100000????1?0000010?7000011?71?1101??7111??
?177?170101072000?0?711001111000101011?1110701201111011720201117210?0??1?010
17201001

Camptosaurus_dispar
00000???71011?2?001111?0??20000010????002?10??1000000000000000003100000

21101100?001?111700102?0021?000301101000007??01000010102000011011110101011
1100012100101002000?0?10001110001101011?1100001101111011?202011?7121070?7710
01017100001

Stenopelix valdensis

2929992299222922299222922292229922292229922292229222992229222992299222922999

111100?72010?0??1?12?2?1007??001?2202?272?1272272222000?7?000007?

Yinlong downsi
2211111000001000001000100100000111001110100010011012100010010000120

00010001100010001100000021010010001010000?10101001100101?1000107102110010

11000000000?10100011010?710000000?71010001101000011100100311012000100?00??11



00111101110?100001010110001031000000001011000000????0000000000070001000000

070?1??00017000001
Hualianceratops wucaiwanensis

Liaoceratops_yanzigouensis
210?11100000?000101000100100011101011117100010011010000002001120001

00000101100111001000000021010110101111000?111211000101011110110010110111?

11100000000?10101011010010000000110110??010001001100200310012101111111101



0100100111101100??00?101011010??1??00?1???110?01?101??11?71??101?70111?711?0?700
0000?1?71007???11012000111?1011017?0010100100020071?701?70??111111101100111100

Archaeoceratops_oshimai
2101111101021000?0100010000001210101111?7100010011012000012001?0002??

00?701001001111010002?70021010110101?????0???721?007??107?1?111?010?1??1101??0

?000000?11101011010010001000110110???1010100100020031001210011111110110011

00001
Auroraceratops_rugosus
210111110102100000100010000001111101111?100010011012001012001100021
100001001001?1101100000021010110101111100?7111211000?7?71011111117?107??1110?
110?000000?11100011010010011000110110011101010010002003100121001111111011
00111101110?211?010101111010310021010110110000000001010000100000000100000
000000000000?1100020100101110?710211110?0110000?111100010200001111212010012
101021??00?71?100001

Koreaceratops _hwaseongensis
2929929929922922922222922222222222222222222222222222222922922992992992992997



Protoceratops_andrewsi
2101111110?21000001000110010012111011120100?10011012101012000120001
10000100100111101100000021010110001[0
1]11100?1112100001?10??111110?7101??11101??0?7000000?111010110110100101111101
101??00001101000200410011?0011111110110011111111022?1??10101?0001031002101
0100110000000??1010000001?00000100000000000000000012100201001000?0?1021111
000100000?111100010?7001011?12120000121010211100011110001
Bagaceratops_rozhdestvenskyi
21011?1100?2700000100011001001211101112?7100?100110121010020?70100001 1
0000100100111101100200021010110001?11100?1111100001?101?111110?101?01?1?710

Leptoceratops_gracilis_
2101111100?2?00000100010000001211101111?100?100??0121010120001000011
0000100100111101100270021010110001110000?1112110001?101?71[0
17111??101??111011?0?7000000?11101011011012010011?101101??71000100100020177??
?22?211111111101100111111110122?1??201011000103???2171010011000000000100?0001
11000000100000000010100000011000201001000?0?1021111000100070??11100010?001
111?7121200101210?02?1?00011100001
Psittacosaurus_mongoliensis
221110001112100010100121000100?0??2????20110010011??21010001100101010
0011000000011000001010020000010001110000?71010000001?10?7000111002000001101

01111011101?00001010110000030000?00?0101100000000010100000100000001000000?
0000000000010?00211001000?0??0211110000000007111100010200101101212?0101217?
10?11100011000001



Psittacosaurus_lujiatunensis

Scelidosaurus_harrisonii
01000??270?010000011001000000001100010201000101??0010000020010200000
000010000000000100010001100000010100000000??000000??000?100101010000000?70?

11101110000001001001200002000000000101100100100700100000210000001??000001
000000100002000101002010?0?70000000000000000711100101000010100010201001210
10111000011110001

Scutellosaurus_lawleri

2000?0??010700?700?000????1100001007010100010201001?10?0?2??0?2??0007??
Emausaurus_ernsti

01070???70?0?00000?10000070000?110001020100010000001000002?7000100000



??000?00??101??0011101?0?10?1??170701070?2??0?00???00100?7??70100007??0007010111
1112111?700010??7110?7010000??0??001?700000000070100???7772?022202222?27772?7777011
?00??70170?1011770017710???0002117??10110????2?111?7110007001?7?0?00117001?71??1?

Huayangosaurus_taibaii
00000?7???0?0101000110011010000110000102?1000121??001000002?7000200?00

000010000001001??00100111000000001100000?0??00?000??000010??0?70?00???00?070

0?000000?1000000701000100000??0010001000000000?10000000010022100?700?7?11001



21772222720211112010?70?0000000070777?????11701110001110070?7?0??00121??0??1711
117217111

Hesperosaurus_mjosi

Stegosaurus_stenops
00000????0?070000011101010000021070070201000121??0010000020000200000
000000000001001?7000110110000000001?00000?0?7?00?7000??000?1011010200??000?00?

170111002100000?00120101200021011110110011000007011010021000??111100001100
0102??1711000211112010?0?7000000000000020??1110011110011100002007?0?121??0??
1111107211111

Wannanosaurus_yansiensis_

Homalocephale calathocercos
072002272222222222227222220222272222222210?7111222?000001200102000000000
1112001100010000100000000001111000110100110111?1000110101011101110110??0?0

201001111011?120111011100000?11111001131120???1??100?012?7120??7?02?22?20?7722?
Goyocephale_lattimorei



000111200110001000000070?7?10001111000111100110011?7100011070171110111710021
070000007?????7?7???0??0000100??10000170010?0100000?10300010011100100?7?71127111

072?27

Prenocephale prenes
000?0??7??0?0170100110000000?0011????00?01000111??1?000001200102000000

00011120011000100001000???17?01111000111100110111?10001100010111011101?011

Micropachycephalosaurus_hongtuyanensis

2929992299222922299222922292229922292229922292229222992229222992299222922999

?2?2000070?7001010011100071??0???7??010200001??7?71171?27272227277777

Isaberrysaura_mollensis



Antarctopelta_oliveroi

2929992299222922299229922299229922292229922292229222992229222992299222922999

Lesothosaurus 0.5 16.06.00.19.01.03.23.214.072.80.20.50.20.570.640.17?72.172.7
1.6 0.78 5.3
Scutellosaurus ? 18.04.00.17.01.03.03.070.82.00.20.67?70.830.23????1.20.875.5

1.251.112.70

Huayangosaurus 0.821.06.0058.0?771.616.01.252.70408???7?71.72.1172.0
1.377?

Dacentrurus ??7??7?2.608227719030.6030.780.7?71.670.72.11.471.4
Miragaia ?7?7500217.01.141.531.8?772.0047?050.71?7?21.5????1.751.49



Kentrosaurus ?????71.270.450.62?1.12.50.460.90.30.950.72?1.64.571.11.61.69
1.471.45

Chungkingosaurus  ??7?7?7?73.21.13.6?7?27?727271.442?277277?

Tuojiangosaurus 2222722222722722°2722283.6272777?7°

Gigantspinosaurus 7 30.0?7??7???216.07?0.36??70.80.7??7??71.61.57?

Stegosaurus  0.323.06.00.311.03.520.82.514.01.62.10.430.970.41 0.940.67 ? 1.81
6.10.712.051941.72 1.1

Hesperosaurus? ? ?? 13.01.371.732.5116.0?72.30.51.00.40.93?71.484.420.71.8 1.8
1.87

Gastonia ?7?77?8.01.03.13.1?7725051.1060.817?21.3?27?21.9?7?

Sauropelta  ??75.0?78.01.01.951.9516.00.992.90.370.50.80.820.23????7151.3
?

Euoplocephalus ?721.06.078.01.02.832.83?70925031.4040.830.5872.42.8
25027727

Jiangjunosaurus ?21.07.0?711.0?2?2222222222222227227°

Stegouros ?7?76.0771351.801.84?772.630.171.020.30.760.67 0.24 2.33 3.33 7 ?
1.031.122.83

Kunbarrasaurus 925299229292929922929229299279

&[num]
Pisanosaurus



Lesothosaurus
1117000??007000??0000?00?000001000?111?00000?1???1010?10000100000000?

070111??00000100100?00000???000000100?

Scutellosaurus
001070???01??00?????02?2??200101?0010011??0?00??00?????1?0000?000?000100?

0110??000001?01???10000??0?700000070?

Emausaurus

Scelidosaurus
17101071?010?10100100100100100?70010101000?01?100?10100100001000?0001

10101110000010000000010100??00000000120

Huayangosaurus
01001001101101111010111010010010010???001001?7000700110100011?71?01101

1000001000??711011?1??110070000100?70010?

Dacentrurus

010100101121????2110?7?071?[1 2]0???110?
Miragaia

Kentrosaurus
0?72722172?22?22?222012?29?22122101011?7???101?0170101110111101100110110101110
001071101101021?12211001001?110 1]??111??

Chungkingosaurus



Tuojiangosaurus

20100?717?221222?11001000?10227110?
Wuerhosaurus

Stegosaurus
000021000110011111101011011001?11100000100012011011011011010010?111
11111001010110102111221100011111[0 1]111110?

Hesperosaurus

111001010110102171??11000170110???7110?

Gastonia

0070100111?2711??2210110???1310?70200

Sauropelta
1722201272?12?2100001117?0200101?1111????01?012000?00101100111000110711

0000010001110?01000[0 1110110??013?0000100

Euoplocephalus

0000010010?701011110110110???1210200700
Jiangjunosaurus



Alcovasaurus

227112?20207?221?2220?722?210122117?7
Adratiklit

0011110011???11000010?1?0??0101100421
Antarctopelta

Kunbarrasaurus

11111111??100101700011117?201172211072222222221222?2?21?0?271??7710?0111170

Arbour et al. Matrix

Lesothosaurus _diagnosticus
000000???0000000???700000000000000000000000000000000000000?0000000000

000000?0000001?00000000000000000000?70?700000000000000000?70000?70000000000000

0100?7000010000000000000000000000000000100?000??

Scelidosaurus_harrisonii

000000???0?00000???00000000010?700000011000110000000000000?1000000000



22100100001?1100?700100000010110000??00700000000?70000000?0010?00000011000??

0000000001011[12]11110????110010121200000000000000

Huayangosaurus_taibaii
000000000000000000700000000010??0000?1100010000000000000??1110000000

00100107000111?00001001???11111?010001100000?70001000000?10100000000010?0??

Stegosaurus_stenops

0000001000100000007000000000100?7000070000010000000000000??1110000000
00100107000111?0001110????111117010001100000?0001000000?710100000000010?707???

Ahshislepelta_minor

2929992299222922299222922292229922292229922292229222992229222992299222922999

Akainacephalus_johnsoni
11110100?12100010??222120001111?11120211?1110?212010?10110101100001?

?11111000?11110?110??2?22?1?2001111100011110?0?1?00110?1?11111100?700??100?7?1

011010??72223?7170231???71110??12221???31000???

Aletopelta coombsi
29299299229222229222222222222222222222229922992229229929929929929922929922997997



Ankylosaurus_magniventris
11110100?11?7112101?23101011110111011?210?111012120102111111111000011
1111111101111001?2111112?2?1111111?2000011311???01110010????0?7?220110100??772

Anodontosaurus lambei

11110100?11111110?1231010111111110111210111101212110211111111100001

Cedarpelta_bilbeyhallorum
11100700?01?0?0????10000700?100?71000?1?0??120????000??101?11110??0?7?0

Crichtonpelta benxiensis

1111012227722???221?1000000011????000?211011?701211010111110???1100071?0

Dongyangopelta yangyanensis
299992992292299229229922922922992292299292922922992292299292922922992292299299



Edmontonia_rugosidens

10101000?120010007?2110100111110?0???111??1?70011100100?7???11?1?11??70

Edmontonia_longiceps

11101000?120010007?2110100111110?01??117??110011100100?711?11111110?7??

Euoplocephalus_tutus
1111010011111111011231010111111110111211111101212010211111111100001

111111111011111011211110??01111111100000111110110111001011110011110100100

1712010111121122211202210?7111?2??12?12110021000??0

Europelta_carbonensis

Gargoyleosaurus_parkpinorum
101000000111000000?221011000101??7001?2107?11012110000012?70111100?010

001???71222217?2100??1020272?7?1001211007??
Gastonia_burgei
10100101?11?711000??100000000111010007110?711101211000001110011100001?

010107?7??122211217270?120202721001001310007?0



Gobisaurus_domoculus

11100110?01101010??100000000101?71000?1107111012120100111?0111100007??

Liaoningosaurus_paradoxus

2929992299222922299222922292229922292229922292229222992229222992299222922999

Mymoorapelta maysi

29299922992229222992299222922299222922299229292229222992229222992299222922999



Nodosaurus_textilis

2929992299222922299229922292229922292229922292229222992229222992299222922999

Panoplosaurus_mirus

10101100???0??000??21101101?17??1017?110??1?70011100100?701011111111?70

Pawpawsaurus_campbelli

10101000?02?700010?72221110211000101171101111011110010011001111111110

Pinacosaurus_grangeri
11110100111110101?01000200?71111011?2022101100121101??111111111000011

10110111011111001111110??01?711111100?0011111010011?710?701111001111010010010

12010111121122?77202210101020?1221210113??0000?

Pinacosaurus_mephistocephalus



Polacanthus_foxii

?122100??710170202021?700????4100?2?0
Hoplitosaurus_marshi
299992992292299229229922922922992292299292922922992292299292922922992292299299

Saichania chulsanensis

11110001111111111??222211011101110111211011101212110111111111110001

Sauropelta_edwardsi
101010?7227222227222220222222022?1022?11001110111101200011011111?2?211271

001?101111110?1?1101110?701101011110000010100011121010111010101101001110211

10100111122??7?13201?0113011110011013?100000

Sauroplites_scutiger
2929929929922922922222922222222222222222222222222222222222922992992992992997

Shamosaurus_scutatus

11100110?011?1010??100000000101?710007110?111012120101110101111100117?

Silvisaurus condrayi

10101000?020000007?211017??0100?10?7??110?711?70011100?7000110111111?711?0



Stegopelta_landerensis

2929992299222992299222922299222922292222922299229922292229922992229922992299

Struthiosaurus_languedocensis

2929992299222922299229922292229922292229922292229222992229222992299222922999

Taohelong_jinchengensis

2929992299222922299229922292229922292229922292229222992229222992299222922999

Tarchia_kielanae

1111000111171211177222212021111?11227221?1101222211010101011110000?0



Tatankacephalus_cooneyorum

Texasetes_pleurohalio

2929992299222922299222922299229922292229922992229222992229222992299222922999

Tsagantegia longicranialis
11100000?111110007?22101001111101011?210?1110121?010111111111110001?

Zhejiangosaurus_luoyangensis
22272227722722272227222722272227022702270222022772270227722772277227722772207

Ziapelta sanjuanensis
1111010??211??1110?2231010111111??20112211711101??201021?72272120?0?127?

Zuul cruravastator

11110100?11071110?7?231010111111?1012?2111111012121102111111111000017?

Salitral Moreno_ankylosaur

29299922992229222992299222922299222922299229292229222992229222992299222922999



Kunbarrasaurus_ieversi
1110007?22722202772222272221101?1072?2210??1?72?2??200???001111110???1??2010

?2212[1 2]??7221110021111042122?20011?7?1217?21

Stegouros_elengassen

Antarctopelta_oliveroi

2929992299222922299229922292229922292229922292229222992229222992299222922999

2]222747777771117042222??7011?012?2?1

Loewen and Kirkland Matrix

Lesothosaurus _diagnosticus

0000000000000000000000000000700000000000000????00?70000000000??0???70

070007007
Scutellosaurus_lawleri

00000?



Emausaurus_ernsti
1100000000??00000??0000???00?10000010000000????00?0000?70??27???7007000

Huayangosaurus_taibaii

003001?70000000000000000000007100000212000007???007000070011100001000

1]10100000?7017000?

Tuojiangosaurus_multispinus

Scelidosaurus_harrisonii

0000000000001000000000000000710000021201010????00?00000000000??00000
000000?700000010100111101100010001??0??7000007000000110000000000700000011011
2200011000100?000011?00010000000??0000100100100101010000111000010001000000
10100000001110000000000000000010011100100000010000???0000000000000007101??
2200000000000110

Mymoorapelta maysi

Gargoyleosaurus_parkpinorum
1001000000002010010001001000?201100212010111010020110200???110000100



00110000007?771011201110110100111211111100010001000110100111110?77?????71?211
0011?17002100?0?10???7???1?70100??11?71?10010??0????77??00111000117???1210107??

011111?20???101120?????1?0010112100007??00701010011010101110111010011131121
11021211100101100??????0?71?1?1700?171?701?7??11101011111112111210011111010101
1000100111?1?2?0????0????0?????1100001011111000???00000000007???0?1017???000

Cedarpelta_bilbeyhallorum
1010?1?0?00021110??001001001?2?????21201010000001100000001101???00000

?
Gobisaurus_domoculus

2010001010012012020201101001021111021201110000011100100101110100010

Shamosaurus_scutatus

2001001011012012020201101001021111021201110000011100100101100101000



Tsagantegia longicranialis

100100201101201212021110100102111102120111000001110011110??700101010

Crichtonpelta benxiensis

110000101007201212021??0100?7?211110212111111100321001?7001??01110001?

Zaraapelta nomadis
3100001017?220127?27?2722207?21111?21201011110032100100011010111001?0

220?77

Tianzhenosaurus _youngi
310000201001201212021110100112111?121211?1111003210011001111001200?

0011110?000100??11?200100?711?1211213321?111100001002???701111?700?71?70?70111211

0010012???011211111210001001?10011211??11?001111110?1?111120002100000?1?11

27110077007



Pinacosaurus_grangeri
3101001712012012120211101001121111121211111110022100111011100111000
00011101000100111110001001111121121331111111000000021010??1?200?101?011131
1001001207?011211111210001001?1001121110100001111110210117?200021??7702101
1?71?7111110010212210122101????2??0??000??000000?10111011000000000000000?101??
2?010117?000010?
Saichania chulsanensis
3101001012112012120211101001121111121211111110032100111111110011001
001111010001001111100011011111211212311111110000100210111111210?1?0101113
2100100120100112111112100010001100112111010000111111021111112111210000021
011211111110011210000000000??????0??100??000000010111001000000000000000710
1772?01711110070007?
Ahshislepelta_minor
2929992299222922299222922299229922292229922992229222992229222992299222992299

Scolosaurus_cutleri

2929992299222922299229922299229922292229922292229222992229222992299222922999

Akainacephalus_johnsoni
2200101010112012120211101001121111121211011111022100110001110112000
00111101000170111110001001111?2112133211111100001002111???0021??0110011131



Nodocephalosaurus_kirtlandensis
31001010101120121?02111??00112?11??2121101111103210010000101????0010

Minotaurasaurus_ramachandrani

3101101002112012120211101001121111121211111110032100100011111112001

Anodontosaurus lambei
2201102012112012120211101001?211111212011110100221?70110011110111000
?0111101000?700111?1?00100111?121121110111011000011021112??222222?2222?71?13270

22700212122?0022?00??????0??100??00000000???1121?0007???700????07101????010011

20070727

Oohkotokia horneri
2201101012112012120211101001121111121211111110032100110?11?10112000

00212121100211007??2??0??000??0?2?????0?7??71011???007??00???7??2??12?2???0?0111007?

777



Euoplocephalus_tutus
2201102012112012120211101001121111121211111110032100110011110112000

00111101000100111110001101111121121110111112000010021110??11110?7100001112

210020112000011211111210001100111?11111101000?111111021111112111210000011

011211111710021210000000000??????0??000??00000000???1011000000000000000?7101

2272010001000?2710

Dyoplosaurus_acutosquameus

Ankylosaurus_magniventris

3201101010112012120211101001121111121201111110032100100011110111000
0011110100010011111000100111112112111011100200001002111???11110?1010011???
22920111000011211111210001101?71117???21?010107?1?222077222722272220001111011??
?172?10010211??0010001??????0??000??00000001011101100000000000000?7???12???701
000700077077

Ziapelta sanjuanensis

Kunbarrasaurus_ieversi
10010000000020100???0?00700??2010002110101110100200002?000001 1000000

00100070000???01??01110?1???10011??0???0?700?00000011000??1??2???200011011???00

22272227120202?01170000701?0?2???0000001001?701110100001110000100110000???0?0

11212172211
Stegouros_elengassen



211

Antarctopelta_oliveroi

29299922992229222992299222922299222922299229292229222992229222992299222922999

Norman Matrix

Silesaurus
0000000000000000000000000007000??00000??00000000001000000000000010?0

22?0000000000000000000010100100000000000000000011?10000?00?

Lesothosaurus
0000100000100000000000100001200100000000000000000010001000000020001

00001011000000010101110010200101000100000000000000100?000???

Hypsilophodon
0000100001100000000000010002201100000000001101300010012000000020001

00001011030011010101210010200101001100000000000000011000000?

Dryosaurus
0000200011100000000000010001201100000010001101302010012000000020001

07??1011031111010101110110200101001100000000000001011000700?

Scutellosaurus
0700?0??01?010001?100010000?101?2??2?2?2?02??12?2??20010001007070?20101070

0111100000??10101??00102111010001111?1??101000100000000??



Emausaurus
0000107?7012110001?710001000??11??2?1222?2??11?10?10001000107771???777277?7

Scelidosaurus
0000100011211100211?00100001111101011011111101110010001000010020112

010011210000010101011110102111110001111112110100000000000070

Huayangosaurus
00001000012100000?000070100111110200?1100111001000111010?710000107111

1772021110???11020111101111121200?7110200001100100010?70170??

Kentrosaurus
00?7?7??2???177007007?7007010??11110000????01?110?7??7122101001001?11011111

2102111007111020111102111121200??102000?11001?101[0 1]111?10?

Stegosaurus
0000200011210000000000101000111200001110011110102122101001001011012

1112102111000111020111102111121200201020000110001101[0 1]111110?

Sauropelta
011722222122111131721122211721221212227112?11112?122201011010??2112012

20122122177?1131232103?1112120121111132?101001113?100000?

Struthiosaurus

21222271222227772227710321112177227111132?20100111?21222777?

Edmontonia
0110200121211111312111200113110111101221120111222122201111110112112

222201221221222113123210321112121121111132110100101[3 4117707707

Jinyunpelta
01?1211?211211172272220200003?17?22?2777211701112122?7772212220710??2012?



Pinacosaurus
1101211121211122312112200013110101001221120111122121201111110110112

0122012212112221131232123202121211211111311100101013?2?20000??

Euoplocephalus
1101211121211122312112200013110101001221120111122121201111110110112

01220122121122211312321232021212112111113111001010021000???0

Kunbarrasaurus

0100?1112121111?721??12200001711?700011??11??111202122207?0?010?1??17??

Stegouros

22727720771221222122722227222222120001?7?71112?11?11202220??7110700?7?71110012

Age character matrix for the calculation of the modified MSM or the GER (Raven &
Maidment matrix)
Pisanosaurus
Lesothosaurus
Scutellosaurus
Emausaurus
Scelidosaurus
Huayangosaurus
Dacentrurus
Miragaia
Loricatosaurus
Kentrosaurus
Chungkingosaurus

Tuojiangosaurus

@@@@\]}@OOUJLQJI\)H

Gigantspinosaurus



Wuerhosaurus
Stegosaurus
Hesperosaurus
Gastonia
Sauropelta
Euoplocephalus
Jiangjunosaurus
Laquintasaura
Alcovasaurus
Adratiklit
Isaberrysaura
Paranthodon
Stegouros
Antarctopelta
Kunbarrasaurus
set age[0] 237;
set age[1] 229;
set age[2] 201;
set age[3] 199;
set age[4] 182;
set age[5] 170;
set age[6] 168;
set age[7] 166;
set age[8] 163;
set age[9] 157;
set age[10] 152;
set age[11] 145;
set age[12] 139;
set age[13] 136;
set age[14] 113;
set age[15] 105;



set age[16] 83;
set age[17] 77;

Age character matrix for the calculation of the modified MSM or the GER (Arbour &

Currie matrix)

[a—

Lesothosaurus diagnosticus
Scelidosaurus_harrisonii
Huayangosaurus_taibaii
Paranthodon_africanus
Stegosaurus_stenops
Ahshislepelta_minor
Akainacephalus_johnsoni
Aletopelta coombsi
Animantarx_ramaljonesi
Ankylosaurus_magniventris
Anodontosaurus lambei
Borealopelta markmitchelli
Cedarpelta_bilbeyhallorum
Chuangilong_chaoyangensis
Crichtonpelta benxiensis

Denversaurus_schlessmani

R O P> O W = K Qg === uu o W

Dongyangopelta yangyanensis
Dyoplosaurus_acutosquameus
Edmontonia_rugosidens

Edmontonia_longiceps

)—1)—1m>—1

Euoplocephalus_tutus
Europelta_carbonensis
Gargoyleosaurus_parkpinorum
Gastonia_burgei

Gobisaurus_domoculus

O m o & @

Hungarosaurus_tormai



Hylaeosaurus_armatus
Jinyunpelta_sinensis
Liaoningosaurus_paradoxus
Mymoorapelta _maysi

Niobrarasaurus_coleii

Nodocephalosaurus_kirtlandensis

Nodosaurus_textilis
Panoplosaurus_mirus

Paw Paw_scuteling
Pawpawsaurus_campbelli
Peloroplites cedrimontanus

Pinacosaurus_grangeri

Pinacosaurus_mephistocephalus

Polacanthus_foxii
Hoplitosaurus_marshi
Saichania chulsanensis
Sauropelta_edwardsi
Sauroplites_scutiger
Scolosaurus_cutleri
Shamosaurus_scutatus
Silvisaurus condrayi
Stegopelta_landerensis
Struthiosaurus_austriacus
Struthiosaurus_languedocensis
Struthiosaurus_transylvanicus
Talarurus_plicatospineus
Taohelong_jinchengensis
Tarchia_kielanae
Tatankacephalus_cooneyorum
Texasetes pleurohalio

Tsagantegia longicranialis
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Zaraapelta nomadis H
Zhejiangosaurus_luoyangensis D
Ziapelta sanjuanensis

Zuul cruravastator

Salitral Moreno_ankylosaur
Kunbarrasaurus_ieversi

Stegouros_elengassen

)—1)—16)—1)—1)—1

Antarctopelta_oliveroi

set age[0] 205;
set age[1] 201;
set age[2] 199;
set age[3] 163;
set age[4] 157;
set age[S5] 152;
set age[6] 145;
set age[7] 139;
set age[8] 136;
set age[9] 129;
set age[10] 125;
setage[11] 113;
set age[12] 105;
set age[13] 100;

Age character matrix for the calculation of the modified MSM or the GER (Loewen &
Kirkland matrix)
Lesothosaurus _diagnosticus
Scutellosaurus_lawleri
Emausaurus_ernsti

Huayangosaurus_taibaii

AN N W N =

Tuojiangosaurus_multispinus



Scelidosaurus_harrisonii
Mymoorapelta maysi
Gargoyleosaurus_parkpinorum
Europelta_carbonensis
Cedarpelta_bilbeyhallorum
Gobisaurus_domoculus
Zhongyuansaurus_lauyangensis
Shamosaurus_scutatus

Tsagantegia longicranialis
Crichtonpelta benxiensis
Zaraapelta nomadis
Pinacosaurus_mephistocephalus
Tianzhenosaurus_youngi
Pinacosaurus_grangeri
Saichania chulsanensis
Ahshislepelta_minor
Scolosaurus_cutleri
Shanxia_tianzhenensis
Akainacephalus_johnsoni
Nodocephalosaurus_kirtlandensis
Minotaurasaurus_ramachandrani
Tarchia_kielanae
Anodontosaurus_lambei
Oohkotokia horneri
Euoplocephalus_tutus
Dyoplosaurus_acutosquameus
Ankylosaurus_magniventris
Ziapelta sanjuanensis
Kunbarrasaurus_ieversi
Stegouros_elengassen

Antarctopelta_oliveroi

MM o> M QMW Mm M ™ MM m MY mm g Mm g mg o> W Q>0 N



Isaberrysaura_mollensis 4

set age[0] 205;
set age[1] 201;
set age[2] 199;
set age[3] 182;
set age[4] 170;
set age[5] 163;
set age[6] 157;
set age[7] 152;
set age[8] 125;
set age[9] 113;
set age[10] 105;
set age[11] 100;
set age[12] 93;
set age[13] 83;
set age[14] 77;
set age[15] 72;
set age[16] 68;

Age character matrix for the calculation of the modified MSM or the GER (Norman
matrix)
Pisanosaurus
Lesothosaurus
Scutellosaurus
Emausaurus
Scelidosaurus
Huayangosaurus
Dacentrurus

Miragaia

\1;>\ooow.l>wl\)>—a

Loricatosaurus



Kentrosaurus
Chungkingosaurus
Tuojiangosaurus
Gigantspinosaurus
Wuerhosaurus
Stegosaurus
Hesperosaurus
Gastonia
Sauropelta
Euoplocephalus
Jiangjunosaurus
Laquintasaura
Alcovasaurus
Adratiklit
Isaberrysaura
Paranthodon
Stegouros
Antarctopelta

Kunbarrasaurus

set age[0] 237;
set age[1] 229;
set age[2] 201;
set age[3] 199;
set age[4] 182;
set age[5] 170;
set age[6] 168;
set age[7] 166;
set age[8] 163;
set age[9] 157;
set age[10] 152;



set age[11] 145;
set age[12] 139;
set age[13] 136;
set age[14] 113;
set age[15] 105;
set age[16] 83;

set age[17] 77;



Supplementary Table II: Selected postcranial measurements of the holotype of Stegouros

elengassen gen. et sp. nov

Total Proximal Distal Total Proximal Distal
Bone Bone
lenght width width lenght width  width
Left humerus 158,00 - 57,00 | Right metacarpal I 33,90 16,00 12,10
Left radius 105,50 20,20 31,90 | Right phalanx I-1 14,40 13,60 -
Left ulna 120,70 41,30 27,80 | Right phalanx I-2 18,70 - -
Right metacarpal
Left metacarpal I 34,20 15,60 13,90 39,20 14,20 14,50

I

Left metacarpal I 37,50 16,20 15,20 | Right phalanx II-1 11,20 11,60 -
Left metacarpal III 34,40 19,90 16,30 | Right phalanx II-2 19,80 - -
Left metacarpal IV~ 28,10 13,30 11,50 Right ilium 241%*

Left metacarpal V. 19,30 11,80 10,00 Right ischium 157,00 59,30

Left ilium 275,00 Right femur 163,00 47,20 52,70

Left ischium 141* 54,40 Right tibia - 54,40 57,10
Left femur 150,60 47,70 51,50 | Right metatarsal I 36,50
Left tibia 144,90 58,70 51,50 | Right phalanx I-1 16,40
Left metatarsal I 35,00 - - Right phalanx I-2 20,60
Left phalanx I-1 15,60 - - | Right metatarsal II 68,90
Left phalanx I-2 20,10 - - Right phalanx I1I-1 24,00
Left metatarsal [ 59,90 - - Right phalanx 1I-2 13,40
Left phalanx II-1 23,20 - - Right phalanx 1I-3 25,50
Left phalanx II-2 14,20 - - Right rrllleltatarsal 72,80
Left phalanx 113 22,40 i _ | Rt phflanx LY
Left metatarsal III 70,10 - - Right ph;lanx - 12,50
Left phalanx I11-1 20,10 i _ | Right phalanx ITI- 9,30

3




Left phalanx III-2

Left phalanx I11-3

Left phalanx II1-4

Left metatarsal [V

Left phalanx IV-1

Left phalanx IV-2

Left phalanx V-3

Left phalanx IV-4
Left phalanx IV-5

12,40

10,20

16,2*

59,10

12,40

9,80

7,00

6,00
19,10

20,86

15,70

Right phalanx III-

29,70
4
Right metatarsal
65,90 24,07
v
Right phalanx [V-
snp 21,20
1
Right phalanx [V-
SP 9,00
2
Right phalanx [V-
SEP 6,50
3
Right phalanx [V-
SP 5,50
4
Right phalanx I'V-
snp 5 21,5%

Right metatarsal V. 23,10

17,00
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