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S1. Previous phylogenetic analyses of Thyreophora
	Analysis
	Number of Operational Taxonomic Units
	Number of Characters
	Focus of Study

	Lee 1996
	9
	25
	Ankylosauria

	Carpenter et al. 1998
	4
	26
	Ankylosauria

	Carpenter 2001
	9
	17
	Ankylosauria

	Vickaryous et al. 2001
	24
	41
	Ankylosauria

	Hill et al. 2003
	24
	50
	Ankylosauria

	Galton & Upchurch 2004
	11
	55
	Stegosauria

	Vickaryous et al. 2004
	23
	63
	Ankylosauria

	Parish 2005
	40
	159
	Ankylosauria

	Ősi 2005
	18
	63
	Ankylosauria

	Lu et al. 2007a
	24
	63
	Ankylosauria

	Maidment et al. 2008
	18
	85
	Stegosauria

	Mateus et al. 2009
	19
	89
	Stegosauria

	Ősi & Makádi 2009
	17
	63
	Ankylosauria

	Parsons & Parsons 2009
	26
	63
	Ankylosauria

	Maidment 2010
	20
	89
	Stegosauria

	Thompson et al. 2012
	52
	170
	Ankylosauria

	Arbour et al. 2014a
	19
	154
	Ankylosauridae

	Arbour et al. 2014b
	20
	160
	Ankylosauridae

	Han et al. 2014
	53
	170
	Ankylosauria

	Arbour & Currie 2016
	44
	177
	Ankylosauridae

	Arbour et al. 2016
	59
	177
	Ankylosauridae

	Brown et al. 2017
	47
	177
	Ankylosauria

	Arbour & Evans 2017
	58
	177
	Ankylosauridae

	Raven & Maidment 2017
	23
	115
	Stegosauria

	Raven & Maidment 2018
	23
	121
	Stegosauria

	Rivera-Sylva et al. 2018
	59
	177
	Ankylosauridae

	Wiersma & Irmis 2018
	35
	293
	Ankylosauridae

	Zheng et al. 2018
	59
	177
	Ankylosauridae

	Maidment et al. 2020
	25
	115
	Stegosauria



S2. Operational Taxonomic Units and source of scorings. If no specimen number is present, taxa observed only using published literature.
	Operational Taxonomic Unit
	Sources of Scorings

	Acantholipan gonzalezi
	Rivera-Sylva et al. 2018; Rivera-Sylva et al. 2011

	Adratiklit boulafaha
	NHMUK PV R37365; R37366; R37367; R37368; R37007; Maidment et al. 2020

	Ahshislepelta minor
	Burns & Sullivan 2011

	Akainacephalus johnsoni
	UMNH VP 20202; Wiersma & Irmis 2018

	Alcovasaurus longispinus
	Galton & Carpenter 2016

	Aletopelta coombsi
	Coombs & Deméré 1996; Ford & Kirkland 2001

	Animantarx ramaljonesi
	CEUM 6228; Carpenter et al. 1999

	Ankylosaurus magniventris
	AMNH 5895; 5214; 5866; 5347; CMN 8880; Carpenter 2004; Arbour & Mallon 2017

	Anodontosaurus lambei
	AMNH 5216; 5223; 5245; CMN 8530; NHMUK PV R4947; ROM 832; Arbour & Currie 2013b

	Anoplosaurus curtonotus
	SMC B55731; B55670-55730; B55732-55742; Pereda-Suberbiola & Barrett 1999

	Antarctopelta oliveroi
	Salgado & Gasparini 2006

	Borealopelta markmitchelli
	Brown et al. 2017

	Cedarpelta bilbeyhallorum
	CEUM 12360; 10405; 10410; 10421; 10560; 10352; 10598; 10325; 10332; 1034; 10417; 10561; 10267; Carpenter et al. 2001a, 2008

	Chuanqilong chaoyangensis
	Han et al. 2014

	Chungkingosaurus jiangbeiensis
	Dong et al. 1983; Maidment & Wei 2006; Maidment et al. 2008

	Crichtonpelta benxiensis
	Lu et al. 2007a; Arbour & Currie 2016

	Dacentrurus armatus
	NHMUK PV R46613; Galton 1985; Maidment et al. 2008

	Denversaurus schlessmani
	DMNH 468; Bakker 1988; Burns 2015

	Dongyangopelta yangyanensis
	Chen et al. 2013

	Dracopelta zbyszewskii
	Galton 1980a

	Dyoplosaurus acutosquameus
	ROM 784; Arbour et al. 2009

	Edmontonia longiceps
	AMNH 3076; CMN 8531; Bakker 1988; Carpenter 1990

	Edmontonia rugosidens
	AMNH 3076; 5665; 5381; DMNH 59317 (cast); USNM V11868; V18940; V14732; V5940; V5944; V7733; V5793; Bakker 1988; Carpenter 1990

	Emausaurus ernsti
	Cast of SGWG 85 at NHMUK; Haubold 1990

	Euoplocephalus tutus
	AMNH 5238; 5245; 5337; 5403; 5404; 5405; 5406; 5466; 5470; CMN 210; ROM 1930; Arbour & Currie 2013b; Penkalski 2018

	Europelta carbonensis
	Kirkland et al. 2013

	Gargoyleosaurus parkpinorum
	DMNH 22726; 28831; Carpenter et al. 1998, 2013; Kilbourne & Carpenter 2005

	Gastonia burgei
	CEUM 1307; 1341; 11911; 5373; 11909; 11910; 1108; 10293; 1238; 11209; 1359; 2356; 3565; 1099; 1129; 2386; 3514; 3880; 1272; 3926; 5351; 1371; 1115; 3646; 1159; 5465; 2344/472; 476; 1039; 283; 11036; Kirkland 1998; Kinneer et al. 2016

	Gastonia lorriemcwhinnyae
	DMNH 49877; 50169; 53000; 50168; 50188; 53040; 53009; 53069; 46860; 53737; 51745; 45385; 53883; 53551; 52636; 45577; 53278; 50084; 59852; 53339; 53685; 50108; 50370; 52077; 49623; 62612; 52726; 53715; 40699; 56591; 53861; 64729; 50289; 50215; 45665; 45606; 58031; Kinneer et al. 2016

	Gigantspinosaurus sichuanensis
	Maidment & Wei 2006; Maidment et al. 2008; Hao et al. 2018

	Gobisaurus domoculus
	Vickaryous et al. 2001

	Hesperosaurus mjosi
	DMNH 29431 (cast); Carpenter et al. 2001b; Maidment et al. 2008, 2018; Woodruff et al. 2019

	Hoplitosaurus marshi
	USNM V4752; Lucas 1901; Carpenter & Kirkland 1998

	Huayangosaurus taibaii
	IVPP V6728; Sereno & Dong 1992; Maidment & Wei 2006; Maidment et al. 2006, 2008

	Hungarosaurus tormai
	HNHM MTM 2007.26.1 – 2007.26.34; 2007.89.1; 2007.89.2; Ősi 2005; Ősi & Makádi 2009; Ősi et al. 2014, 2019; Ősi & Pereda-Suberbiola 2017

	Hylaeosaurus armatus
	NHMUK PV OR3775; Raven et al. 2020

	Invictarx zephyri
	McDonald & Wolfe 2018

	Isaberrysaura mollensis
	Salgado et al. 2017

	Jiangjunosaurus junggarensis
	IVPP V14724; Jia et al. 2007

	Jinyunpelta sinensis
	Zheng et al. 2018

	Kentrosaurus aethiopicus
	Hennig 1915; Galton 1988; Maidment et al. 2008; Mallison 2010, 2011

	Kunbarrasaurus ieversi
	USNM PAL 508490 (cast); Leahey et al. 2015

	Laquintasaura venezuelae
	Barrett et al. 2014

	Lesothosaurus diagnosticus
	NHMUK PV RU B17; B23; R8501; R11002; R11003; R11004; R11000; R11956; Sereno 1991; Porro et al. 2015; Barrett et al. 2016; Baron et al. 2017

	Liaoningosaurus paradoxus
	IVPP V12560; BNHM Ph000924; Xu et al. 2001

	Loricatosaurus priscus
	NHMUK PV R3167; Maidment et al. 2008

	Minmi paravertebra
	Molnar 1996

	Minotaurasaurus ramachandrani
	AMNH 31765 (cast); Miles & Miles 2009

	Miragaia longicollum
	Mateus et al. 2009; Costa & Mateus 2019

	Mongolostegus exspectabilis
	PIN 3779-15/3; Tumanova & Alifanov 2018

	Mymoorapelta maysi
	Unlabelled cast at ROM; Kirkland & Carpenter 1994

	Niobrarasaurus coleii
	Carpenter et al. 1995; Carpenter & Everhart 2007

	Nodocephalosaurus kirtlandensis
	NMMNH C-3176 (cast of SMP VP-900); Sullivan 1999; Burns & Sullivan 2011

	Nodosaurus textilis
	YPM 1815; Lull 1921

	Panoplosaurus mirus
	CMN 2759; ROM 125; USNM 18490 (cast); Carpenter 1990

	Paranthodon africanus
	NHMUK PV R47338; Galton & Coombs 1981; Raven & Maidment 2018

	Patagopelta cristata
	Coria & Salgado 2001; Arbour & Currie 2016; Riguetti et al 2022a

	Pawpawsaurus campbelli
	Lee 1996; Paulina-Carabajal et al. 2016

	Paw Paw juvenile
	Jacobs et al. 1994

	Peloroplites cedrimontanus
	CEUM 26331; 12850; 31230; 34530; 26335; 26336; 12850; 26336; 12812; 1496; 1557; 1077-1082; 1463; 11889; 52275; 1390; 1359; Carpenter et al. 2008

	Pinacosaurus grangeri
	AMNH 6523; IVPP V16283; V16346; V16854; V16855; V35056; MPC D 100/1335; 100/1301; PIN 3144; 3780/3; 554-1; ZPAL MgD 11/1; 11/7; 11/9; 11/21; 11/31; 11/32; Hill et al. 2003; Currie et al. 2011; Burns et al. 2015

	Pinacosaurus mephistocephalus
	Godefroit et al. 1999

	Polacanthus foxii
	NHMUK PV R175; Raven et al. 2020

	Spearpoint ankylosaur
	IWCMS 1996.153

	Saichania chulsanensis
	IVPP V11276; MPC D 100/151; ZPAL MgD 11/112; unlabelled specimen at CMMD; Maryanska 1977; Arbour et al. 2014a

	Sarcolestes leedsi
	NHMUK PV R2682; Lydekker 1893; Galton 1980b

	Sauropelta edwardsorum
	AMNH 3016; 3032; 3033; 3035; 3036; 3064; 5833; 5853; YPM 5074; 5079; 5102; 5141; 5319; 5337; 5350; 5502; 5529; Ostrom 1970; Carpenter 1984

	Scelidosaurus harrisonii
	NHMUK PV R1111; R6704; BRSMG Ce12785; Ce12787-89; Norman 2020a, b, c, 2021

	Scolosaurus cutleri
	NHMUK PV R5161; USNM V11892; V7943; Arbour & Currie 2013b

	Scutellosaurus lawleri
	MNA V.175; V.1752; V.3133; V.3137; V.12395; Colbert 1981; Rosenbaum & Padian 2000; Breeden & Rowe 2020; Breeden et al. 2021

	Shamosaurus scutatus
	PIN 3779/2; Tumanova 1983; Arbour & Currie 2016

	Silvisaurus condrayi
	NHMUK PV R11189 (cast of KU VP 1029b); Eaton 1960

	Stegopelta landerensis
	FMNH UR88; Williston 1905

	Stegosaurus homheni
	IVPP V4006; Maidment et al. 2008

	Stegosaurus stenops
	AMNH 464; 470; 524; 548; 650; DMNH 2818; 22786; 1483; 22796 (cast); 22798 (cast); FMNH PR2706 (cast); PR4761 (cast); NHMUK PV R36730; USNM 4934; 4936; 8036; YPM 1850; Maidment et al. 2008, 2015

	Struthiosaurus austriacus
	PIUW 2349 (incorporating multiple, individually-labelled elements); Pereda-Suberbiola & Galton 1994, 2001

	Struthiosaurus languedocensis
	Garcia & Pereda-Suberbiola 2003

	Struthiosaurus translyvanicus
	NHMUK PV R4966; Pereda-Suberbiola & Galton 1994

	Talarurus plicatospineus
	PIN 557 (incorporating multiple, individually-labelled elements); MPC KID 166; 167; 175; Maryanska 1977

	Taohelong jinchengensis
	Yang et al. 2013

	Tarchia kielanae
	ZPAL MgD 11/111; Maryanska 1977; Tumanova 1987; Arbour et al. 2014a; Penkalski & Tumanova 2017

	Tarchia teresae
	PIN 3142/250; Penkalski & Tumanova 2017

	Tatakacephalus
	Parsons & Parsons 2009

	Texasetes pleurohalio
	USNM 337987; 487130; Coombs 1995

	Tianchisaurus nedegoapeferima
	Dong 1993

	Tsagantegia longicranialis
	MPC D 700.17; Tumanova 1993

	Tuojiangosaurus multispinus
	Dong et al., 1977; Maidment & Wei 2006

	Zaraapelta nomadis
	MPC D100/1338; Arbour et al. 2014a

	Zhejiangosaurus lishuiensis
	Lu et al. 2007b

	Ziapelta sanjuanensis
	NMMNH P-64484; P-66930; Arbour et al. 2014b

	Zuul cruivastator
	ROM 75860; Arbour & Evans 2017



S3. Rejected osteological characters
Most morphological characters used were found in previous analyses, and this is noted in the character list. The following characters were not included in the character list, for various reasons, but predominantly the characters were too vague to be scored accurately or the morphological features described were covered by other characters.

	Morphological character rejected 
	Justification for rejection

	Arbour & Currie 2016 [9].	

Premaxillary sinus: absent (0), present (1). 
	This feature is covered by either the naris or the paranasal apertures. According to Witmer & Ridgely 2008, the premaxillary sinus on Euoplocephalus opens into the airway and is just part of the nasal opening. The premaxillary sinuses identified in Saichania and Pinacosaurus by Arbour & Currie 2016 are paranasal apertures.

	Arbour & Currie 2016 [73]. See also: Lee 1996 [9], Kirkland 1998 [17], Sereno 1999 [82], Vickaryous et al. 2001 [34], Hill et al. 2003 [30], Vickaryous et al. 2004 [34], Parish 2005 [50], Thompson et al. 2012 [54], Arbour et al. 2014a [44], Arbour et al. 2014b [43]

Occipital condyle, consists of: basioccipital and exoccipital (0), basioccipital only (1).
	This character is difficult to operationalize in any but juvenile taxa, because usually the basioccipitial and exoccipitals fuse indistinguishably in adults

	Arbour & Currie 2016 [74]. See also: Sereno 1999 [12], Carpenter 2001 [70], Norman et al. 2004 [2], Vickaryous et al. 2004 [31], Parish 2005 [52], Butler et al. 2008 [80], Thompson et al. 2012 [56], Arbour et al. 2014a [45], Arbour et al. 2014b [44]

Basisphenoid, length relative to the basioccipital: longer (0), shorter or equal (1).
	This character is different to operationalize because the sutures of the basisphenoid and other braincase elements are indistinguishably fused.

	Arbour & Currie 2016 [83]. After Carpenter et al. 1999. See also Parish 2005 [70], Thompson et al. 2012 [74], Arbour et al. 2014a [60], Arbour et al. 2014b [59]

Position of glenoid for quadrate relative to mandibular axis: medially offset (0), in line (1)
	Variation described by other lower jaw characters.

	Arbour & Currie 2016 [92]. See also Sereno 1999 [19], Parish 2005 [84], Butler et al. 2008 [132], Thompson et al. 2012 [92], Arbour et al. 2014a [76], Arbour et al. 2014b [71].

Type of articulation between the atlantal neural arch and intercentrum: open (0), fused in adult (1). 
	Neural arch fusion varies intraspecifically and interspecifically (Raven & Maidment 2017)

	Arbour & Currie 2016 [117]. See also Parish 2005 [110], Thompson et al. 2012 [120], Arbour et al. 2014a [102], Arbour et al. 2014b [95]

Contact between scapula and coracoid: articulated (0), fused (1)
	Fusion between scapula and coracoid is ontogenetic in many thyreophorans (Raven & Maidment 2017).

	Arbour & Currie 2016 [121]. See also Kirkland 1998 [32], Parish 2005 [115], Thompson et al. 2012 [124], Arbour et al. 2014a [106], Arbour et al. 2014b [101]

Orientation of the acromion process of scapula: directed away from the glenoid (0), directed towards scapula glenoid (1)
	Variation described by other shoulder girdle characters.

	Arbour & Currie 2016 [131]. See also Sereno 1999 [74], Carpenter 2001 [30], Vickaryous et al. 2004 [56], Parish 2005 [130], Thompson et al. 2012 [141], Arbour et al. 2014a [123], Arbour et al. 2014b [118]

Perforation of the acetabulum: present, open acetabulum (0), absent, closed acetabulum (1)
	Variation described by other pelvic girdle characters.

	Arbour & Currie 2016 [140]. See also: Parish 2005 [122], Thompson et al. 2012 [132], Arbour et al. 2014a [114], Arbour et al. 2014b [109].

Radius, shape of the radial condyle of humerus round / proximal end of radius in end-on view: non-circular (0), circular (1)
	This is too vague to be scored, and the two taxa to be scored (1) by Arbour & Currie 2016 (Sauropelta and Stegopelta) do not have the character state 1.

	Arbour & Currie 2016 [144]. See also: Parish 2005 [138], Thompson et al. 2012 [149], Arbour et al. 2014a [127], Arbour et al. 2014b [122].

Femur, angle between long axis of femoral head and long axis of shaft: <90° (0), 90° to 120° (1), >120° (2).
	The offset of the femoral head is related to an upright gait (Maidment & Barrett 2012) and additionally this character would be affected dramatically by taphonomic preservation.

	Arbour & Currie 2016 [157]
See also Burns & Currie 2014 [17]

External cortical histology of skeletally mature osteoderms: no osteoderms (0) lamellar bone (1), Interwoven Structural Fiber Bundles (2)
	Difficult to code as little comparative histology available.

	Arbour & Currie 2016 [158]. See also & and Currie 2014 [18]

Haversian bone in osteoderms: no osteoderms (0) absent in core of skeletally mature osteoderms (1), may be present in in core of skeletally mature osteoderms (2). 
	Difficult to code as little comparative histology available.

	Arbour & Currie 2016 [159]. See also Burns a&nd Currie 2014 [19]

Basal cortex of skeletally mature osteoderms: no osteoderms (0) present (1), absent or poorly developed (2)
	Difficult to code as little comparative histology available.

	Arbour & Currie 2016 [160]. See also Burns & Currie 2014 [28].

Structrural fibre arrangement in osteoderms: no osteoderms (0) structural fibres absent (1), reaches orthogonal arrangement near osteoderm surfaces (2), diffuse throughout (3), highly ordered sets of orthogonally arranged fibres in the superficial cortex (4). 
	Difficult to code as little comparative histology available.

	Arbour & Currie 2016 [167].

Millimetre-sized ossicles abundant in spaces between osteoderms in thoracic or caudal regions (excluding pelvic region), absent (0), present (1).
	This is highly likely to be affected by taphonomy; millimetre-sized osteoderms are unlikely to survive fossilisation except in exceptional circumstances. This is shown by the presence of ossicles in Scolosaurus NHMUK PV R5161, a specimen with such exceptional preservation that skin is retained.

	Arbour & Currie 2016 [169].

Deeply excavated , dorsoventrally flattened triangular osteoderms: furrows perpendicular to basal edge absent (0), furrows present (1).
	Difficult to code as the homology of “deeply excavated, dorsoventrally flattened triangular osteoderms” is unclear. These could be spines in the pectoral, cervical, thoracic or caudal regions but it is not clear which this character refers to.

	Arbour & Currie 2016 [170]. See also: Carpenter 2001 [36], Hill 2005 [336], Burns & Currie 2014 [10]

Lateral-most osteoderms in thoracic region: ovoid or sub-ovoid with a longitudinal keel (0), triangular, dorsoventrally flattened elements (1), solid, conical spikes (2).
	Difficult to code as few specimens are found with in situ osteoderms, without which it is impossible to state which are the lateral-most osteoderms.

	Arbour & Currie 2016 [171].

Thoracic osteoderms co-ossified to dorsal ribs: no osteoderms co-ossified to ribs (0), at least some osteoderms co-ossified to ribs (1).
	Unsure how this character state would occur with regards to positioning relative to intercostal muscles. Arbour & Currie 2016 scored this present for only Antarctopelta and Stegopelta; taxa where the material is poorly preserved and difficult to assess. Additionally, personal observation of the holotype of Stegopelta (FMNH UR88) found no evidence for osteoderms being co-ossified to dorsal ribs.

	Arbour & Currie 2016 [173]. See also: Hill 2005 [307], Burns & Currie 2014 [4]
Caudal osteoderms: on dorsal or dorsolateral surfaces of tail only (0), completely surrounding tail (1).
	Unsure of the condition of character state (1). According to Arbour & Currie 2016, only Kunbarrasaurus and Scelidosaurus score (1), and neither of these taxa have tails that differ greatly from the condition usually seen in thyreophorans (e.g. character state 0).

	Arbour & Currie 2016 [175]. See also: Hill 2005 [343], Burns & Currie 2014 [13]

Keel height of caudal osteoderms relative to thoracic osteoderms: keels equal in external-basal height (0), keels taller in caudal osteoderms (1).
	Difficult to code as unsure what “thoracic osteoderms” refers to.

	Arbour et al. 2014b [49]. See also Vickaryous et al. 2004 [37], Thompson et al. 2012 [62], Arbour et al. 2014a [50].

Direction of the foramen magnum: posterior (0); posteroventral (1)
	Unsure of how the foramen magnum can have a direction, and the variation described herein is covered by other braincase characters.

	Arbour et al. 2014b [83]. See also Thompson et al. 2012 [104], Arbour et al. 2014a [88]

Paravertebrae: absent (0); present (1)
	Paravertebrae are homologous to ossified epaxial tendons, and a character is present regarding these.

	Burns 2015 [21]. See also Lee 1996 [20], Kirkland 1998 [28], Carpenter 2001 [68], Vickaryous et al. 2001 [11], Hill et al. 2003 [38].

Anteroposteriorly narrow dermal ossification along the posterior border of the skull roof: absent (0); present (1)
	Covered by other cranial ornamentation characters.

	Burns 2015 [32]. 

Maximum adult skull width: less than or equal to 302 mm (0); greater than 302 mm (1) 
	This will vary intraspecifically.


	Burns 2015 [34]

Keeled postcranial osteoderms: absent (0), longer than wide (1), wider than long (2).
	Vague and variation described by other postcranial ornamentation characters.

	Burns 2015 [35]

Lateral margin of medial cervical/pectoral osteoderms: rounded (0), angular (1).
	Too vague to be scored – i.e. it is difficult to define angular.

	Burns 2015 [37]

Triangular osteoderm on dorsum of rostral region posterior to nasal osteoderm: absent (0), present (1).
	Vague and variation described by other postcranial ornamentation characters.

	Burns 2015 [39] 

	Error in original character list, with no character information present. Author contacted, but no reply, and so this character cannot be used.

	Burns & Currie 2014 [6]. See also: Brochu 1997 [37], Hill 2005 [313]
Maximum number of contiguous osteoderms per transverse row: two (0), four (1), six (2), eight (3), 10 or more (4).
	Most specimens include disarticulated osteoderms; in life positioning of osteoderms unknown for majority of taxa and scoring this character will therefore be difficult.

	Burns & Currie 2014 [7] See also: Hill 2005 [316]

External neurovascular grooves on osteoderms: absent (0), present (1). 
	Difficult to score and unsure what constituents “external neurovascular grooves”.

	Burns & Currie 2014 [7]. See also: Hill 2005 [316]

External neurovascular grooves on osteoderms: random (0), parallel or radiate (1).
	Difficult to score and unsure what constituents “external neurovascular grooves”.

	Burns & Currie 2014 [8]
See also Hill 2005 [320]

Keel height: shorter than width of osteoderm (0); taller than width of osteoderm (1).
	Too vague to be scored i.e. unsure which osteoderm is used.

	Burns & Currie 2014 [20]. 

External rugosity profile of skeletally mature osteoderms: hummocky (0), pitted (1), smooth (2), projecting (3).
	Difficult to score; particularly as unlikely to know whether osteoderms are skeletally mature.

	Burns & Currie 2014 [111]. See also Hill 2005 [340].

Margin of osteoderms: tapering or rounded (0), crenulated (1), squared-off with sutural boundary (2).
	Too vague to be score and unsure how the character states differ.

	Burns & Currie 2014 [23]. See also Carpenter 2001 [59].

Osteoderms form posterior cranial horns: absent (0); present (1).
	Covered by other cranial ornamentation characters.

	Carpenter et al. 1998 [4]. See also Carpenter 2001 [67]

Notch on skull roof for lateral temporal fenestra: absent (0); present (1).
	Too vague to be scored.

	Carpenter 2001 [61, 73]

Postsymphseal edentulous section of dentary: short (0); long (1)
	Covered by other dentary characters.

	Galton & Upchurch 2004 [4]

Flat central part of dorsal surface of parietal: narrow (0), wide (1).
	Covered by other parietal characters.

	Galton & Upchurch 2004 [18]

Caudal ribs: are directed laterally (0); are directed strongly downward and slightly backward (1).
	Variation described by other vertebrae characters.

	Galton & Upchurch 2004 [22]. See also Sereno & Dong 1992 [6]

Top of proximal caudal neural spines: axial length greater than transverse width (0); transverse width greater than axial length (1).
	Variation described by other vertebrae characters.

	Galton & Upchurch 2004 [32]. See also Sereno 1999 [28].

Vertical height of carpal elements: is less than one-tenth of either ulna or humerus length (0); is greater than one-tenth of either ulna or humerus length (1)
	Cannot be optimized currently, and other forelimb characters describe this variation.

	Galton & Upchurch 2004 [33]. See also Sereno & Dong 1992 [12], Sereno 1999 [40]

Ulnare and intermedium: are unfused in adults (0); are fused in adults (1)
	Affected by taphonomy and ontogeny, difficult to tell if adult specimens.

	Galton & Upchurch 2004 [34]. See also: Sereno & Dong 1992 [11], Sereno 1999 [39]

Proximal carpals, anterior view: are ovoid (0), are block-shaped (1).
	Too vague to be scored and would be affected by taphonomy.

	Galton & Upchurch 2004 [35]. See also Sereno & Dong 1992 [13], Sereno 1999 [41].

Distal carpals: present (0); absent (fail to ossify) (1). 
	Difficult to score and vague.

	Galton & Upchurch 2004 [38]

Antitrochanter on the ilium: is small (0); is enlarged (1).
	Too vague to be scored.

	Galton & Upchurch 2004 [44]. See also 
Galton 1990b, Sereno & Dong 1992, Sereno 1999b.

Femur:humerus ratio: is 1.2 or less (0); is 1.4 or more (1).
	Variation described by other hind limb characters.

	Galton & Upchurch 2004 [45]. See also 
Galton 1985f, 1990b

Femur:humerus ratio: is 1.5 or less (0); is greater than 1.5 (1).
	Variation described by other hind limb characters.

	Galton & Upchurch 2004 [46]. See also 
Galton 1990b, Sereno & Dong 1992, Sereno 1999b

Pedal digit I: present (0); absent (1).
	Variation described by other hind limb characters.

	Galton & Upchurch 2004 [47]. 
Sereno & Dong 1992, Sereno 1999b 

Pedal digit III: has at least four phalanges (0); has no more than three phalanges (1).
	Variation described by other hind limb characters.

	Galton & Upchurch 2004 [48]

Pedal digit III: has three phalanges (0); has two phalanges (1). 
	Variation described by other hind limb characters.

	Galton & Upchurch 2004 [49]

Pes digit IV: has four phalanges (0); has three phalanges (1); has two phalanges (2).
	Variation described by other hind limb characters.

	Hill et al. 2003 [10]. See also Carpenter et al. 1998 [14], Kirkland 1998 [6], Carpenter 2001 [9].

Continuous edge formed by the premaxillary beak and maxillary tooth rows: present (0); absent (1). 
	Variation described by other premaxillary characters.

	Hill et al. 2003 [19]. See also Carpenter et al. 1998 [19], Carpenter 2001 [52], Vickaryous et al. 2001 [26].

Paired premaxillary, maxillary and nasal sinuses: absent (0); present (1).
	Similar to other nasal characters.

	Hill et al. 2003 [39]

Pair of large, sub-rectangular osteoderms at caudal edge of skull roof: absent (0); present (1).
	Variation described by other skull characters.

	Hill et al. 2003 [44]. See also Carpenter et al. 1998 [2], Sereno 1999 [92], Hill et al. 2003 [44].

Two pairs of dermal ossifications bordering the external nares: absent (0); present (1).
	Variation described by other skull characters.

	Kirkland 1998 [1]

Skull roof widest at rear of skull: absent (0); Present (1).
	Variation described by other skull characters.

	Lee 1996 [6]

Quadratojugal, contacts postorbital: no (0), yes (1).
	Autocorrelated with the character describing the closure of the infratemporal fenestrae.

	Lee 1996 [22]

Scutes on orbital roof: less than three (0), three (1).
	Vague and variation described by other skull characters.

	Maidment et al. 2008 [21]

Atlas: neural arch, contact with intercentrum in adults, not fused (0); fused (1).
	Neural arch fusion varies intraspecifically and interspecifically (Raven & Maidment 2017)

	Norman et al. 2004 [1]

Postorbital process of the jugal: transversely narrow (0), transversely broad (1).
	Too vague to be scored

	Norman et al. 2004 [5]

Supraorbital base: narrow (0), wide (1).
	Unsure which of the three supraorbitals this character is referring to.

	Norman et al. 2004 [7]. 

Differentiation of scutes: absent (0), present (1).
	Too vague to be scored.

	Norman et al. 2004 [8]

Median palatal keel: absent (0), present (1).
	Variation covered by other palatal characters.

	Norman et al. 2004 [10]

Pterygoid and vomer: short (0), vertically tall (1).
	Too vague to be scored and variation covered by other characters.

	Norman et al. 2004 [11]

Trunk, compared with hindlimb: short (0), long (1).
	Vague and covered by other characters and probably affected by individual variation dramatically.

	Norman et al. 2004 [12]

Ilium compared with femur: short (0), long (1).
	Vague and covered by other characters and probably affected by individual variation dramatically.

	Norman et al. 2004 [13].

Antorbital fenestra: large (0), reduced (1).
	Too vague to be scored – large and reduced are not defined.

	Norman et al. 2004 [19]

Elevated dorsal ramus of the lacrimal: absent (0), present (1).
	Too vague to be scored.

	Norman et al. 2004 [20]

Ratio of root length to crown length: equal to or less than 0.7 (0), greater than 0.7 (1).
	Complete root lengths unlikely to be preserved and so this character would be difficult to score.

	Norman et al. 2004 [21]

Length of metacarpals: equal (0), sub-equal (1).
	Too vague to be scored.

	Norman et al. 2004 [22]

Hooves: absent (0), present (1).
	Variation described by other hind limb characters.

	Parish 2005 [53]

Basisphenoid ventrally projecting: 0 = no, 1 = yes. 
	Too vague to be scored.

	Parish 2005 [75]. See also Vickaryous et al. 2001 [8], Carpenter 2001 [15].

Cranial armour on dorsal surface of the skull: 0 = numerous osteoderms, 1 = few osteoderms
	Too vague to be scored.

	Parish 2005 [78]

Two distinct antorbital ornamentation areas rostral to the orbit, the rostral one bordering the external naris: 0 = absent, 1 = present.
	Too vague to be scored and covered by other ornamentation characters.

	Parish 2005 [111]. See also: Sereno 1999 [86]

Scapula blade, dorsoventral width of base: 0 = sub-equal to, or 1 = at least 25% less than proximal width at glenoid. 
	Variation described by other shoulder girdle characters

	Penkalski 2018 [3]

Premaxillary morphology caudoventrally: undivided (0); divided (1).
	Too vague to be scored; unsure what is meant by divided.

	Penkalski 2018 [8]

Medial nuchal osteoderms: flat and tabular (0), parallelograms (1), separated medially (2), sharp and pointed (3).
	This character is constructed of multiple character statements, regarding the shape of the medial nuchal osteoderms, and how they are joined/ separated. In any case, both of these character statements are covered by other ornamentation characters.

	Penkalski 2018 [9]

Sharp lingual cingulum on maxillary teeth: absent, invaded by fluting (0); present (1)
	Covered by other dental characters.

	Penkalski 2018 [14]

Caudal intermandibular foramen: completely within splenial (0), not surrounded by splenial (1)
	Too vague to be scored – if not within splenial, what surrounds the foramen?

	Penkalski 2018 [16]

Unkeeled sub-conical tip on squamosal: absent (0), present (1)
	Unsure what is meant by ‘unkeeled subconical tip’.

	Penkalski 2018 [21]

Some osteoderms open apically: absent (0), present (1)
	Too vague to be scored.

	Penkalski 2018 [33]

Medial half ring 1 osteoderm proportions: longer than wide (0), wider than long (1).
	Too vague to be scored and variation in osteoderm proportions highly like to intraspecific.

	Penkalski 2018 [34]

Large, plate-like osteoderms: absent (0), present (1)
	Too vague to be scored.

	Penkalski 2018 [35]

Oval, low-keeled osteoderms: sparse or absent (0), predominate (1)
	Scoring of this character will be arbitrary, based on an assumption of full coverage of osteoderms and all osteoderms being present with the specimen

	Penkalski 2018 [36]

Postnasal scales: other (0), four bilaterally symmetric scales (1), distinctive large-small-medium arrangement (2)
	Too vague to be scored.

	Penkalski 2018 [38]

Nasal plate shape: hexagonal (0), rounded polygon (1), lenticular (2), fan-shaped (3), bell-shaped (4)
	Unsure how these character states differ from each other, and the shape of the ‘nasal plate’ osteoderm is probably affected by ontogeny. 

	Penkalski 2018 [39]

Squamosal morphology basally: broad based, droops laterally (0), rounded and angles upwards laterally (1), aligns with supraorbital (2)
	Variation covered by other squamosal characters.

	Penkalski 2018 [40]

Squamosal medial shape: sharp corner caudal to midpoint (0), curved (1), caudomedial process (2)
	Too vague to be scored.

	Penkalski 2018 [42]

Morphology rostral to nasal plate: longitudinal contact (0), empty V (1), scale (2), nuzzling plate contacts nasal plate (3)
	Too vague to be scored.

	Penkalski 2018 [43]

Armour external texture: smooth (0), rugose (1)
	Too vague to be scored.

	Penkalski 2018 [44]

Ulna morphology: robust (0), gracile (1)
	Too vague to be scored and covered by other limb characters.

	Penkalski 2018 [45]

Scales astride median nasal plate: other (0), one or two trapezoids (1), dual equidiagonal kites (2), big and round (3)
	Too vague to be scored.

	Penkalski 2018 [47]

Humeral condyles: even or ulnar condyle lower (0), radial condyle lower (1)
	Variation will be highly affected by taphonomy.

	Penkalski 2018 [50]

Ribbed (radially fluted) osteoderms: absent (0), present (1)
	Unsure what is meant by “ribbed osteoderm”.

	Penkalski 2018 [52]

Postnasal skull nodes on caputegulae: absent (0), present (1)
	Unsure what is meant by “postnasal skull nodes”.

	Penkalski 2018 [54]

Tail club knob shape in distal view: keels situated laterally (0), keels situated dorsolaterally i.e. elf-eared (1)
	Variation will be highly affected by intraspecific variation e.g. ontogeny.

	Penkalski 2018 [58]

Craniocaudally compressed cone-like osteoderms: absent (0), present (1).
	Unsure what is meant by “craniocaudally compressed cone-like osteoderms”.

	Penkalski 2018 [59]

Round, radially ribbed osteoderms: absent (0), present (1).
	Unsure what is meant by “round, radially ribbed osteoderms” and unsure how they differ from “ribbed osteoderms” of Penkalski 2018 [50].

	Penkalski 2018 [62]

Nuzzling plate huge and rhombus-shaped: absent (0), present (1).
	Unsure what is meant by “nuzzling plate” and in any case, this character is constructed of multiple character statements.

	Penkalski 2018 [66]

Surface morphology medial to squamosal boss: obvious sulcus (0), scales border horn (1).
	Too vague to be scored.

	Penkalski 2018 [67]

Keels on h.r.1 lateral osteoderms: straight or gently curved (0), with central kink (1). 
	Variation will be highly affected by taphonomy.

	Raven & Maidment 2017 [32]. See also Maidment et al. 2008 [6], Maidment 2010 [6].

Frontals: form the dorsal rim of the orbit (0); supraorbital elements form the dorsal rim of the orbit (1).
	Covered by other supraorbital characters

	Raven & Maidment 2017 [36]. See also Maidment et al. 2008 [9], Maidment 2010 [10].

Quadrate: head is strongly arched posteriorly relative to the shaft, absent (0); present (1).
	Variation described by other quadrate characters.

	Raven & Maidment 2017 [41]

Exit for cranial nerve foramina IX-XII: posterior surface (0), lateral surface (1)
	This was used by Raven & Maidment (2017) to differentiate between basal thyreophorans and eurypodans however the character state (0) cannot be observed in any of the basal thyreophorans included in that analysis.

	Raven & Maidment 2017 [63]

Dorsasacral vertebrae ribs: don’t fuse (0); fuse to dorsal margins of first true sacral vertebrae (1); fuse to medial margin of preacetabular process of ilium (2).
	Covered by other vertebrae characters.

	Raven & Maidment 2017 [75]. See also Maidment et al. 2008 [37], Maidment 2010 [39].

Scapula: acromial process in lateral view, convex upwards dorsally (0); quadrilateral with a posterordorsal corner (1).
	Variation described by other shoulder girdle characters.

	Raven & Maidment 2017 [104]

Metatarsal V: present (0); absent (1).
	Variation described by other hind limb characters.

	Raven & Maidment 2017 [105]. See also Sereno & Dong 1992 [16], Sereno 1999 [44], Maidment et al. 2008 [75], Maidment 2010 [79]

Pedal digit I: present (0); absent (1).
	Variation described by other hind limb characters.

	Raven & Maidment 2017 [111]
See also Sereno 1999 [78], Maidment et al. 2008 [81], Maidment 2010 [85].

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).
	Variation described by other postcranial ornamentation characters.

	Thompson et al. 2012 [9]. See also Vickaryous et al. 2001 [24], Parish 2005 [8]

Near vertical narial septum separating the respiratory passage and lateral sinus: absent (0); present (1).
	Replaced by Arbour et al. 2014a [148] as Witmer & Ridgely (2008) have shown that the respiratory passage and lateral sinus in Euoplocephalus both represent a complex looping airway.

	Thompson et al. 2012 [10]

Near horizontal narial septum separating the respiratory passage and lateral sinus: absent (0); present (1).
	Replaced by Arbour et al. 2014a [148] as Witmer & Ridgely (2008) have shown that the respiratory passage and lateral sinus in Euoplocephalus both represent a complex looping airway.

	Thompson et al. 2012 [12]. See also: Hill et al. 2003 [9].

Shape of the ventral margin of premaxillary tomium in lateral view: flat (0); convex (1); concave (2). 
	Removed by Arbour et al. 2014b as this region is prone to breakage because the bones are so thin, making it difficult to determine the appropriate character state.

	Thompson et al. 212 [17]. See also Lee 1996 [3], Hill et al. 2003 [36], Burns 2015 [19].

Cranial sutures in adult specimens: visible (0); obliterated (1).
	Removed by Arbour et al. 2014a as it could be ontogenetic.

	Thompson et al. 2012 [27]. See also Sereno 1999 [5], Parish 2005 [23].

Palpebral shape: rod (0); plate (1). 
	Incorporated into other palpebral characters.

	Thompson et al. 2012 [28]. See also Sereno 1999 [9], Parish 2005 [24].

Form of palpebral articulation: mobile contact with prefrontal (0); extensive sutural contact with prefrontal, frontal and postorbital (1).
	Variation described by other palpebral characters.

	Thompson et al. 2012 [52]. See also Parish 2005 [48]

Depth of the distal end of paroccipital processes: expanded (0); not expanded (1). 
	Removed by Arbour et al. 2014a as the relative depth of the distal ends of the paroccipital processes, and the relative thickness of bone at the dorsal margin of the foramen magnum, are difficult to quantify and code consistently.

	Thompson et al. 2012 [53]. See also Parish 2005 [49]

Thickness of bone at the dorsal margin of the foramen magnum relative to surrounding bone: little difference (0); distinctly thickened (1).
	Removed by Arbour et al. 2014a as the relative depth of the distal ends of the paroccipital processes, and the relative thickness of bone at the dorsal margin of the foramen magnum, are difficult to quantify and code consistently.

	Thompson et al. 2012 [60]. See also Parish 2005 [60]

Degree of endocranial flexure: strong (0); weak (1)
	Removed by Arbour et al. 2014a as weak vs strong endocranial flexure is difficult to assess.

	Thompson et al. 2012 [72]

Shape of the alveolar margin: weakly convex (0); strongly convex (1).
	Removed by Arbour et al. 2014a as the shape of the alveolar margin, could not be assessed because it was not clear in which view the character referred to.

	Thompson et al. 2012 [109]. See also Sereno 1999 [70], Parish 2005 [99].

Length of transverse processes relative to neural spine height in proximal caudals: sub-equal (0); approximately twice the length (1). 
	Removed by Arbour et al. 2014a as the length of the transverse processes varies along the vertebral column, and although this character referred to the proximal caudals, it was not clear just how proximal they had to be in order to be included.

	Thompson et al. 2012 [145]. See also Carpenter 2001 [29], Parish 2005 [135]

Structure and rotation of the body of the pubis: gracile without dorsolateral rotation (0); massive and dorsolaterally rotated (1).
	Variation described by other pelvic girdle characters.

	Thompson et al. 2012 [163]. See also Vickaryous et al. 2004 [49], Parish 2005 [152], Burns & Currie 2014 [14].

From of the cervical bands: separate at the midline, forming pairs of quarter rings (0); fused at the midline, forming half rings (1). 
	Removed by Arbour et al. 2014a as the presence of 'quarter rings' in ankylosaurids is based on a misinterpretation of the cervical half rings in Ankylosaurus. No ankylosaurids have quarter rings – the rings always form a semicircle over the cervical vertebrae.

	Thompson et al. 2012 [167]. See also Parish 2005 [156]

Form of ossicles in sacral armour: irregular ossicles (0); sub-hexagonal ossicles of similar sizes (1)
	Removed by Arbour et al. 2014a as this character refers to the form of ossicles in sacral armour; ossicles are not well defined, and so this character is difficult to assess.

	Thompson et al. 2012 [168]. See also Kirkland 1998 [41, 43], Carpenter 2001 [37], Parish 2005 [157].

Size of lateral trunk plates, sacral plates and caudal plates: small (0); large and hollow based (1). 
	Removed by Arbour et al. 2014a as this character refers to the size of the lateral trunk plates; 'large' and 'small' were undefined, and 'large' was also associated with 'hollow', suggesting that this character should be broken into two separate characters.

	Thompson et al. 2012 [169]

Form of caudal plates: little dorsal projection (0); tall with thin dorsal extremity (1).
	See also Parish 2005 [158]. Removed by Arbour et al. 2014a as this character is difficult to assess.

	Vickaryous et al. 2004 [6]

Squamosal boss: absent (0); present, rounded protuberance (1); present, pyramidal protuberance (2). 
	Too vague to be scored and variation covered by other characters.

	Vickaryous et al. 2004 [7]

Quadratojugal projection: absent (0); present, rounded protuberance (1); present, deltaic protuberance (2).
	Too vague to be scored and variation covered by other characters.

	Vickaryous et al. 2004 [49]

Multiple parasagittal rows of osteoderms on dorsal surface of neck region: absent (0); present, fused together (1); present, fused to quarter/half ring (2)
	Variation described by other postcranial ornamentation characters.

	Vickaryous et al. 2004 [53].

Coracoid, ventral border in lateral view: rounded (0 ), straight (1).
	Variation described by other shoulder girdle characters.



S4: Morphological character list
This character list incorporates characters from all previous thyreophoran phylogenetic studies, including: Sereno & Dong (1992); Lee (1996); Carpenter et al. (1998); Kirkland (1998); Sereno (1999); Carpenter (2001); Hill et al. (2003); Galton & Upchurch (2004); Vickaryous et al. (2004); Parish (2005); Butler et al. (2008); Thompson et al. (2012); Arbour & Currie (2013a, b, 2016), Arbour et al. (2014a, b); Burns & Currie (2014); Boyd (2015); Burns (2015); Raven & Maidment (2017), Penkalski (2018), Maidment et al. (2020), Norman (2020a, b, c). The analysis in Xu et al. (2001) was not included here as neither the journal nor the corresponding author could locate the character-taxon matrix, and both Maidment et al. (2008) and Maidment (2010) were excluded as the characters had been updated by Raven & Maidment (2017). 
All characters from the aforementioned phylogenies were included in the character list except those that were identical between phylogenies (in which case the most recent iteration was used) or those that were exactly correlated. In addition to characters previously used, we incorporated 61 new characters into the dataset. These additions include autapomorphies, as these are important for analyses using Bayesian inference, where an ascertainment bias correction would otherwise be needed, as well as for evolutionary rates and disparity analyses (Matzke & Irmis 2018). However, these autapomorphies have not been coded as autapomorphies herein, given that the designation of an autapomorphy should be an a posteriori decision, and it is possible they have a wider distribution than previously thought, which would suggest further work on taxonomy of the group is necessary. Character coding recommendations made by Sereno (2007) were followed, and reductive character coding has been employed in this study as, despite the possibility (but not certainty) that it will produce lower resolution strict consensus trees, there is a stronger philosophical grounding for its use (Brazeau 2011), and it will not produce less accurate results than other character coding methods. All multistate characters in which there was an intermediate state possible (i.e. they represented nested sets of homologies) were ordered; in total, 21 characters were ordered. 
Overall, 340 characters were identified for inclusion in the character list. These characters have all been described and figured, either from previously published literature or from personal observations. Where a character has been incorporated from a previous study, brackets [] indicate the similarity of the current character with that number character from the previous study, although it is possibly our interpretation of previous characters are not the same interpretations as made by the original authors. This character list is expected to be updated by future authors; additional information from new taxa or new specimens will ultimately force changes, although these characters are valid for the current state of knowledge. 


General cranium
1. Antorbital fenestra: present (0), absent (1). 
See also: Sereno 1999 [8, 53], Carpenter 2001 [6], Hill et al. 2003 [15], Vickaryous et al. 2004 [42], Parish 2005 [1], Thompson et al. 2012 [1], Arbour et al. 2014a [1], Arbour et al. 2014b [1], Burns 2015 [9], Arbour & Currie 2016 [1]. 
Code as ‘?’ if covered by ornamentation, as in many ankylosaurs. This character is to distinguish between the condition in basal ornithischians such as Lesothosaurus where there is a large antorbital fossa with an antorbital fenestra present, and derived thyreophorans such as Stegosaurus where a smaller antorbital fossa is present, but no fenestra is visible.
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Figure S1. Skull of Lesothosaurus diagnosticus (NHMUK PV RUB 23) in left lateral view. Characters and character states (in brackets) shown.

2. Lateral temporal fenestra: present (0), absent (1).
See also: Carpenter et al. 1998 [6], Carpenter 2001 [8], Hill et al. 2003 [35], Parish 2005 [2], Thompson et al. 2012 [2], Arbour et al. 2014a [2], Arbour et al. 2014b [2], Burns 2015 [30], Arbour & Currie 2016 [2]. 
Code as ‘?’ if covered by ornamentation. According to Hill et al. (2003), the lateral temporal fenestra is open in early-diverging thyreophorans and some ankylosaurs and there is closure of this fenestra by ankylosaurid ankylosaurs by fusion of the quadratojugal and squamosal dermal ossifications.
3. Lateral temporal fenestra, anteroposterior length: more than half the anteroposterior length of orbit (0), equal to or less than half anteroposterior length of orbit (1).
Similar to: Sereno 1999 [55], Norman et al. 2004 [13], Vickaryous et al. 2004 [4], Parish 2005 [28].
This was originally described more vaguely as infratemporal fenestra: wide (0), narrow (1) by Norman et al. (2004), with only eurypodans being given a score of ‘1’. There appears to be more variation than this, however, with Huayangosaurus scoring ‘0’ and Stegosaurus scoring ‘1’, for example. This character is retained although it is possible this can be affected by taphonomic deformation.
4. Supratemporal fenestra, in dorsal view: open (0), closed by extensions of skull roof bones (1). 
See also: Lee 1996 [2], Sereno 1999 [54], Carpenter 2001 [7], Hill et al. 2003 [34], Vickaryous et al. 2004 [43], Parish 2005 [3], Thompson et al. 2012 [3], Arbour et al. 2014a [3], Arbour et al. 2014b [3], Burns 2015 [18], Arbour & Currie 2016 [3]. 
This character has been modified to specify what causes the closure of the supratemporal fenestra. Code as ‘?’ if covered by ornamentation. According to Hill et al. (2003), the supratemporal fenestra remains open in stegosaurs and in early-diverging thyreophorans but in ankylosaurs it is closed by extensions of the squamosal, postorbital and parietal bones. This is often difficult to see as the closure of the supratemporal fenestra may also be accompanied by fusion of dermal ossifications. However, CT scanning of Gargoyleosaurus shows that the supratemporal and antorbital fenestrae are closed by extensions of the surrounding bones and not just the development of the cranial armour (Kilbourne et al. 2005).
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Figure S2. Skull of Stegosaurus stenops (DMNH 2818) in dorsal view. Characters and character states (in brackets) shown. Red lines indicate measurements for characters 6 and 7.

5. Antorbital, lateral temporal and supratemporal fenestrae: closed by extensions of skull bones (0), closed by overgrowth of osteoderms (1).
This character relates to whether the absence of fenestra on the skull is due to extensions of dermal ossifications or due to cranial osteoderms covering them. Previous characters relating to these fenestrae are covering whether the fenestra are open or closed, not related to osteoderms. If the fenestrae are open (i.e. score ‘0’ in character 4) code this character as ‘?’. If any, but not necessarily all, of the fenestrae are closed by osteoderms code this character as ‘1’.
6. Maximum skull dimensions, including ornamentation: anteroposteriorly longer than transversely wide (0), as wide, or wider than long (1). 
See also Carpenter et al. 1998 [1], Kirkland 1998 [2], Sereno 1999 [94], Carpenter 2001 [2], Vickaryous et al. 2001 [1], Parish 2005 [4], Thompson et al. [4], Arbour et al. 2014a [4], Arbour et al. 2014b [4], Burns 2015 [42], Arbour & Currie 2016 [4].
The skull dimensions are measured by the maximum anteroposterior length, from the anterior margin of the snout to either the nuchal shelf or the occiput, and the maximum transverse width, at either the posterior margin of the skull or across the orbits. According to Hill et al. (2003), derived ankylosaurids exhibit a condition where the maximum skull width equals or exceeds its maximum anteroposterior length and all other thyreophorans possess a skull that is longer than it is wide.
7. Posterior margin of the skull, transverse width (including squamosal osteoderms where applicable) relative to the maximum width across the orbits (i.e. the lateral margins of the skull at this point): greater (0), equal (1), less (2).
See also: Thompson et al. 2012 [5], Arbour et al. 2014a [5], Arbour et al. 2014b [5], Arbour & Currie 2016 [5]. Similar to: Vickaryous et al. 2004 [6, 10].
In some ankylosaurs, the occiput extends posteriorly past the nuchal margin and so the occiput is measured for the posterior margin of the skull, rather than the nuchal margin as in other ankylosaurs and thyreophorans.
8. Skull, overall shape in posterior view: dorsoventrally deeper than transversely wide or depth equal to width (0), wider than deep (1).
See also: Maidment et al. 2008 [1], Maidment 2010 [1], Raven & Maidment 2017 [25]. Use maximum skull depth and width.
The skull of thyreophorans is generally transversely wider than it is deep, although the opposite is true in both Emausaurus (Haubold 1990) and Stegosaurus stenops (NHMUK PV R36730).
9. Skull dorsal surface, antorbital region: sloping continuously anteriorly with flat dorsal margin (0), arched anteroposteriorly (1).
See also: Sereno 1999 [99], Carpenter 2001 [53], Vickaryous et al. 2004 [2, 3], Parish 2005 [12], Thompson et al. 2012 [14] and Arbour et al. 2014a [10], Arbour et al. 2014b [10], Arbour & Currie 2016 [6], Penkalski 2018 [56].
In some ankylosaurs, the dorsal surface of the antorbital region is arched anteroposteriorly, e.g. in Gastonia burgei (CEUM 1307), although the plesiomorphic condition appears to be a flat dorsal margin, with both the basal ornithischian Lesothosaurus (NHMUK PV RUB 23) and the early ankylosaur Gargoyleosaurus (DMNH 27226) exhibiting this character state. 
10. Skull roof, highest point: posterior to orbits (0), dorsal to orbits (1), anterior to orbits (2). 
See also: Carpenter et al. 1998 [23], Kirkland 1998 [3], Sereno 1999 [99], Carpenter 2001 [3], Vickaryous et al. 2001 [2], Hill et al. 2003 [2], Burns 2015 [1], Arbour & Currie 2016 [6].
According to Hill et al. (2003), some derived ankylosaurids have a highly arched skull that is at its highest anterior to the orbits, but others have a skull that is relatively level, and other thyreophorans have a skull roof that slopes gradually anteriorly from its highest point in the postorbital region. 
11. Posterior displacement of orbit, ratio of antorbital to postorbital skull length: less than 2.0 (0), equal to or greater than 2.0 (1). 
See also: Burns 2015 [41].
This excludes the orbit, so the antorbital measurement is from the anterior margin of the skull to the anterior margin of the orbit, and the postorbital measurement is from the posterior margin of the orbit to the posterior-most margin of the skull, including the occipital condyle if applicable.
12. Posterior margin of skull, texture of braincase surface dorsal to the foramen magnum in posterior view: smooth (0), dorsoventral groove present (1), dorsoventral ridge present (2).
See also: Kirkland 1998 [29], Penkalski 2018 [51].
This character is used to differentiate between the states in ankylosaurs, with Saichania possessing a dorsoventrally orientated groove dorsal to the foramen magnum (character score ‘1’), and Ziapelta possessing a dorsoventrally orientated ridge dorsal to the foramen magnum (character score ‘2’). Panoplosaurus has a small foramen present in this location but the presence of a dorsoventral ridge means it is scored ‘2’.
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Figure S3. Skull of Saichania (MPC D 199.151) in posterior view. Characters and character states (in brackets) shown. Red lines indicate measurements for character 8. 

Premaxilla
13. Premaxilla, shape of premaxillary palate in ventral view: sub-triangular (0), sub-quadrate (1), sub-oval (2).
See also: Lee 1996 [25], Sereno 1999 [80], Parish 2005 [16], Thompson et al. 2012 [19], Arbour et al. 2014a [14], Arbour et al. 2014b [14], Arbour & Currie 2016 [11]. 
This character is used primarily to differentiate between the character states in ankylosaurids such as Tsagantegia, which score ‘1’and other ankylosaurs such as Edmontonia, which score ‘2’, and refers specifically to the shape of the premaxillary palate, not the snout as a whole.
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Figure S4. Premaxillae of Lesothosaurus (Porro et al. 2015), Tarchia teresae (PIN 3142/250) and Panoplosaurus (ROM 125) in ventral view. Characters and character states (in brackets) shown. Red lines indicate measurements for character 14.

14. Premaxillary palate, ratio of transverse width to anteroposterior length: less than 0.5 (0), from 0.5 to 1.0 (1), between 1.0 and 1.5 (2), greater than 1.5 (3). 
Code as ordered.
See also: Kirkland 1998 [4, 8], Carpenter 2001 [41, 42, 49], Vickaryous et al. 2001 [13], Hill et al. 2003 [3], Vickaryous et al. 2004 [13], Parish 2005 [15], Thompson et al. 2012 [18], Arbour et al. 2014a [13], Arbour et al. 2014b [13], Burns 2015 [2], Arbour & Currie 2016 [10].
According to Hill et al. (2003), thyreophorans primitively have a long narrow snout that terminates in a narrow beak formed by the premaxillae, so the shape is long and narrow, and this condition persists in some ankylosaurs, but all but the earliest-diverging ankylosaurids exhibit a transverse expansion of the premaxillary palate. This expansion, however, is not the same in all taxa and so this character needs to be more subtle than previous iterations. 
15. Premaxilla, deep longitudinal furrow on anterodorsal margin in dorsal view: absent (0), present (1). 
See also: Arbour & Currie 2016 [7].
According to Arbour & Currie (2016), only the ankylosaurs Gobisaurus and Shamosaurus score ‘1’ for this character.
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Figure S5. Skulls of Gobisaurus (Arbour & Currie 2016) and Stegosaurus (cast; University of Utah Museum). Characters and character states (in brackets) shown.

16. Premaxilla, broad ‘V’- or ‘U’-shaped notch between premaxillae on the midline in dorsal view: absent (0), present (1).
See also: Kirkland 1998 [5], Sereno 1999 [91], Carpenter 2001 [5], Vickaryous et al. 2001 [15], Hill et al. 2003 [8], Parish 2005 [17], Maidment et al. 2008 [3], Maidment 2010 [3], Thompson et al. 2012 [20], Arbour et al. 2014a [15], Arbour et al. 2014b [15], Burns 2015 [5], Arbour & Currie 2016 [12], Raven & Maidment 2017 [28].
According to Hill et al. (2003), Gastonia and Gargoyleosaurus are the only thyreophorans known to have a ventrally concave premaxillary notch but according to Maidment et al. (2008), this feature is also in Stegosaurus, Miragaia and many ankylosaurs and so the distribution is more widespread throughout Thyreophora than previously thought, and indeed, Vickaryous et al. (2001) suggested the presence of this in Gobisaurus could be proof the taxon belonged to the Ankylosauridae.
17. Premaxillary tomium (= subnarial portion of the premaxilla), posteroventral extension in lateral view: absent (0), present (1).
18. Premaxillary tomium, posteroventral extension in lateral view: ends anteriorly to the maxillary teeth/alveoli (0), obscures anterior-most maxillary teeth/alveoli (1). 
See also: Sereno 1999 [100], Hill et al. 2003 [11], Vickaryous et al. 2004 [16], Parish 2005 [18], Thompson et al. 2012 [21], Arbour et al. 2014a [16], Arbour et al. 2014b [16], Arbour & Currie 2016 [13], Penkalski 2018 [17].
According to Hill et al. (2003), in derived ankylosaurids the anterior-most maxillary teeth are hidden in lateral view by a posteroventral extension of premaxillary tomium but nodosaurids and other thyreophorans lack this extension. If the location of the teeth/alveoli is not clear, score this character for ‘?’, and if the taxon does not possess a premaxillary tomium (i.e. it scores ‘0’ for character 17) score this character as ‘?’.
19. Premaxilla, dorsoventral height to anteroposterior length ratio of subnarial portion: greater than or equal to 0.40 (0), less than 0.40 (1). 
See also: Sereno & Dong 1992, Galton & Upchurch 2004 [1], Maidment et al. 2008, Raven & Maidment 2017 [4].
This character is variable in thyreophorans and ornithischians, with taxa such as Lesothosaurus (Porro et al. 2015) and Saichania (Maryanska 1977) scoring ‘0’ whereas other taxa such as Minotaurasaurus (Miles & Miles 2009) and Miragaia (Costa & Mateus 2019) scoring ‘1’. 
20. Premaxilla, maxillary process projecting posterodorsally from posterolateral corner, orientation: extending posteriorly (0), orientated at an angle to the horizontal (1).
See also: Raven & Maidment 2017 [26].
Many stegosaurs, such as Miragaia (Costa & Mateus 2019) and Paranthodon (Raven & Maidment 2018) score ‘1’ for this character, whereas most ankylosaurs score ‘0’.
21. Premaxilla, posterodorsally-projecting nasal process from anteromedial border extends dorsally to be: visible on skull roof in dorsal view (0), not visible on skull roof (1).
See also: Raven & Maidment 2017 [27].
If this is covered by ornamentation, such as in the ankylosaurs Saichania, Tarchia kielanae and Hungarosaurus, then this character is scored as ‘?’, but in other ankylosaurs, such as Panoplosaurus and Edmontonia longiceps, this character can be observed and scored as ‘1’.
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Figure S6. Skull of Stegosaurus (based on reconstruction of USNM 4934 and DMNH 2818) from Maidment (2007). Characters and character states (in brackets) shown. Red lines indicate measurements for character 25.

22. Premaxilla, ventral margin in lateral view: flat (0), ventrally convex (1). 
See also: Thompson et al. 2012 [23]. 
Generally ankylosaurs have a ventrally convex ventral margin of the premaxilla and score ‘1’ whereas in stegosaurs the ventral margin is flat and scores ‘0’. 
23. Premaxillary foramina, connected by anteroventrally-orientated groove, on dorsal surface: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Lesothosaurus according to Baron et al. (2017). This refers to premaxillary foramina on the dorsal surface of the premaxilla, anterior to the naris. In Gargoyleosaurus (DMNH 27226) there appear to be foramina present in a similar location, but only on the ventral surface, not the dorsal surface. 
24. Premaxilla-maxilla suture, oval depression: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Huayangosaurus according to Sereno & Dong (1992; Maidment et al. 2006). This refers to a dorsoventrally-orientated depression at the junction of the premaxilla and maxilla in Huayangosaurus, whereas in other taxa this does not exist, and there is often a diastema present at the junction.
Maxilla
25. Maxilla, dorsoventral height to anteroposterior length ratio: below 0.40 (0), 0.40 or above (1).
See also: Galton & Upchurch 2004 [2], Maidment et al. 2008 [2], Maidment 2010 [2], Raven & Maidment 2017 [1]. Coded as continuous in the latter, but re-discretized for simplicity here. Depth is measured at tallest point of maxilla and length measured as the length of the ventral rim of the maxilla.
26. Maxilla, transverse distance between posterior-most extent of tooth rows relative to the width of the premaxillary beak: wider (0), equal (1), narrower (2). 
Code as ordered.
See also: Sereno 1999 [101, 102], Vickaryous et al. 2004 [14], Parish 2005 [22], Thompson et al. 2012 [26], Arbour et al. 2014a [21], Arbour et al. 2014b [20], Arbour & Currie 2016 [30], Penkalski 2018 [31].
The maximum transverse width of both the premaxillary beak and the posterior-most extent of tooth rows are used for this character. Most thyreophoran taxa score ‘0’ although the width of the premaxillary beak is enlarged in some ankylosaur taxa and so scores ‘1’ or ‘2’. 
27. Maxilla, anteroventral secondary palate: absent (0), present (1). 
See also: Kirkland 1998 [7], Vickaryous et al. 2004 [21], Thompson et al. 2012 [49], Arbour et al. 2014a [41], Arbour et al. 2014b [40], Arbour & Currie 2016 [31].
If there is any midline contact of the maxillae, score this character as ‘1’. 
28. Maxilla, anteroventral secondary palate: incomplete/partial (0), complete and fuses entirely along the midline (1).
See also: Lee 1996 [15], Carpenter et al. 1998 [18], Kirkland 1998 [6, 12], Carpenter 2001 [56, 71], Vickaryous et al. 2001 [21], Hill et al. 2003 [20], Burns 2015 [13].
An anteroventral secondary palate is common among ankylosaurs, but one has also been described in the stegosaur Paranthodon (Galton & Coombs 1981; Raven & Maidment 2018), although this was smaller and did not fuse entirely along the midline, whereas those found in ankylosaurs do. If there is no midline contact between the maxillae, score this character as ‘?’.
29. Maxilla, anterior tooth rows in ventral view: nearly parallel (<10°) to convergent posteriorly (0), mid-range (10–20º) (1), strongly divergent posteriorly (>20°). 
See also: Burns 2015 [39]. 
Code as ordered.
This character describes the anterior portion of the maxillary tooth rows, i.e. the teeth that are more anterior than the midpoint of the maxilla. In Pawpawsaurus, the anterior tooth rows are narrowly convergent posteriorly, so that they are wider at the anterior portion of the anterior tooth row than the posterior portion (Lee 1996). For this character, divergent means the anterior portion of the tooth row becomes transversely wider posteriorly.
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Figure S7. The skull of Pawpawsaurus (Lee 1996) in ventral view. Characters and character states (in brackets) shown. Red lines indicate measurements for character 26.

30. Maxilla, triangular fossa on anterodorsal edge: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Jinyunpelta according to Zheng et al. (2018). 
In Jinyunpelta, this fossa occurs posteroventral to the middle of the anterodorsal edge of the maxilla, and is triangular with the anteroventral edge being parallel to the posterodorsal edge of the maxilla. This character state is not found within any other thyreophoran taxa.
31. Maxilla: does not contact prefrontal (0), does contact prefrontal (1). 
NEW CHARACTER. Autapomorphic for Kunbarrasaurus according to Leahey et al. (2015).
In Stegosaurus, Scelidosaurus and Emausaurus the maxilla does contact the prefrontal (S. Maidment, pers. obs. 2019), meaning that this character may not be autapomorphic for Kunbarrasaurus but could instead by symplesiomorphic for Thyreophora. 
Nares
32. Internal nares, bone bordering anterior margin: premaxilla (0), maxilla (1).
See also: Kirkland 1998 [10], Parish 2005 [19], Thompson et al. 2012 [22], Arbour et al. 2014a [17], Arbour et al. 2014b [17], Arbour & Currie 2016 [14].
In the majority of ankylosaurs, this character as scored as ‘0’, although in some such as Ankylosaurus (CMN 8880), Gastonia burgei (CEUM 3565) and Nodocephalosaurus (Sullivan 1999) this character as scored as ‘1’.
33. Narial embayment, defined as the outer-most rim of the nasal vestibule, opening faces: laterally (0), anterolaterally (1), anteriorly (2), ventrolaterally (3). 
See also: Carpenter et al. 1998 [10], Kirkland 1998 [11], Carpenter 2001 [51], Vickaryous et al. 2001 [23], Hill et al. 2003 [5], Parish 2005 [6], Thompson et al. 2012 [7], Arbour et al. 2014a [7], Arbour et al. 2014b [7], Arbour & Currie 2016 [15].
According to Hill et al. (2003), early-diverging thyreophorans and stegosaurs have laterally-facing external nares, as do some ankylosaurs but derived ankylosaurids have nares that faces anteriorly. The Late Cretaceous ankylosaurid Ankylosaurus has the autapomorphic condition of a ventrolaterally facing narial embayment (CMN 8880), although this could be autocorrelated with snout width.


34. External nares, in dorsal view: visible (0), not visible (1). 
See also: Parish 2005 [7], Thompson et al. 2012 [8], Arbour et al. 2014a [8], Arbour et al. 2014b [8], Arbour & Currie 2016 [16].
Most ankylosaurs, such as Minotaurasaurus (Miles & Miles 2009) and Ankylosaurus (CMN 888), score ‘1’ for this character, but this feature is variable within stegosaurs.
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Figure S8. Gargoyleosaurus (DMNH 27226) skull in dorsal view. Characters and character states (in brackets) shown.

35. External nares, in anterior view: not visible (0), visible (1).
See also: Vickaryous et al. 2004 [23].
Some ankylosaurs, such as Ankylosaurus (CMN 8880), score ‘0’ for this character, although the vast majority of thyreophoran taxa score ‘1’.
36. Paranasal apertures/fossae: no fossae or apertures present besides primary opening for nasal airway (0), paranasal apertures/fossae present (1). 
See also: Hill et al. 2003 [6], Vickaryous et al. 2004 [24, 26], Arbour & Currie 2016 [17].
According to Hill et al. (2003), the external nares are the only openings in the anterior portion of the skull of most thyreophorans except the Asian ankylosaurids Pinacosaurus and Saichania. This character incorporates character [9] of Arbour & Currie 2016, as the premaxillary sinuses are homologous to the paranasal apertures (Witmer & Ridgely 2008). The Asian ankylosaur Minotaurasaurus also scores ‘1’ for this character as there are three paranasal openings, although this differs slightly from Saichania as they are not at the external margin of the nares.
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Figure S9. Pinacosaurus grangeri (ZPAL MgD II I) in anterior view. Characters and character states (in brackets) shown. 

37. Shape of respiratory passage: straight or arched (0), with anterior (rostral) and posterior (caudal) loops (1).
See also: Sereno 1999 [103], Vickaryous et al. 2004 [25], Parish 2005 [9], Thompson et al. 2012 [11], Arbour et al. 2014a [148], Arbour et al. 2014b [141], Arbour & Currie 2016 [18].
Several ankylosaurs, including Panoplosaurus (Witmer & Ridgely 2008) have looping respiratory passages, whereas most other thyreophorans do not. 
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Figure S10. Skull of Panoplosaurus (ROM 1215) in anterodorsal view, reconstructed from CT scans (Witmer & Ridgely 2008). Characters and character states (in brackets) shown.

38. Posterior nasal passage (airway), vascular impressions on dorsal surface: absent (0), present (1).
See also: Arbour & Currie 2016 [19].
According to Arbour & Currie (2016), this character was included after observations of vascular impressions, which likely are the impressions that blood vessels have left on the bone surface, in Euoplocephalus by Miyashita et al. (2011), and this was also scored as present in Anodontosaurus, but absent in Pinacosaurus grangeri, Talarurus and Zaraapelta. It is likely to be difficult to score but as there is potentially phylogenetic signal in the character it is retained here, although this could be affected by taphonomic variation.
39. Respiratory passage, nasal septum dividing the respiratory passage into two separate bony canals along the midline: absent (0), present (1).
See also: Lee 1996 [14], Carpenter et al. 1998 [17], Sereno 1999 [57], Carpenter 2001 [11, 72], Hill et al. 2003 [14, 18], Vickaryous et al. 2004 [20, 45], Thompson et al. 2012 [46], Arbour et al. 2014a [38], Arbour et al. 2014b [37], Burns 2015 [8, 12], Arbour & Currie 2016 [68], Penkalski 2018 [12].
According to Hill et al. (2003), stegosaurs and early-diverging thyreophorans have respiratory passages that are confluent above the palate but ankylosaurs exhibit the development of a bony nasal septum that separates the respiratory passage into two discrete canals. This character differs from the presence of paranasal apertures; this describes whether the respiratory passage is divided into two canals or not, rather than the presence of multiple openings, and appears to be a ventral extension of the vomers. 
Nasals
40. Nasal, transverse curvature of dorsal surface: flat (0), arched (1). 
NEW CHARACTER
According to Raven & Maidment (2018), the stegosaur Paranthodon has a greater dorsal curvature than Scelidosaurus but less so than Stegosaurus and Miragaia; however, this continuous variation is difficult to code whilst accounting for taphonomic deformation. 
41. Nasal, contributes to lateral surface of skull (0), restricted to dorsal surface (1). 
NEW CHARACTER. Autapomorphic for Kunbarrasaurus according to Leahey et al. (2015).
In most thyreophoran taxa, the nasal extends laterally so that is contributes to the lateral surface of the skull, but in Kunbarrasaurus the nasal is only visible in dorsal view. 
42. Nasal, dimensions: anteroposterior length greater than transverse width (0), equal (1), transverse width greater than anteroposterior length (2). 
NEW CHARACTER. Code as ordered.
Nasals are long and narrow in stegosaurs but shorter and wider in ankylosaurs (P. Barrett, P. pers. obs. 2019)
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Figure S11. Skull of Kunbarrasaurus (QM F18101) in dorsal view showing nasal as restricted to dorsal surface of skull (Leahey et al. 2015). Characters and character states (in brackets) shown. Red lines indicate measurements for character 42.

Palpebrals/ supraorbitals
43. Palpebral/supraorbitals: absent (0), present (1).
See also: Butler et al. 2008 [30].
This character refers to the presence/ absence of either a palpebral or supraorbital i.e. if either is present, score ‘1’. According to Butler et al. (2008), a palpebral/ supraorbital is not present in the ornithischian outgroups Euparkeria and Herrerasaurus, but both ankylosaurs and stegosaurs have supraorbitals, and basal ornithischians such as Lesothosaurus have a palpebral. 
44. Palpebral: free and rod-like (0), incorporated into dorsal margin (i.e. as a supraorbital) (1)
See also: Sereno 1999 [5], Norman et al. 2004 [23], Parish 2005 [23], Butler et al. 2008 [30], Thompson et al. 2012 [27].
This character refers to the differentiation between the palpebral, like that in Lesothosaurus, and supraorbital that are incorporated into the dorsal margin of the orbit, as in Stegosaurus, in which the palpebral and anterior supraorbital are homologous (Maidment & Porro 2010).
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Figure S12. Skull of Lesothosaurus in left lateral view. 3D model courtesy of Laura Porro. Characters and character states (in brackets) shown.

45. Number of palpebrals/supraorbitals: one (0), two (1), three (2).
See also: Sereno 1999 [13], Parish 2005 [25], Butler et al. 2008 [32], Thompson et al. 2012 [29], Arbour et al. 2014a [22], Arbour et al. 2014b [21], Penkalski 2018 [5].
According to Thompson et al. (2012), the presence of supraorbital caputegulae makes scoring this character difficult, although these appear to approximate the underlying bones in taxa with juvenile specimens and so the number of supraorbital caputegulae can be used for identification of the number of the underlying supraorbitals. 
46. Form of supraorbitals: boss-like, rounded laterally (0), sharp lateral rim, forming a ridge (1).
See also: Carpenter 2001 [4], Vickaryous et al. 2001 [5], Vickaryous et al. 2004 [5], Parish 2005 [25], Thompson et al. 2012 [30], Arbour et al. 2014a [23], Arbour et al. 2014b [22], Arbour & Currie 2016 [38].
Most ankylosaurs score ‘0’ for this character although some ankylosaurids such as Euoplocephalus score ‘1’ (Arbour & Currie 2013).
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Figure S13. Skull of Tarchia kielanae (INBR 21004) in dorsal view, from Arbour & Currie 2016.  Characters and character states (in brackets) shown. Red lines indicate measurements for character 47.

Orbits
47. Angle of orbital long axis: less than 40 (0), greater than or equal to 40 (1). 
See also: Parish 2005 [11], Thompson et al. 2012 [13], Arbour et al. 2014a [9], Arbour et al. 2014b [9], Arbour & Currie 2016 [40], Penkalski 2018 [19].
This is the angle between the parasagittal plane and the chord extending along the lateral margin of the snout and the outer-most edge of the orbit (Parish 2005), rather than the shape of the snout itself.
48. Orbit, completely separated from the antorbital cavity by the pterygoid wing: absent (0), present (1).
See also: Lee 1996 [5, 17], Sereno 1999 [61, 62], Hill et al. 2003 [16, 22], Parish 2005 [14], Thompson et al. 2012 [16], Arbour et al. 2014a [12], Arbour et al. 2014b [12], Burns 2015 [10], Arbour & Currie 2016 [33].
According to Hill et al. (2003), in ankylosaurs there is at least some development of vertically orientated pterygoid bones that separate the orbit and braincase from the adjacent nasal passage and palatal region, and in some taxa this completely separates the two cavities although in Pawpawsaurus this development is not present. This character has been reworded from previous iterations to more accurately describe the cause of the separation of the orbit and antorbital cavity being the development of the pterygoid wing rather than an accessory antorbital ossification.
49. Development of the postocular shelf: not developed (0), present, completely separating orbit from adductor chamber (1).
See also: Sereno 1999 [104], Carpenter 2001 [12], Vickaryous et al. 2004 [41], Parish 2005 [13], Thompson et al. 2012 [15], Arbour et al. 2014a [11], Arbour et al. 2014b [11], Arbour & Currie 2016 [42].
In many ankylosaurs (e.g. Crichtonpelta; Arbour & Currie 2016), there is a ventral extension of the postocular shelf that separates the orbit and the adductor chamber. If this extension is not fully separating the orbit and the adductor chamber, score this character as ‘0’. 
Lacrimal
50. Lacrimal incisure (transverse constriction behind the nares/at the prefrontals, giving the skull an hourglass-shaped outline in dorsal view): absent (0), present (1). 
See also: Carpenter et al. 1998 [23], Arbour et al. 2014a [149], Arbour et al. 2014b [142], Burns 2015 [33], Arbour & Currie 2016 [34], Penkalski 2018 [1].
This character relates to whether there is a transverse constriction of the anterior portion of the skull in dorsal view and is characterised by a distinct change in the angle of the lateral edge of the skull.
51. Lacrimal, contacts prefrontal (0), does not contact prefrontal (1).
See also: Raven & Maidment 2017 [30].
In the majority of thyreophoran taxa, the lacrimal contacts the prefrontal, although in some such as Isaberrysaura (Salgado et al. 2017) this is not the case, and in ankylosaur it is often difficult to observe this character due to the cranial ornamentation. 
52. Lacrimal, long axis of main body orientated posteroventrally (0), orientated dorsoventrally (1). 
NEW CHARACTER. Autapomorphic for Kunbarrasaurus according to Leahey et al. (2015).
This was identified as autapomorphic for Kunbarrasaurus by Leahey et al. (2015) although other taxa, including Jinyunpelta (Zheng et al. 2018) also score ‘1’ for this character.

Frontals
53. Frontal, scroll-like descending process in ventral view: absent (0), present (1).
See also: Arbour & Currie 2016 [37]. 
According to Arbour et al. (2014), this feature, which is found on the ventral surface of the frontal, may represent the posterior wall of the olfactory turbinate.
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Figure S14. Ventral view of skull of Zaraapelta from Arbour et al. (2014a). Abbreviation: dpf, descending process of frontal, Character 53 and character state shown.

54. Frontal: anteroposteriorly longer than wide transversely (0), wider than long (1), equal dimensions (2).
See also: Raven & Maidment 2017 [31].
This character refers to each individual frontal, i.e. the transverse width is measured to the parasagittal plane of the skull. The maximum anteroposterior length and maximum transverse width of each frontal is used.  
55. Frontal, ‘V’-shaped upraised area in dorsal view: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Talarurus according to Arbour & Currie (2016). This character relates to the frontal region, which in Talarurus (PIN 557-3) is slightly raised dorsally relative to the rest of the dorsal surface of the skull. This character is retained here although it is noted this could be affected by taphonomic distortion.		
Postorbitals
56. Postorbital, forms posterior rim of orbit: present (0), absent (1). 
NEW CHARACTER. Autapomorphic for Jinyunpelta according to Zheng et al. (2018).
In the majority of thyreophoran taxa, the posterior rim of the orbit is formed by the postorbital (e.g. Stegosaurus stenops; NHMUK PV R36730) but in the ankylosaurid Jinyunpelta the posterior rim of the orbit is formed by the supraorbital. 
57. Postorbital, small projection on dorsal surface: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Huayangosaurus according to Maidment et al. (2006).
This has been referred to as a postorbital ‘horn’ previously (Maidment et al. 2006), but is renamed as a projection to reduce confusion with the squamosal/postorbital horn ornamentation that is found on ankylosaur skulls.
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Figure S15. Skull of Huayangosaurus (IVPP V6728) in right lateral view, from Sereno & Dong (1992). Character and character state shown.

Parietals
58. Parietal, dorsal surface: convex (0), flat (1), concave, forming a trough-like surface posterior to the supraorbitals, and anterior to the posterior edge of the skull (2).
See also: Lee 1996 [24], Galton and Upchurch 2004 [3], Parish 2005 [27], Maidment et al. 2008 [7], Maidment 2010 [7], Thompson et al. 2012 [31], Arbour & Currie 2016 [51], Raven & Maidment 2017 [33], Penkalski 2018 [7].
In many taxa, such as Lesothosaurus (Porro et al. 2015), the dorsal surface of the parietal is slightly convex dorsally, although in many ankylosaurid taxa (e.g. Euoplocephalus; Arbour and Currie 2013) there is a transversely-orientated trough-like concave dorsal surface. 
Jugal
59. Jugal, proportions of anterior process: dorsoventral depth greater than transverse breadth (0), transverse breadth greater than depth (1), equal (2).
See also: Sereno 1999 [1], Parish 2005 [29], Butler et al. 2008 [35], Thompson et al. 2012 [32], Arbour et al. 2014a [24], Arbour et al. 2014b [23], Boyd 2015 [32], Arbour & Currie 2016 [43].
The character state ‘2’ for equal proportions has been added here as it is possible the depth would be the same as the breadth in some taxa. In most ankylosaurs this character is scored as ‘1’ although in the basal thyreophoran Emausaurus this character is scored as ‘0’ (Haubold 1990).
60. Jugal, anterior process, relative to orbit height: jugal height is equal to or less than 15% orbit height (0), jugal height is more than 15% orbit height (1). 
See also: Arbour et al. 2014a [156], Arbour et al. 2014b [149], Arbour & Currie 2016 [44].
In many ankylosaurs, this character is scored as ‘1’, but in Lesothosaurus and Isaberrysaura this is scored as ‘0’ (Porro et al. 2015; Salgado et al. 2017).
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Figure S16. Skull of Scelidosaurus in left lateral view from Norman (2020a). Characters and character states (in brackets) shown. Red lines indicate measurements for characters 60 and 62.

61. Jugal, posterior ramus, forked: absent (0), present (1).
See also: Butler et al. 2008 [46]. According to Butler et al. 2008, Lesothosaurus and Emausaurus, Scutellosaurus and Scelidosaurus score ‘1’ for this character but the suprageneric Ankylosauria and Stegosauria both score ‘0’.
62. Jugal posterior process, length relative to anterior process: shorter than (0), equal to or longer than (1). 
NEW CHARACTER. Autapomorphic for Isaberrysaura according to Salgado et al. (2017). Except for Isaberrysaura, this feature does not appear to be present in any thyreophoran taxa re-scored herein.
Quadratojugal 
63. Quadratojugal: possesses dorsal process that extends to anterolateral surface of quadrate in lateral view (0), rectangular shape i.e. does not possess the dorsal process (1).
See also: Raven & Maidment 2017 [40]. 
According to Raven & Maidment (2017), this feature is present in Scelidosaurus but not in Stegosaurus. The presence of a process, which extends along the anterior margin of the quadrate and can also contact the squamosal, is plesiomorphic for Ornithischia (Butler et al. 2008)
64. Quadratojugal, orientation of external surface: lateral (0), posterolateral (1), posterior (2)
See also: Sereno 1999 [56], Parish 2005 [30].
If this feature is obscured by ornamentation, such as in many ankylosaurs, score this as ‘?’. According to Parish (2005), the external surface of the quadratojugal faces posteriorly in many ankylosaurs, such as Gastonia burgei (CEUM 1307), although this feature is found to be more variable within thyreophoran taxa herein.
Quadrate 
65. Quadrate, lateral ramus: present (0), absent (1).
See also: Sereno 1999 [15], Parish 2005 [37], Butler et al. 2008 [58], Maidment et al. 2008 [13], Maidment 2010 [13], Thompson et al. 2012 [39], Arbour et al. 2014a [31], Arbour et al. 2014b [30], Arbour & Currie 2016 [61], Raven & Maidment 2017 [39].
Early-diverging ornithischians and thyreophorans (e.g. Scelidosaurus) had an anteriorly directed ramus projecting from the lateral side of the quadrate shaft.  This is lost in all members of Eurypoda according to Maidment et al. (2008) and Arbour and Currie (2016).
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Figure S17. Left quadrate of Lesothosaurus (NHMUK PV RU B23) in left lateral view, from Porro et al. (2015). Character and character state (in brackets) shown.

66. Quadrate, shape in lateral view: curved i.e. anteriorly convex, posteriorly concave (0), straight (1). 
See also: Vickaryous et al. 2001 [38], Vickaryous et al. 2004 [38], Parish 2005 [31], Thompson et al. 2012 [33], Arbour et al. 2014a [25], Arbour et al. 2014b [24], Arbour & Currie 2016 [55].
According to Arbour & Currie (2016), most ankylosaurs score ‘1’ for this character but Lesothosaurus, Scelidosaurus and Huayangosaurus all score ‘0’. This is difficult to score for ankylosaurids due to their extensive cranial ornamentation, but in ventral view it is possible to identify the shape of the quadrate e.g. in Zaraapelta (MPC D 100.1338).
67. Quadrate, inclination in lateral view with respect to the skull long axis: less than or equal to 10 (0), 11–30 (1), 31–45 (2), greater than 45 (3). 
Code as ordered.
See also: Lee 1996 [10], Carpenter et al. 1998 [20], Kirkland 1998 [14], Sereno 1999 [58], Hill et al. 2003 [24], Parish 2005 [32], Thompson et al. 2012 [34], Arbour et al. 2014a [26], Arbour et al. 2014b [25], Burns 2015 [14], Arbour & Currie 2015 [56].
According to Hill et al. (2003), a strong slant is present in some ankylosaurs but ankylosaurids and other thyreophorans have a vertical quadrate. However, Hesperosaurus is strongly inclined, suggesting this character has a more complicated distribution than previously thought.
68. Quadrate, anterior surface: transversely concave (0), flat (1).
See also: Lee 1996 [12], Carpenter 2001 [69], Vickaryous et al. 2001 [38], Hill et al. 2003 [25], Parish 2005 [33], Thompson et al. 2012 [35], Arbour et al. 2014a [27], Arbour et al. 2014b [26], Arbour & Currie 2016 [57].
According to Lee (1996), some ankylosaurs have an excavated anterior surface of the quadrate such that it appears concave, e.g. in Panoplosaurus (ROM 125) this is very clear, although this could be autocorrelated with taxa that possess a lateral quadrate wing. 
69. Quadrate, axis extending through condyles in posterior view: orientated transversely (0), orientated strongly ventromedially (1).
See also: Sereno 1999 [10, 14], Norman et al. 2004 [6], Parish 2005 [35, 36], Maidment et al. 2008 [9], Maidment 2010 [10], Thompson et al. 2012 [37, 38], Arbour et al. 2014a [29, 30], Arbour et al. 2014b [28, 29], Arbour & Currie 2016 [59, 60], Raven & Maidment 2017 [37].
When the quadrate of early-diverging ornithischians is viewed in posterior view, a horizontal line can be drawn onto which both the medial and lateral quadrate condyles would rest.  In some thyreophorans, however, the medial condyle projects further ventrally than the lateral condyle, so that the line connecting the medial and lateral condyles would be orientated ventromedially according to Maidment et al. (2008). This character has been combined with a character describing the symmetrical of the quadrate condyles as the two character are autocorrelated.
70. Quadrate, dorsoventral height of the pterygoid process, relative to the dorsoventral height of the entire quadrate: greater than 0.5 times (0), equal to or less than 0.5 times (1).
See also: Lee 1996 [7], Sereno 1999 [60], Hill et al. 2003 [23], Parish 2005 [38], Thompson et al. 2012 [40], Arbour et al. 2014a [32], Arbour et al. 2014b [31], Arbour & Currie 2016 [62].
This feature is variable within thyreophoran taxa, although most ankylosaurs score ‘1’. The maximum dorsoventral height of both the pterygoid process of the quadrate and the entire quadrate are used.
71. Quadrate, contact with paroccipital process: unfused (0), fused (1).
See also: Carpenter et al. 1998 [13], Carpenter 2001 [55], Vickaryous et al. 2001 [39], Hill et al. 2003 [26], Vickaryous et al. 2004 [39], Parish 2005 [39], Maidment et al. 2008 [12], Maidment 2010 [12], Thompson et al. 2012 [41], Arbour et al. 2014a [33], Arbour et al. 2014b [32], Arbour & Currie 2016 [63], Raven & Maidment 2017 [38].
According to Hill et al. (2003), many ankylosaurs such as Gargoyleosaurus exhibit fusion of the paroccipital process to the quadrate, but early-diverging thyreophorans and some derived thyreophorans have a sutural contact.
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Figure S18. 3D model of a skull of Stegosaurus in posterior view. Courtesy of Stephan Lautenschlager. Characters and character states (in brackets) shown.
72. Quadrate, fossa/fenestra: absent (0), present (1).
See also: Sereno & Dong 1992 [1], Sereno 1999 [29], Galton & Upchurch 2004 [6], Maidment et al. 2008 [8], Maidment 2010 [8], Raven & Maidment 2017 [34]. 
The quadrate fossa is an oval depression that occupies most of the posteromedial surface of the pterygoid flange of the quadrate.
73. Quadrate, proximal head strongly transversely compressed: absent (0), present (1).
See also: Sereno & Dong 1992 [2], Sereno 1999 [30], Galton & Upchurch 2004 [7], Maidment et al. 2008 [9], Maidment 2010 [9], Raven & Maidment 2017 [35].
The quadrate head, where the attachment to the paroccipital processes is, of stegosaurs is broad anteroposteriorly and compressed transversely and merges with the pterygoid flanges of the quadrates so that much of the adductor chamber is closed by the quadrate medially, which is visible in lateral view through the lateral temporal fenestra (Maidment et al. 2008). In ankylosaurs and the early-diverging thyreophoran Scelidosaurus (Norman 2020a), however, the proximal head of the quadrate is transversely broad. 
74. Quadrate-squamosal-paroccipital process articulation overhangs retroarticular process of lower jaw: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Stegosaurus according to Maidment et al. (2008). This feature was identified as autapomorphic for the genus Stegosaurus by Maidment et al. (2008), although its presence in Gargoyleosaurus (DMNH 27226) suggest it has a wider distribution within Thyreophora.
Braincase
75. Occipital condyle, in posterior view: dorsoventrally taller than transversely wide (0), wider than high (1).
See also: Lee 1996 [1], Sereno 1999 [52], Carpenter 2001 [1], Hill et al. 2003 [28], Parish 2005 [5], Thompson et al. 2012 [6], Arbour et al. 2014a [6], Arbour et al. 2014b [6], Burns 2015 [16], Arbour & Currie 2016 [71], Penkalski 2018 [63]. 
According to Hill et al. (2003), the presence of an occipital condyle that is wider than it is high unites ankylosaurs to the exclusion of all other thyreophorans, although Hesperosaurus (DMNH 29431) scores (1) for this character, meaning the distribution of this character could be more complicated than previously thought.
76. Occipital condyle, offset from the ventral braincase by a distinct neck: present (0), absent (1).
See also: Lee 1996 [9], Kirkland 1998 [16], Carpenter et al. 1998 [22], Sereno 1999 [82], Hill et al. 2003 [31], Burns 2015 [17]. 
This feature describes a distinct change in angle of the slope that separates the occipital condyle and the ventral surface of the braincase. According to Hill et al. (2003), the absence of this feature has been considered a diagnostic feature of the Nodosauridae, although many ankylosaurs appear to retain this feature. 
77. Occipital condyle, direction relative to tooth rows: posterior (0), posteroventral (1).
See also: Lee 1996 [9], Kirkland 1998 [15], Sereno 1999 [82], Vickaryous et al. 2001 [36], Hill et al. 2003 [32], Vickaryous et al. 2004 [36], Thompson et al. 2012 [61], Arbour et al. 2014a [49], Arbour et al. 2014b [48].
According to Hill et al. (2003), in some ankylosaurs the occipital condyle is angled ventrally, although there appears to be more variation within Thyreophora. The scoring of this character can be aided with the careful insertion of a rod into the foramen magnum.
78. Occipital condyle, morphology in posterior view: reniform (0), round (1).
See also: Lee 1996 [9], Carpenter et al. 1998 [26], Sereno 1999 [81], Vickaryous et al. 2001 [35], Hill et al. 2003 [29], Vickaryous et al. 2004 [35].
The majority of thyreophoran taxa score ‘0’ for this character, although several ankylosaurs including Ankylosaurus (CMN 8880) and Kunbarrasaurus (Leahey et al. 2015) score ‘1’. 
79. Foramen magnum, cross-sectional area, relative to occipital condyle cross-sectional area: smaller (0), equal to or larger (1). 
NEW CHARACTER. This measured using the maximum dorsoventral height and maximum transverse width. The majority of thyreophoran taxa score ‘0’ for this character, although taxa that score ‘1’ include the stegosaur Hesperosaurus (DMNH 29431) and the ankylosaur Pawpawsaurus (Lee 1996).
80. Paroccipital processes, direction of extension in ventral view: posterolateral (0), lateral (1). 
See also: Carpenter et al. 1998 [11], Kirkland 1998 [18], Vickaryous et al. 2001 [33], Hill et al. 2003 [27], Vickaryous et al. 2004 [33], Parish 2005 [47], Thompson et al. 2012 [51], Arbour et al. 2014a [43], Arbour et al. 2014b [42], Burns 2015 [15], Arbour & Currie 2016 [72].
According to Hill et al. (2003), most ankylosaurids have paroccipital processes that project laterally but in some other ankylosaurs they project posterolaterally, as in Gargoyleosaurus. This character refers to the medial portion of the paroccipital processes (i.e. as they originate from the occiput surface) and it could be correlated with the fact that the occiput lies posterior to the nuchal crest in some ankylosaurs (i.e. character 7).
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Figure S19. Skull of Gastonia burgei (CEUM 1307) in ventral view. Characters and character states (in brackets) shown.

81. Basal tubera: medially separated rounded rugose stubs (0), continuous transverse rugose ridge (1). 
See also: Lee 1996 [11], Vickaryous et al. 2001 [32], Vickaryous et al. 2004 [32], Parish 2005 [57], Thompson et al. 2012 [57], Arbour et al. 2014a [46], Arbour et al. 2014b [45], Arbour & Currie 2016 [75].
Many thyreophorans score ‘1’ for this character, including the stegosaur Hesperosaurus (DMNH 29431), the ankylosaurid Ankylosaurus (CMN 8880), and other ankylosaurs such as Europelta (Kirkland et al. 2013). 
82. Basipterygoid processes, size: twice as long as wide or over (0), less than twice as long as wide (1).
See also: Kirkland 1998 [19], Carpenter 2001 [43], Parish 2005 [55], Thompson et al. 2012 [58], Arbour et al. 2014a [47], Arbour et al. 2014b [46], Arbour & Currie 2016 [76].
According to Thompson et al. (2012), Scelidosaurus (NHMUK PV R1111) scores ‘0’ and Tarchia (PIN 142/250) scores ‘1’ for this character, and the previous character states of ‘long’, ‘elongate’ and ‘short’ were discarded as ‘elongate’ was found to be autapomorphic for Gastonia. It is unclear how ‘elongate’ and ‘long’ differ, and thus how ‘elongate’ can be autapomorphic for Gastonia – personal observation of Gastonia has led to this taxon scoring ‘0’ for this character. 
83. Basioccipital-basisphenoid, form of the ventral surface: transversely convex (0), has a medial depression (1), has a medial longitudinal ridge (2). 
See also: Parish 2005 [51], Thompson et al. 2012 [55], Penkalski 2018 [13]. 
Many ankylosaurid taxa score ‘1’ for this character, although the stegosaur Huayangosaurus also scores ‘1’ (IVPP V6728). 
84. Number of cranial nerve XII openings: two (0), three (1), one (2).
See also: Parish 2005 [56], Thompson et al. 2012 [59], Arbour et al. 2014a [48], Arbour et al. 2014b [47], Arbour & Currie 2016 [77].
According to Arbour & Currie (2016), only Saichania and Tarchia kielanae score ‘1’ for this character. Two exits should be primitive for ornithischians and three derived (P. Barrett, pers. obs. 2019).
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Figure S20. Braincase of Tarchia teresae (PIN 3142/250) in left lateral view. Character and character states (in brackets) shown.

Pterygoids
85. Pterygoids: separate posteromedially, forming an interpterygoid vacuity (0), joined medially forming a pterygoid shield (1).
See also: Parish 2005 [40], Thompson et al. 2012 [42], Arbour et al. 2014a [34], Arbour et al. 2014b [33], Arbour & Currie 2016 [64]. 
According to Thompson et al. (2012), in Euoplocephalus there is an interpterygoid vacuity present posterior to the vomers but in Silvisaurus there is a large, anteriorly-projecting pterygoid shield.
86. Pterygoid, orientation of pterygoid flange in ventral view: anterolateral (0), anterior (1), posterolateral (2). 
See also: Vickaryous et al. 2001 [29], Vickaryous et al. 2004 [29], Parish 2005 [41], Thompson et al. 2012 [43], Arbour et al. 2014a [35], Arbour et al. 2014b [34], Arbour & Currie 2016 [65].
In some ankylosaurs such as Silvisaurus, Panoplosaurus and Edmontonia longiceps, the pterygoid flange is orientated anteriorly, towards the lateral edge of the skull, and so scores ‘1’. In Kunbarrasaurus, the pterygoid flange is directed posterolaterally (Leahey et al. 2015), and so scores ‘2’.  
87. Pterygoid, anterior margin angle: posteroventral (0), dorsoventral (1), anteroventral (2).
See also: Vickaryous et al. (2004) [27]. 
This character relates to the main body of the pterygoid, i.e. not the pterygoid wing or the quadrate ramus of the pterygoid. This character appears to be variable within Thyreophora, with the stegosaur Jiangjunosaurus (IVPP V14724) scoring ‘1’, and the ankylosaurs Pawpawsaurus and Pinacosaurus grangeri scoring ‘0’ and ‘2’, respectively (Lee, 1996; ZPAL MgD II I).
88. Pterygoid, position of posterior margin relative to the anterior margin of the quadrate condyle: anteriorly positioned (0), in transverse alignment (1), posteriorly positioned (2).
See also: Lee 1996 [13], Vickaryous et al. 2004 [28], Thompson et al. 2012 [48], Arbour et al. 2014a [40], Arbour et al. 2014b [39], Arbour & Currie 2016 [70]. Most thyreophorans score ‘0’ or ‘1’ for this character (e.g. Tarchia teresae [PIN 3142/250] and Zaraapelta [MPC D 100.1338], respectively, with only Gastonia burgei (Kinneer et al. 2016) and Pawpawsaurus (Lee 1996) scoring ‘2’ for this character. 
89. Pterygoid, contact with basipterygoid processes: sutural/ synovial i.e. it is visible (0), fused i.e. it is not visible (1).
See also: Vickaryous et al. 2001 [30], Vickaryous et al. 2004 [30], Parish 2005 [42], Thompson et al. 2012 [44], Arbour et al. 2014a [36], Arbour et al. 2014b [35], Arbour & Currie 2016 [66].
This contact is more likely to be synovial than sutural as sutural means there is an interdigitated contact and is functionally immobile, but the basipterygoid articulation is mobile in some taxa (P. Barrett, pers. obs. 2019). This character, however, refers to whether the contact is visible, not whether the contact is functionally mobile.
90. Pterygoid foramen: absent (0), present (1).
See also: Lee 1996 [17], Sereno 1999 [83], Hill et al. 2003 [21], Thompson et al. 2012 [47], Arbour et al. 2014a [39], Arbour et al. 2014b [38], Burns 2015 [31], Arbour & Currie 2016 [69].
According to Hill et al. (2003), a small foramen in the ventral surface of the pterygoid is present in many ankylosaurids and certain nodosaurids, e.g. Pawpawsaurus, although it is absent in Edmontonia rugosidens and Panoplosaurus. 
Vomer
91. Vomerine septum, length: equal to or less than 50% of the palate length (0), greater than 50% of the palate length (1).
See also: Sereno 1999 [16], Parish 2005 [43].
In Parish (2005), this was referred to as the pterygovomerine keel, and all taxa except Lesothosaurus scored ‘1’.
92. Vomerine septum, position of ventral margin relative to alveolar ridge: dorsal (0), level (1), ventral (2).
See also: Sereno 1999 [59], Hill et al. 2003 [17], Parish 2005 [44], Thompson et al. 2012 [45], Arbour et al. 2014a [37], Arbour et al. 2014b [36], Burns 2015 [11], Arbour & Currie 2016 [67].
According to Hill et al. (2003), the vomers and pterygoids contribute to a median palatal keel that is flattened mediolaterally; in stegosaurs and basal thyreophorans this keel is only weakly developed but in some ankylosaurs it extends ventrally to the level of the maxillary alveolar margin, and in Minotaurasaurus (Miles & Miles 2009) this extends further so that it is ventral to the alveolar ridge.
93. Vomer, oval-shaped prevomer foramen: absent (0), present (1). 
See also: Lee 1996 [16], Burns 2015 [42]. 
This feature, which is visible in ventral view, is present in Pawpawsaurus and Edmontonia longiceps, but not in Edmontonia rugosidens, Panoplosaurus or Denversaurus according to Burns (2015). 
94. Vomer, groove on ventral margin: absent (0), present (1).
See also: Lee 1996 [23], Burns 2015 [29].
According to Burns (2015), the holotype skull of Panoplosaurus mirus (CMN 2759) scores ‘1’ for this character, as does the referred specimen TMP 83.25.2 and the referred specimen of Edmontonia rugosidens (TMP 2000.12.158), but Scelidosaurus and Emausaurus both score ‘0’.
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Figure S21. Skull of Panoplosaurus (ROM 125) in ventral view. Characters and character states (in brackets) shown.

Palatines
95. Palate, posterior foramen: absent (0), present (1).
See also: Parish 2005 [46], Thompson et al. 2012 [50], Arbour et al. 2014a [42], Arbour et al. 2014b [41], Arbour & Currie 2016 [32].
According to Parish (2005), this is absent in Edmontonia and Panoplosaurus but it is present in Pawpawsaurus and Euoplocephalus. This feature is visible in ventral view. 
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Figure S22. Skull of Saichania (MPC 100/1305) in ventral view. Character and character state (in brackets) shown. From Maryanska (1977).

Lower Jaw
96. Jaw, position of articulation relative to adductor fossa: posterior (0), posteromedial (1).
See also: Sereno 1999 [64], Parish 2005 [62, 70], Thompson et al. 2012 [67, 74], Arbour et al. 2014a [55, 60], Arbour et al. 2014b [54, 59], Arbour & Currie 2016 [78, 83].
This has been combined with Arbour & Currie 2016 [83] which was “Position of glenoid for quadrate relative to mandibular axis: medially offset (0), in line (1)” as these two characters are correlated. This character is variable within ankylosaurs, although no ankylosaurids score ‘1’. 
97. Jaw, position of articulation relative to dentary tooth row: level (0), ventral (1).
See also: Raven & Maidment 2017 [42]. 
According to Han et al. (2014), the jaw articulation being level with the dentary tooth row is autapomorphic for Chuanqilong, although many thyreophorans also score ‘0’ for this character. 
98. Dentary, depth of the symphysial ramus relative to half the maximum depth of the dentary ramus in lateral view: deeper (0), shallower or equal (1). 
See also: Sereno 1999 [17], Parish 2005 [64], Thompson et al. 2012 [69], Arbour et al. 2014a [57], Arbour et al. 2014b [56], Arbour & Currie 2016 [80]. 
This character is variable within thyreophorans, although most ankylosaurs score ‘1’ and most non-ankylosaur thyreophorans score ‘0’. 
99. Dentary, tooth row in lateral view: straight (0), sinuous (1). 
See also: Sereno 1999 [4], Carpenter 2001 [74], Norman et al. 2004 [16], Parish 2005 [65], Butler et al. 2008 [98], Maidment et al. 2008 [16], Maidment 2010 [16], Thompson et al. 2012 [70], Arbour et al. 2014a [58], Arbour et al. 2014b [57], Boyd 2015 [78], Arbour & Currie 2016 [81], Raven & Maidment 2017 [46].
According to Maidment et al. (2008), many thyreophorans have a convex arch along length of the tooth row but in most ornithischians the tooth row is horizontal and straight when observed in lateral view.
100. Dentary, combined length of postdentary bones relative to anteroposterior length of dentary: greater (0), shorter or equal (1).
See also: Raven & Maidment 2017 [43]. 
According to Raven & Maidment (2017), only Stegosaurus stenops scores ‘0’ for this character, although in this analysis Stegosaurus stenops scores ‘1’. 
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Figure S23. Left lower jaw of Ankylosaurus (AMNH 5214) in dorsal view. Characters and character states (in brackets) shown. Measurements in red for character 100.

101. Dentary, thin lateral lamina obscuring tooth row in lateral view: absent (0), present (1).
See also: Galton & Upchurch 2004 [9], Maidment et al. 2008 [14], Maidment 2010 [14], Raven & Maidment 2017 [44].
According to Maidment et al. (2008), some stegosaurs have a thin lateral lamina that obscures the tooth row in lateral view, while basal thyreophorans and ankylosaurs do not.
102. Dentary, tooth alveoli face: dorsally (0), dorsomedially (1).
See also: Maidment et al. 2008 [15], Maidment 2010 [15], Raven & Maidment 2017 [45].
According to Maidment et al. (2008), in some stegosaurs the dentary tooth alveoli face dorsally but in others the tooth row is inclined so the teeth would have faced dorsomedially in life. In Edmontonia rugosidens, the teeth also face dorsomedially.
103. Dentary, profile in dorsal/ventral view: tapers to a ‘V’-shaped apex (0), is transversely broadened to form a ‘U’-shape (1).
See also: Sereno & Dong 1992, Galton & Upchurch 2004 [8].
Most ankylosaurs have a transversely broadened, ‘U’-shaped dentary, although the early-diverging ankylosaur Gargoyleosaurus scores ‘0’ for this character, as do early-diverging ornithischians and thyreophorans such as Lesothosaurus and Emausaurus. 
104. Lower jaw, sinuous ventral margin, which parallels the sinuosity of the dorsal margin in lateral view: absent (0), present (1).
See also: Sereno 1999 [85], Carpenter 2001 [62, 75], Hill et al. 2003 [49], Parish 2005 [66, 68], Thompson et al. 2012 [71], Burns 2015 [28].
According to Hill et al. (2003), a sinuous ventral margin, ending in a downturned symphysis, is an autapomorphy of Nodosauridae, and ankylosaurids and other thyreophorans have a relatively straight ventral dentary margin.
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Figure S24. Left lower jaw of Panoplosaurus (ROM 125) in medial view. Characters and character states (in brackets) shown.

105. Coronoid eminence: low and rounded, projecting only slightly above the level of the dentary tooth row (0), prominent and robust projection above level of dentary tooth row (1).
See also: Carpenter et al. 1998 [24], Sereno 1999 [107, 108], Carpenter 2001 [63], Hill et al. 2003 [47], Parish 2005 [69], Thompson et al. 2012 [73], Arbour et al. 2014a [59], Arbour et al. 2014b [58], Burns 2015 [26], Arbour & Currie 2016 [82], Penkalski 2018 [20].
According to Hill et al. (2003), the presence of a low coronoid eminence that barely projects above the level of the dentary tooth row has been considered a synapomorphy of most derived ankylosaurids but as it is present in Emausaurus it may be primitive for ankylosaurs, with some evolving to have a more prominent coronoid process.
106. Lower jaw, retroarticular process, size and projection: small with no dorsal projection (0), well developed with a dorsal projection (1).
See also: Parish 2005 [71], Thompson et al. 2012 [75], Arbour et al. 2014a [61], Arbour et al. 2014b [60], Arbour & Currie 2016 [84].
Most thyreophorans score ‘0’ for this character, although some ankylosaurs such as Tarchia teresae (PIN 3142/250) score ‘1’. 
107. Predentary, contact with dentary: dorsoventrally tall and mediolaterally compressed (0), curved ventromedially (1). 
NEW CHARACTER. This character is used to distinguish between early-diverging thyreophorans and eurypodans, as according to Nabavizadeh & Weishampel (2016), non-eurypodans have a type I predentary and eurypodans have a type II predentary. 
108. Predentary, size of ventral process: rudimentary eminence (0), distinct, prong shaped process (1). 
NEW CHARACTER. This character is used to distinguish between ankylosaurs and stegosaurs, as some ankylosaurs have a reduced ventral process of the predentary whereas stegosaurs do not (Nabavizadeh & Weishampel 2016). 
109. Surangular, ridge on lateral surface, anterior to jaw suture: absent (0), present (1).
See also: Butler et al. 2008 [106]. This character is variable within thyreophorans, although no stegosaur scores ‘1’. 
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Figure S25. Right lower jaw of Euoplocephalus (AMNH 5405) in lateral view. Characters and character states (in brackets) shown.

110. Surangular, medial inflection of dorsal margin forming horizontal shelf: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Lesothosaurus according to Baron et al. (2017), although this is also present in Emausaurus (Haubold 1990). 
111. Surangular, foramen ventral to ridge: absent (0), present (1). 
NEW CHARACTER. This foramen, which is visible in lateral view, is present in some ankylosaurs such as Zuul (ROM 75860) as well as the early-diverging thyreophoran Emausaurus (Haubold 1990). 
112. Predentary, foramina on lateral side: absent (0), present (1). 
NEW CHARACTER. This character is present in many ankylosaurs such as Akainacephalus (UMNH VP 20202) and Euoplocephalus (Arbour & Currie 2013) but is absent in Lesothosaurus (NHMUK PV RU B17) and Stegosaurus stenops (NHMUK PV R36730). 
Teeth
113. Maxillary/ dentary teeth, apicobasal swelling: absent (0), present (1), swelling developed into a true cingulum (2). Code as ordered.
See also: Carpenter et al. 1998 [21], Kirkland 1998 [21], Carpenter 2001 [14], Vickaryous et al. 2001 [19], Hill et al. 2003 [45], Galton & Upchurch 2004 [11], Vickaryous et al. 2004 [19], Parish 2005 [59], Maidment et al. 2008 [18], Maidment 2010 [18], Thompson et al. 2012 [64], Arbour et al. 2014a [52], Arbour et al. 2014b [51], Burns 2015 [24], Arbour & Currie 2016 [88], Raven & Maidment 2017 [51], Penkalski 2018 [10].
According to Hill et al. (2003), derived members of Ankylosauria have band-like cingula around tooth crown bases but early-diverging thyreophorans and primitive ankylosaurs lack this. According to Maidment et al. (2008), the term ‘cingulum’ is widely used and poorly defined. In this context, a cingulum is a distinct, ring-like feature present at the base of the tooth crown and developed both labially and lingually, whereas apicobasal swelling is solely an increase in the apicobasal length relative to the tooth root i.e. it does not form a ring-like feature. This character is ordered so that phylogenetic information is not lost as the development of a true cingulum is likely to be related to the development of a basal swelling.
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Figure S26. Tooth of Ankylosaurus (AMNH 5214). Characters and character states (in brackets) shown.

114. Maxillary/ dentary tooth, crown shape: sub-triangular i.e. with a sharp apex (0), rounded i.e. no clear apex defined (1).
See also: Thompson et al. 2012 [65], Arbour et al. 2014a [53], Arbour et al. 2014b [52], Arbour & Currie 2016 [89]. 
This character is variable within thyreophorans, with some ankylosaurs and stegosaurs such as Ankylosaurus (CMN 8880) and Huayangosaurus (IVPP V6728) scoring ‘0’ and others such as Pinacosaurus grangeri (ZPAL MgD II I) and Jiangjunosaurus (IVPP V14724) scoring ‘1’. 
115. Maxillary/ dentary tooth, crown size: taller than wide (0), width equal to or greater than height (1). 
NEW CHARACTER. Autapomorphic for Jiangjunosaurus according to Jia et al. (2007). Maximum width and height used. This character is variable within thyreophorans, although the early-diverging ornithischian Lesothosaurus scores ‘0’ (Porro et al. 2015). 
116. Maxillary/ dentary tooth, central apical ridge: absent (0), present (1). 
NEW CHARACTER. This character is variable within thyreophorans, although the early-diverging ornithischians Lesothosaurus and Laquintasaura score ‘0’ (Barrett et al. 2014; Porro et al. 2015). It is possible that both this character and character 115 are correlated with ecology rather than phylogeny, although this cannot be tested a priori. 
117. Maxillary/ dentary tooth, tooth crown striations: not confluent with denticles (0), confluent with denticles (1).
See also: Raven & Maidment 2017 [47], Penkalski 2018 [11]. Most ankylosaurs score ‘1’ for this character, whereas most stegosaurs score ‘0’. 
118. Maxillary/ dentary tooth, tooth crown striations: extend to cingulum (0); do not extend to cingulum (1). 
NEW CHARACTER. This character is variable within thyreophorans, with both ankylosaurs and stegosaurs scoring ‘0’ and ‘1’. 
119. Maxillary and/ or dentary tooth crowns in labial or lingual view: asymmetrical (0), symmetrical (1).
See also: Raven & Maidment 2017 [48]. 
Most thyreophorans score ‘0’ for this character although some ankylosaurs and stegosaurs score ‘1’. 
120. Maxillary and/ or dentary teeth, number of denticles: less than 13 (0), 13 or more (1).
See also: Parish 2005 [65], Thompson et al. 2012 [66], Arbour et al. 2014a [53], Arbour and Currie 2016 [90], Raven and Maidment 2017 [3]. 
This character is variable within thyreophorans, with both ankylosaurs and stegosaurs scoring ‘0’ and ‘1’.
121. Maxillary and/ or dentary teeth, number in adult individuals:  less than 20 (0), 20–25 (1), 25–30 (2), more than 30 (3). 
Code as ordered. 
See also: Parish 2005 [61], Thompson et al. 2012 [66], Arbour et al. 2014a [54], Arbour et al. 2014b [53], Arbour & Currie 2016 [91], Raven & Maidment 2017 [2]. 
Tooth count is possibly ontogenetic, as it is in many animals, and therefore only adult specimens will be used for this character. It is possible that maxillary and dentary tooth characters do not covary, although they are combined here in order to increase the amount of data available, as it is rare that both maxillary and dentary teeth are preserved.
122. Premaxillary teeth, number: six or more (0), five (1), four (2), three (3), two (4), one (5), zero (6). 
Code as ordered.
See also: Lee 1996 [19], Carpenter et al. 1998 [15], Kirkland 1998 [20], Sereno 1999 [18, 96], Carpenter 2001 [40, 50], Vickaryous et al. 2001 [17], Hill et al. 2003 [4], Galton & Upchurch 2004 [10], Vickaryous et al. 2004 [17], Parish 2005 [58], Butler et al. 2008 [112], Maidment et al. 2008 [17], Maidment 2010 [17], Thompson et al. 2012 [63], Arbour et al. 2014a [51], Arbour et al. 2014b [50], Burns 2015 [3], Arbour & Currie 2016 [87], Raven & Maidment 2017 [50].
According to Hill et al. (2003), thyreophorans primitively possess teeth in the premaxilla but they are not present in derived ankylosaurs. According to Maidment et al. (2008), premaxillary teeth are primitively present in many ornithischian groups but have been lost in all stegosaurs other than Huayangosaurus. It is possible that six premaxillary teeth is the outgroup condition, given that Lesothosaurus and the early-diverging ankylosaur Gargoyleosaurus and stegosaur Isaberrysaura all have six premaxillary teeth, although other early-diverging ornithischians such as Heterodontosaurus only have three (Norman et al. 2011). 
123. Maxilla or dentary, tooth row: starts level with premaxilla-maxilla or predentary-dentary suture (0), inset from anterior margin of maxilla or dentary by the distance of one tooth position of more (1)
See also: Boyd 2015 [8], Raven & Maidment 2017 [49]. 
This character was previously restricted to the maxilla but is herein applied also to the dentary to increase the data available. Most eurypodans, except for some taxa such as Cedarpelta, Isaberrysaura and Huayangosaurus, score ‘1’ for this character. 
124. Maxilla or dentary, tooth row inset medially from the lateral surface of the maxilla or dentary (i.e. a buccal emargination): absent (0), present (1).
See also: Lee 1996 [4], Carpenter et al. 1998 [16], Carpenter 2001 [10], Vickaryous et al. 2001 [22], Hill et al. 2003 [12], Vickaryous et al. 2004 [63], Parish 2005 [21], Maidment et al. 2008 [5], Maidment 2010 [5], Thompson et al. 2012 [25], Arbour et al. 2014a [20], Arbour et al. 2014b [19], Burns 2015 [6], Arbour & Currie 2016 [29], Raven & Maidment 2017 [29]. 
According to Hill et al. (2003), stegosaurs and basal thyreophorans have only modestly inset tooth rows but ankylosaurs have a deep buccal emargination, although any character state where the tooth row is not on the lateral surface of the maxilla would score ‘1’ for this character. This character was previously restricted to the maxilla but is herein applied also to the dentary to increase the data available.
125. Maxilla or dentary, shape of the tooth row in dorsal/ ventral view: straight (0), sinuous (1). 
See also: Lee 1996 [8], Carpenter et al. 1998 [25], Kirkland 1998 [9], Carpenter 2001 [13], Vickaryous et al. 2001 [18], Hill et al. 2003 [13], Vickaryous et al. 2004 [18], Parish 2005 [20], Thompson et al. 2012 [24], Arbour et al. 2014a [19], Arbour et al. 2014b [18], Arbour & Currie 2016 [28].
According to Hill et al. (2003), some ankylosaurs have an hourglass-shaped tooth row but other thyreophorans have straight or very slightly curved tooth rows, although this is shown to be more complicated herein, with both the ankylosaur Gargoyleosaurus (DMNH 27226) and the stegosaur Hesperosaurus (DMN 29431) scoring ‘1’ for this character. This character was previously restricted to the maxilla but is herein applied also to the dentary to facilitate greater data collection.
Atlas and Axis
126. Atlas, type of contact between the neural arches: no median contact (0), median contact (1). 
See also: Sereno 1999 [68], Parish 2005 [85], Thompson et al. 2012 [93], Arbour et al. 2014a [77], Arbour et al. 2014b [72], Arbour & Currie 2016 [93].
In all taxa except for Lesothosaurus (Baron et al. 2017) the neural arches of the atlas have a median contact in anterior view.
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Figure S27. Atlas of Gastonia lorriemcwhinnyae (DMNH 53009) in anterior view. Character and character state (in bracket) shown.
127. Contact between atlas and axis: articulated (0), fused (1).
See also: Vickaryous et al. 2004 [46], Parish 2005 [86], Thompson et al. 2012 [94], Arbour et al. 2014a [78], Arbour et al. 2014b [73], Arbour & Currie 2016 [94]. 
Most eurypodans score ‘0’ for this character although some taxa such as Huayangosaurus (Maidment et al. 2006) score ‘1’. 
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Figure S28. Atlas-axis complex of Huayangosaurus (Maidment et al. 2006) in right lateral view. Characters and character states (in brackets) shown.

128. Axis, neural spine in lateral view: triangular (0), sub-rectangular (1).
See also: Raven & Maidment 2017 [54]. 
Although most thyreophorans do not preserve an axis, this character is variable in those that do. 
129. Axis, ventral margin: in lateral view flat (0), upwardly concave (1).
See also: Raven & Maidment 2017 [55]. 
Although most thyreophorans do not preserve an axis, this character is variable in those that do. This character does not covary with character 128, with Euoplocephalus scoring ‘0’ for character 128 and ‘1’ for character 129.
Cervical vertebrae
130. Cervical vertebrae, number: seven (0), eight (1), nine (2), 10 (3), more than 10 (4). 
Code as ordered.
See also: Maidment 2010 [22], Raven and Maidment 2017 [5]. 
This count includes the atlas and axis, although for many thyreophorans the total count of cervical vertebrae is unknown.
131. Cervical vertebrae, centra: longer anteroposteriorly than wide transversely (0), width equal to length or wider than long (1).
See also: Carpenter 2001 [76], Parish 2005 [87], Thompson et al. 2012 [95], Arbour et al. 2014a [79], Arbour et al. 2014b [74], Arbour & Currie 2016 [95], Raven & Maidment 2017 [57].
Maximum anteroposterior length and transverse width of the centra are used for this character. For this and other vertebral characters, if there is variation along the column, code as polymorphic unless specific vertebrae number is specified.
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Figure S29. Cervical vertebra of Sauropelta (AMNH 3035) in dorsal view. Characters and character states (in brackets) shown. Measurements in red for character 131.

132. Cervical vertebrae, anterior and posterior facets of centra: aligned (0), anterior facet dorsal to posterior facet (1), anterior facet ventral to posterior facet (2).
See also: Vickaryous et al. 2004 [47], Thompson et al. 2012 [98], Arbour et al. 2014a [81], Arbour et al. 2014b [76]. 
This character is variable within thyreophorans, although most stegosaurs score either ‘0’ or ‘1’. 
133. Anterior cervical vertebrae, position of neural spines on centrum: posterior half (0), anterior half (1). 
NEW CHARACTER. Autapomorphic for Miragaia according to Mateus et al. (2009), although this character is also present in other thyreophorans such as Dacentrurus, Europelta and Gastonia lorriemcwhinnyae, and so the distribution of this character is more complex than previously thought.
134. Anterior cervical vertebrae, ratio of maximum neural spine width to height:  less than 0.25 (0), greater than or equal to 0.25 (1). 
See also: Parish 2005 [88], Thompson et al. 2012 [96], Arbour et al. 2014a [80], Arbour et al. 2014b [75], Arbour & Currie 2016 [96]. 
Most thyreophorans score ‘0’ for this character, although some ankylosaurs such as Struthiosaurus transylvanicus (NHMUK PV R4966) score ‘1’.
135. Anterior cervical vertebrae: centrum ventral margin straight (0), concave upwards (1).
See also: Raven & Maidment 2017 [56]. 
This character is variable within thyreophorans, with both ankylosaurs and stegosaurs scoring ‘0’ and ‘1’. 
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Figure S30. Cervical vertebra of Sauropelta (AMNH 3035) in left lateral view. Characters and character states (in brackets) shown.

136. Anterior cervical vertebrae, epipophyses: present (0), absent (1).
See also: Butler et al. 2008 [133]. 
Epipophyses are lost in several members of Thyreophora, including Miragaia (Mateus et al. 2009). This character was previously restricted to cervical vertebra three but it has been expanded to all anterior cervical vertebrae here. 
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Figure S31. Cervical 3 of Stegosaurus stenops (NHMUK PV R36730) in posterior view. Character and character state (in bracket) shown. From Maidment et al. (2015).

137. Mid-cervical vertebrae, notch at base of neural spines with anterior projection dorsal to it: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Miragaia according to Mateus et al. (2009). This character is not present in any thyreophoran other than Miragaia. 
138. Posterior cervical vertebrae, postzygapophyses: not greatly elongated (0), greatly elongated and project posteriorly beyond the posterior centrum facet (1).
See also: Maidment et al. 2008 [22], Maidment 2010 [23], Raven & Maidment 2015 [58].
According to Maidment et al. (2008), the postzygapophyses in Stegosaurus overhang the posterior facet of the centrum, but in other stegosaurs this is not the case.
139. Posterior cervical vertebrae, opening on lateral surface of centra: absent (0), present (1). 
[bookmark: _Hlk48208726]NEW CHARACTER. Autapomorphic for Jiangjunosaurus according to Jia et al. (2007). This character is also present in the ankylosaur Animantarx (CEUM 6228).
140. Cervical ribs, fused to cervical vertebrae: absent (0), present (1). 
NEW CHARACTER. Most thyreophorans score ‘0’ for this character although the stegosaur Miragaia scores ‘1’ (Mateus et al. 2009).
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Figure S32. Cervical vertebra of Sauropelta (AMNH 3035) in anterior view. Characters and character states (in brackets) shown. Measurements in red for character 134.

Dorsal vertebrae
141. Dorsal vertebrae, centra: longer than tall (0), equidimensional (1), taller than long (2).
See also: Parish 2005 [89], Thompson et al. 2012 [98], Arbour et al. 2014a [82], Arbour et al. 2014b [77], Arbour & Currie 2016 [97]. 
The maximum anteroposterior length and dorsoventral height of the centrum are used for this character. This character is variable within Thyreophora. 
142. Dorsal vertebrae, centra:  longer than wide (0), equidimensional (1), wider than long (2).
See also: Maidment et al. 2008 [23], Maidment 2010 [25], Raven & Maidment 2017 [61]. 
The maximum transverse width of the centrum is measured. The maximum height is measured vertically from the centre of the neural canal floor.
143. Dorsal vertebrae, longitudinal keel on ventral surface of centra: present (0), absent (1). 
See also: Parish 2005 [90], Thompson et al. 2012 [99], Arbour et al. 2014a [83], Arbour et al. 2014b [78], Arbour & Currie 2016 [98]. 
This character, which is present in the early-diverging ornithischian Lesothosaurus (Baron et al. 2017), is lost in many thyreophorans.
144. Dorsal vertebrae, deep excavations between neural arch and neural canal in anterior view: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Stegosaurus (= Wuerhosaurus) homheni according to Maidment et al. (2008). The deep excavations present on Stegosaurus (= Wuerhosaurus) homheni are dorsoventrally-trending and are situated dorsal to the neural canal.
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Figure S33. Dorsal vertebra of Stegosaurus stenops (NHMUK PV R36730) in anterior view (Maidment et al. 2015). Characters and character states (in brackets shown). Measurements for characters 145, 146, 147 shown in red.

145. Dorsal vertebrae, neural arch pedicle to neural canal height ratio: less than 1.5 (0), greater than or equal to 1.5 (1).
See also: Maidment et al. 2008 [24], Maidment 2010 [26], Raven & Maidment 2017 [6].
 The height of the neural arch pedicle is measured from the top of the centrum to the base of the prezygapophyses. This was previously a continuous character in Raven & Maidment (2017). 
146. Dorsal vertebrae, centrum height to neural arch pedicle height ratio: less than 1.5 (0), greater than or equal to 1.5 (1).
See also: Sereno & Dong 1992 [3], Sereno 1999 [31], Galton & Upchurch 2004 [13], Maidment et al. 2008 [25], Maidment 2010 [27], Raven & Maidment 2017 [7]. 
Neural arch pedicle height is measured from the top of the centrum to the base of the prezygapophyses; centrum height is measured vertically downwards from the centre of the neural canal floor. This was previously a continuous character in Raven & Maidment (2017). 
147. Dorsal vertebrae, centrum height to neural canal height ratio: less than 2.5 (0), greater than or equal to 2.5 (1).
See also: Sereno & Dong 1992 [5], Sereno 1999 [33], Galton & Upchurch 2004 [12], Maidment et al. 2008 [26], Maidment 2010 [28], Raven & Maidment 2017 [8]. 
Neural canal height is measured vertically from the centrum; centrum height is measured vertically downwards from the centre of the neural canal floor. This was previously a continuous character in Raven & Maidment (2017), although erroneously both characters [7] and [8] referred to the neural arch in the character list, whereas [8] should have referred to the neural canal. 
148. Dorsal vertebrae, number (including sacral rod vertebrae if applicable): less than 13 (0), 13 (1), 14 (2), 15 (3), 16 or more (4). 
Code as ordered.
See also: Raven & Maidment 2017 [9]. 
This count includes any dorsal vertebrae that are fused to the sacral rod, as is common in thyreophoran taxa, although in many thyreophorans the full dorsal vertebral count is not known. 
149. Dorsal vertebrae, anterior articular facet on centra: flat to slightly concave (0), strongly convex (1), strongly concave (2).
See also: Raven & Maidment 2017 [60], Penkalski 2018 [53].
This has been modified from Raven & Maidment (2017) to specify only the anterior articular facet, as the only taxon that scored ‘1’ for this character in that analysis, Chungkingosaurus, only has a convex anterior articular facet, with a flat posterior articular facet (Maidment et al. 2015), and Edmontonia rugosidens (USNM 11868) has strongly concave centra.
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Figure S34. Dorsal vertebra of Stegosaurus stenops (NHMUK PV R36730) in left lateral view (Maidment et al. 2015). Characters and character states (in brackets) shown.

150. Dorsal vertebrae, transverse processes project: approximately horizontally (0), dorsolaterally i.e. at a high angle to the horizontal (1).
See also: Sereno & Dong 1992 [4], Sereno 1999 [32], Galton & Upchurch 2004 [14], Maidment et al. 2008 [29], Maidment 2010 [31], Raven & Maidment 2017 [62]. 
According to Maidment et al. 2008, many thyreophoran transverse processes project dorsolaterally, rather than laterally as in the case in most basal ornithischians.
151. Dorsal vertebrae, small, triangular, rugose protuberance situated dorsally on the prezygapophysis posterior to the articular facet: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Adratiklit according to Maidment et al. (2020). This character is not present in any other thyreophoran.
152. Dorsal vertebrae, anterior centraparapophyseal laminae drawn into anteriorly-projecting rugosities either side of neural canal: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Adratiklit according to Maidment et al. (2020). This character is not present in any other thyreophoran. 
153. Anterior dorsal vertebrae, prezygapophyses: are separated medially (0), joined ventromedially (1).
See also: Galton & Upchurch 2004 [15, 16], Maidment et al. 2008 [27, 28], Maidment 2010 [30], Raven & Maidment 2017 [59]. 
Early-diverging taxa such as Lesothosaurus and Huayangosaurus score ‘0’ for this character (Maidment & Wei 2006; Baron et al. 2017), although most other thyreophorans score ‘1’. 
[image: ]
Figure S35. Dorsal vertebra of Stegosaurus stenops (NHMUK PV R36730) in dorsal view (Maidment et al. 2015). Characters and character states (in brackets) shown.

154. Anterior dorsal vertebrae, prezygapophyses: face dorsally (0), face dorsomedially (1).
See also: Galton & Upchurch 2004 [15, 16], Maidment et al. 2008 [27, 28], Maidment 2010 [30], Raven & Maidment 2017 [59].
This and character 151 have been split to separate characters of whether the prezygapophyses are joined medially and the orientation of the prezygapophyses.
155. Posterior dorsal vertebrae, cross-sectional shape of neural canal: circular (0) elliptical, with long axis running dorsoventrally (1).
See also: Parish 2005 [91], Thompson et al. 2012 [100], Arbour et al. 2014a [84], Arbour et al. 2014b [79], Arbour & Currie 2016 [99]. 
This character could be affected by taphonomic deformation and so only well-preserved specimens will be used to score this character. Most ankylosaurs score ‘1’ for this character, although Gastonia burgei scores ‘0’ (Kinneer et al. 2016). 
156. Sacral rod vertebrae (i.e. dorsal vertebrae fused to the sacrum), number: zero (0), one (1), two (2), three (3), four (4), five or more (5). 
NEW CHARACTER. This may be affected by ontogeny and so only adult specimens will be scored. This count does not include any caudal vertebrae that are fused to the sacral rod. 
157. Sacral rod vertebrae (i.e. dorsal vertebrae fused to the sacrum): keel present (0), absent (1).
See also: Parish 2005 [94], Thompson et al. 2012 [103], Arbour et al. 2014a [87], Arbour et al. 2014b [82], Arbour & Currie 2016 [102], Raven & Maidment 2017 [64].
Of those taxa which possess sacral rod vertebrae, most do not possess a keel on the ventral surface and so score ‘1’. 
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Figure S36. Dorsosacral vertebrae of Polacanthus (NHMUK PV R175) in ventral (top) and left lateral views (bottom). Characters and character states (in brackets) shown.


Dorsal ribs
158. Dorsal ribs, shape of the proximal cross-section: triangular (0), ‘L’- or ‘T’-shaped (1).
See also: Parish 2005 [92], Thompson et al. 2012 [101], Arbour et al. 2014a [85], Arbour et al. 2014b [80], Arbour & Currie 2016 [100].
In Animantarx (CEUM 6228), the cross-section of the dorsal rib varies from ‘T’-shaped proximally to triangular distally, and so this character should only be scored for the shape of the proximal cross-section. 
159. Dorsal ribs, attachment to posterior dorsal vertebrae in adults: articulated (0), fused (1).
See also: Vickaryous et al. 2004 [48], Parish 2005 [93], Thompson et al. 2012 [102], Arbour et al. 2014a [86], Arbour et al. 2014b [81], Arbour & Currie 2016 [101]. 
In some ankylosaurs, such as Akainacephalus (UMNH VP 20202), large dorsal ribs are fused to the posterior dorsal vertebrae, which allows direct comparison of the shape of the animals dorsum in vivo. 
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Figure S37. Dorsal rib of Polacanthus (NHMUK PV R175). Characters and character states (in brackets) shown.

Sacral vertebrae
160. Sacral vertebrae, longitudinal groove in ventral surface: absent (0), present (1).
See also: Parish 2005 [95], Thompson et al. 2012 [105], Arbour et al. 2014a [89], Arbour et al. 2014b [84], Arbour & Currie 2016 [103].
If a groove is present in any sacral vertebrae, score this as (1); the groove does not need to be present in all sacral vertebrae.
161. Number of sacral vertebrae: two (0), three (1), four (2), five (3). Code as ordered.
See also: Sereno 1999 [69], Carpenter 2001 [20], Vickaryous et al. 2004 [61], Parish 2005 [96], Maidment et al. 2008 [60], Maidment 2010 [63], Thompson et al. 2012 [106], Raven & Maidment 2017 [93], Penkalski 2018 [60]. 
Removed by Arbour et al. 2014a “as this character described the number of sacral vertebrae because ankylosaurs incorporate numerous dorsal and caudal vertebrae into the sacral rod, and it is unclear if this character referred only to 'true' sacral vertebrae, or all dorsosacrals, sacrals, and caudosacrals” but this has been clarified here to mean vertebrae with ribs fused to or articulating with the medial surface of the acetabular part of the ilium. According to Maidment et al. (2008), the number of vertebrae fused together to form the sacral rod varies in ankylosaurs and stegosaurs, however, this character is concerned with the number of vertebrae with sacral ribs fused to or articulating with the medial surface of the acetabular part of the ilium. This is constant in stegosaurs but has been shown to vary in basal ornithischian taxa. Vertebrae that have ribs fused to the anterior iliac process are defined here as dorsosacrals and vertebrae that have ribs fused to the postacetabular process are defined as caudosacrals. 
162. Ilio-sacral block, posterior sacral rib angle: laterally (0), posterolaterally (1), anterolaterally (2).
See also: Maidment et al. 2008 [61], Maidment 2010 [64], Raven & Maidment 2017 [94], Penkalski 2018 [65].
According to Maidment et al. (2008), some stegosaurs have a posterior set of sacral ribs that angle strongly posterolaterally, making the gap between posterior iliac processes in dorsal view small and ‘V’-shaped. In other taxa, the posterior sacral rib is angled laterally, and the gap between the posterior iliac processes is broad and ‘U’-shaped. It is important to ensure that the sacrals belong to true sacral vertebrae (they articulate with the medial side of the acetabular part of the ilium: Nesbitt [2011]) and do not belong to a sacrocaudal vertebra (with ribs fused to the posterior iliac process or to the surface of the ribs of S4) when assessing this character. In the ankylosaurid Dyoplosaurus (ROM 784), the posterior sacral rib is angled anterolaterally.
163. Ilio–sacral block: dorsal shield of sacrum is perforated by foramina in between ribs (0), is solid with no foramina (1).
See also: Sereno & Dong 1992 [20], Sereno 1999 [48], Galton & Upchurch 2004 [17], Maidment et al. 2008 [62], Maidment 2010 [65], Raven & Maidment 2017 [95].
According to Maidment et al. 2008, fusion of the dorsal surfaces of the sacral ribs of some stegosaurs, along with the fusion of the sacrum to the ilia, results in a solid dorsal shield. This character state may be obscured in ankylosaurs by the sacral shield, and so these taxa must be assigned ‘?’. 
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Figure S38. Sacral vertebrae of Polacanthus (NHMUK PV R175) in ventral view. Characters and character states (in brackets) shown.

Caudal vertebrae
164. Caudosacrals, number: zero (0), one (1), two (2), three (3), four or more (4). 
Code as ordered. 
NEW CHARACTER. This may be affected by ontogeny and so only adult specimens will be scored.
165. Caudal vertebrae, attachment of haemal arches to their respective centra: articulated (0), fused (1). 
See also: Sereno 1999 [111], Parish 2005 [101], Thompson et al. 2012 [111], Arbour et al. 2014a [93], Arbour et al. 2014b [88], Arbour & Currie 2016 [108]. 
This character is variable throughout Thyreophora, with ankylosaurs scoring both ‘0’ and ‘1’, although most stegosaurs score ‘0’.
166. First or second caudal vertebrae, bifurcated transverse processes: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Loricatosaurus according to Maidment et al. (2008). This feature is not present in any other thyreophoran. 
167. Anterior caudal vertebrae, centra in anterior/posterior view: circular (0), heart-shaped (1).
NEW CHARACTER. In many ankylosaurs, such as Europelta (Kirkland et al. 2013), the anterior caudal vertebrae are heart-shaped in anterior and/or posterior view.
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Figure S39. Anterior caudal vertebra of Gastonia burgei (CEUM 1307) in anterior view. Characters and character states (in brackets) shown.

168. Anterior caudal vertebrae, centra:  anteroposteriorly longer than wide transversely (0), equidimensional (1), wider than long (2).
NEW CHARACTER. The maximum width of the centrum is measured. The height is measured vertically from the centre of the neural canal floor. Eurypodans generally score ‘2’ for this character.
169. Anterior caudal vertebrae, prezygapophyses in lateral view: extend anterodorsally (0), extend anteriorly (1).
See also: Raven & Maidment 2017 [70], Penkalski 2018 [23]. 
This character is variable within Thyreophora, with ankylosaurs and stegosaurs scoring both ‘0’ and ‘1’. 
170. Anterior caudal vertebrae, dorsal process on transverse process: absent (0), present (1).
See also: Galton & Upchurch 2004 [19], Maidment et al. 2008 [31], Maidment 2010 [33], Raven & Maidment 2017 [65]. 
According to Maidment et al. (2008), a dorsally projecting process is present on the dorsal surface of transverse processes of anterior caudal vertebrae in some species of stegosaur. The process is usually located lateral to the centrum, however on some of the more proximal anterior caudal vertebrae of Loricatosaurus, it is present at the distal end of the transverse process. Further down the column, on posterior anterior caudals, it migrates up the transverse process to occupy a location similar to that of other stegosaurs.
171. Anterior caudal vertebrae, dorsal process on transverse process: proximal to centrum (0), distal to centrum (1). 
See also: Raven & Maidment 2017 [66].
172. Anterior caudal vertebrae, neural spine height: less than or equal to the height of the centrum (0), greater than the height of the centrum (1).
See also: Galton & Upchurch 2004 [21], Penkalski 2018 [24]. 
Most thyreophorans score ‘1’ for this character, although several such as Cedarpelta (CEUM 12360) score ‘0’. 
173. Anterior caudal vertebrae, direction of the transverse processes in dorsal/ventral view: anterolaterally projecting (0), posterolaterally projecting (1), laterally projecting (2).
See also: Carpenter 2001 [65, 78], Galton & Upchurch 2004 [18], Parish 2005 [98], Thompson et al. 2012 [108], Arbour et al. 2014a [91], Arbour et al. 2014b [86], Arbour & Currie 2016 [106]. 
This character is variable within Thyreophora, with both ankylosaurs and stegosaurs scoring ‘0’, ‘1’ or ‘2’. 
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Figure S40. Anterior caudal vertebra of Peloroplites (CEUM 26331) in dorsal view. Character and character state (in brackets) shown.

174. Anterior caudal vertebrae, direction of the transverse processes in anterior/posterior view: laterally projecting (0), ventrally projecting (1).
See also: Maidment et al. 2008 [30], Maidment 2010 [32], Raven & Maidment 2017 [67].
According to Maidment et al. (2008), the transverse processes of caudal vertebrae 1 and 2 project downwards in all stegosaurs; however in some members of the group, ventrally projecting transverse processes are present in other anterior caudal vertebrae as well.
175. Anterior and middle caudal vertebrae, bulbous swelling at tops of neural spines: absent (0), present (1).
See also: Sereno & Dong 1992 [6], Carpenter 2001 [77], Galton & Upchurch 2004 [22, 23], Parish 2005 [97], Maidment et al. 2008 [33], Maidment 2010 [35], Thompson et al. 2012 [107], Arbour et al. 2014a [90], Arbour et al. 2014b [85], Arbour & Currie 2016 [105], Raven & Maidment 2017 [69], Penkalski 2018 [57].
According to Maidment et al. (2008), the neural spines of some stegosaurs and ankylosaurs end in a swelling that is transversely broader than the rest of the neural spine. This character has been combined with character 105 of Arbour & Currie (2016): anterior caudal vertebrae, ratio of maximum distal width to height of the neural spines: ≤0.2 (0), >0.2 (1) as they both relate to the transverse thickening at the top of the neural spines in anterior caudal vertebrae.
176. Anterior and middle caudal vertebrae, neural spines: not bifurcated (0), bifurcated (1).
See also: Raven & Maidment 2017 [73].
This has been modified so that ‘not bifurcated’ is the plesiomorphic condition and scores (0). 
177. Middle caudal vertebrae, neural spines hook-shaped with anterior projection: absent (0), present (1). NEW CHARACTER. Autapomorphic for Kentrosaurus according to Maidment et al. (2008), although this is also present in Miragaia, which was originally described by Mateus et al. (2009), after the publication of Maidment et al. (2008).
178. Middle caudal vertebrae, anterior and posterior chevron facets converge ventrally so centra are ‘V’-shaped in lateral view: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Loricatosaurus according to Maidment et al. (2008). This feature is not present in any other thyreophoran.
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Figure S41. Anterior caudal vertebra of Cedarpelta (CEUM 12360) in right lateral view. Characters and character states (in brackets) shown.

179. Middle and posterior caudal vertebrae, longitudinal ridge at approximate mid-height of centrum: absent (0), present (1). 
See also: Arbour & Currie 2016 [104]. 
Most thyreophorans score ‘0’ for this character, but some ankylosaurs such as Dyoplosaurus (ROM 784) score ‘1’.
180. Posterior caudal vertebrae, extent of pre- and postzygapophyses over their adjacent centra: extend over less than half the length of the adjacent centrum (0), extend over more than half the length of the adjacent centrum (1). 
See also: Sereno 1999 [109], Parish 2005 [103], Thompson et al. 2012 [113], Arbour et al. 2014a [95], Arbour et al. 2014b [90], Arbour & Currie 2016 [109], Raven & Maidment 2017 [71]. 
Many thyreophorans score ‘0’ for this character, although several taxa such as Euoplocephalus (Arbour & Currie 2013) score ‘1’. 
181. Posterior caudal vertebrae: centra are elongate (0), equidimensional (1), height greater than length (2).
See also: Sereno & Dong 1992 [7], Galton & Upchurch 2004 [24], Maidment et al. 2008 [34], Maidment 2010 [36], Raven & Maidment 2017 [74]. 
According to Maidment et al. (2008), the posterior caudal vertebrae of basal thyreophorans are longer than they are high or wide.  In some stegosaurs, the centra become less elongate, so that they are approximately equal in height and length.
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Figure S42. Poster caudal vertebra (#31) of Stegosaurus stenops (NHMUK PV R36730; Maidment et al. 2015) in right lateral view. Characters and character states (in brackets) shown. Red lines indicate measurements for character 181.

182. Posterior caudal vertebrae, shape of postzygapophyses: short with a sub-triangular end [wedge-shaped] (0), long with a rounded end [tongue-shaped] (1).
See also: Sereno 1999 [110], Parish 2005 [102], Thompson et al. 2012 [112], Arbour et al. 2014a [94], Arbour et al. 2014b [89]. 
This is variable within Thyreophora, with both ankylosaurs and stegosaurs scoring either ‘0’ or ‘1’. 
183. Posterior caudal vertebrae, transverse processes on posterior half of tail: present (0), absent (1).
See also: Galton & Upchurch 2004 [20], Parish 2005 [100], Maidment et al. 2008, Maidment 2010 [37], Thompson et al. 2012 [110], Arbour et al. 2014a [92], Arbour et al. 2014b [87], Arbour & Currie 2016 [107], Raven & Maidment 2017 [72].
According to Maidment et al. (2008), transverse processes are present in many thyreophorans on all vertebrae except the most distal few. In some taxa, however, transverse processes are only present up until caudal vertebrae 19 or 20, and they are lost on most vertebrae in the distal half of the tail.
184. Posterior caudal vertebrae, shape of the haemal arches in lateral view: rounded haemal spine with no contact between haemal arches (0), inverted ‘T’-shaped haemal spine with contact between the ends of adjacent spines (1).
See also: Sereno 1999 [71], Carpenter 2001 [22], Parish 2005 [104], Thompson et al. 2012 [114], Arbour et al. 2014a [96], Arbour et al. 2014b [91], Arbour & Currie 2016 [111]. 
Most thyreophoran taxa score ‘0’ for this character although Liaoningosaurus (IVPP V12560) scores ‘1’. 
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Figure S43. Caudal vertebra of Akainacephalus (UMNH VP 20202) in left lateral view. Character and character state (in bracket) shown.

185. Tail club handle vertebrae, shape of each interlocking neural arch in dorsal view: ‘V’-shaped angle of divergence (0), ‘U’-shaped angle of divergence (1).
See also: Carpenter 2001 [21], Arbour & Currie 2016 [110].
This character was originally: tail club handle vertebrae, shape of each interlocking neural arch in dorsal view: posterior caudal vertebrae do not form handle (0), ‘V-‘shaped, angle of divergence about 22–26° (1),’ V-‘ shaped, angle of divergence about 35–37° (2), ’U’-shaped, angle of divergence greater than 60° (3). However, only Ankylosaurus scored (3), whereas no taxa scored (2), and several species of ankylosaur scored (1) and (0). This character has therefore been changed to better reflect the morphology within Ankylosauria. Based on the character scores of Arbour & Currie (2016), character state (1) would be autapomorphic for Ankylosaurus. 
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Figure S44. Tail clubs in dorsal view of Anodontosaurus (left) and Ankylosaurus (right) from Arbour & Mallon (2017). Characters and character states (in brackets) shown.

Pectoral girdle
For characters related to the pectoral girdle, the scapula is assumed to have an orientation where the long axis of the blade is horizontal and the coracoid lies anterior to the scapula. This is to aid with description of the relative position of processes, and does not necessarily reflect the in vivo orientation of the elements for each taxon. 

186. Coracoid, size: sub-equal in dorsoventral height and anteroposterior length (0), anteroposteriorly longer than dorsoventrally high (1).
See also: Kirkland 1998 [34], Sereno 1999 [88], Carpenter 2001 [24, 79], Parish 2005 [106], Thompson et al. 2012 [116], Arbour et al. 2014a [98], Arbour et al. 2014b [93], Arbour & Currie 2016 [113], Raven & Maidment 2017 [78]. 
The maximum dorsoventral height and anteroposterior length of the coracoid is used. This character is variable throughout Thyreophora.
187. Coracoid, form of the anterior margin: convex (0), straight (1).
See also: Parish 2005 [107], Thompson et al. 2012 [117], Arbour et al. 2014a [99], Arbour et al. 2014b [94], Arbour & Currie 2016 [114]. 
Most thyreophorans score ‘0’ for this character, although the ankylosaurid Saichania (Carpenter et al. 2013) scores ‘1’. 
188. Coracoid, anteroventral (sternal) process: absent (0), present (1).
See also: Parish 2005 [108], Thompson et al. 2012 [118], Arbour et al. 2014a [100], Arbour et al. 2014b [95], Arbour & Currie 2016 [115].
According to Parish (2005), the anteroventral corner of the coracoid is developed into a distinct process that extends further ventrally than the glenoid margins in some ankylosaurs. 
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Figure S45. Right scapulocoracoid of Panoplosaurus (ROM 125) in right lateral view. Characters and character states (in brackets) shown.

189. Coracoid, foramen in lateral view: present (0), notch present (1).
See also: Maidment et al. 2008 [41], Maidment 2010 [43], Raven & Maidment 2017 [79]. 
According to Maidment et al. (2008), in some stegosaurs, the coracoid foramen has migrated to the edge of the bone and now forms a notch in lateral view. This character appears to be variable within species of Stegosaurus and may be related to ontogeny and so this character is only coded for adult specimens.
190. Coracoid, ratio of coracoid glenoid length relative to scapula glenoid length: greater than or equal to 1.0 (0), 0.5–1.0 (1), less than 0.5 (2).
See also: Sereno 1999 [89], Carpenter 2001 [80], Parish 2005 [109], Thompson et al. 2012 [119], Arbour et al. 2014a [101], Arbour et al. 2014b [96], Arbour & Currie 2016 [116].
This has been modified from previous iterations to more accurately describe the possible character states, given that it is describing a continuous variable but with discrete character states. 
191. Scapula, glenoid orientation: ventrolateral (0), ventral (1).
See also: Sereno 1999 [87], Parish 2005 [112], Thompson et al. 2012 [121], Arbour et al. 2014a [103], Arbour et al. 2014b [98], Arbour & Currie 2016 [118].
In several ankylosaurs such as Chuanqilong (Han et al. 2014), this character is scored as ‘1’. 
192. Scapula, ventral process at the posteroventral margin of glenoid: absent (0), present (1).
See also: Parish 2005 [113], Thompson et al. 2012 [122], Arbour et al. 2014a [104], Arbour et al. 2014b [99], Arbour & Currie 2016 [119].
According to Parish (2005), both Euoplocephalus (AMNH 5337) and Shamosaurus (PIN 3779/2-1) score (1) for this character. This is not the same feature as the origin for the M. triceps longus caudalis, which is more distally situated along the ventral surface of the scapular blade, and in taxa that score ‘0’ for this character, it appears to be coincident with the margin of the glenoid.
193. Scapula, form of the acromial process: not developed or ridge-like along the dorsal border of the scapula (0), flange-like and folded over towards the scapula glenoid (1), shelf-like and extending laterally (2), ridge terminating in a knob-like eminence (3), developed dorsally and convex upwards (4), developed dorsally and enlarged to a sharp posterodorsal corner (5).
See also: Kirkland 1998 [32, 33], Sereno 1999 [37, 73], Carpenter 2001 [23, 45], Vickaryous et al. 2004 [52], Galton & Upchurch 2004 [26], Parish 2005 [114, 115], Maidment et al. 2008 [37, 38], Maidment 2010 [39, 40], Thompson et al. 2012 [123, 124], Arbour et al. 2014a [105, 106], Arbour et al. 2014b [100, 101], Arbour & Currie 2016 [120, 121], Raven & Maidment 2017 [75, 76].
This character has been modified to include the conditions seen in stegosaurs, ankylosaurs and nodosaurs, which differ greatly. Previous iterations of this character also include a separate character for the direction of the acromion process of scapula (e.g. Parish 2005 [115]) but this variation is covered by the current character statement. According to Arbour & Currie (2016), Lesothosaurus, Scelidosaurus and Huayangosaurus all score (0) for this character, whereas Gastonia and Saichania score (1) and Sauropelta and Stegopelta score (2). 
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Figure S46. Scapulocoracoids of: A, Scelidosaurus in right lateral view (NHMUK PV R1111); B, Euoplocephalus in right lateral view (Coombs 1978); C, Hylaeosaurus in left lateral view (NHMUK PV OR3775); D, Panoplosaurus in right lateral view (ROM 125); E, Huayangosaurus in left lateral view (Maidment et al. 2006); F, Stegosaurus stenops in left lateral view (NHMUK PV R36730; Maidment et al. 2015). Characters and character states (in brackets) shown. 

194. Scapulocoracoid, lateral buttress: absent (0), present (1).
See also: Parish 2005 [116], Thompson et al. 2012 [125], Arbour et al. 2014a [107], Arbour et al. 2014b [102], Arbour & Currie 2016 [122]. 
This is in a similar location to the medial buttress (see character 195) but is instead on the lateral surface of the scapulocoracoid. 
195. Scapulocoracoid, medial buttress: absent (0), present (1).
NEW CHARACTER. According to Arbour & Currie (2013), on the medial side of specimens of Euoplocephalus there is a prominent horizontal ridge that arises at the junction of the scapula and the coracoid and extends posteriorly. This is also present in Saichania (Carpenter et al. 2011) as well as Sauropelta.
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Figure S47. Left scapula of Euoplocephalus (AMNH 5406) in medial view, from Arbour & Currie (2013). Character and character state (in brackets) shown.

196. Scapular blade: distally expanded (0), parallel sided (1).
See also: Sereno 1999 [20], Carpenter 2001 [66, 82], Parish 2005 [117], Maidment et al. 2008 [39], Butler et al. 2008 [152], Maidment 2010 [41], Thompson et al. 2012 [126], Arbour et al. 2014a [108], Arbour et al. 2014b [103], Arbour & Currie 2016 [123], Raven & Maidment 2017 [77].
According to Maidment et al. (2008), in some taxa, the scapula blade is dorsoventrally deeper in lateral view at its distal end than it is proximally, where it extends from the proximal plate. In some thyreophorans, however, the blade is approximately the same depth in lateral view all the way along its length.
197. Scapula, proximal plate area to coracoid area ratio: less than 1.0 (0), greater than or equal to 1.0 (1).
See also: Sereno & Dong 1992 [9], Galton & Upchurch 2004 [25], Maidment et al. 2008 [36], Maidment 2010 [38], Raven & Maidment 2017 [10].
According to Maidment et al. (2008), the proximal plate is the anterior part of the scapula, including the acromial process and glenoid, which is distinguished from the scapula blade by being dorsoventrally deeper.  In stegosaurs the posterior extent of the proximal plate is usually defined by a dorsoventrally extending ridge. The areas of the proximal plate and the coracoid are estimated by measuring the maximum width and the maximum depth (when the elements are viewed in medial or lateral view). The width and depth for each element is then multiplied together to give an area.
198. Scapula, blade: dorsal surface straight (0), dorsally curved (1). 
NEW CHARACTER. In several ankylosaurs such as Animantarx (CEUM 6228), this character is scored as ‘0’ but in most ankylosaurs, as well as early-diverging thyreophorans and stegosaurs this character is scored as ‘0’. 
199. Sternal plates: separate (0), fused (1).
See also: Sereno 1999 [112], Vickaryous et al. 2004 [60], Parish 2005 [118], Thompson et al. 2012 [127], Arbour et al. 2014a [109], Arbour et al. 2014b [104], Arbour & Currie 2016 [124].
As there is so far no evidence of an ossified sternum in stegosaurs (S. Maidment, pers. obs. 2019), they will be coded for as ‘?’, whereas some ankylosaurs such as Euoplocephalus (Arbour & Currie 2013) score ‘1’.
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Figure S48. Sternal plate of Panoplosaurus (ROM 125). Character and character state (in bracket) shown.

Forelimb
200. Humerus, separation of humeral head and deltopectoral crest in anterior view: continuous (0), separated by a distinct notch (1).
See also: Parish 2005 [119], Thompson et al. 2012 [128], Arbour et al. 2014a [110], Arbour et al. 2014b [105], Arbour & Currie 2016 [136].
According to Arbour & Currie (2016), Lesothosaurus and Huayangosaurus score (0) but Scelidosaurus, Sauropelta and Gastonia score (1). 
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Figure S49. Humeri of: A, Sauropelta (AMNH 3032), left in anterior view; B, Euoplocephalus (AMNH 5337), left in anterior view; C, Loricatosaurus (NHM UK PV R3167), right in anterior view. Characters and character states (in brackets) shown.

201. Humerus, separation of humeral head and medial tubercle in anterior view: continuous (0), separated by a distinct notch (1).
See also: Parish 2005 [119], Thompson et al. 2012 [129], Arbour et al. 2014a [111], Arbour et al. 2014b [106], Arbour & Currie 2016 [137].
According to Arbour & Currie (2016), Lesothosaurus and most ankylosaurs score (0) whereas Scelidosaurus and Huayangosaurus score (1), as does Panoplosaurus. However, according to Thompson et al. (2012), Stegosaurus, Animantarx, Euoplocephalus, Gastonia burgei, Hungarosaurus and Panoplosaurus, in addition to Scelidosaurus and Huayangosaurus, all score (1). Stegosaurus stenops (NHMUK PV 36730; Maidment et al. 2015) does not possess a medial tubercle, but other specimens of Stegosaurus do (S. Maidment, pers. obs. 2019), as does Loricatosaurus (NHMUK PV R3167). This character obviously has a more complicated distribution than previously thought and cannot be score as present if no medial tuberosity is present.  
202. Humerus, ratio of deltopectoral crest length to humeral length: less than or equal to 0.5 (0), greater than 0.5 (1).
See also: Kirkland 1998 [35], Carpenter 2001 [25], Norman et al. 2004 [17], Vickaryous et al. 2004 [54], Parish 2005 [120], Thompson et al. 2012 [130], Arbour et al. 2014a [112], Arbour et al. 2014b [107], Arbour & Currie 2016 [138], Penkalski 2018 [46].
The length of the deltopectoral crest is measured as the maximum extent from the proximal end of the humerus, measured parallel to the maximum length of the humerus, to account for the curved outer margin of the deltopectoral crest in some stegosaurs. 
203. Humerus, orientation of deltopectoral crest projection: lateral (0), anterolateral (1).
See also: Sereno 1999 [113], Carpenter 2001 [26], Parish 2005 [121], Thompson et al. 2012 [131], Arbour et al. 2014a [113], Arbour et al. 2014b [108], Arbour a&nd Currie 2016 [139].
This is possibly affected dramatically by taphonomy and so only well-preserved specimens will be used for scoring. The character states are clearly visible when the humeri are viewed in anterior view. 
204. Humerus, ratio of width of distal end to minimum shaft width: below 2.20 (0), greater than or equal to 2.20 (1).
See also: Maidment et al. 2008 [42], Maidment 2010 [44], Raven & Maidment 2017 [11].
According to Maidment et al. (2008), the width of the distal end was measured as the maximum transverse width of the distal condyles. The distal condyles of the humerus of eurypodan taxa appear to be transversely enlarged relative to the shaft compared with those of basal thyreophorans.
205. Humerus, ratio of transverse width of distal end to humerus length: less than 0.4 (0), greater than or equal to 0.4 (1).
See also: Sereno 1999 [50], Galton & Upchurch 2004 [28], Maidment et al. 2008 [44], Maidment 2010 [46], Raven & Maidment 2017 [12]. 
According to Maidment et al. (2008), the width of the distal end of the humerus, measured as the maximum transverse width across the distal condyles, appears to be greater relative to humeral length in some eurypodan taxa.
206. Humerus, anterior iliac process length to humerus length: above 0.7 (0), 0.7 or below (1).
See also: Maidment et al. 2008 [45], Maidment 2010 [47], Raven & Maidment 2017 [13]. 
According to Maidment et al. (2008), the anterior iliac process is longer than the humerus in some thyreophoran taxa, but shorter in others. The anterior iliac process is measured from the anterior margin of the acetabulum in lateral view.
207. Humerus, triceps tubercle and descending ridge posterolateral to the deltopectoral crest: absent (0), present (1).
See also: Sereno & Dong 1992 [10], Sereno 1999 [38], Galton & Upchurch 2004 [27], Maidment et al. 2008 [43], Maidment 2010 [45], Raven & Maidment 2017 [80].
According to Maidment et al. (2008), all stegosaurs appear to possess a tubercle on the posterior side of the deltopectoral crest.  Extending dorsoventrally below the tubercle is a rugose ridge. This feature is absent in other thyreophorans and is different to the ridge which extends dorsoventrally above the ‘bulge’ for the deltoid muscles.
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Figure S50. Humeri of: A, Sauropelta (AMNH 3032), left in posterior view; B, Euoplocephalus (AMNH 5337), left in posterior view; C, Loricatosaurus (NHM UK PV R3167), right in posterior view. Characters and character states (in brackets) shown.

208. Humerus, circular bulge on posterior surface of deltopectoral crest for attachment of deltoid musculature: absent (0), present (1). 
NEW CHARACTER. Present in ankylosaurs such as Ankylosaurus and Euoplocephalus, but not in stegosaurs such as Stegosaurus and Loricatosaurus. 
209. Ulna, ratio of length to humerus length, less than 0.8 (0), greater than or equal to 0.8 (1).
See also: Galton & Upchurch 2004 [31], Maidment et al. 2008 [47], Maidment 2010 [49], Raven & Maidment 2017 [15].
According to Maidment et al. (2008), the ratio of the lengths of the propodials to epipodials varies in basal ornithischians and thyreophorans, as would be expected in clade whose members include both bipedal and quadrupedal forms.
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Figure S51. Left ulna of Texasetes (USNM 227987) in anterior view. Characters and character states (in brackets) shown. Red lines indicate measurements for characters 209 and 210. 

210. Ulna, proximal width to length ratio: less than 0.40 (0), greater than or equal to 0.40 (1).
See also: Galton & Upchurch 2004 [30], Maidment et al. 2008 [46], Maidment 2010 [48], Raven & Maidment 2017 [14].
According to Maidment et al. (2008), the proximal width of the ulna, measured as the maximum transverse width of the proximal end, varies relative to length in thyreophoran taxa.
211. Ulna, development of anterior process in proximal view so that ulna appears ‘L’-shaped: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Acantholipan according to Rivera Sylva et al. (2018). The development of the anterior process is found in quadrupedal taxa and could differentiate between basal ornithischians and eurypodans (S. Maidment, pers. obs. 2019) 
212. Radius, ratio of length to humerus length, less than 0.65 (0), greater than or equal to 0.65 (1).
See also: Maidment 2010 [50], Raven & Maidment 2017 [16]. 
This character is variable throughout Thyreophora, although unfortunately it is not possible to decipher a character state in many taxa as few taxa fully preserve both humeri and radii. 
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Figure S52. Left radius of Sauropelta (AMNH 3032). Characters and character states (in brackets) shown. Red lines indicate measurements for character 212, 213 and 214.

213. Radius, ratio of transverse width of distal end to radius length: less than 0.30 (0), greater than or equal to 0.30 (1).
See also: Galton & Upchurch 2004 [29]. 
Most thyreophorans, where observable, score ‘1’ for this character, although the early-diverging ornithischian Lesothosaurus scores ‘0’ (Baron et al. 2017), as does Liaoningosaurus (IVPP V12560). 
214. Radius, ratio of transverse width at proximal end to width at midlength: less than or equal to 1.0 (0), between 1.0–1.5 (1), greater than 1.5 (2). 
Code as ordered.
See also: Raven & Maidment 2017 [81]. 
Most thyreophorans score either ‘1’ or ‘2’ for this character, although Liaoningosaurus (IVPP V12560) and Scutellosaurus (MNA.V.175) score ‘0’. 
215. Number of manual digits: five (0), four (1), three (2). 
Code as ordered.
See also: Parish 2005 [124], Thompson et al. 2012 [134], Arbour et al. 2014a [116], Arbour et al. 2014b [111], Arbour & Currie 2016 [142].
Herein, ‘digit’, refers either to the entire complex of metacarpal + phalanges or just to the metacarpal if all phalanges are lost. Unfortunately, few thyreophorans preserve complete sets of manual digits (Currie et al. 2011). 
216. Metacarpal II to humerus length ratio, less than or equal to 0.2 (0), greater than 0.2 (1).
See also: Sereno 1999 [28], Galton & Upchurch 2004 [32], Raven & Maidment 2017 [17]. Unfortunately, few thyreophorans preserve both a complete metacarpal II and a complete humerus. 
217. Metacarpal I, ratio of length to metacarpal III: less than 1.0 (0), greater than 1.0 or equal to (1).
See also: Norman et al. 2004 [21], Butler et al. 2008 [158], Raven & Maidment 2017 [82].
This character has had varying descriptions in the literature. Usually, this describes the lengths of metacarpals I and V against metacarpals II, III and IV. Norman et al. (2004) had the character states: equal (0), sub-equal (1); Butler et al. (2008) had the character states: shorter (0), sub-equal (1); and Raven & Maidment (2017) had the character states: shorter (0), longer (1). There is therefore confusion surrounding this character, and metacarpals I and V can vary differently (e.g. Sauropelta AMNH 3032 had a shorter metacarpal V than metacarpal I, which itself is shorter than metacarpal III). This character has therefore been split to describe the variation in size of metacarpals I and V separately as two characters.
218. Metacarpal V, ratio of length to metacarpal III: less than 0.50 (0), 0.5–1.0 (1), greater than or equal to 1.0 (2).
See also: Sereno 1999 [6], Norman et al. 2004 [21], Parish 2005 [123], Butler et al. 2008 [158], Thompson et al. 2012 [133], Arbour et al. 2014a [115], Arbour et al. 2014b [110], Arbour & Currie 2016 [141], Raven & Maidment 2017 [82]. 
219. Phalanges, shape of manual and pedal unguals in dorsal view: narrow, claw-shaped (0) wide, hoof-shaped, ‘U’-shaped (1), wide, hoof-shaped, triangular (2).
See also: Sereno 1999 [7], Parish 2005 [125], Butler et al. 2008 [215], Maidment et al. 2008 [48], Maidment 2010 [51], Thompson et al. 2012 [135], Arbour et al. 2014a [117], Arbour et al. 2014 [112], Arbour & Currie 2016 [143], Raven & Maidment 2017 [83], Penkalski 2018 [29].
‘Hoof-shaped’ can be defined as semicircular in dorsal view, dorsoventrally compressed and transversely broad. ‘Hoof-shaped’ unguals are present in eurypodan taxa according to Maidment et al. (2008). Triangular hoof-shaped unguals can be seen in Liaoningosaurus, Chuanqilong and Dyoplosaurus.
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Figure S53. Forelimb of Gigantspinosaurus (ZDM 0019). Photo courtesy of J. Vasco Leite. Characters and character states (in brackets) shown. Red lines indicate measurements for characters 216, 217 and 218.

Pelvic girdle
220. Ilium, anterior iliac process to acetabular length: ratio, below 1.1 (0), 1.1 or above (1).
See also: Sereno 1999 [21], Parish 2005 [126], Butler et al. 2008 [166], Maidment et al. 2008 [49], Maidment 2010 [52], Thompson et al. 2012 [136], Arbour et al. 2014a [118], Arbour et al. 2014b [113], Arbour & Currie 2016 [125], Raven & Maidment 2017 [18].
According to Maidment et al. (2008), the anterior iliac process is measured from the anterior margin of the acetabulum in lateral view. The acetabular length is the anteroposterior length of the acetabulum, measured in ventral view, including the pubic and iliac peduncles. The anterior iliac process is greatly elongated relative to the acetabulum in eurypodan taxa, compared with their basal ornithischian relatives.
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Figure S54. Ilia of Edmontonia longiceps (CMN 8531) in ventral view. Characters and character states (in brackets) shown. Red lines indicate measurements for characters 220, 226 and 228.

221. Ilium, anterior iliac process: projects roughly parallel to the parasagittal plane (0), diverges from the parasagittal plane between 0–15˚ (1), diverges from parasagittal plane by more than 15˚ (2). 
Code as ordered.
See also: Sereno 1999 [22], Carpenter 2001 [47], Galton & Upchurch 2004 [36], Parish 2005 [127], Butler et al. 2008 [167], Maidment et al. 2008 [51], Maidment 2010 [54], Thompson et al. 2012 [136], Arbour et al. 2014a [119], Arbour et al. 2014b [114], Arbour & Currie 2016 [126], Raven & Maidment 2017 [85], Penkalski 2018 [25]. 
According to Maidment et al. (2008), in dorsal or ventral view, the anterior iliac processes of basal ornithischians extend anteriorly roughly parallel to the spinal column. However, in eurypodan taxa, the anterior iliac processes diverge broadly from the parasagittal plane, forming an angle with the spinal column.
222. Ilium, anterior iliac process in lateral or medial views: straight process (0), pronounced ventral curvature (1).
See also: Parish 2005 [129], Maidment et al. 2008 [50], Maidment 2010 [53], Thompson et al. 2012 [139], Arbour et al. 2014a [121], Arbour et al. 2014b [116], Arbour & Currie 2016 [128], Raven & Maidment 2017 [84], Penkalski 2018 [26].
According to Maidment et al. (2008), the anterior iliac process, when viewed in lateral view, extends anteriorly parallel to the posterior part of the ilium in some thyreophoran taxa. In other taxa, however, the anterior iliac process extends anteroventrally, at an angle to the posterior part of the ilium.
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Figure S55. Ilia of Mymoorapelta (A: MWC 1815; Kirkland & Carpenter 1994) and Euoplocephalus (B: AMNH 5337; Carpenter et al. 2013) in left lateral and right lateral views, respectively. Character and character state (in brackets) shown.

223. Ilium, anterior iliac process: tranversely compressed (0), has inverted ‘C’-shaped cross-section that is laterally convex and medially concave (1).
See also: Raven & Maidment 2017 [92]. 
Most eurypodans score ‘1’ for this character whereas early-diverging thyreophorans score ‘0’. 
224. Ilium, anterior iliac process: has a blunt rounded anterior end (0), tapers toward its anterior end (1).
See also: Galton & Upchurch 2004 [37]. This character is variable throughout Thyreophora, although most stegosaurs score ‘0’ and several ankylosaurs score ‘1’. 
225. Ilium, lateral edge in dorsal view: straight (0), sinuous (1). 
See also: Arbour & Currie 2016 [129].
According to Arbour & Currie 2016, only Taohelong and Sauropelta score ‘1’ for this character, however this character state is also present in Edmontonia longiceps as well as the stegosaur Dacentrurus. 
226. Ilium, ratio of postacetabular length, relative to diameter of acetabulum: greater than 1.0 (0), equal to or less than 1.0 (1).
See also: Sereno 1999 [114], Parish 2005 [132], Thompson et al. 2012 [142], Arbour et al. 2014a [124], Arbour et al. 2014b [119], Arbour & Currie 2016 [132], Penkalski 2018 [27].
This has been modified from previous iterations to be a ratio, rather than the arbitrary definitions of “greater” and “equal to or smaller”.
227. Ilium, ratio of acetabular length to dorsoventral height of pubic peduncle of ilium: below 3.0 (0), 3.0 or above (1).
See also: Maidment et al. 2008 [56], Maidment 2010 [59], Raven & Maidment 2017 [19].
The ilium often has two ventral processes on either side of the acetabulum – the pubic and ischiac peduncles. The analogous terms for the dorsal processes on the pubis and ischium are the iliac peduncles. According to Maidment et al. (2008), pubic peduncle height is measured in lateral view from the divergence point with the anterior iliac process. The acetabular length is measured in ventral view as the maximum anteroposterior length, including the pubic and ischiadic peduncles. The pubic peduncle is reduced relative to acetabular length in some stegosaurs and ankylosaurs.
228. Ilium, ratio of maximum transverse width in dorsal view to width of centra of sacral vertebrae: less than 1.0 (0), 1.0–1.5 (1), greater than 1.5 (2). 
Code as ordered.
See also: Kirkland 1998 [45], Carpenter 2001 [28], Parish 2005 [128], Maidment et al. 2008 [52, 53], Maidment 2010 [55, 56], Thompson et al. 2012 [138], Arbour et al. 2014a [120], Arbour et al. 2014b [115], Arbour & Currie 2016 [127], Raven & Maidment 2017 [86, 87], Penkalski 2018 [22].
According to Maidment et al. (2008), when viewed in dorsal view, the ilium of basal ornithischians is compressed transversely so that it is nearly vertical in orientation. In all thyreophoran taxa, however, the ilium broadens transversely so that it is nearly horizontal in orientation. This character has combined character 127 of Arbour & Currie (2016), i.e. ilium, anterior iliac process orientation: near vertical (0), near horizontal (1), with characters 86 and 87 of Raven & Maidment (2017), i.e. ilium, horizontal lateral enlargement: absent (0), present (1) and ilium, horizontal lateral enlargement incipient: small (0), large (1), as they represent the same variation. Additionally, this has been modified into a ratio relative to the transverse width of the sacral centra so that the arbitrary decision of whether a horizontal lateral enlargement is present or whether this enlargement is small or large does not have to be made. 
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Figure S56. Pelves of Lesothosaurus (far left: SAM-PR-K1105, ‘Stormbergia’), Scelidosaurus (left-centre: NHMUK PV R1111), Gargoyleosaurus (right-centre: DMNH 58831) and Euoplocephalus (right: AMNH 5337) in dorsal view. Figure modified from Carpenter et al. (2013). Character and character states (in brackets) shown.
 
229. Ilium, supra-acetabular flange diverges from the anterior iliac process: absent (0), present (1). 
NEW CHARACTER. Generally, stegosaurs have a supra-acetabular flange whereas ankylosaurs and basal thyreophorans do not. 
230. Ilium, supra–acetabular flange projects at 90 from the anterior iliac process: absent (0), present (1).
See also: Maidment et al. 2008 [54, 55], Maidment 2010 [58], Boyd 2015 [184], Raven & Maidment 2017 [88], Penkalski 2018 [61]. 
According to Maidment et al. (2008), the supra-acetabular flange projects laterally from a point directly above the acetabulum and is roughly semicircular in dorsal view. It is clearly separated from the anterior and posterior iliac processes. The supra-acetabular flange is present in stegosaurs, and although the ilium is enlarged laterally in ankylosaurs, the supra-acetabular flange is not present. In dorsal view, the angle with which supra-acetabular flange projects laterally from the anterior iliac process varies in stegosaurs. In most genera, the angle is relatively high, around 150. However, the angle is low, around 90, in Stegosaurus spp.
[image: ]
Figure S57. Supra-acetabular flange of Stegosaurus stenops (NHMUK PV R 36730; Maidment et al. 2015) in dorsal view. Characters and character states (in brackets) shown. 

231. Ilium, posterior iliac process distal shape: tapers (0), blunt (1).
See also: Sereno 1999 [76], Carpenter 2001 [27], Parish 2005 [131], Maidment et al. 2008 [57], Maidment 2010 [60], Raven & Maidment 2017 [89].
According to Maidment et al. (2008), the posterior iliac process narrows posteriorly. In some genera, the distal end tapers, in others, it does not taper and is blunt in dorsal or ventral view.
232. Ilium, medial processes on posterior iliac processes: absent (0), present (1).
See also: Maidment et al. 2008 [58], Maidment 2010 [61], Raven & Maidment 2017 [90].
According to Maidment et al. (2008), in Stegosaurus spp. the medial side of the posterior iliac process bears an additional medially convex flange of bone, termed a medial process. This process appears to be absent in other stegosaurs.
233. Ilium, perforation of the acetabulum: partially closed acetabulum i.e. a ventromedial flange backing the acetabulum open acetabulum (0), open acetabulum (1), closed acetabulum (2). 
Code as ordered.
See also: Sereno 1999 [74], Carpenter 2001 [30], Vickaryous et al. 2004 [55, 56], Parish 2005 [130], Maidment et al. 2008 [59], Maidment 2010 [62], 131], Thompson et al. 2012 [140, 141, 146], Arbour et al. 2014a [122, 123], Arbour et al. 2014b [117, 116], Arbour & Currie 2016 [130, 131], Raven & Maidment 2017 [91]. 
The closure of the acetabulum has previously been used as a defining feature of the Ankylosauria (e.g. Vickaryous et al. 2004); however, there has been confusion in the phylogenetic use of this feature. Arbour & Currie (2016) had two characters relating to this feature: 130, Lateral exposure of the acetabulum: exposed (0) acetabulum partially obscured as it is partially encircled by the distal margin of the ilium (1) and 131: Perforation of the acetabulum: present, open acetabulum (0), absent, closed acetabulum (1). Of the taxa scored in this analysis, only Chuanqilong, Gastonia burgei, Liaoningosaurus, Mymoorapelta and Sauropelta scored differently for these two characters ([0,1] for Chuanqilong, Gastonia burgei, Liaoningosaurus and Sauropelta, [1,0] for Mymoorapelta). However, the acetabulum cannot be both exposed (130, 0) and closed (131, 1), or obscured (130, 1) and open (131, 0). This character is used herein to refer to the closure of the acetabular foramen by the ilium laterally and the ischium medially. The plesiomorphic condition in archosauromorphs, as in Garjainia (Maidment et al. 2020), is a closed acetabulum, but in the early-diverging ornithischian Lesothosaurus, which scores ‘0’, the acetabulum is only partially closed. Some stegosaurs, which do not have the lateral closure of the acetabulum by the ilia (but often do have a supraacetabular flange, which differs from the lateral closure of the acetabulum by the ilia), score ‘1’, as does the Late Jurassic ankylosaur Mymoorapelta, but other ankylosaurs score ‘2’. According to Maidment et al. (2008), the acetabulum is an upwardly convex surface in all stegosaurs, but in some taxa the medial edge of the acetabulum extends to a point ventral to its laterodorsal margin when viewed laterally, a condition which would score ‘1’. According to Kinneer et al. (2016), the anterior rim of the acetabulum being formed by the pubis is an autapomorphy of Ankylosauria. This character state, however, is shared by all thyreophoran, and indeed ornithischian, dinosaurs. 
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Figure S58. Pelves of Lesothosaurus (A: NHMUK PV RU B17; Baron et al. 2017, in right lateral view), Scelidosaurus (B: NHMUK PV R1111; Carpenter et al. 2013, in right lateral view), Dacentrurus (C: NHMUK OR46013; Maidment et al. 2008, in ventral view) and Euoplocephalus (D: AMNH 5337; Carpenter et al. 2013, in right lateral view). Characters and character states (in brackets) shown. Note that pelves are not to scale. 

234. Ilium, anteroposteriorly extending ridge on ventral surface of posterior iliac process: absent (0), present (1). 
NEW CHARACTER. Present in some ankylosaurs such as Nodosaurus and Texasetes, but not in Polacanthus. 
235. Pubis: present as separate ossification (0), fused to ilium/ischium (1).
See also: Kirkland 1998 [46], Parish 2005 [133], Thompson et al. 2012 [143], Arbour & Currie 2016 [133].
Previously described as ‘fused indistinguishably’, however, this is inaccurate as a fused pubis can be identified but it is just not present as a separate ossification (e.g. this is the ankylosaurian condition). If there is partial fusion (i.e. a free distal end is present) score this character for ‘1’.  
236. Pubis, prepubis to postpubis length ratio: less than 0.5 (0), 0.5 or more (1).
See also: Galton & Upchurch 2004 [40, 41], Parish 2005 [134], Maidment et al. 2008 [67], Maidment 2010 [70], Thompson et al. 2012 [144], Raven & Maidment 2017 [20]. 
According to Maidment et al. (2008), the length of the prepubis relative to the postpubis varies from the condition seen in basal ornithischians in both stegosaurs and ankylosaurs. Both the pre- and postpubis are elongate in stegosaurs, but in ankylosaurs the postpubis is reduced. The prepubis is measured anteriorly from the anterior margin of the obturator notch; the postpubis is measured posteriorly from the anterior margin of the obturator notch. For ankylosaurs, where the prepubis is absent, this ratio is 0 and therefore scores ‘0’, rather than being classed as inapplicable. 
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Figure S59. Pubes in right lateral views of Lesothosaurus (A; SAM-PR-K1105), Scelidosaurus (B; NHMUK PV R1111), Stegosaurus stenops (C: NHMUK PV R36730; Maidment et al. 2015) and Gargoyleosaurus (D; DMNH 27726). Figure modified from Carpenter et al. (2013). Characters and character states (in brackets) shown. Red lines indicate measurements for characters 236 and 237. Note that pubes are not to scale.

237. Pubis, postpubis to acetabular length ratio: less than 1.0 (0), 1.0 - 2.0 (1), above 2.0 (2).
See also: Sereno 1999 [43, 75, 117], Carpenter 2001 [31], Vickaryous et al. 2004 [58], Galton & Upchurch 2004 [42], Maidment et al. 2008 [68], Maidment 2010 [71], Raven & Maidment 2017 [21]. 
According to Maidment et al. (2008), this character is important to distinguish between ankylosaurian reduction of the postpubis and stegosaurian elongation of the prepubis; processes that are clearly not homologous. The postpubis length is measured posteriorly from the anterior margin of the obturator process.
238. Pubis, anterior end of prepubis expanded dorsally: absent (0), present (1).
See also: Maidment 2010 [74], Raven & Maidment 2017 [101]. 
This character is found predominantly in stegosaurs, with taxa such as Miragaia (Mateus et al. 2009) scoring ‘1’. 
239. Pubis, obturator notch is backed medially by posterior pubic process: absent (0), present (1).
See also: Maidment et al. 2008 [66], Maidment 2010 [69], Raven & Maidment 2017 [99].
According to Maidment et al. (2008), in lateral view, the obturator notch of the pubis is bounded ventrally by the postpubic shaft in most stegosaurs. However, in some ankylosaurs, Scelidosaurus and Huayangosaurus, the obturator notch is also backed medially by the postpubic shaft.
240. Pubis, acetabular portion enlarged into transversely compressed plate ventral to iliac peduncle: absent (0), present (1).
See also: Sereno & Dong 1992 [14], Sereno 1999 [42], Galton & Upchurch 2004 [39], Maidment et al. 2008 [70], Maidment 2010 [73], Raven & Maidment 2017 [100].
According to Maidment et al. (2008), the surface that comprises the contribution of the pubis to the acetabulum faces dorsolateroposteriorly and is transversely wide in basal ornithischians and thyreophorans and thus scores ‘0’.  In stegosaurs, however, the acetabular portion of the pubis is greatly modified into a transversely compressed, laterally facing plate of bone, with facets dorsally and posteriorly for the ilium and ischium, thus scoring ‘1’.
241. Pubis, kink on dorsal edge of postpubis: absent (0), present (1). 
NEW CHARACTER. Absent in Mongolostegus, but present in Stegosaurus (= Wuerhosaurus) homheni as well as other stegosaurs, although it is not present in any ankylosaurs. 
242. Ischium, distinct angle at approximately midlength: absent (0), present (1).
See also: Kirkland 1998 [37], Sereno 1999 [51, 116], Carpenter 2001 [32], Galton & Upchurch 2004 [43], Vickaryous et al. 2004 [57], Parish 2005 [136], Maidment et al. 2008 [64], Maidment 2010 [67], Thompson et al. 2012 [147], Arbour et al. 2014a [125], Arbour et al. 2014b [120], Arbour & Currie 2016 [134], Raven & Maidment 2017 [97].
According to Maidment et al. (2008), some stegosaurs and ankylosaurs have a corner in the ischial shaft about halfway along, so rather than extending posteriorly, the distal part of the ischium bends and extends posteroventrally.
243. Ischium, shape of the proximal margin: straight (0), concave (1), convex (2). 
See also: Sereno 1999 [115], Parish 2005 [137], Maidment et al. 2008 [63], Maidment 2010 [66], Thompson et al. 2012 [148], Arbour et al. 2014a [126], Arbour et al. 2014b [121], Arbour & Currie 2016 [135], Raven & Maidment 2017 [96], Penkalski 2018 [28]. This character is variable throughout Thyreophora, with various ankylosaurs scoring ‘0’, ‘1’ and ‘2’, although most ankylosaurids score ‘2’. 
244. Ischium, anterior and posterior surfaces of shaft: parallel (0), has a distinct kink in posterior surface (1). 
NEW CHARACTER. This character differentiates some ankylosaurs such as Sauropelta (AMNH 3032) where there is a bent ischium but the anterior and posterior surfaces of the shaft are parallel (i.e. scores ‘0’) from stegosaurs where there is a distinct kink in the posterior surface, e.g. Stegosaurus stenops (NHMUK PV R36730).
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Figure S60. Ischia of Sauropelta (AMNH 3032) and Stegosaurus stenops (NHMUK PV R36730; Maidment et al. 2015) in left medial view. Characters and character states (in brackets) shown. 

245. Ischium, constriction at midlength: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Chuanqilong according to Han et al. (2014). No other thyreophorans score ‘1’ for this character.
246. Ischium, posterior end of ischium: expanded relative to the shaft (0), not expanded (1), tapers posteriorly (2).
See also: Sereno 1999 [23], Maidment et al. 2008 [65], Maidment 2010 [68], Raven & Maidment 2017 [98]. 
According to Maidment et al. (2008), the posterior end of the ischium narrows to a point in all members of Eurypoda, but it is slightly expanded in other taxa.
247. Ischium, large knob on medial side near pubic peduncle: absent (0), present (1).
NEW CHARACTER. Autapomorphic for Cedarpelta according to Arbour and Currie (2016). No other thyreophorans score ‘1’ for this character.

Hind limb
248. Femur, separation of femoral head from greater trochanter: none, continuous (0), separated by a distinct notch or change in slope (1). 
See also: Norman et al. 2004 [18], Parish 2005 [139], Thompson et al. 2012 [150], Arbour et al. 2014a [128], Arbour et al. 2014b [123], Arbour & Currie 2016 [145]. 
Most thyreophorans score ‘0’ for this character except ankylosaurs traditionally recognised as nodosaurids, which score ‘1’. 
249. Femur, anterior trochanter fusion to greater trochanter in adults: unfused (0), fused (1).
See also: Kirkland 1998 [36], Sereno 1999 [25], Carpenter 2001 [46, 81], Parish 2005 [140], Maidment et al. 2008 [72], Maidment 2010 [76], Thompson et al. 2012 [151], Arbour et al. 2014a [129], Arbour et al. 2014b [124], Arbour & Currie 2016 [146], Raven & Maidment 2017 [103].
According to Maidment et al. (2008), the anterior, or lesser, trochanter is a finger-like process located on the anterolateral side of the proximal femur and is fused to the greater trochanter, a bulbous projection of bone laterally adjacent to the femoral head, in all members of Eurypoda. This fusion is, however, ontogenetically controlled and can be used to distinguish femora from ontogenetically immature stegosaurs; therefore, this character can only be scored for specimens of adult individuals.
250. Femur, oblique ridge on lateral femoral shaft distal to anterior trochanter: absent (0), present (1).
See also: Parish 2005 [141], Thompson et al. 2012 [152], Arbour et al. 2014a [130], Arbour et al. 2014b [125], Arbour & Currie 2016 [147].
According to Arbour & Currie (2016), an oblique ridge, which likely represents the linea intermuscularis caudalis, is present in the unnamed Campanian–Maastrichtian ankylosaur from Argentina (Coria & Salgado 2001), and faint intermuscular lines are also present in Hoplitosaurus and Nodosaurus. This feature is not present in other thyreophorans.
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Figure S61. Right femur in anterior view of Patagopelta (from Arbour & Currie 2016). Characters and character states (in brackets) shown. 

251. Femur, fourth trochanter: prominent and pendant (0), present as a rugose ridge (1), absent (2). 
Code as ordered.
See also: Sereno 1999 [24], Parish 2005 [142], Butler et al. 2008 [201], Maidment et al. 2008 [71], Maidment 2010 [75], Thompson et al. 2012 [153], Arbour et al. 2014a [131], Arbour et al. 2014b [126], Arbour & Currie 2016 [148], Raven & Maidment 2017 [102]. 
According to Maidment et al. (2008), the fourth trochanter forms a prominent process that projects posteromedially from the femoral shaft but in stegosaurs and ankylosaurs it is greatly reduced, and this is correlated with the evolution of quadrupedality.
252. Femur, location of the distal extent of the fourth trochanter on the femoral shaft: proximal (0) distal, over half-way down the femoral shaft (1).
See also: Carpenter 2001 [33], Parish 2005 [143], Thompson et al. 2012 [154], Arbour et al. 2014a [132], Arbour et al. 2014b [127], Arbour & Currie 2016 [149]. This is variable with regards to ankylosaurs, with some scoring ‘0’ and others scoring ‘1’. 
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Figure S62. Femur of Polacanthus (NHMUK PV R175) in posterior view. Characters and character states (in brackets) shown.

253. Femur, shape in medial/lateral view: bowed anteriorly along length (0), straight (1).
See also: Butler et al. 2008 [197]. 
Most eurypodans, except Gargoyleosaurus, score ‘1’ for this character.
254. Femur, maximum length to humerus length ratio: 1.3 or less (0), above 1.3 (1).
See also: Sereno & Dong 1992 [21], Sereno 1999 [49], Galton & Upchurch 2004 [44, 45], Maidment et al. 2008 [73], Maidment 2010 [77], Raven & Maidment 2017 [22].
According to Maidment et al. (2008), the length of the femur relative to the humerus varies in basal ornithischians and in thyreophorans, and this is possibly related to the evolution of quadrupedality (Maidment & Barrett 2012).
255. Femur, length to tibia length ratio: 1.2 or below (0), above 1.2 (1).
See also: Maidment et al. 2008 [74], Maidment 2010 [78], Raven & Maidment 2017 [23].
According to Maidment et al. (2008), the tibia of basal ornithischians is longer than the femur but the reverse is true in stegosaurs and ankylosaurs and this is correlated with the evolution of quadrupedality (Maidment & Barrett 2012).
256. Femur, fibula epicondyle medially inset: absent (0), present (1). 
NEW CHARACTER. See figure for character 268. Autapomorphic for Laquintasaura according to Barrett et al. (2014), although both Stegosaurus stenops (NHMUK PV R36730) and Struthiosaurus austriacus (PIUR 2349) score ‘1’ for this character too. 
257. Tibia, maximum distal width compared to the maximum proximal width: narrower (0), wider (1).
See also: Sereno 1999 [118], Parish 2005 [144], Thompson et al. 2012 [155], Arbour et al. 2014a [133], Arbour et al. 2014b [128], Arbour & Currie 2016 [150]. This character is variable throughout Thyreophora, although non-thyreophoroideans score ‘0’. 
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Figure S63. Left tibia of Euoplocephalus (AMNH 5404). Characters and character states (in brackets) shown. Red lines indicate measurements for character 257.

258. Contact between tibia and astragalus in adults: articulated (0), fused, with suture obliterated (1).
See also: Parish 2005 [145], Thompson et al. 2012 [156], Arbour et al. 2014a [134], Arbour et al. 2014b [129], Arbour & Currie 2016 [151]. 
Early-diverging thyreophorans score ‘0’ for this character whereas some eurypodans score ‘1’. 
259. Astragalus, deep, broad ’U’-shaped notch in anterior surface: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Laquintasaura according to Barrett et al. (2014), although it is also present in Scutellosaurus (Colbert 1981). Unfortunately, few thyreophorans preserve astragali.
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Figure S64. Left astragalocalcaneum of Laquintasaura in proximal view, from Barrett et al. (2014). Character and character state (in brackets) shown.  

260. Metatarsal arrangement: compact, closely appressed to one another along 50–70% of their length and spread distally (0), contact each other only at proximal ends, spread strongly outwards distally (1).
See also: Sereno 1999 [27], Butler et al. 2008 [210]. 
Most thyreophorans score ‘0’ for this character, although some, including Scolosaurus and Stegosaurus stenops, score ‘1’. 
261. Metatarsal IV: ratio of maximum length to maximum width, in dorsal view: above 5.0 (0), 5.0 or below (1).
See also: Raven & Maidment 2017 [24]. 
Most thyreophoroideans, except Huayangosaurus, score ‘1’ for this character. 
262. Number of pedal digits: five (0), four (1), three (2). Code as ordered.
See also: Sereno & Dong 1992 [16], Sereno 1999 [44], Parish 2005 [146], Galton & Upchurch 2004 [46], Maidment et al. 2008 [75], Maidment 2010 [79], Thompson et al. 2012 [157], Arbour et al. 2014a [135], Arbour et al. 2014b [130], Arbour & Currie 2016 [152], Raven & Maidment 2017 [104, 105]. 
Herein, ‘digit’, refers either to the entire complex of metatarsal + phalanges or just to the metatarsal if all phalanges are lost. According to Maidment et al. (2008), a reduction in the number of pedal digits occurred in many dinosaurian taxa, and metatarsal I and all phalanges were lost in stegosaurs and in some ankylosaurs.
263. Pedal digit IV, number of phalanges: five (0), four phalanges (1), three or fewer phalanges (2). 
Code as ordered.
See also: Sereno 1999 [26], Galton & Upchurch 2004 [49], Parish 2005 [147], Maidment et al. 2008 [77], Butler et al. 2008 [212], Maidment 2010 [81], Thompson et al. 2012 [158], Arbour et al. 2014a [136], Arbour et al. 2014b [131], Arbour & Currie 2016 [153], Raven & Maidment 2017 [107].
264. Pedal digit III, number of phalanges: four or more phalanges (0), three (1), two or fewer phalanges (2). Code as ordered.
See also: Sereno & Dong 1992 [17], Sereno 1999 [45], Galton & Upchurch 2004 [47, 48], Maidment et al. 2008 [76], Maidment 2010 [80], Raven & Maidment 2017 [106].
According to Maidment et al. (2008), the phalangeal formula was reduced on pedal digit three in stegosaurs and in some ankylosaurs, but the pedal phalangeal formula is poorly known among thyreophoran taxa (Currie et al. 2011).
265. Pedal digit I: metatarsal I robust and well-developed, distal end of phalanx I projects beyond the distal  end of metatarsal II (0), metatarsal I reduced and proximally splint-like, end of phalanx I does not extend beyond the end of metatarsal II (1), metatarsal I reduced to a vestigial splint or absent, does not bear digits (2).
See also: Butler et al. 2008 [211].
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Figure S65. Left pes of Dyoplosaurus (ROM 784; Arbour et al. 2009) in dorsal view. Characters and character states (in brackets) shown. Red lines indicate measurements for character 261.

Cranial armour
266. Skull roof, cortical remodelling: absent (0), present (1).
See also: Maidment et al. 2008 [19], Butler et al. 2008 [89], Maidment 2010 [19], Raven & Maidment 2017 [52]. 
According to Maidment et al. (2008), a series of rugose grooves and ridges can be observed on some bones of the skull roof in a number of thyreophoran taxa, and the elements that show this often are the supraorbitals, nasals and postorbitals.
267. Skull roof, cortical remodelling: present in only some bones (0), present in all bones, along with the fusion of dermal osteoderms (1).
See also: Estes et al. 1988 [128], Sereno 1999 [63, 106], Hill 2005 [302], Parish 2005 [73], Maidment et al. 2008 [20], Maidment 2010 [20], Thompson et al. 2012 [77], Burns & Currie 2014 [1], Arbour et al. 2014a [63], Raven & Maidment 2017 [53].
According to Maidment et al. (2008), some degree of cortical remodelling is seen on the skull roofs of many thyreophorans; however, it reaches its maximum development in ankylosaurs, where the entire surface of the skull roof has been modified by cortical remodelling and the fusion of dermal ossifications. This character is scored as ‘?’ (for inapplicable) for those taxa lacking remodelling. 
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Figure S66. Skull of Ziapelta (NMMNH P-64484) in dorsal view, modified from Arbour et al. (2014a). Characters and character states (in brackets) shown. Colours represent different region of cranial caputegulae. Purple = skull roof caputegulae. Pink = median nasal caputegulum. Blue = supranarial caputegulae. Green = lateral skull caputegulae. Orange = supraorbital caputegulae. Red = squamosal horn. 

268. Cranial ornamentation: rugose, not differentiated into discrete polygons (0), differentiated into discrete polygons (caputegulae) (1).
See also: Carpenter et al. 1998 [8], Carpenter 2001 [16], Parish 2005 [74], Thompson et al. 2012 [78], Arbour et al. 2014a [64], Arbour et al. 2014b [62], Arbour & Currie 2016 [20].
Modified from Arbour & Currie 2016 (and previous iterations) to be less specific i.e. remove the need for this to be specified to the frontonasal and/or frontoparietal regions. Although the caputegulae are often included with a locator (e.g. frontonasal), this does not necessarily mean the caputegulum is homologous to the underlying bone. Most ankylosaurs score ‘1’ although several, including Animantarx and Gastonia burgei score ‘0’.
269. Skull roof, distribution of caputegulae: random (0), symmetrical (1).
See also: Carpenter et al. 1998 [7], Parish 2005 [76], Thompson et al. 2012 [79].
According to Arbour et al. (2014a), no ankylosaurids have completely random caputegulae and there is always some amount of asymmetry. Several ankylosaurs score ‘1’, including the ankylosaurid Akainacephalus. 
270. Skull roof, form of caputegulae: flat (0), raised (1), strongly bulbous (2).
Similar to: Kirkland 1998 [31], Sereno 1999 [93], Carpenter 2001 [57], Hill et al. 2003 [40], Parish 2005 [79], Thompson et al. 2012 [82], Arbour et al. 2014a [67, 155], Arbour et al. 2014b [65, 155], Burns 2015 [38], Arbour & Currie 2016 [22, 36]. 
This has been modified from previous iterations by reducing its specificity from “frontonasal and/or frontoparietal” or “prefrontal” caputegulae to, more broadly, skull roof caputegulae. As skull sutures cannot be seen in the majority of ankylosaurian skulls, it is impossible to state accurately whether a caputegulum is from the nasal or frontal, or from the frontal or parietal. This made comparisons between taxa difficult; for example, it is uncertain whether the prefrontal caputegulum from one taxon is homologous to the prefrontal caputegulum of another. This is typified by the skull of Zaraapelta (MPC D100/1338; Arbour et al. 2014b); the prefrontal caputegulum is a hexagonal feature that is anterior to the orbit, but in Saichania (MPC 100/151; Arbour et al. 2014b) this is the lacrimal caputegulum. Instead, this character refers to the caputegulae that are present on the skull roof of ankylosaurs in dorsal view, and this consists of the parietal caputegulae, frontal caputegulae, prefrontal caputegulae and nasal caputegulae of Arbour and Currie (2013, and subsequent iterations, e.g. Arbour et al. 2014b). According to Hill et al. (2003), most osteoderms in ankylosaurs are dorsoventrally flattened and so conform closely to the contours of the underlying skull bones but in the derived Mongolian ankylosaurids Tarchia and Saichania, as well as the North American Nodocephalosaurus, the ossifications have a large amount of relief. Ziapelta (NMMNH P-64484) appears to have an intermediate state.
271. Skull roof, number of caputegulae: no caputegulae (0), 10 or fewer (1), 11–30 (2), more than 30 (3).
Modified from: Arbour et al. 2014b [143], Arbour & Currie 2016 [21]. 
For taxa that do not have cranial osteoderms, score this character as ‘0’.
272. Skull roof caputegulae: directed dorsally (0), imbricated (1). 
NEW CHARACTER. Autapomorphic for Zuul according to Arbour & Evans (2017). No other thyreophoran taxa score ‘1’. This was originally described for frontonasal and/or frontoparietal caputegulae. 
273. Skull roof caputegulae: rounded cones with circular bases (0), pyramidal with sharp edges (1).
See also: Arbour et al. 2014a [150], Arbour et al. 2014b [143], Arbour & Currie 2016 [23]. 
Most ankylosaurids score ‘1’ for this character whereas other ankylosaurs, such as Gargoyleosaurus, score ‘0’.
274. Skull roof, anterior portion, caputegulae: separated by distinct (3–10 mm wide) grooves (0), expanded to cover grooves, although they are still discernible (1), completely fused, not separated by grooves (2).
See also: Burns 2015 [38]. Most ankylosaurs score ‘0’ or ‘1’, whereas some such as Edmontonia rugosidens score ‘2’, although Edmontonia longiceps scores ‘1’.
275. Skull roof caputegulae, rhomboidal and trapezoidal shape: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Tsagantegia according to Arbour & Currie (2016). No other thyreophoran taxa score ‘1’ for this character.
276. Skull roof caputugulae, large, flat and centrally positioned hexagonally-shaped: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Akainacephalus according to Wiersma & Irmis (2018). No other thyreophoran taxa score ‘1’ for this character.
277. Premaxillary beak, ornamentation: absent (0), present (1). 
See also: Kirkland 1998 [21, 22], Hill et al. 2003 [7], Vickaryous et al. 2004 [8, 62], Burns 2015 [4], Arbour & Currie 2016 [8].
According to Hill et al. (2003), the premaxilla is devoid of osteoderms in early-diverging thyreophorans and many ankylosaurids but in other ankylosaurids and most other ankylosaurs, osteoderms are present on the outer surface of the premaxilla. However, several ankylosaurs such as Edmontonia rugosidens and Panoplosaurus score ‘0’ for this character. This character has been changed from caputegulae to ornamentation due to the presence of ornamentation that is not differentiated into caputegulae in Shamosaurus and Tarchia teresae.
278. Premaxillary beak, ornamentation protrudes to form hooked process at lateral edges: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Cedarpelta according to Arbour & Currie (2016), although Denversaurus also scores ‘1’. 
279. Supranarial caputegulae: absent (0), present (1).
See also: Arbour et al. 2014a [152], Arbour et al. 2014b [145], Arbour & Currie 2016 [24].
The supranarial caputegulae are the linear caputegulae that form the dorsal rim of the external nares in anterior view. The distribution of this character is variable throughout Ankylosauria. 
280. Supranarial caputegulae, notch or embayment dorsal to nasal vestibule: absent (0), present (1).
See also: Arbour et al. 2014a [152], Arbour et al. 2014b [145], Arbour & Currie 2016 [24], Penkalski 2018 [18]. 
Most ankylosaurs that this character is applicable to score ‘0’, although some such as Akainacephalus score ‘1’. 
281. Internarial caputegulae, number: none (0), one (1), more than one (2).
See also: Kirkland 1998 [30], Vickaryous et al. 2001 [9], Carpenter 2001 [54], Parish 2005 [77], Arbour et al. 2014a [151], Arbour et al. 2014b [144], Arbour & Currie 2016 [25].
If present, the internarial caputegulae lie between the external nares in anterior view. In Saichania (MPC 100/151) there is one whereas in Tarchia kielanae there are two (Arbour et al. 2014b). 
282. Median nasal caputegulum: absent (0), present (1).
See also: Kirkland 1998 [26], Vickaryous et al. 2001 [9], Carpenter 2001 [17], Hill et al. 2003 [43], Vickaryous et al. 2004 [9], Thompson et al. 2012 [81, 84], Arbour et al. 2014a [66], Arbour et al. 2014b [64], Burns 2015 [23], Arbour & Currie 2016 [26], Penkalski 2018 [6, 41].
According to Hill et al. (2003), a large median dermal ossification overlies the nasal region in many ankylosaurs but in some ankylosaurids there is a mosaic of small dermal ossifications. This caputegulum lies, if present, posterior to the supranarial ornamentation on the midline of the skull and is at least twice as large as the rest of the skull roof caputegulae. This is, however, present in the ankylosaurid Ziapelta, but not in the ankylosaurids Ankylosaurus, Anodontosaurus, Euoplocephalus and Scolosaurus.
283. Lateral skull caputegulae, number on one side: no caputegulae (0), one caputegulum (1), two caputegulae (2), more than two caputegulae (3).
Modified from Arbour et al. 2014a [153, 154], Arbour et al. 2014b [146, 147], Arbour & Currie 2016 [27, 35].
This character includes the loreal and lacrimal caputegulae of Arbour & Currie (2016, and previous iterations), as well as the prefrontal caputegulae if they appear on the lateral surfaces of the skull anterior to the orbit and posterior to the external nares. Surprisingly, many ankylosaurs such as Shamosaurus score ‘0’ for this character. 
284. Orbit, enclosed by ring-like furrow: absent (0), present (1). 
NEW CHARACTER. This is present in Tsagantegia (MPC D 700.17) as well as other ankylosaurids such as Crichtonpelta.  
285. Ciliary osteoderm (eyelid ossification): absent (0) present (1).
See also: Arbour & Currie 2016 [41]. 
Most ankylosaurs score ‘0’ for this character, although several, including Dyoplosaurus and Euoplocephalus, score ‘1’. 
286. Accessory postorbital osteoderm: absent (0), present (1).
See also: Arbour et al. 2014a [158], Arbour et al. 2014b [151], Arbour & Currie 2016 [45].
Modified to state ‘osteoderm’ rather than ‘ossification’ to avoid potential confusion with a supraorbital. Most ankylosaurs score ‘0’ for this character although Minotaurasaurus scores ‘1’. 
287. Postocular caputegulae: absent (0), present (1).
See also: Arbour & Currie 2013 [171], Arbour et al. 2014a [142], Arbour et al. 2014b [135], Arbour & Currie 2016 [50], Penkalski 2018 [30].
The postocular caputegulae are, according to Arbour & Currie (2016), small (<2 cm diameter), circular caputegulae posterolateral to orbit, along the ventral edge of the squamosal horn and/or along the dorsal edge of quadratojugal horns. Most ankylosaurs score ‘0’ for this character although Anodontosaurus, Zaraapelta and Zuul score ‘1’.
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Figure S67. Skull of Zuul (ROM 75860) in left lateral view, modified from Arbour & Evans (2017). Characters and character states (in brackets) shown.

288. Supraorbital caputegulae: absent (0), present (1).
See also: Arbour et al. 2014a [157], Arbour et al. 2014b [150].
According to Thompson et al. (2012), the number of supraorbital caputegulae often correlates to the number of underlying supraorbital bones as deciphered by study of taxa with juvenile specimens, although this relationship has not been described for other skull elements. The supraorbital caputegulae form the dorsal rim of the orbit.
289. Supraorbital caputegulae: combine to form continuous edge (0), have distinct apices (1). 
See also: Arbour et al. 2014a [157], Arbour et al. 2014b [150], Arbour & Currie 2014 [39]. 
Most ankylosaurs score ‘0’ for this character, although several, including Akainacephalus, Crichtonpelta, Pinacosaurus grangeri and Talarurus score ‘1’. 
290. A single large medial polygon of ornamentation in the parietal region: absent (0), present (1).
See also: Lee 1996 [21], Carpenter et al. 1998 [9], Kirkland 1998 [27], Sereno 1999 [84], Carpenter 2001 [58], Vickaryous et al. 2001 [8], Hill et al. 2003, Thompson et al. 2012 [80], Arbour et al. 2014a [65], Arbour et al. 2014b [63], Burns 2015 [20], Arbour & Currie 2016 [52], Penkalski 2018 [2].
According to Hill et al. (2003), a large sub-circular plate is observed on the skull roof in some derived ankylosaurs such as Edmontonia and Panoplosaurus but other ankylosaurs, ankylosaurids, stegosaurs and basal thyreophorans lack this plate.
291. Nuchal caputegulae, number: none (0), one (1), two (2), greater than two (3).
See also: Carpenter 2001 [60], Vickaryous et al. 2004 [11], Thompson et al. 2012 [88], Arbour et al. 2014a [72], Arbour et al. 2014b [68], Arbour & Currie 2016 [53], Penkalski 2018 [64]. 
This refers to the anteroposteriorly narrow ossification along the posterior border of the skull. Most ankylosaurs score either ‘1’, ‘2’ or ‘3’, although some such as Animantarx and Edmontonia rugosidens score ‘0’. 
292. Nuchal caputegulae, posterior projection: does not obscure occiput in dorsal view (0), obscures occiput in dorsal view (1). 
See also: Carpenter et al. 1998 [12], Kirkland 1998 [25], Vickaryous et al. 2001 [12], Hill et al. 2003 [33], Vickaryous et al. 2004 [12], Thompson et al. 2012 [89], Arbour et al. 2014a [73], Arbour et al. 2014b [69], Arbour & Currie 2016 [54]. 
According to Hill et al. (2003), primitively in thyreophorans the occipital condyle and paroccipital processes are visible in dorsal view but in derived ankylosaurids caputegulae obscure them.
293. Squamosal/ postorbital ‘horn’: absent (0), present (1).
See also: Lee 1996 [18], Carpenter 2001 [18], Parish 2005 [81], Thompson et al. 2012 [84], Arbour et al. 2014a [69]. 
Most ankylosaurids score ‘1’ for this character but other ankylosaurs, such as Edmontonia longiceps, Edmontonia rugosidens and Panoplosaurus score ‘0’. 
294. Squamosal/ postorbital ‘horn’, overall shape: pyramidal (0), narrow, tapered cylinder (1).
See also: Carpenter et al. 1998 [3], Kirkland 1998 [13], Vickaryous et al. 2001 [6], Hill et al. 2003 [42], Vickaryous et al. 2004 [6], Thompson et al. 2012 [85], Arbour et al. 2014a [160], Arbour et al. 2014b [153], Arbour & Currie 2016 [46], Penkalski 2018 [15, 37].
This has been modified slightly from Arbour & Currie (2016) to as it originally described two morphological features; the base in cross-section and the overall shape. It was not obvious how the character state at the base varied, but the overall shape is a clear morphological character that can be coded. Most ankylosaurs score ‘0’ for this character although some, such as Minotaurasaurus and Saichania, score ‘1’. 
295. Squamosal/ postorbital ‘horn’, continuous keel with supraorbitals: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Anodontosaurus according to Arbour & Currie (2013), although others such as Ankylosaurus and Borealopelta also score ‘1’. 
296. Squamosal/ postorbital ‘horn’, longitudinal furrows on lateral surface: absent (0), present (1). 
NEW CHARACTER. Autapomorphic for Zuul according to Arbour & Evans (2017). No other thyreophoran taxa score ‘1’ for this character.
297. Squamosal/postorbital ‘horn’: directed dorsally (0), directed posterodorsally (1), directed dorsolaterally (2), directed posterodorsolaterally (3), posterolaterally (4). 
NEW CHARACTER. This character is variable throughout Ankylosauria, but most taxa score ‘3’ or ‘4’. 
298. Squamosal/postorbital ‘horn’, projection relative to posterior margin of dorsal surface of skull: do not project past posterior margin of skull in dorsal view (0), do project past posterior margin of skull in dorsal view (1).
See also: Parish 2005 [80], Thompson et al. 2012 [83], Arbour et al. 2014a [68], Arbour et al. 2014b [66]. 
Most ankylosaurs score ‘0’ for this character but some, such as Europelta, score ‘1’. 
299. Jugal/ quadratojugal ‘horn’: absent (0), present (1).
See also: See also Kirkland 1998 [23], Parish 2005 [82], Thompson et al. 2012 [86], Arbour et al. 2014a [70]. 
The majority of ankylosaurs score ‘1’ for this character, but Edmontonia rugosidens and Panoplosaurus score ‘0’. 
300. Jugal/ quadratojugal ‘horn’, shape in dorsal view: ‘U’-shaped, with round distal edge (0), triangular, with pointed distal edge (1).
See also: Carpenter et al. 1998 [5], Kirkland 1998 [24], Carpenter 2001 [44], Vickaryous et al. 2001 [7], Hill et al. 2003 [41], Thompson et al. 2012 [85, 87], Arbour et al. 2014a [71], Arbour et al. 2014b [67], Burns 2015 [22], Arbour & Currie 2016 [47], Penkalski 2018 [4].
According to Hill et al. (2003), most ankylosaurians possess some degree of ornamentation over the quadratojugal. In some ankylosaurs this is weakly developed and rounded but in ankylosaurids this is prominent and wedge-shaped, i.e. a ‘horn’, which would score ‘1’. 
301. Jugal/quadratojugal ‘horn’: lacks distinct neck at base (0), has distinct neck at base (1).
See also: Arbour et al. 2014a [159], Arbour et al. 2014b [152], Arbour & Currie 2016 [48]. 
Most ankylosaurs score ‘0’ for this character but some, such as Gastonia burgei and Scolosaurus, score ‘1’. 
302. Jugal/ quadratojugal ‘horn’, size relative to orbit size: length of base of horn equal to or less than length of orbit (0), length of base of ‘horn’ greater than length of orbit (1).
See also: Arbour & Currie 2016 [49].
Maximum length of jugal/ quadratojugal ‘horn’ and maximum diameter of orbit are used as measurements for this ratio. This character is variable throughout Ankylosauria. 
303. Jugal/ quadratojugal ‘horn’: obscures ventral-most point of quadrate in lateral view (0), does not obscure (1).
See also: Vickaryous et al. 2004 [40], Parish 2005 [34], Thompson et al. 2012 [36], Arbour et al. 2014a [28], Arbour et al. 2014b [27], Arbour & Currie 2016 [58]. 
Most ankylosaurs score ‘0’ for this character although several, including Silvisaurus, score ‘1’. 
304. Jugal/ quadratojugal ‘horn’, maximum length relative to squamosal ‘horn’ length: shorter (0), equal to or longer (1). 
NEW CHARACTER. Maximum length of both squamosal ‘horn’ and jugal/ quadratojugal ‘horn’ is used for this character and is measured from the base to the apex of the ‘horn’. Most ankylosaurs score ‘1’ for this character although Gargoyleosaurus and Gastonia burgei score ‘0’. 
305. Mandibular caputegulum: absent (0), present (1).
See also: Sereno 1999 [65], Hill et al. 2003 [48], Vickaryous et al. 2004 [45], Thompson et al. 2012 [91], Arbour et al. 2014a [74, 75], Arbour et al. 2014b [70], Burns & Currie 2014 [25], Burns 2015 [27], Arbour & Currie 2016 [86].
According to Hill et al. (2003), the fusion of an osteoderm to the ventrolateral edge of the lower jaw is diagnostic of Ankylosauria and no other thyreophoran exhibits this osteoderm, although some individuals of Scelidosaurus might possess this feature (P. Barrett, pers. obs. 2019). 
306. Mandibular caputegulum, length with respects to the length of the lower jaw: less than or equal to half the length (0), more than half the length to three-quarters the length (1), over three-quarters the length (2).
See also: Carpenter 2001 [19], Parish 2005 [83], Thompson et al. 2012 [90], Arbour et al. 2014a [74], Arbour et al. 2014b [70], Arbour & Currie 2016 [86]. 
This character is variable throughout Ankylosauria.
307. Mandibular caputegulum, dorsoventral depth: does not extend past ventral surface of lower jaw (0), does extend past ventral surface (1).
NEW CHARACTER. This character is variable throughout Ankylosauria. 
308. Mandibular caputegulum, in lateral view: does not obscure external mandibular fenestra (0), does obscure external mandibular fenestra (1).
See also: Carpenter 2001 [64], Hill et al. 2003 [46], Norman et al. 2004 [15], Vickaryous et al. 2004 [44], Parish 2005 [63], Thompson et al. 2012 [68], Arbour et al. 2014a [56], Arbour et al. 2014b [55], Burns 2015 [25], Arbour & Currie 2016 [79]. 
The majority of ankylosaurs score ‘1’ for this character. 
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Figure S68. Lower jaw of Zuul (ROM 75860) in left lateral view, modified from Arbour & Evans (2018). Characters and character states (in brackets) shown. Red lines indicate measurements for character 306. 


Postcranial osteoderms
309. Postcranial osteoderms: absent (0), present (1).
See also: Maidment et al. 2008 [78], Maidment 2010 [82], Raven & Maidment 2017 [108].
According to Maidment et al. (2008), all thyreophorans have some form of dermal armour embedded in the skin, although this would not be true if Lesothosaurus and Laquintasaura are considered thyreophorans.
310. Postcranial osteoderm distribution: arranged in multiple transverse rows (0), primarily present in two rows along midline (1).
See also: Sereno & Dong 1992 [2, 18, 22], Sereno 1999 [3, 46], Vickaryous et al. 2004 [50], Galton & Upchurch 2004 [50, 53], Norman et al. 2004 [3, 4], Parish 2005 [148-150], Butler et al. 2008 [219, 220], Maidment et al. 2008 [79], Maidment 2010 [83], Thompson et al. 2012 [159-161], Arbour et al. 2014a [137], Arbour et al. 2014b [132], Burns & Currie 2014 [26, 69], Boyd 2015 [253], Arbour & Currie 2016 [154], Raven & Maidment 2017 [109].
According to Maidment et al. (2008), only stegosaurs have plates or spines extending in two rows from the cervical region to the end of the tail, whereas ankylosaurs and early-diverging thyreophorans have postcranial osteoderms arranged in transverse rows. The early-diverging stegosaur Huayangosaurus is polymorphic, and scores ‘0/1’. 
311. Parasagittal rows of dorsal plates: have a thick central portion like a modified spine (0), have a generally transversely thin structure, except at the base (1).
See also: Galton & Upchurch 2004 [52], Maidment et al. 2008 [83], Maidment 2010 [87], Raven & Maidment 2017 [113].
According to Maidment et al. (2008), stegosaurian plates in the dorsal region are usually similar in form to those in the cervical and caudal regions: they have a part-plate part-spine morphology, with a portion like a spine, and transversely thinner anterior or posterior extensions, such as in Kentrosaurus. However, the dorsal plates of some genera, such as Stegosaurus (NHMUK PV R36730), are transversely thin and lack a spine-like portion, and thus score ‘1’. If taxa include both spine-like plates and thin plates, this character is to be scored as polymorphic.
312. Parasagittal rows of dorsal plates: taller dorsoventrally than long anteroposteriorly (0), longer anteroposteriorly than tall dorsoventrally (1). 
NEW CHARACTER. Autapomorphic for Hesperosaurus according to Maidment et al. (2018). No other thyreophoran taxa score ‘1’ for this character. 
313. Parasagittal rows of dorsal plates: paired (0), alternating either side of the midline (1).
See also: Maidment et al. 2008 [84], Maidment 2010 [88], Raven & Maidment 2017 [114].
According to Maidment et al. (2008), most stegosaurs have paired plates and spines down the midline but alternating rows of dermal armour down the midline appears to be autapomorphic for Stegosaurus (= Stegosaurus stenops + Hesperosaurus). 
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Figure S69. Skeletal drawings of: A, Scutellosaurus; B, Scelidosaurus; C, Euoplocephalus; D, Stegosaurus. Skeletals provided by Scott Hartman (www.skeletaldrawing.com). Characters and character states (in brackets) shown.

314. Maximum length of largest osteoderm (excluding plates and tail club): shorter than the anteroposterior length of dorsal centrum (0), equal to or larger than a dorsal centrum (1).
See also: Lee 1997 [125], Hill 2005 [309], Burns & Currie 2014 [5], Arbour & Currie 2016 [155]. 
This character refers to the general, non-specialised, osteoderms found on the dorsum and lateral sides of the body that are called ‘scutes’ by Blows (2001, 2015). According to Arbour & Currie (2016), this is used to distinguish the osteoderms of Scelidosaurus, which scores ‘0’, from those of eurypodans, which score ‘1’, although this study did not include Scutellosaurus which would presumably score ‘0’ too. 
315. Basal surface of osteoderms: flat or gently concave (0), deeply excavated (1).
See also: Carpenter 2001 [34], Norman et al. 2004 [9], Hill 2005 [331], Burns & Currie 2014 [9], Arbour & Currie 2016 [156].
This character refers to the general, non-specialised, osteoderms found on the dorsum and lateral sides of the body that are called ‘scutes’ by Blows (2001, 2015). According to Arbour & Currie (2016), this character is variable among thyreophorans but the majority of ankylosaurs score ‘1’. According to Arbour & Currie (2016), no taxa scored ‘strongly convex’, the original character state ‘2’, and so this has been removed.
316. Gular osteoderms: absent (0), present (1). 
See also: Hill 2005 [305], Burns & Currie 2014 [2], Arbour & Currie 2016 [161]. 
These refer to the small, circular osteoderms found in the cervical region, such as in Panoplosaurus and Stegosaurus. 
317. Cervical half rings, number: none (0), one (1), two (2).
See also: Kirkland 1998 [38], Sereno 1999 [77, 90] Parish 2005 [151], Maidment et al. 2008 [80], Maidment 2010 [84], Thompson et al. 2012 [162], Arbour et al. 2014a [138], Arbour et al. 2014b [133], Arbour & Currie 2016 [162], Raven & Maidment 2017 [110].
According to Maidment et al. (2008), ankylosaurs and Scelidosaurus have a series of pyramidal scutes fused together into a collar located in the cervical region. According to Godefroit et al. (1999), some ankylosaurs had three rows of half rings, but observations herein have led to the scoring of all taxa as having a maximum of two. 
318. Cervical half rings, forms: composed of osteoderms that are either tightly adjacent to one another or co-ossified at the edges, forming an arc over the cervical region (0), composed of osteoderms and underlying bony band segments, osteoderms not co-ossified to the band, forming arc over the cervical region (1), composed of osteoderms and underlying bony band segments, osteoderms co-ossified to the band, forming arc over the cervical region (2).
See also: Arbour & Currie 2013 [172], Arbour et al. 2014a [143], Arbour et al. 2014b [136], Arbour & Currie 2016 [163].
According to Blows (2015), the half ring of ‘polacanthids’ consists of single elements whereas ankylosaurids have a fused unit of bone. Most ankylosaurs score either ‘0’ or ‘2’, although the ankylosaurid Ziapelta scores ‘1’. 
319. Cervical half rings, composition of first cervical half ring with band: no cervical half ring with band (0), first cervical half ring has 4–6 primary osteoderms only (1), first cervical half ring has 4–6 primary osteoderms surrounded by small (<2 cm diameter) circular secondary osteoderms (2).
See also: Arbour & Currie 2013 [171], Arbour et al. 2014a [144], Arbour et al. 2014b [137], Arbour & Currie 2016 [164], Penkalski 2018 [32]. 
Most ankylosaurs score ‘1’, although Anodontosaurus and Saichania score ‘2’. 
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Figure S70. First cervical half ring of Ziapelta (NMMNH P-66930) from Arbour et al. (2014a). Characters and character states (in brackets) shown.

320. Cervical half rings, distal spines: absent (0), present (1).
See also: Carpenter 2001 [83], Burns & Currie 2014 [22], Arbour & Currie 2016 [165]. 
The distal spine is situated furthest from the parasagittal plane of the half ring, adjacent to the lateral spine, which is itself adjacent to the medial spine. This character is variable throughout Ankylosauria. 
321. Cervical half rings, distal spines projection direction: dorsoposteriorly (0), dorsally (1), dorsoanteriorly (2).
See also: Carpenter 2001 [83], Burns & Currie 2014 [22], Arbour & Currie 2016 [165].
Modified from Arbour & Currie (2016) [165] to more accurately describe the potential projection direction – this is only used to describe the projection in an anteroposterior direction; lateromedial projection is not accounted for.
322. Cervical half rings, median osteoderms of the cervical half rings: flat (0), tall with a moderately developed keel (1).
See also: Burns & Currie 2014 [24], Penkalski 2018 [48, 49]. 
This character is variable throughout Ankylosauria.
323. Osteoderms on proximal limb segments: absent (0), present (1).
See also: deBraga & Rieppel 1997 [167], Lee 1997 [127], Heckert & Lucas 1999 [60], Hill 2005 [306], Burns & Currie 2014 [3], Arbour & Currie 2016 [166]. 
Some ankylosaurs, such as Ahshislepelta, have osteoderms fused to their proximal limb bones, although most ankylosaurs do not and so score ‘0’. 
324. Triangular osteoderms that abruptly narrow distally into a spike (i.e. splates): absent (0), present (1).
See also: Carpenter 2001 [48], Arbour & Currie 2016 [168].
According to Blows (2015), the anatomical location is unknown but possibly from the cervico-pectoral region. There appears to be a continuum between plates, splates and spines in some ankylosaurs, although for this character only those that can convincingly classed as splates are considered.
325. Ossicles: absent (0), present (1). 
NEW CHARACTER. These refer to small, circular osteoderms, but excluding gular osteoderms found in the cervical region and those in the sacral shield. These are similar to the ‘type 6’ osteoderms of Maryańska (1969). 
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Figure S71. Osteoderms of: Polacanthus (NHMUK PV R175; A, B), Scelidosaurus (NHMUK PV R1111; C), and Ahshislepelta (Burns & Sullivan 2011; D). Characters and character states (in brackets) shown. 

326. Pectoral osteoderms: absent (0), present (1).
See also: Sereno & Dong 1992 [19], Kirkland 1998 [40], Sereno 1999 [47], Galton & Upchurch 2004 [51], Parish 2005 [153], Maidment et al. 2008 [82], Maidment 2010 [86], Thompson et al. 2012 [164], Raven & Maidment 2017 [112].
This character refers to the absence or presence of elongate osteoderms in the pectoral region, and includes either parascapular spines of stegosaurs or pectoral spikes of ankylosaurs. The non-eurypodan Scelidosaurus does not have either pectoral spikes nor parascapular spines, and it is likely these features evolved independently in the two lineages of Eurypoda. However, more specimens of early-diverging thyreophorans would give more information on this, as would an understanding of the evolutionary development of thyreophoran osteoderms.
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Figure S72. Mounts of: A, Kentrosaurus (MFN MB.R.4800.1-37); and B, Edmontonia rugosidens (AMNH 11868). Characters and character states (in brackets) shown. 

327. Form of pectoral osteoderms: pectoral spikes (0), parascapular spines (1).
This character describes the pectoral spikes as in the articulated specimen of Edmontonia rugosidens (AMNH 5381), which has three anterolaterally projecting spikes on each side of the body, and the parascapular spines seen in stegosaurs, which are comma-shaped. According to Maidment et al. (2008), the parascapular spine is a long, rounded, posteriorly projecting spine whose base is a transversely compressed and dorsoventrally deep plate of bone. The spine projects from the lower part of the plate so that it looks comma-shaped in lateral view. An articulated specimen of Gigantspinosaurus suggested the spine was located over the scapulae and these spines have been identified in several genera of stegosaur. As both pectoral spikes and parascapular spines are in the same anatomical location, positional data suggests they might be homologous, and the distribution of this and the above character will help to decipher this.
328. Projection of pectoral spikes: anterolaterally (0), laterally (1), posterolaterally (2).
See also: Kirkland 1998 [39], Burns 2015 [36].
This character describes the pectoral spikes as in the articulated specimen of Edmontonia (AMNH 5381), which has three anterolaterally projecting spikes on each side of the body.
329. Form of pectoral spikes: solid base (0), hollow base (1).
See also: Parish 2005 [154], Thompson et al. 2012 [165], Arbour et al. 2014a [140], Arbour & Currie 2016 [172].
This character has been modified as previously it described the presence and absence of both grooves on the spike and a solid/hollow base – these features are correlated, and so this has been reflected here.
330. Form of pelvic (sacral) osteoderms: unfused (0), co-ossified osteoderm rosettes (1), co-ossified evenly-sized polygons (2).
See also: Kirkland 1998 [42], Carpenter 2001 [38], Parish 2005 [155, 156], Thompson et al. 2012 [166, 167], Burns & Currie 2014 [16], Arbour et al. 2014a [139, 140], Arbour et al. 2014b [134]. 
According to Arbour et al. (2011), there are three types of sacral osteoderms, and these refer to the three character states here. 
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Figure S73. Pelvic osteoderms of: A, Sauropelta (AMNH 3036); B, Polacanthus (NHMUK PV R175; Arbour et al. 2011); C, Stegopelta (FMNH UR88). Characters and character states (in brackets) shown. 

331. Caudal osteoderms: absent (0), present (1).
See also: Hill 2005 [307], Burns & Currie 2014 [4], Arbour & Currie 2016 [173]. 
These are triangular osteoderms that are found in the caudal region, posterior to the sacral vertebrae, and this character does not refer to tail spikes such as those found in stegosaurs. 
332. Caudal osteoderms, morphology in dorsal view: triangular with round/ blunt apex (0), triangular with pointed apex (1).
See also: Hill 2005 [342], Arbour & Currie 2013 [174], Arbour et al. 2014a [145], Arbour et al. 2014b [138], Burns & Currie 2014 [12], Arbour & Currie 2016 [174]. 
Several ankylosaurs such as Dyoplosaurus, as well as the early-diverging thyreophoran Scelidosaurus, score ‘1’ for this character, although Hungarosaurus scores ‘0’. 
333. Tail club knob: absent (0), present (1). 
See also: Kirkland 1998 [44], Carpenter 2001 [39], Vickaryous et al. 2004 [51], Thompson et al. 2012 [170], Arbour & Currie 2013 [175], Burns & Currie 2014 [27], Arbour et al. 2014a [141, 146], Arbour et al. 2014b [139], Arbour & Currie 2016 [176]. 
This consists of tightly interlocking distal caudal vertebrae (the handle) and large terminal osteoderms (the knob) according to Arbour (2009), and is only present in ankylosaurids. 
334. Tail club knob shape: major knob osteoderms semicircular in dorsal view (0), triangular in dorsal view (1).
See also: Arbour & Currie 2013 [175], Arbour et al. 2014a [146], Arbour et al. 2014b [139], Arbour & Currie 2016 [176], Penkalski 2018 [55]. 
Most ankylosaurids score ‘0’ although both Anodontosaurus and Ankylosaurus score ‘1’. 
335. Tail club knob proportions: anteroposterior length greater than transverse width (0), length equal to width (1), width greater than length (2).
See also: Arbour & Currie 2013 [176], Arbour et al. 2014a [147], Arbour et al. 2014b [140], Arbour & Currie 2016 [177]. 
Most ankylosaurids score ‘0’, although Akainacephalus and Anodontosaurus score ‘2’ for this character. 
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Figure S74. Tail of Dyoplosaurus (ROM 784), from Arbour et al. (2009). Characters and character states (in brackets) shown. 

336. Tail spikes: absent (0), present (1). 
NEW CHARACTER. This character refers to spikes that are found at the terminal end of the tail in stegosaurs. The use of ‘thagomizer’ (e.g. Costa & Mateus 2019) is redundant and should be treated as a colloquialism; there is no need to describe spikes on the tail as anything other than tail spikes. 
337. Tail spikes: are wider transversely than axially with gently convex anterior and posterior faces (0), are transversely compressed with well-defined sharp anterior and posterior margins (1).
See also: Galton & Upchurch 2004 [54].
This character is variable throughout Stegosauria, with some taxa such as Alcovasaurus scoring ‘0’ and others such as Dacentrurus scoring ‘1’. 
338. Tail spike length, relative to femur: less than 50% (0), equal to or above 50% (1). 
NEW CHARACTER. Autapomorphic for Alcovasaurus according to Galton & Carpenter (2016). No other thyreophoran taxa score ‘1’ for this character. For this character, the measurement is taken as the maximum length of the tail spikes and the maximum length of the femur. For non-stegosaurian taxa, this character is inapplicable and scored as ‘?’. 

Tendons	
339. Ossified tendons in distal region of tail: absent (0), present (1).
See also: Sereno 1999 [97], Vickaryous et al. 2004 [59], Parish 2005 [105], Thompson et al. 2012 [115], Arbour et al. 2014a [97], Arbour et al. 2014b [92], Arbour & Currie 2016 [112].
Ossified tendons in the distal region of the tail have been identified in many species of ankylosaur, although none have been found in stegosaur taxa. It is likely these evolved in order to produce a stiffened tail (Arbour & Currie 2015), which most likely functioned as weapons of either intraspecific combat or interspecific defence (Arbour & Zanno 2020). 
340. Ossified epaxial tendons on dorsal and/or sacral vertebrae: present (0), absent (1).
See also: Sereno & Dong 1992 [8], Sereno 1999 [36], Galton & Upchurch 2004 [55], Maidment et al. 2008 [85], Maidment 2010 [89], Raven & Maidment 2017 [115].
According to Maidment et al. (2008) ossified epaxial tendons, which are located on the neural spines of dorsal vertebrae, are present in many ornithischian taxa but were lost by several genera of stegosaur. These homologous with ‘paravertebrae’ (Arbour & Currie 2016), which have been identified in the ankylosaurs ‘Minmi paravertebra’ and Hungarosaurus and so any characters specifying paravertebrae have been removed. 



S5: Phylogenetic analyses results
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Figure S75. Phylogenetic analysis A, equal-weights parsimony.  
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Figure S76. Phylogeny of the ‘preferred tree’ – a strict consensus tree of Analysis B, with major clades noted.
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Figure S77. Phylogenetic analysis C, extended implied weights parsimony analysis,  with k = 8.
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Figure S78. Phylogenetic analysis D, extended implied weights parsimony analysis, with k = 12.
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Figure S79. Phylogenetic analysis E, Bayesian analysis. 
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Description automatically generated with medium confidence]
Figure S80. The partitioned analysis, using the analytical protocol of the ‘preferred tree’ of Analysis B and craniodental characters only. 
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Figure S81. The partitioned analysis, using the analytical protocol of the ‘preferred tree’ of Analysis B and postcranial characters only. 
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Figure S82. The partitioned analysis, using the analytical protocol of the ‘preferred tree’ of Analysis B and osteoderm characters only. 

[image: Shape

Description automatically generated with low confidence]
Figure S83. The partitioned analysis, using the analytical protocol of the ‘preferred tree’ of Analysis B and craniodental and postcranial characters only. 
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Figure S84. The constrained analysis, using the protocols from Analysis B, where the relevant taxa were positively constrained to form a monophyletic Nodosauridae.
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Figure S85. The constrained analysis, using the protocols from Analysis B, where the ‘polacanthid’ taxa were constrained as members of Ankylosauridae. 
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Figure S86. The constrained analysis, using the protocols from Analysis B, where Scelidosaurus was constrained as a member of Ankylosauria.









S6: Character optimisation results
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Figure S87. The ‘preferred tree’ of Analysis B with nodes labelled corresponding to apomorphy lists below.
Delayed transformation is an optimization strategy which says if there is any uncertainty about where a character changes on a tree, places the changes as late as possible. Accelerated transformation places the changes as early in the tree as possible. 
The consistency index (CI) is listed, which shows homoplasy i.e. 0.5 = changes twice, 0.33 changes three times.
Single arrow means the change is ambiguous – only applies under current optimization strategy. Double arrow (e.g. for character 124) means it is unambiguous apomorphy, because the change definitely occurs on that branch no matter what optimization strategy is used. 
DELTRAN Apomorphy lists:

       Branch                              Character                          Steps      CI   Change
----------------------------------------------------------------------------------------------------
node_170 --> node_169                      
          233 (Ilium, perforation of the a)      1   0.500  0 --> 1
node_169 --> node_168                      
           31 (Maxilla: does not contact pr)      1   0.250  0 --> 1
                                           34 (External nares, in dorsal vi)      1   0.125  0 --> 1
                                           59 (Jugal, proportions of anteri)      1   0.167  0 --> 1
                                           99 (Dentary, tooth row in latera)      1   0.500  0 --> 1
                                           109 (Surangular, ridge on latera)      1   0.125  0 --> 1
                                           124 (Maxilla or dentary, tooth r)      1   0.500  0 ==> 1
                                           266 (Skull roof, cortical remode)      1   1.000  0 --> 1
                                           309 (Postcranial osteoderms: abs)      1   1.000  0 ==> 1
node_168 --> node_167                      
           10 (Skull roof, highest point: p)      1   0.118  1 ==> 0
                                           19 (Premaxilla, dorsoventral hei)      1   0.125  0 ==> 1
                                           40 (Nasal, transverse curvature )      1   0.500  0 --> 1
                                           66 (Quadrate, shape in lateral v)      1   0.125  0 --> 1
                                           69 (Quadrate, axis extending thr)      1   0.167  0 --> 1
                                           116 (Maxillary/ dentary tooth, c)      1   0.111  0 ==> 1
node_167 --> node_166                      
           23 (Premaxillary foramina, conne)      1   0.500  1 ==> 0
                                           44 (Palpebral: free and rod-like)      1   1.000  0 --> 1
                                           60 (Jugal, anterior process, rel)      1   0.167  0 --> 1
                                           64 (Quadratojugal, orientation o)      1   0.400  1 --> 0
                                           110 (Surangular, medial inflecti)      1   0.500  1 --> 0
                                           125 (Maxilla or dentary, shape o)      1   0.111  0 ==> 1
                                           129 (Axis, ventral margin: in la)      1   0.200  1 --> 0
                                           130 (Cervical vertebrae, number:)      1   0.750  2 ==> 1
                                           148 (Dorsal vertebrae, number (i)      1   0.750  3 ==> 4
                                           161 (Number of sacral vertebrae:)      1   0.143  1 --> 2
                                           190 (Coracoid, ratio of coracoid)      1   0.286  0 --> 1
                                           192 (Scapula, ventral process at)      1   0.125  0 --> 1
                                           219 (Phalanges, shape of manual )      1   0.500  0 ==> 1
                                           257 (Tibia, maximum distal width)      1   0.111  0 ==> 1
                                           261 (Metatarsal IV: ratio of max)      1   0.500  0 ==> 1
                                           314 (Maximum length of largest o)      1   1.000  0 --> 1
node_166 --> node_165                      
           145 (Dorsal vertebrae, neural ar)      1   0.200  0 ==> 1
                                           146 (Dorsal vertebrae, centrum h)      1   0.167  1 ==> 0
                                           150 (Dorsal vertebrae, transvers)      1   0.143  0 ==> 1
                                           153 (Anterior dorsal vertebrae, )      1   0.167  0 ==> 1
                                           155 (Posterior dorsal vertebrae,)      1   0.125  0 ==> 1
                                           158 (Dorsal ribs, shape of the p)      1   0.250  0 ==> 1
node_165 --> node_164                      
           8 (Skull, overall shape in poste)      1   0.333  0 --> 1
                                           11 (Posterior displacement of or)      1   0.143  0 --> 1
                                           45 (Number of palpebral/supraorb)      1   0.286  0 --> 2
                                           61 (Jugal, posterior ramus, fork)      1   1.000  1 --> 0
                                           65 (Quadrate, lateral ramus: pre)      1   1.000  0 --> 1
                                           77 (Occipital condyle, direction)      1   0.111  0 --> 1
                                           89 (Pterygoid, contact with basi)      1   0.143  0 --> 1
                                           91 (Vomerine septum, length:  eq)      1   1.000  0 --> 1
                                           98 (Dentary, depth of the symphy)      1   0.200  0 --> 1
                                           107 (Predentary, contact with de)      1   1.000  0 --> 1
                                           123 (Maxilla or dentary, tooth r)      1   0.200  0 --> 1
                                           126 (Atlas, type of contact betw)      1   0.500  0 --> 1
                                           138 (Posterior cervical vertebra)      1   0.200  0 --> 1
                                           168 (Anterior caudal vertebrae, )      1   0.500  0 --> 2
                                           173 (Anterior caudal vertebrae, )      1   0.333  0 --> 2
                                           206 (Humerus, anterior iliac pro)      1   0.500  1 --> 0
                                           209 (Ulna, ratio of length to hu)      1   0.143  0 --> 1
                                           213 (Radius, ratio of transverse)      1   0.250  0 --> 1
                                           220 (Ilium, anterior iliac proce)      1   1.000  0 ==> 1
                                           223 (Ilium, anterior iliac proce)      1   0.333  0 --> 1
                                           228 (Ilium, ratio of maximum tra)      1   0.667  0 --> 2
                                           236 (Pubis, prepubis to postpubi)      1   0.500  0 --> 1
                                           249 (Femur, anterior trochanter )      1   0.500  0 --> 1
                                           251 (Femur, fourth trochanter: p)      1   0.250  0 --> 1
                                           253 (Femur, shape in medial/late)      1   0.500  0 --> 1
                                           255 (Femur, length to tibia leng)      1   0.333  0 --> 1
                                           259 (Astralagus, deep, broad U-s)      1   1.000  1 --> 0
                                           263 (Pedal digit IV: has five ph)      1   0.667  0 --> 2
                                           316 (Gular osteoderms: absent (0)      1   1.000  0 --> 1
node_164 --> node_106                      
           20 (Premaxilla, maxillary proces)      1   0.500  0 ==> 1
                                           58 (Parietal, dorsal surface: co)      1   0.286  0 --> 1
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  1 --> 2
                                           114 (Maxillary/ dentary tooth, c)      1   0.100  0 ==> 1
                                           116 (Maxillary/ dentary tooth, c)      1   0.111  1 ==> 0
                                           172 (Anterior caudal vertebrae, )      1   0.167  0 --> 1
                                           193 (Scapula, form of the acromi)      1   0.556  0 --> 4
                                           204 (Humerus, ratio of width of )      1   0.100  0 --> 1
                                           207 (Humerus, triceps tubercle a)      1   1.000  0 ==> 1
                                           218 (Metacarpal V, ratio of leng)      1   0.500  1 ==> 0
                                           221 (Ilium, anterior iliac proce)      1   0.200  0 ==> 2
                                           310 (Postcranial osteoderm distr)      1   1.000  0 ==> 1
                                           336 (Tail spikes: absent (0), pr)      1   1.000  0 ==> 1
node_106 --> node_104                      
           156 (Sacral rod vertebrae (i.e. )      1   0.294  0 ==> 1
                                           162 (Ilio?sacral block, posterio)      1   0.286  0 ==> 1
                                           229 (Ilium, supra?acetabular fla)      1   0.500  0 ==> 1
                                           239 (Pubis, obturator notch is b)      1   0.333  0 --> 1
                                           240 (Pubis, acetabular portion e)      1   0.500  0 --> 1
                                           244 (Ischium, anterior and poste)      1   0.500  0 --> 1
                                           262 (Number of pedal digits: fiv)      1   0.667  1 --> 2
node_104 --> node_103                     
           174 (Anterior caudal vertebrae, )      1   0.200  0 ==> 1
                                           238 (Pubis, anterior end of prep)      1   0.500  0 --> 1
node_103 --> node_102                      
           12 (Posterior margin of skull, t)      1   0.182  2 --> 0
                                           72 (Quadrate: fossa/fenestra abs)      1   0.250  0 --> 1
                                           73 (Quadrate: proximal head stro)      1   1.000  0 --> 1
                                           108 (Predentary, size of ventral)      1   1.000  0 --> 1
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  0 ==> 1
                                           196 (Scapular blade: distally ex)      1   0.143  0 --> 1
                                           311 (Parasagittal rows of dorsal)      1   0.333  0 ==> 1
node_102 --> node_100                      
           66 (Quadrate, shape in lateral v)      1   0.125  1 ==> 0
                                           85 (Pterygoids: separate postero)      1   0.100  0 ==> 1
                                           87 (Pterygoid, anterior margin a)      1   0.200  0 --> 1
                                           109 (Surangular, ridge on latera)      1   0.125  1 --> 0
                                           121 (Dentary teeth, number in ad)      1   0.300  0 --> 1
                                           122 (Premaxillary teeth, number:)      1   0.500  0 ==> 6
                                           130 (Cervical vertebrae, number:)      1   0.750  1 --> 4
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  1 ==> 2
                                           160 (Sacral vertebrae, longitudi)      1   0.143  0 ==> 1
                                           170 (Anterior caudal vertebrae, )      1   0.500  0 --> 1
                                           175 (Anterior and mid caudal ver)      1   0.250  0 --> 1
                                           211 (Ulna, development of anteri)      1   0.500  0 --> 1
                                           241 (Pubis, kink on dorsal edge )      1   0.500  0 ==> 1
                                           246 (Ischium, posterior end of i)      1   0.143  1 --> 2
                                           251 (Femur, fourth trochanter: p)      1   0.250  1 ==> 2
node_100 --> node_98                       
           101 (Dentary, thin lateral lamin)      1   1.000  0 ==> 1
                                           181 (Posterior caudal vertebrae:)      1   0.667  0 --> 2
                                           191 (Scapula, glenoid orientatio)      1   0.125  0 --> 1
                                           194 (Scapulocoracoid, lateral bu)      1   0.500  0 --> 1
                                           197 (Scapula, proximal plate are)      1   1.000  0 --> 1
                                           230 (Ilium, supra?acetabular fla)      1   1.000  0 ==> 1
                                           258 (Contact between tibia and a)      1   0.125  0 ==> 1
                                           264 (Pedal digit III: has four o)      1   1.000  0 --> 2
 node_98 --> node_95                       
           135 (Anterior cervical vertebrae)      1   0.100  1 --> 0
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 ==> 0
                                           239 (Pubis, obturator notch is b)      1   0.333  1 ==> 0
                                           337 (Tail spikes: are wider tran)      1   1.000  1 ==> 0
 node_95 --> node_93                       
           163 (Ilio?sacral block: dorsal s)      1   0.333  0 --> 1
                                           177 (Mid-caudal vertebrae, neura)      1   1.000  0 ==> 1
 node_93 --> node_92                       
           141 (Dorsal vertebrae, centra: l)      1   0.222  0 ==> 2
                                           203 (Humerus, orientation of del)      1   0.143  0 ==> 1
                                           204 (Humerus, ratio of width of )      1   0.100  1 --> 0
 node_92 --> Adratiklit                    
           135 (Anterior cervical vertebrae)      1   0.100  0 ==> 1
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 ==> 2
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  0 ==> 1
                                           149 (Dorsal vertebrae, anterior )      1   0.500  0 ==> 2
                                           151 (Dorsal vertebrae, small, tr)      1   1.000  0 ==> 1
                                           152 (Dorsal vertebrae, anterior )      1   1.000  0 ==> 1
 node_92 --> Miragaia                      
           133 (Anterior cervical vertebrae)      1   0.200  0 ==> 1
                                           136 (Anterior cervical vertebrae)      1   0.500  0 ==> 1
                                           137 (Mid-cervical vertebrae, not)      1   1.000  0 --> 1
                                           140 (Cervical ribs, fused to cer)      1   0.200  0 ==> 1
                                           174 (Anterior caudal vertebrae, )      1   0.200  1 --> 0
                                           179 (Mid and posterior caudal ve)      1   0.200  0 --> 1
                                           193 (Scapula, form of the acromi)      1   0.556  4 --> 5
                                           200 (Humerus, separation of hume)      1   0.111  0 ==> 1
                                           209 (Ulna, ratio of length to hu)      1   0.143  1 --> 0
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 --> 1
                                           243 (Ischium, shape of the proxi)      1   0.167  1 --> 2
                                           251 (Femur, fourth trochanter: p)      1   0.250  2 --> 1
                                           257 (Tibia, maximum distal width)      1   0.111  1 --> 0
 node_93 --> Kentrosaurus                  
           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 1
                                           145 (Dorsal vertebrae, neural ar)      1   0.200  1 ==> 0
                                           147 (Dorsal vertebrae, centrum h)      1   0.091  1 ==> 0
                                           160 (Sacral vertebrae, longitudi)      1   0.143  1 --> 0
                                           162 (Ilio?sacral block, posterio)      1   0.286  1 --> 0
                                           186 (Coracoid, size: subequal in)      1   0.143  0 ==> 1
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 --> 1
                                           205 (Humerus, ratio of transvers)      1   0.143  0 ==> 1
                                           212 (Radius, ratio of length to )      1   0.333  1 --> 0
                                           223 (Ilium, anterior iliac proce)      1   0.333  1 --> 0
                                           227 (Ilium, ratio of acetabular )      1   0.167  0 --> 1
                                           258 (Contact between tibia and a)      1   0.125  1 ==> 0
                                           311 (Parasagittal rows of dorsal)      1   0.333  1 ==> 0
                                           326 (Pectoral osteoderms: absent)      1   0.250  0 --> 1
                                           327 (Form of pectoral osteoderms)      1   0.333  0 --> 1
                                           340 (Ossified epaxial tendons on)      1   0.200  0 --> 1
 node_95 --> node_94                       
          171 (Anterior caudal vertebrae, )      1   1.000  0 ==> 1
 node_94 --> Alcovasaurus                  
          176 (Anterior and mid- caudal ve)      1   0.500  0 ==> 1
                                           183 (Posterior caudal vertebrae,)      1   0.333  1 --> 0
                                           231 (Ilium, posterior iliac proc)      1   0.143  0 --> 1
                                           244 (Ischium, anterior and poste)      1   0.500  1 ==> 0
                                           338 (Tail spikes length, relativ)      1   1.000  0 --> 1
 node_94 --> Loricatosaurus                
           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 1
                                           153 (Anterior dorsal vertebrae, )      1   0.167  1 --> 0
                                           166 (First or second caudal vert)      1   1.000  0 --> 1
                                           174 (Anterior caudal vertebrae, )      1   0.200  1 ==> 0
                                           178 (Mid-caudal vertebrae, anter)      1   1.000  0 ==> 1
                                           200 (Humerus, separation of hume)      1   0.111  0 --> 1
                                           201 (Humerus, separation of hume)      1   0.125  0 --> 1
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 --> 1
                                           204 (Humerus, ratio of width of )      1   0.100  1 --> 0
                                           327 (Form of pectoral osteoderms)      1   0.333  0 --> 1
 node_98 --> node_97                       
           7 (Posterior margin of the skull)      1   0.182  0 --> 2
                                           63 (Quadratojugal: possesses dor)      1   0.500  0 --> 1
                                           74 (Quadrate-squamosal-paroccipi)      1   0.500  0 --> 1
                                           98 (Dentary, depth of the symphy)      1   0.200  1 --> 0
                                           102 (Dentary, tooth alveoli face)      1   0.250  0 --> 1
                                           119 (Maxillary and/ or dentary t)      1   0.091  0 --> 1
                                           148 (Dorsal vertebrae, number (i)      1   0.750  4 --> 1
                                           162 (Ilio?sacral block, posterio)      1   0.286  1 --> 0
                                           163 (Ilio?sacral block: dorsal s)      1   0.333  0 --> 1
                                           193 (Scapula, form of the acromi)      1   0.556  4 --> 5
                                           203 (Humerus, orientation of del)      1   0.143  0 ==> 1
                                           232 (Ilium, medial processes on )      1   0.500  0 ==> 1
                                           238 (Pubis, anterior end of prep)      1   0.500  1 ==> 0
                                           313 (Parasagittal rows of dorsal)      1   1.000  0 ==> 1
 node_97 --> node_96                       
          312 (Parasagittal rows of dorsal)      1   1.000  0 ==> 1
 node_96 --> Hesperosaurus                 
           10 (Skull roof, highest point: p)      1   0.118  0 --> 1
                                           31 (Maxilla: does not contact pr)      1   0.250  1 --> 0
                                           51 (Lacrimal: contacts prefronta)      1   0.250  0 --> 1
                                           52 (Lacrimal: long axis of main )      1   0.333  0 --> 1
                                           59 (Jugal, proportions of anteri)      1   0.167  1 --> 0
                                           79 (Foramen magnum, cross-sectio)      1   0.333  0 --> 1
                                           81 (Basal tubera: medially separ)      1   0.111  0 --> 1
                                           84 (Form of cranial nerve XII: t)      1   0.400  0 --> 1
                                           99 (Dentary, tooth row in latera)      1   0.500  1 --> 0
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 --> 1
                                           129 (Axis, ventral margin: in la)      1   0.200  0 --> 1
                                           145 (Dorsal vertebrae, neural ar)      1   0.200  1 ==> 0
                                           146 (Dorsal vertebrae, centrum h)      1   0.167  0 ==> 1
                                           161 (Number of sacral vertebrae:)      1   0.143  2 ==> 1
                                           205 (Humerus, ratio of transvers)      1   0.143  0 --> 1
                                           226 (Ilium, ratio of postacetabu)      1   0.125  1 ==> 0
                                           241 (Pubis, kink on dorsal edge )      1   0.500  1 ==> 0
                                           246 (Ischium, posterior end of i)      1   0.143  2 --> 1
 node_96 --> Wuerhosaurus homheni           
           144 (Dorsal vertebrae, deep exca)      1   0.500  0 ==> 1
                                           155 (Posterior dorsal vertebrae,)      1   0.125  1 --> 0
                                           186 (Coracoid, size: subequal in)      1   0.143  0 --> 1
                                           189 (Coracoid, foramen in latera)      1   0.333  0 --> 1
                                           190 (Coracoid, ratio of coracoid)      1   0.286  1 --> 0
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 ==> 1
                                           224 (Ilium, anterior iliac proce)      1   0.143  0 ==> 1
                                           231 (Ilium, posterior iliac proc)      1   0.143  0 --> 1
                                           237 (Pubis, postpubis to acetabu)      1   0.400  1 ==> 2
                                           239 (Pubis, obturator notch is b)      1   0.333  1 ==> 0
 node_97 --> Stegosaurus stenops           
           1 (Antorbital fenestra: present )      1   0.500  0 ==> 1
                                           8 (Skull, overall shape in poste)      1   0.333  1 ==> 0
                                           12 (Posterior margin of skull, t)      1   0.182  0 ==> 2
                                           16 (Premaxilla, broad ?V? or ?U?)      1   0.111  0 --> 1
                                           19 (Premaxilla, dorsoventral hei)      1   0.125  1 --> 0
                                           29 (Maxilla, anterior tooth rows)      1   0.250  0 ==> 1
                                           34 (External nares, in dorsal vi)      1   0.125  1 --> 0
                                           60 (Jugal, anterior process, rel)      1   0.167  1 ==> 0
                                           67 (Quadrate, inclination in lat)      1   0.200  0 ==> 3
                                           82 (Basipterygoid processes, siz)      1   0.143  0 --> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 ==> 1
                                           103 (Dentary, ventral profile: t)      1   0.200  0 --> 1
                                           125 (Maxilla or dentary, shape o)      1   0.111  1 ==> 0
                                           126 (Atlas, type of contact betw)      1   0.500  1 --> 0
                                           135 (Anterior cervical vertebrae)      1   0.100  1 --> 0
                                           147 (Dorsal vertebrae, centrum h)      1   0.091  1 ==> 0
                                           155 (Posterior dorsal vertebrae,)      1   0.125  1 --> 0
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  2 ==> 1
                                           167 (Anterior caudal vertebrae, )      1   0.111  0 ==> 1
                                           169 (Anterior caudal vertebrae, )      1   0.143  0 ==> 1
                                           176 (Anterior and mid- caudal ve)      1   0.500  0 ==> 1
                                           179 (Mid and posterior caudal ve)      1   0.200  0 ==> 1
                                           189 (Coracoid, foramen in latera)      1   0.333  0 --> 1
                                           192 (Scapula, ventral process at)      1   0.125  1 ==> 0
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 --> 1
                                           204 (Humerus, ratio of width of )      1   0.100  1 --> 0
                                           231 (Ilium, posterior iliac proc)      1   0.143  0 --> 1
                                           243 (Ischium, shape of the proxi)      1   0.167  1 ==> 0
                                           256 (Femur, fibula epicondyle me)      1   0.333  0 --> 1
                                           257 (Tibia, maximum distal width)      1   0.111  1 ==> 0
                                           260 (Metatarsal arrangement: com)      1   0.200  0 --> 1
                                           340 (Ossified epaxial tendons on)      1   0.200  0 --> 1
node_100 --> node_99                       
         133 (Anterior cervical vertebrae)      1   0.200  0 ==> 1
 node_99 --> Dacentrurus                   
          131 (Cervical vertebrae, centra:)      1   0.143  0 ==> 1
                                           132 (Cervical vertebrae, anterio)      1   0.125  0 ==> 2
                                           141 (Dorsal vertebrae, centra: l)      1   0.222  0 --> 2
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 --> 2
                                           167 (Anterior caudal vertebrae, )      1   0.111  0 --> 1
                                           200 (Humerus, separation of hume)      1   0.111  0 --> 1
                                           206 (Humerus, anterior iliac pro)      1   0.500  0 --> 1
                                           209 (Ulna, ratio of length to hu)      1   0.143  1 --> 0
                                           225 (Ilium, lateral edge in dors)      1   0.167  0 --> 1
                                           234 (Ilium, anteroposteriorly ex)      1   0.143  0 --> 1
                                           237 (Pubis, postpubis to acetabu)      1   0.400  1 --> 2
                                           311 (Parasagittal rows of dorsal)      1   0.333  1 ==> 0
                                           315 (Basal surface of osteoderms)      1   0.182  0 --> 1
                                           340 (Ossified epaxial tendons on)      1   0.200  0 --> 1
 node_99 --> Jiangjunosaurus               
          77 (Occipital condyle, direction)      1   0.111  1 --> 0
                                           81 (Basal tubera: medially separ)      1   0.111  0 --> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 2
                                           88 (Pterygoid, position of poste)      1   0.222  0 --> 1
                                           102 (Dentary, tooth alveoli face)      1   0.250  0 --> 1
                                           117 (Maxillary/ dentary tooth, t)      1   0.250  0 --> 1
                                           118 (Maxillary/ dentary tooth, t)      1   0.111  0 --> 1
                                           119 (Maxillary and/ or dentary t)      1   0.091  0 --> 1
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 --> 1
                                           128 (Axis, neural spine in later)      1   0.333  0 --> 1
                                           129 (Axis, ventral margin: in la)      1   0.200  0 --> 1
node_102 --> node_101                      
           24 (Premaxilla-maxilla suture, o)      1   1.000  0 ==> 1
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  2 ==> 1
                                           114 (Maxillary/ dentary tooth, c)      1   0.100  1 ==> 0
                                           121 (Dentary teeth, number in ad)      1   0.300  0 --> 2
                                           123 (Maxilla or dentary, tooth r)      1   0.200  1 ==> 0
node_101 --> Huayangosaurus                
           3 (Lateral temporal fenestra, an)      1   0.250  0 ==> 1
                                           25 (Maxilla, dorsoventral depth )      1   0.200  0 ==> 1
                                           57 (Postorbital, small projectio)      1   1.000  0 ==> 1
                                           82 (Basipterygoid processes, siz)      1   0.143  0 --> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 1
                                           97 (Jaw, position of articulatio)      1   0.200  0 --> 1
                                           111 (Surangular, foramen ventral)      1   0.143  0 --> 1
                                           118 (Maxillary/ dentary tooth, t)      1   0.111  0 ==> 1
                                           125 (Maxilla or dentary, shape o)      1   0.111  1 --> 0
                                           127 (Contact between atlas and a)      1   0.333  0 --> 1
                                           128 (Axis, neural spine in later)      1   0.333  0 --> 1
                                           130 (Cervical vertebrae, number:)      1   0.750  1 --> 2
                                           145 (Dorsal vertebrae, neural ar)      1   0.200  1 --> 0
                                           146 (Dorsal vertebrae, centrum h)      1   0.167  0 --> 1
                                           147 (Dorsal vertebrae, centrum h)      1   0.091  1 --> 0
                                           150 (Dorsal vertebrae, transvers)      1   0.143  1 --> 0
                                           153 (Anterior dorsal vertebrae, )      1   0.167  1 --> 0
                                           155 (Posterior dorsal vertebrae,)      1   0.125  1 --> 0
                                           157 (Sacral rod vertebrae (i.e. )      1   0.333  1 --> 0
                                           182 (Posterior caudal vertebrae,)      1   0.333  1 --> 0
                                           203 (Humerus, orientation of del)      1   0.143  0 --> 1
                                           205 (Humerus, ratio of transvers)      1   0.143  0 --> 1
                                           221 (Ilium, anterior iliac proce)      1   0.200  2 --> 1
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 --> 1
                                           261 (Metatarsal IV: ratio of max)      1   0.500  1 --> 0
                                           263 (Pedal digit IV: has five ph)      1   0.667  2 --> 1
node_101 --> Isaberrysaura                 
           20 (Premaxilla, maxillary proces)      1   0.500  1 ==> 0
                                           31 (Maxilla: does not contact pr)      1   0.250  1 ==> 0
                                           45 (Number of palpebral/supraorb)      1   0.286  2 ==> 1
                                           51 (Lacrimal: contacts prefronta)      1   0.250  0 ==> 1
                                           60 (Jugal, anterior process, rel)      1   0.167  1 ==> 0
                                           62 (Jugal, posterior process, le)      1   1.000  0 ==> 1
                                           64 (Quadratojugal, orientation o)      1   0.400  0 ==> 1
node_103 --> Gigantspinosaurus             
           103 (Dentary, ventral profile: t)      1   0.200  0 --> 1
                                           109 (Surangular, ridge on latera)      1   0.125  1 --> 0
                                           121 (Dentary teeth, number in ad)      1   0.300  0 --> 3
                                           150 (Dorsal vertebrae, transvers)      1   0.143  1 --> 0
                                           154 (Anterior dorsal vertebrae, )      1   0.500  1 ==> 0
                                           159 (Dorsal ribs, attachment to )      1   0.083  0 ==> 1
                                           246 (Ischium, posterior end of i)      1   0.143  1 --> 0
                                           326 (Pectoral osteoderms: absent)      1   0.250  0 --> 1
                                           327 (Form of pectoral osteoderms)      1   0.333  0 --> 1
node_104 --> Chungkingosaurus              
           141 (Dorsal vertebrae, centra: l)      1   0.222  0 ==> 2
                                           149 (Dorsal vertebrae, anterior )      1   0.500  0 ==> 1
                                           161 (Number of sacral vertebrae:)      1   0.143  2 ==> 1
                                           164 (Caudosacrals (i.e. caudal v)      1   0.429  0 ==> 1
                                           169 (Anterior caudal vertebrae, )      1   0.143  0 ==> 1
                                           221 (Ilium, anterior iliac proce)      1   0.200  2 ==> 1
                                           227 (Ilium, ratio of acetabular )      1   0.167  0 --> 1
                                           232 (Ilium, medial processes on )      1   0.500  0 ==> 1
                                           234 (Ilium, anteroposteriorly ex)      1   0.143  0 --> 1
node_106 --> node_105                      
          124 (Maxilla or dentary, tooth r)      1   0.500  1 ==> 0
node_105 --> Paranthodon                   
           25 (Maxilla, dorsoventral depth )      1   0.200  0 --> 1
                                           27 (Maxilla, anteroventral secon)      1   0.500  0 --> 1
                                           119 (Maxillary and/ or dentary t)      1   0.091  0 ==> 1
node_105 --> Tuojiangosaurus               
           81 (Basal tubera: medially separ)      1   0.111  0 --> 1
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 ==> 1
                                           125 (Maxilla or dentary, shape o)      1   0.111  1 ==> 0
                                           175 (Anterior and mid caudal ver)      1   0.250  0 --> 1
                                           188 (Coracoid, anteroventral (st)      1   0.143  0 --> 1
                                           195 (Scapulacoracoid, medial but)      1   0.167  0 --> 1
                                           201 (Humerus, separation of hume)      1   0.125  0 --> 1
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 --> 1
                                           227 (Ilium, ratio of acetabular )      1   0.167  0 --> 1
                                           248 (Femur, separation of femora)      1   0.143  0 --> 1
node_164 --> node_163                      
           96 (Jaw, position of articulatio)      1   0.333  0 ==> 1
                                           118 (Maxillary/ dentary tooth, t)      1   0.111  0 --> 1
                                           267 (Skull roof, cortical remode)      1   1.000  0 ==> 1
                                           305 (Mandibular caputegulum : ab)      1   0.250  0 --> 1
node_163 --> node_162
                          27 (Maxilla, anteroventral secon)      1   0.500  0 --> 1
                                           28 (Maxilla, anteroventral secon)      1   0.500  0 --> 1
                                           48 (Orbit, completely separated )      1   0.500  0 --> 1
                                           71 (Quadrate: contact with paroc)      1   0.111  0 --> 1
                                           88 (Pterygoid, position of poste)      1   0.222  0 --> 1
                                           117 (Maxillary/ dentary tooth, t)      1   0.250  0 ==> 1
                                           293 (Squamosal/ postorbital horn)      1   0.250  0 --> 1
node_162 --> node_161                     
           12 (Posterior margin of skull, t)      1   0.182  2 --> 0
                                           63 (Quadratojugal: possesses dor)      1   0.500  0 --> 1
                                           67 (Quadrate, inclination in lat)      1   0.200  0 --> 2
                                           104 (Lower jaw, sinuous ventral )      1   0.200  0 --> 1
                                           105 (Coronoid process: low and r)      1   0.200  0 --> 1
                                           131 (Cervical vertebrae, centra:)      1   0.143  0 --> 1
                                           186 (Coracoid, size: subequal in)      1   0.143  0 --> 1
                                           191 (Scapula, glenoid orientatio)      1   0.125  0 --> 1
                                           193 (Scapula, form of the acromi)      1   0.556  0 --> 3
                                           195 (Scapulacoracoid, medial but)      1   0.167  0 --> 1
                                           198 (Scapula, blade: dorsal surf)      1   0.500  0 --> 1
                                           203 (Humerus, orientation of del)      1   0.143  0 --> 1
                                           224 (Ilium, anterior iliac proce)      1   0.143  0 --> 1
                                           231 (Ilium, posterior iliac proc)      1   0.143  0 --> 1
                                           233 (Ilium, perforation of the a)      1   0.500  1 --> 2
                                           243 (Ischium, shape of the proxi)      1   0.167  1 --> 2
                                           248 (Femur, separation of femora)      1   0.143  0 --> 1
node_161 --> node_160                      
           13 (Premaxilla, shape of premaxi)      1   0.667  0 --> 1
                                           14 (Premaxillary palate, ratio o)      1   0.600  0 --> 2
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  0 ==> 1
                                           160 (Sacral vertebrae, longitudi)      1   0.143  0 --> 1
                                           205 (Humerus, ratio of transvers)      1   0.143  0 ==> 1
                                           288 (Supraorbital caputegulae: a)      1   0.500  0 --> 1
                                           299 (Jugal/ quadratojugal horn: )      1   0.250  0 --> 1
node_160 --> node_159                      
            7 (Posterior margin of the skull)      1   0.182  0 ==> 2
                                           17 (Premaxillary tomium (=subnar)      1   0.250  0 --> 1
                                           40 (Nasal, transverse curvature )      1   0.500  1 --> 0
                                           74 (Quadrate-squamosal-paroccipi)      1   0.500  0 --> 1
                                           82 (Basipterygoid processes, siz)      1   0.143  0 --> 1
                                           92 (Vomerine septum, position of)      1   0.333  0 --> 1
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  0 --> 3
                                           164 (Caudosacrals (i.e. caudal v)      1   0.429  0 --> 1
                                           188 (Coracoid, anteroventral (st)      1   0.143  0 --> 1
                                           204 (Humerus, ratio of width of )      1   0.100  0 --> 1
                                           221 (Ilium, anterior iliac proce)      1   0.200  0 --> 1
                                           234 (Ilium, anteroposteriorly ex)      1   0.143  0 --> 1
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  0 ==> 1
                                           297 (Squamosal/postorbital horn:)      1   0.300  3 --> 4
                                           317 (Cervical half rings, number)      1   0.333  0 --> 2
                                           326 (Pectoral osteoderms: absent)      1   0.250  0 --> 1
                                           331 (Caudal osteoderms: absent ()      1   0.500  0 --> 1
node_159 --> node_158                      
           3 (Lateral temporal fenestra, an)      1   0.250  0 ==> 1
                                           4 (Supratemporal fenestra, in do)      1   1.000  0 --> 1
                                           39 (Respiratory passage, nasal s)      1   0.500  0 --> 1
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  1 --> 2
                                           118 (Maxillary/ dentary tooth, t)      1   0.111  1 ==> 0
                                           122 (Premaxillary teeth, number:)      1   0.500  0 ==> 6
                                           129 (Axis, ventral margin: in la)      1   0.200  0 ==> 1
                                           133 (Anterior cervical vertebrae)      1   0.200  0 --> 1
                                           147 (Dorsal vertebrae, centrum h)      1   0.091  1 --> 0
                                           175 (Anterior and mid caudal ver)      1   0.250  0 ==> 1
                                           200 (Humerus, separation of hume)      1   0.111  0 ==> 1
                                           201 (Humerus, separation of hume)      1   0.125  0 ==> 1
                                           211 (Ulna, development of anteri)      1   0.500  0 --> 1
                                           242 (Ischium, distinct angle at )      1   0.250  0 --> 1
                                           243 (Ischium, shape of the proxi)      1   0.167  2 --> 0
                                           325 (Ossicles: absent (0), prese)      1   0.200  0 --> 1
                                           339 (Ossified tendons in distal )      1   0.500  0 --> 1
node_158 --> node_151                      
           22 (Premaxilla, ventral margin i)      1   1.000  0 --> 1
                                           49 (Development of the postocula)      1   0.250  0 ==> 1
                                           103 (Dentary, ventral profile: t)      1   0.200  0 --> 1
                                           116 (Maxillary/ dentary tooth, c)      1   0.111  1 --> 0
                                           221 (Ilium, anterior iliac proce)      1   0.200  1 ==> 2
                                           225 (Ilium, lateral edge in dors)      1   0.167  0 ==> 1
node_151 --> node_149
                           18 (Premaxillary tomium, postero)      1   0.500  0 --> 1
                                           25 (Maxilla, dorsoventral depth )      1   0.200  0 --> 1
                                           114 (Maxillary/ dentary tooth, c)      1   0.100  0 --> 1
                                           115 (Maxillary/ dentary tooth, c)      1   0.167  0 ==> 1
                                           134 (Anterior cervical vertebrae)      1   1.000  0 ==> 1
                                           196 (Scapular blade: distally ex)      1   0.143  0 ==> 1
                                           212 (Radius, ratio of length to )      1   0.333  1 ==> 0
                                           224 (Ilium, anterior iliac proce)      1   0.143  1 --> 0
                                           236 (Pubis, prepubis to postpubi)      1   0.500  1 --> 0
                                           258 (Contact between tibia and a)      1   0.125  0 ==> 1
                                           262 (Number of pedal digits: fiv)      1   0.667  1 ==> 2
                                           322 (Cervical half rings, median)      1   0.200  0 --> 1
                                           330 (Form of pelvic (sacral) ost)      1   0.286  0 ==> 2
node_149 --> node_135                     
           7 (Posterior margin of the skull)      1   0.182  2 ==> 0
                                           165 (Caudal vertebrae, attachmen)      1   0.143  0 ==> 1
                                           184 (Posterior caudal vertebrae,)      1   1.000  0 ==> 1
                                           193 (Scapula, form of the acromi)      1   0.556  3 ==> 2
                                           201 (Humerus, separation of hume)      1   0.125  1 ==> 0
                                           227 (Ilium, ratio of acetabular )      1   0.167  0 --> 1
                                           302 (Jugal/ quadratojugal horn, )      1   0.333  0 ==> 1
                                           304 (Jugal/ quadratojugal horn, )      1   1.000  0 --> 1
                                           315 (Basal surface of osteoderms)      1   0.182  0 ==> 1
                                           320 (Cervical half rings, distal)      1   0.200  0 --> 1
node_135 --> node_134                      
           138 (Posterior cervical vertebra)      1   0.200  1 --> 0
                                           161 (Number of sacral vertebrae:)      1   0.143  2 ==> 1
                                           235 (Pubis: present as separate )      1   0.125  0 --> 1
                                           332 (Caudal osteoderms, morpholo)      1   0.500  0 ==> 1
node_134 --> node_131
                           186 (Coracoid, size: subequal in)      1   0.143  1 --> 0
                                           193 (Scapula, form of the acromi)      1   0.556  2 ==> 1
                                           200 (Humerus, separation of hume)      1   0.111  1 --> 0
node_131 --> Ahshislepelta                 
           195 (Scapulacoracoid, medial but)      1   0.167  1 ==> 0
                                           323 (Osteoderms on proximal limb)      1   0.250  0 ==> 1
node_131 --> node_130                      
            9 (Skull dorsal surface, antorbi)      1   0.167  0 --> 1
                                           58 (Parietal, dorsal surface: co)      1   0.286  0 --> 2
                                           80 (Paroccipital processes, dire)      1   0.167  0 --> 1
                                           172 (Anterior caudal vertebrae, )      1   0.167  0 --> 1
                                           180 (Posterior caudal vertebrae,)      1   0.333  0 --> 1
                                           225 (Ilium, lateral edge in dors)      1   0.167  1 --> 0
                                           242 (Ischium, distinct angle at )      1   0.250  1 --> 0
                                           248 (Femur, separation of femora)      1   0.143  1 --> 0
                                           271 (Skull roof, number of caput)      1   0.333  0 --> 1
                                           292 (Nuchal caputegulae, posteri)      1   0.167  0 --> 1
                                           315 (Basal surface of osteoderms)      1   0.182  1 ==> 0
                                           325 (Ossicles: absent (0), prese)      1   0.200  1 ==> 0
node_130 --> node_129                      
            2 (Lateral temporal fenestra: pr)      1   1.000  0 --> 1
                                           33 (Narial embayment, defined as)      1   0.300  0 --> 1
                                           37 (Shape of respiratory passage)      1   0.500  0 --> 1
                                           84 (Form of cranial nerve XII: t)      1   0.400  0 ==> 1
                                           96 (Jaw, position of articulatio)      1   0.333  1 --> 0
                                           190 (Coracoid, ratio of coracoid)      1   0.286  1 ==> 0
                                           198 (Scapula, blade: dorsal surf)      1   0.500  1 ==> 0
                                           252 (Femur, location of the four)      1   0.143  0 ==> 1
                                           258 (Contact between tibia and a)      1   0.125  1 ==> 0
                                           265 (Pedal digit I: metatarsal I)      1   1.000  0 ==> 2
node_129 --> node_125                      
           104 (Lower jaw, sinuous ventral )      1   0.200  1 --> 0
                                           112 (Predentary, foramina on lat)      1   1.000  0 --> 1
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 ==> 1
                                           333 (Tail club knob: absent (0),)      1   1.000  0 ==> 1
node_125 --> node_124                    
           11 (Posterior displacement of or)      1   0.143  1 ==> 0
                                           19 (Premaxilla, dorsoventral hei)      1   0.125  1 ==> 0
                                           26 (Maxilla, transverse distance)      1   0.200  0 --> 2
                                           77 (Occipital condyle, direction)      1   0.111  1 --> 0
                                           268 (Cranial ornamentation: rugo)      1   0.125  0 --> 1
                                           279 (Supranarial caputegulae: ab)      1   0.250  0 ==> 1
                                           283 (Lateral skull caputegulae, )      1   0.375  0 ==> 2
                                           289 (Supraorbital caputegulae: c)      1   0.250  0 ==> 1
                                           291 (Nuchal caputegulae, number:)      1   0.231  0 --> 2
                                           300 (Jugal/ quadratojugal horn, )      1   0.250  0 ==> 1
node_124 --> node_121                    
            6 (Maximum skull dimensions, inc)      1   0.200  0 ==> 1
                                           21 (Premaxilla, posterodorsally-)      1   0.250  0 ==> 1
                                           87 (Pterygoid, anterior margin a)      1   0.200  0 --> 2
                                           159 (Dorsal ribs, attachment to )      1   0.083  0 --> 1
                                           160 (Sacral vertebrae, longitudi)      1   0.143  1 --> 0
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 --> 1
                                           234 (Ilium, anteroposteriorly ex)      1   0.143  1 --> 0
                                           251 (Femur, fourth trochanter: p)      1   0.250  1 --> 2
                                           271 (Skull roof, number of caput)      1   0.333  1 --> 3
                                           273 (Skull roof caputegulae: rou)      1   1.000  0 ==> 1
                                           280 (Supranarial caputegulae , n)      1   0.500  0 ==> 1
                                           307 (Mandibular caputegulum, dor)      1   0.143  0 --> 1
node_121 --> Akainacephalus                
           10 (Skull roof, highest point: p)      1   0.118  0 --> 2
                                           29 (Maxilla, anterior tooth rows)      1   0.250  0 ==> 1
                                           33 (Narial embayment, defined as)      1   0.300  1 ==> 0
                                           35 (External nares, in anterior )      1   0.333  1 ==> 0
                                           68 (Quadrate, anterior surface: )      1   0.167  1 ==> 0
                                           71 (Quadrate: contact with paroc)      1   0.111  1 ==> 0
                                           86 (Pterygoid, orientation of pt)      1   0.333  0 ==> 1
                                           89 (Pterygoid, contact with basi)      1   0.143  1 --> 0
                                           92 (Vomerine septum, position of)      1   0.333  1 --> 0
                                           131 (Cervical vertebrae, centra:)      1   0.143  1 ==> 0
                                           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 2
                                           138 (Posterior cervical vertebra)      1   0.200  0 ==> 1
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 --> 0
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  3 ==> 4
                                           191 (Scapula, glenoid orientatio)      1   0.125  1 ==> 0
                                           195 (Scapulacoracoid, medial but)      1   0.167  1 ==> 0
                                           204 (Humerus, ratio of width of )      1   0.100  1 ==> 0
                                           224 (Ilium, anterior iliac proce)      1   0.143  0 ==> 1
                                           243 (Ischium, shape of the proxi)      1   0.167  0 --> 1
                                           246 (Ischium, posterior end of i)      1   0.143  1 ==> 2
                                           257 (Tibia, maximum distal width)      1   0.111  1 ==> 0
                                           269 (Skull roof, distribution of)      1   0.333  0 ==> 1
                                           270 (Skull roof, form of caputeg)      1   0.500  0 ==> 2
                                           276 (Skull roof caputugulae, lar)      1   1.000  0 ==> 1
                                           283 (Lateral skull caputegulae, )      1   0.375  2 ==> 1
                                           297 (Squamosal/postorbital horn:)      1   0.300  4 ==> 2
                                           315 (Basal surface of osteoderms)      1   0.182  0 --> 1
                                           320 (Cervical half rings, distal)      1   0.200  1 ==> 0
                                           322 (Cervical half rings, median)      1   0.200  1 --> 0
                                           335 (Tail club knob proportions:)      1   0.500  0 ==> 2
node_121 --> node_120                      
           31 (Maxilla: does not contact pr)      1   0.250  1 --> 0
                                           46 (Form of supraorbitals: boss-)      1   1.000  0 --> 1
                                           50 (Lacrimal incisure (transvers)      1   0.091  0 --> 1
                                           54 (Frontal: anteroposteriorly l)      1   1.000  0 --> 1
                                           165 (Caudal vertebrae, attachmen)      1   0.143  1 ==> 0
                                           196 (Scapular blade: distally ex)      1   0.143  1 --> 0
                                           217 (Metacarpal I, ratio of leng)      1   0.500  0 --> 1
                                           298 (Squamosal/postorbital horn,)      1   0.167  0 ==> 1
node_120 --> node_119
                          10 (Skull roof, highest point: p)      1   0.118  0 --> 2
                                           12 (Posterior margin of skull, t)      1   0.182  0 --> 2
                                           81 (Basal tubera: medially separ)      1   0.111  0 --> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 1
                                           85 (Pterygoids: separate postero)      1   0.100  0 --> 1
                                           88 (Pterygoid, position of poste)      1   0.222  1 --> 0
                                           181 (Posterior caudal vertebrae:)      1   0.667  0 ==> 1
                                           199 (Sternal plates: separate (0)      1   1.000  0 --> 1
                                           208 (Humerus, circular bulge on )      1   1.000  0 --> 1
                                           263 (Pedal digit IV: has five ph)      1   0.667  2 --> 1
node_119 --> node_118 
                           14 (Premaxillary palate, ratio o)      1   0.600  2 ==> 3
                                           33 (Narial embayment, defined as)      1   0.300  1 ==> 2
                                           45 (Number of palpebral/supraorb)      1   0.286  2 --> 1
                                           194 (Scapulocoracoid, lateral bu)      1   0.500  0 ==> 1
                                           274 (Skull roof, anterior portio)      1   0.250  1 ==> 0
                                           291 (Nuchal caputegulae, number:)      1   0.231  2 ==> 3
                                           297 (Squamosal/postorbital horn:)      1   0.300  4 ==> 3
                                           318 (Cervical half rings, forms:)      1   0.500  0 --> 2
node_118 --> node_116
 	                           38 (Posterior nasal passage (air)      1   0.500  0 --> 1
                                           105 (Coronoid process: low and r)      1   0.200  1 --> 0
                                           147 (Dorsal vertebrae, centrum h)      1   0.091  0 --> 1
                                           191 (Scapula, glenoid orientatio)      1   0.125  1 --> 0
                                           200 (Humerus, separation of hume)      1   0.111  0 --> 1
                                           243 (Ischium, shape of the proxi)      1   0.167  0 --> 2
                                           254 (Femur, maximum length to hu)      1   0.200  1 --> 0
                                           258 (Contact between tibia and a)      1   0.125  0 --> 1
                                           280 (Supranarial caputegulae , n)      1   0.500  1 ==> 0
                                           289 (Supraorbital caputegulae: c)      1   0.250  1 ==> 0
                                           303 (Jugal/ quadratojugal horn: )      1   0.200  1 --> 0
                                           315 (Basal surface of osteoderms)      1   0.182  0 --> 1
                                           326 (Pectoral osteoderms: absent)      1   0.250  1 --> 0
node_116 --> node_111                     
            87 (Pterygoid, anterior margin a)      1   0.200  2 --> 1
                                           119 (Maxillary and/ or dentary t)      1   0.091  0 ==> 1
                                           165 (Caudal vertebrae, attachmen)      1   0.143  0 ==> 1
                                           334 (Tail club knob shape: major)      1   1.000  0 ==> 1
node_111 --> Ankylosaurus                  
           32 (Internal nares, bone borderi)      1   0.333  0 ==> 1
                                           33 (Narial embayment, defined as)      1   0.300  2 ==> 3
                                           35 (External nares, in anterior )      1   0.333  1 ==> 0
                                           47 (Angle of orbital axis: less )      1   0.167  0 ==> 1
                                           50 (Lacrimal incisure (transvers)      1   0.091  1 ==> 0
                                           59 (Jugal, proportions of anteri)      1   0.167  1 ==> 0
                                           70 (Quadrate, dorsoventral heigh)      1   0.333  1 ==> 0
                                           77 (Occipital condyle, direction)      1   0.111  0 --> 1
                                           78 (Occipital condyle, morpholog)      1   0.143  0 ==> 1
                                           88 (Pterygoid, position of poste)      1   0.222  0 ==> 1
                                           92 (Vomerine septum, position of)      1   0.333  1 ==> 0
                                           106 (Lower jaw, retroarticular p)      1   0.250  0 ==> 1
                                           114 (Maxillary/ dentary tooth, c)      1   0.100  1 ==> 0
                                           115 (Maxillary/ dentary tooth, c)      1   0.167  1 --> 0
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 --> 1
                                           121 (Dentary teeth, number in ad)      1   0.300  0 ==> 3
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 --> 1
                                           159 (Dorsal ribs, attachment to )      1   0.083  1 ==> 0
                                           185 (Tail club handle vertebrae,)      1   0.500  0 --> 1
                                           196 (Scapular blade: distally ex)      1   0.143  0 ==> 1
                                           251 (Femur, fourth trochanter: p)      1   0.250  2 --> 1
                                           282 (Median nasal caputegulum: a)      1   0.143  0 --> 1
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  1 ==> 0
                                           291 (Nuchal caputegulae, number:)      1   0.231  3 ==> 2
                                           295 (Squamosal/ postorbital horn)      1   0.143  0 --> 1
                                           306 (Mandibular caputegulum, len)      1   0.333  0 ==> 1
                                           320 (Cervical half rings, distal)      1   0.200  1 --> 0
node_111 --> node_110                      
           16 (Premaxilla, broad ?V? or ?U?)      1   0.111  0 --> 1
                                           319 (Cervical half rings, compos)      1   1.000  1 ==> 2
node_110 --> Anodontosaurus                
           6 (Maximum skull dimensions, inc)      1   0.200  1 ==> 0
                                           95 (Palate, posterior foramen: a)      1   0.250  0 ==> 1
                                           97 (Jaw, position of articulatio)      1   0.200  0 ==> 1
                                           287 (Postocular caputegulae: abs)      1   0.333  0 ==> 1
                                           295 (Squamosal/ postorbital horn)      1   0.143  0 --> 1
                                           297 (Squamosal/postorbital horn:)      1   0.300  3 ==> 1
                                           298 (Squamosal/postorbital horn,)      1   0.167  1 ==> 0
                                           320 (Cervical half rings, distal)      1   0.200  1 --> 0
                                           322 (Cervical half rings, median)      1   0.200  1 ==> 0
                                           335 (Tail club knob proportions:)      1   0.500  0 --> 2
node_110 --> node_109                      
           270 (Skull roof, form of caputeg)      1   0.500  0 ==> 2
                                           294 (Squamosal/ postorbital horn)      1   1.000  0 ==> 1
node_109 --> node_108
                           26 (Maxilla, transverse distance)      1   0.200  2 --> 0
                                           67 (Quadrate, inclination in lat)      1   0.200  2 --> 0
                                           85 (Pterygoids: separate postero)      1   0.100  1 --> 0
                                           281 (Internarial caputegulae, nu)      1   0.286  0 --> 1
                                           291 (Nuchal caputegulae, number:)      1   0.231  3 ==> 2
node_108 --> node_107
                           33 (Narial embayment, defined as)      1   0.300  2 ==> 1
                                           68 (Quadrate, anterior surface: )      1   0.167  1 ==> 0
                                           271 (Skull roof, number of caput)      1   0.333  3 --> 2
                                           292 (Nuchal caputegulae, posteri)      1   0.167  1 ==> 0
                                           301 (Jugal/quadratojugal horn: l)      1   0.250  0 ==> 1
node_107 --> Minotaurasaurus              
           16 (Premaxilla, broad ?V? or ?U?)      1   0.111  1 ==> 0
                                           19 (Premaxilla, dorsoventral hei)      1   0.125  0 ==> 1
                                           36 (Paranasal apertures/fossae: )      1   0.200  0 --> 1
                                           77 (Occipital condyle, direction)      1   0.111  0 --> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  1 ==> 0
                                           87 (Pterygoid, anterior margin a)      1   0.200  1 ==> 2
                                           97 (Jaw, position of articulatio)      1   0.200  0 ==> 1
                                           109 (Surangular, ridge on latera)      1   0.125  1 ==> 0
                                           281 (Internarial caputegulae, nu)      1   0.286  1 ==> 2
                                           283 (Lateral skull caputegulae, )      1   0.375  2 --> 1
                                           286 (Accessory postorbital osteo)      1   1.000  0 ==> 1
                                           306 (Mandibular caputegulum, len)      1   0.333  0 ==> 2
node_107 --> Tarchia teresae               
           11 (Posterior displacement of or)      1   0.143  0 ==> 1
                                           47 (Angle of orbital axis: less )      1   0.167  0 ==> 1
                                           67 (Quadrate, inclination in lat)      1   0.200  0 ==> 1
                                           71 (Quadrate: contact with paroc)      1   0.111  1 --> 0
                                           89 (Pterygoid, contact with basi)      1   0.143  1 --> 0
                                           90 (Pterygoid foramen: absent (0)      1   0.250  0 --> 1
                                           94 (Vomer, groove on ventral mar)      1   0.250  0 --> 1
                                           105 (Coronoid process: low and r)      1   0.200  0 --> 1
                                           106 (Lower jaw, retroarticular p)      1   0.250  0 ==> 1
                                           116 (Maxillary/ dentary tooth, c)      1   0.111  0 ==> 1
                                           123 (Maxilla or dentary, tooth r)      1   0.200  1 ==> 0
                                           297 (Squamosal/postorbital horn:)      1   0.300  3 ==> 1
                                           307 (Mandibular caputegulum, dor)      1   0.143  1 ==> 0
node_108 --> Saichania                     
           10 (Skull roof, highest point: p)      1   0.118  2 ==> 1
                                           36 (Paranasal apertures/fossae: )      1   0.200  0 --> 1
                                           50 (Lacrimal incisure (transvers)      1   0.091  1 ==> 0
                                           82 (Basipterygoid processes, siz)      1   0.143  1 ==> 0
                                           105 (Coronoid process: low and r)      1   0.200  0 --> 1
                                           125 (Maxilla or dentary, shape o)      1   0.111  1 ==> 0
                                           127 (Contact between atlas and a)      1   0.333  0 --> 1
                                           129 (Axis, ventral margin: in la)      1   0.200  1 --> 0
                                           130 (Cervical vertebrae, number:)      1   0.750  1 --> 0
                                           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 2
                                           140 (Cervical ribs, fused to cer)      1   0.200  0 --> 1
                                           187 (Coracoid, form of the anter)      1   0.333  0 --> 1
                                           271 (Skull roof, number of caput)      1   0.333  3 --> 1
                                           297 (Squamosal/postorbital horn:)      1   0.300  3 ==> 4
                                           317 (Cervical half rings, number)      1   0.333  2 --> 1
node_109 --> Tarchia kielanae              
           10 (Skull roof, highest point: p)      1   0.118  2 ==> 0
                                           48 (Orbit, completely separated )      1   0.500  1 ==> 0
                                           83 (Basioccipital-basisphenoid, )      1   0.105  1 ==> 2
node_116 --> node_115                      
           115 (Maxillary/ dentary tooth, c)      1   0.167  1 --> 0
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 --> 1
                                           133 (Anterior cervical vertebrae)      1   0.200  1 ==> 0
                                           183 (Posterior caudal vertebrae,)      1   0.333  1 --> 0
node_115 --> Antarctopelta                 
           118 (Maxillary/ dentary tooth, t)      1   0.111  0 ==> 1
                                           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 1
                                           135 (Anterior cervical vertebrae)      1   0.100  1 --> 0
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  3 ==> 2
                                           181 (Posterior caudal vertebrae:)      1   0.667  1 ==> 2
                                           325 (Ossicles: absent (0), prese)      1   0.200  0 ==> 1
node_115 --> node_114                      
         34 (External nares, in dorsal vi)      1   0.125  1 --> 0
                                           71 (Quadrate: contact with paroc)      1   0.111  1 --> 0
                                           77 (Occipital condyle, direction)      1   0.111  0 --> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  1 --> 0
                                           116 (Maxillary/ dentary tooth, c)      1   0.111  0 ==> 1
                                           285 (Ciliary osteoderm (eyelid o)      1   0.500  0 --> 1
                                           297 (Squamosal/postorbital horn:)      1   0.300  3 --> 1
node_114 --> node_113                     
           67 (Quadrate, inclination in lat)      1   0.200  2 ==> 3
                                           87 (Pterygoid, anterior margin a)      1   0.200  2 --> 1
                                           119 (Maxillary and/ or dentary t)      1   0.091  0 ==> 1
                                           173 (Anterior caudal vertebrae, )      1   0.333  2 --> 0
                                           201 (Humerus, separation of hume)      1   0.125  0 --> 1
                                           222 (Ilium, anterior iliac proce)      1   0.071  1 --> 0
                                           300 (Jugal/ quadratojugal horn, )      1   0.250  1 ==> 0
node_113 --> node_112                      
           115 (Maxillary/ dentary tooth, c)      1   0.167  0 ==> 1
node_112 --> Dyoplosaurus                  
            12 (Posterior margin of skull, t)      1   0.182  2 ==> 0
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  3 --> 0
                                           162 (Ilio?sacral block, posterio)      1   0.286  0 ==> 2
                                           164 (Caudosacrals (i.e. caudal v)      1   0.429  1 --> 3
                                           179 (Mid and posterior caudal ve)      1   0.200  0 ==> 1
                                           219 (Phalanges, shape of manual )      1   0.500  1 --> 2
                                           224 (Ilium, anterior iliac proce)      1   0.143  0 --> 1
node_112 --> Scolosaurus                 
            7 (Posterior margin of the skull)      1   0.182  0 --> 1
                                           120 (Maxillary and/ or dentary t)      1   0.077  1 --> 0
                                           140 (Cervical ribs, fused to cer)      1   0.200  0 --> 1
                                           158 (Dorsal ribs, shape of the p)      1   0.250  1 --> 0
                                           165 (Caudal vertebrae, attachmen)      1   0.143  0 ==> 1
                                           260 (Metatarsal arrangement: com)      1   0.200  0 ==> 1
                                           291 (Nuchal caputegulae, number:)      1   0.231  3 ==> 2
                                           301 (Jugal/quadratojugal horn: l)      1   0.250  0 --> 1
                                           322 (Cervical half rings, median)      1   0.200  1 --> 0
                                           323 (Osteoderms on proximal limb)      1   0.250  0 --> 1
                                           330 (Form of pelvic (sacral) ost)      1   0.286  2 --> 0
node_113 --> Euoplocephalus               
           6 (Maximum skull dimensions, inc)      1   0.200  1 --> 0
                                           10 (Skull roof, highest point: p)      1   0.118  2 ==> 1
                                           16 (Premaxilla, broad ?V? or ?U?)      1   0.111  0 --> 1
                                           21 (Premaxilla, posterodorsally-)      1   0.250  1 --> 0
                                           33 (Narial embayment, defined as)      1   0.300  2 --> 1
                                           84 (Form of cranial nerve XII: t)      1   0.400  1 --> 0
                                           85 (Pterygoids: separate postero)      1   0.100  1 --> 0
                                           95 (Palate, posterior foramen: a)      1   0.250  0 --> 1
                                           114 (Maxillary/ dentary tooth, c)      1   0.100  1 --> 0
                                           138 (Posterior cervical vertebra)      1   0.200  0 --> 1
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 --> 1
                                           157 (Sacral rod vertebrae (i.e. )      1   0.333  1 ==> 0
                                           186 (Coracoid, size: subequal in)      1   0.143  0 --> 1
                                           195 (Scapulacoracoid, medial but)      1   0.167  1 --> 0
                                           221 (Ilium, anterior iliac proce)      1   0.200  2 ==> 1
                                           277 (Premaxillary beak, caputegu)      1   0.200  0 --> 1
                                           281 (Internarial caputegulae, nu)      1   0.286  0 --> 1
                                           282 (Median nasal caputegulum: a)      1   0.143  0 --> 1
                                           298 (Squamosal/postorbital horn,)      1   0.167  1 ==> 0
                                           303 (Jugal/ quadratojugal horn: )      1   0.200  0 ==> 1
node_114 --> Zuul                         
           10 (Skull roof, highest point: p)      1   0.118  2 ==> 0
                                           47 (Angle of orbital axis: less )      1   0.167  0 ==> 1
                                           88 (Pterygoid, position of poste)      1   0.222  0 ==> 1
                                           89 (Pterygoid, contact with basi)      1   0.143  1 ==> 0
                                           111 (Surangular, foramen ventral)      1   0.143  0 ==> 1
                                           114 (Maxillary/ dentary tooth, c)      1   0.100  1 --> 0
                                           121 (Dentary teeth, number in ad)      1   0.300  0 --> 1
                                           272 (Skull roof caputegulae: dir)      1   1.000  0 ==> 1
                                           287 (Postocular caputegulae: abs)      1   0.333  0 ==> 1
                                           296 (Squamosal/ postorbital horn)      1   1.000  0 ==> 1
                                           306 (Mandibular caputegulum, len)      1   0.333  0 ==> 1
node_118 --> node_117                     
           6 (Maximum skull dimensions, inc)      1   0.200  1 ==> 0
                                           50 (Lacrimal incisure (transvers)      1   0.091  1 ==> 0
node_117 --> Crichtonpelta                 
           10 (Skull roof, highest point: p)      1   0.118  2 ==> 0
                                           60 (Jugal, anterior process, rel)      1   0.167  1 --> 0
                                           85 (Pterygoids: separate postero)      1   0.100  1 ==> 0
                                           87 (Pterygoid, anterior margin a)      1   0.200  2 --> 1
                                           274 (Skull roof, anterior portio)      1   0.250  0 ==> 2
                                           301 (Jugal/quadratojugal horn: l)      1   0.250  0 --> 1
node_117 --> Ziapelta                      
            17 (Premaxillary tomium (=subnar)      1   0.250  1 --> 0
                                           21 (Premaxilla, posterodorsally-)      1   0.250  1 --> 0
                                           26 (Maxilla, transverse distance)      1   0.200  2 --> 0
                                           29 (Maxilla, anterior tooth rows)      1   0.250  0 --> 1
                                           49 (Development of the postocula)      1   0.250  1 ==> 0
                                           66 (Quadrate, shape in lateral v)      1   0.125  1 ==> 0
                                           71 (Quadrate: contact with paroc)      1   0.111  1 ==> 0
                                           86 (Pterygoid, orientation of pt)      1   0.333  0 ==> 1
                                           125 (Maxilla or dentary, shape o)      1   0.111  1 --> 0
                                           270 (Skull roof, form of caputeg)      1   0.500  0 ==> 1
                                           282 (Median nasal caputegulum: a)      1   0.143  0 --> 1
                                           321 (Cervical half rings, distal)      1   0.333  0 --> 1
node_119 --> Pinacosaurus grangeri         
            7 (Posterior margin of the skull)      1   0.182  0 --> 2
                                           34 (External nares, in dorsal vi)      1   0.125  1 --> 0
                                           36 (Paranasal apertures/fossae: )      1   0.200  0 --> 1
                                           67 (Quadrate, inclination in lat)      1   0.200  2 ==> 3
                                           78 (Occipital condyle, morpholog)      1   0.143  0 ==> 1
                                           82 (Basipterygoid processes, siz)      1   0.143  1 ==> 0
                                           95 (Palate, posterior foramen: a)      1   0.250  0 ==> 1
                                           110 (Surangular, medial inflecti)      1   0.500  0 ==> 1
                                           111 (Surangular, foramen ventral)      1   0.143  0 ==> 1
                                           116 (Maxillary/ dentary tooth, c)      1   0.111  0 ==> 1
                                           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 1
                                           135 (Anterior cervical vertebrae)      1   0.100  1 --> 0
                                           159 (Dorsal ribs, attachment to )      1   0.083  1 ==> 0
                                           168 (Anterior caudal vertebrae, )      1   0.500  2 ==> 1
                                           246 (Ischium, posterior end of i)      1   0.143  1 ==> 0
                                           258 (Contact between tibia and a)      1   0.125  0 --> 1
                                           281 (Internarial caputegulae, nu)      1   0.286  0 ==> 2
                                           283 (Lateral skull caputegulae, )      1   0.375  2 ==> 3
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  1 --> 0
                                           300 (Jugal/ quadratojugal horn, )      1   0.250  1 ==> 0
                                           303 (Jugal/ quadratojugal horn: )      1   0.200  1 --> 0
node_120 --> Pinacosaurus mephistocephalus 
           7 (Posterior margin of the skull)      1   0.182  0 --> 2
                                           34 (External nares, in dorsal vi)      1   0.125  1 --> 0
                                           36 (Paranasal apertures/fossae: )      1   0.200  0 --> 1
                                           161 (Number of sacral vertebrae:)      1   0.143  1 ==> 2
                                           162 (Ilio?sacral block, posterio)      1   0.286  0 ==> 2
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  1 --> 0
                                           322 (Cervical half rings, median)      1   0.200  1 --> 0
node_124 --> node_123                     
           60 (Jugal, anterior process, rel)      1   0.167  1 ==> 0
                                           67 (Quadrate, inclination in lat)      1   0.200  2 --> 0
                                           89 (Pterygoid, contact with basi)      1   0.143  1 --> 0
                                           92 (Vomerine septum, position of)      1   0.333  1 --> 0
node_123 --> node_122                      
            83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 1
                                           125 (Maxilla or dentary, shape o)      1   0.111  1 ==> 0
                                           270 (Skull roof, form of caputeg)      1   0.500  0 ==> 2
                                           297 (Squamosal/postorbital horn:)      1   0.300  4 ==> 3
node_122 --> Nodocephalosaurus             
           10 (Skull roof, highest point: p)      1   0.118  0 ==> 1
                                           29 (Maxilla, anterior tooth rows)      1   0.250  0 --> 1
                                           32 (Internal nares, bone borderi)      1   0.333  0 --> 1
                                           274 (Skull roof, anterior portio)      1   0.250  1 --> 2
                                           283 (Lateral skull caputegulae, )      1   0.375  2 ==> 1
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  1 ==> 0
                                           289 (Supraorbital caputegulae: c)      1   0.250  1 ==> 0
                                           298 (Squamosal/postorbital horn,)      1   0.167  0 ==> 1
node_122 --> Zaraapelta                    
           50 (Lacrimal incisure (transvers)      1   0.091  0 --> 1
                                           53 (Frontal, scroll-like descend)      1   1.000  0 --> 1
                                           68 (Quadrate, anterior surface: )      1   0.167  1 --> 0
                                           86 (Pterygoid, orientation of pt)      1   0.333  0 --> 1
                                           87 (Pterygoid, anterior margin a)      1   0.200  0 --> 1
                                           274 (Skull roof, anterior portio)      1   0.250  1 --> 0
                                           287 (Postocular caputegulae: abs)      1   0.333  0 ==> 1
                                           292 (Nuchal caputegulae, posteri)      1   0.167  1 --> 0
                                           303 (Jugal/ quadratojugal horn: )      1   0.200  1 --> 0
node_123 --> Tsagantegia                   
           33 (Narial embayment, defined as)      1   0.300  1 ==> 2
                                           69 (Quadrate, axis extending thr)      1   0.167  1 ==> 0
                                           71 (Quadrate: contact with paroc)      1   0.111  1 ==> 0
                                           81 (Basal tubera: medially separ)      1   0.111  0 ==> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 2
                                           119 (Maxillary and/ or dentary t)      1   0.091  0 --> 1
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 --> 1
                                           269 (Skull roof, distribution of)      1   0.333  0 ==> 1
                                           271 (Skull roof, number of caput)      1   0.333  1 --> 2
                                           275 (Skull roof caputegulae, rho)      1   1.000  0 ==> 1
                                           281 (Internarial caputegulae, nu)      1   0.286  0 --> 1
                                           291 (Nuchal caputegulae, number:)      1   0.231  2 ==> 1
node_125 --> Jinyunpelta                   
            9 (Skull dorsal surface, antorbi)      1   0.167  1 ==> 0
                                           10 (Skull roof, highest point: p)      1   0.118  0 ==> 1
                                           16 (Premaxilla, broad ?V? or ?U?)      1   0.111  0 --> 1
                                           30 (Maxilla, triangular fossa on)      1   1.000  0 ==> 1
                                           36 (Paranasal apertures/fossae: )      1   0.200  0 ==> 1
                                           45 (Number of palpebral/supraorb)      1   0.286  2 --> 1
                                           52 (Lacrimal: long axis of main )      1   0.333  0 --> 1
                                           56 (Postorbital, forms posterior)      1   1.000  0 ==> 1
                                           98 (Dentary, depth of the symphy)      1   0.200  1 ==> 0
                                           105 (Coronoid process: low and r)      1   0.200  1 --> 0
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 --> 0
                                           150 (Dorsal vertebrae, transvers)      1   0.143  1 ==> 0
                                           185 (Tail club handle vertebrae,)      1   0.500  0 ==> 1
                                           196 (Scapular blade: distally ex)      1   0.143  1 --> 0
                                           203 (Humerus, orientation of del)      1   0.143  1 ==> 0
                                           218 (Metacarpal V, ratio of leng)      1   0.500  1 ==> 0
                                           277 (Premaxillary beak, caputegu)      1   0.200  0 ==> 1
                                           302 (Jugal/ quadratojugal horn, )      1   0.333  1 ==> 0
node_129 --> node_128                      
           15 (Premaxilla, deep longitudina)      1   1.000  0 ==> 1
                                           16 (Premaxilla, broad ?V? or ?U?)      1   0.111  0 --> 1
                                           29 (Maxilla, anterior tooth rows)      1   0.250  0 ==> 2
                                           50 (Lacrimal incisure (transvers)      1   0.091  0 --> 1
                                           58 (Parietal, dorsal surface: co)      1   0.286  2 ==> 1
                                           67 (Quadrate, inclination in lat)      1   0.200  2 --> 0
                                           72 (Quadrate: fossa/fenestra abs)      1   0.250  0 --> 1
                                           87 (Pterygoid, anterior margin a)      1   0.200  0 --> 1
                                           88 (Pterygoid, position of poste)      1   0.222  1 ==> 0
                                           121 (Dentary teeth, number in ad)      1   0.300  0 ==> 1
                                           235 (Pubis: present as separate )      1   0.125  1 ==> 0
                                           249 (Femur, anterior trochanter )      1   0.500  1 ==> 0
                                           297 (Squamosal/postorbital horn:)      1   0.300  4 --> 1
                                           298 (Squamosal/postorbital horn,)      1   0.167  0 ==> 1
                                           305 (Mandibular caputegulum : ab)      1   0.250  1 ==> 0
node_128 --> node_127                     
           192 (Scapula, ventral process at)      1   0.125  1 --> 0
                                           215 (Number of manual digits: fi)      1   0.667  0 --> 1
                                           219 (Phalanges, shape of manual )      1   0.500  1 ==> 2
                                           254 (Femur, maximum length to hu)      1   0.200  1 --> 0
                                           255 (Femur, length to tibia leng)      1   0.333  1 --> 0
node_127 --> node_126                      
           318 (Cervical half rings, forms:)      1   0.500  0 ==> 2
node_126 --> Chuanqilong                   
           106 (Lower jaw, retroarticular p)      1   0.250  0 --> 1
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  2 --> 1
                                           114 (Maxillary/ dentary tooth, c)      1   0.100  1 --> 0
                                           180 (Posterior caudal vertebrae,)      1   0.333  1 --> 0
                                           196 (Scapular blade: distally ex)      1   0.143  1 --> 0
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 --> 1
                                           214 (Radius, ratio of transverse)      1   0.667  2 --> 1
                                           235 (Pubis: present as separate )      1   0.125  0 --> 1
                                           245 (Ischium, constriction at mi)      1   1.000  0 --> 1
                                           317 (Cervical half rings, number)      1   0.333  2 ==> 1
node_126 --> Shamosaurus                   
            6 (Maximum skull dimensions, inc)      1   0.200  0 --> 1
                                           10 (Skull roof, highest point: p)      1   0.118  0 --> 2
                                           11 (Posterior displacement of or)      1   0.143  1 --> 0
                                           12 (Posterior margin of skull, t)      1   0.182  0 --> 2
                                           47 (Angle of orbital axis: less )      1   0.167  0 --> 1
                                           291 (Nuchal caputegulae, number:)      1   0.231  0 --> 1
                                           295 (Squamosal/ postorbital horn)      1   0.143  0 --> 1
                                           321 (Cervical half rings, distal)      1   0.333  0 --> 1
                                           330 (Form of pelvic (sacral) ost)      1   0.286  2 --> 1
node_127 --> Liaoningosaurus              
           119 (Maxillary and/ or dentary t)      1   0.091  0 ==> 1
                                           169 (Anterior caudal vertebrae, )      1   0.143  0 --> 1
                                           188 (Coracoid, anteroventral (st)      1   0.143  1 --> 0
                                           191 (Scapula, glenoid orientatio)      1   0.125  1 ==> 0
                                           193 (Scapula, form of the acromi)      1   0.556  1 ==> 0
                                           205 (Humerus, ratio of transvers)      1   0.143  1 ==> 0
                                           209 (Ulna, ratio of length to hu)      1   0.143  1 --> 0
                                           212 (Radius, ratio of length to )      1   0.333  0 --> 1
                                           213 (Radius, ratio of transverse)      1   0.250  1 --> 0
                                           214 (Radius, ratio of transverse)      1   0.667  2 --> 0
                                           218 (Metacarpal V, ratio of leng)      1   0.500  1 --> 2
                                           224 (Ilium, anterior iliac proce)      1   0.143  0 ==> 1
                                           246 (Ischium, posterior end of i)      1   0.143  1 ==> 0
                                           257 (Tibia, maximum distal width)      1   0.111  1 ==> 0
                                           339 (Ossified tendons in distal )      1   0.500  1 ==> 0
                                           340 (Ossified epaxial tendons on)      1   0.200  0 ==> 1
node_128 --> Gobisaurus                    
           12 (Posterior margin of skull, t)      1   0.182  0 --> 2
                                           29 (Maxilla, anterior tooth rows)      1   0.250  2 ==> 1
                                           59 (Jugal, proportions of anteri)      1   0.167  1 ==> 0
                                           70 (Quadrate, dorsoventral heigh)      1   0.333  1 --> 0
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 2
                                           85 (Pterygoids: separate postero)      1   0.100  0 ==> 1
                                           92 (Vomerine septum, position of)      1   0.333  1 ==> 2
                                           182 (Posterior caudal vertebrae,)      1   0.333  1 --> 0
                                           243 (Ischium, shape of the proxi)      1   0.167  0 ==> 1
node_128 --> Kunbarrasaurus                
           1 (Antorbital fenestra: present )      1   0.500  0 ==> 1
                                           5 (Antorbital, lateral temporal )      1   0.500  1 ==> 0
                                           7 (Posterior margin of the skull)      1   0.182  0 ==> 2
                                           9 (Skull dorsal surface, antorbi)      1   0.167  1 ==> 0
                                           41 (Nasal: contributes to latera)      1   1.000  0 --> 1
                                           45 (Number of palpebral/supraorb)      1   0.286  2 --> 0
                                           51 (Lacrimal: contacts prefronta)      1   0.250  0 --> 1
                                           52 (Lacrimal: long axis of main )      1   0.333  0 --> 1
                                           69 (Quadrate, axis extending thr)      1   0.167  1 ==> 0
                                           71 (Quadrate: contact with paroc)      1   0.111  1 ==> 0
                                           77 (Occipital condyle, direction)      1   0.111  1 ==> 0
                                           78 (Occipital condyle, morpholog)      1   0.143  0 ==> 1
                                           80 (Paroccipital processes, dire)      1   0.167  1 ==> 0
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 1
                                           86 (Pterygoid, orientation of pt)      1   0.333  0 ==> 2
                                           90 (Pterygoid foramen: absent (0)      1   0.250  0 --> 1
                                           114 (Maxillary/ dentary tooth, c)      1   0.100  1 --> 0
                                           115 (Maxillary/ dentary tooth, c)      1   0.167  1 ==> 0
                                           163 (Ilio?sacral block: dorsal s)      1   0.333  0 --> 1
                                           203 (Humerus, orientation of del)      1   0.143  1 ==> 0
                                           226 (Ilium, ratio of postacetabu)      1   0.125  1 ==> 0
                                           248 (Femur, separation of femora)      1   0.143  0 ==> 1
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  1 ==> 0
                                           293 (Squamosal/ postorbital horn)      1   0.250  1 ==> 0
                                           317 (Cervical half rings, number)      1   0.333  2 ==> 1
                                           325 (Ossicles: absent (0), prese)      1   0.200  0 ==> 1
node_130 --> Aletopelta                  
           156 (Sacral rod vertebrae (i.e. )      1   0.294  3 ==> 2
                                           204 (Humerus, ratio of width of )      1   0.100  1 ==> 0
                                           224 (Ilium, anterior iliac proce)      1   0.143  0 ==> 1
                                           246 (Ischium, posterior end of i)      1   0.143  1 ==> 2
node_130 --> Talarurus                     
           10 (Skull roof, highest point: p)      1   0.118  0 ==> 1
                                           47 (Angle of orbital axis: less )      1   0.167  0 ==> 1
                                           55 (Frontal, V-shaped upraised a)      1   1.000  0 ==> 1
                                           71 (Quadrate: contact with paroc)      1   0.111  1 ==> 0
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 2
                                           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 2
                                           140 (Cervical ribs, fused to cer)      1   0.200  0 --> 1
                                           159 (Dorsal ribs, attachment to )      1   0.083  0 ==> 1
                                           161 (Number of sacral vertebrae:)      1   0.143  1 ==> 2
                                           168 (Anterior caudal vertebrae, )      1   0.500  2 ==> 0
                                           174 (Anterior caudal vertebrae, )      1   0.200  0 ==> 1
                                           182 (Posterior caudal vertebrae,)      1   0.333  1 --> 0
                                           187 (Coracoid, form of the anter)      1   0.333  0 ==> 1
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 ==> 1
                                           209 (Ulna, ratio of length to hu)      1   0.143  1 --> 0
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 ==> 1
                                           237 (Pubis, postpubis to acetabu)      1   0.400  1 --> 0
                                           243 (Ischium, shape of the proxi)      1   0.167  0 ==> 2
                                           251 (Femur, fourth trochanter: p)      1   0.250  1 ==> 2
                                           260 (Metatarsal arrangement: com)      1   0.200  0 ==> 1
                                           268 (Cranial ornamentation: rugo)      1   0.125  0 --> 1
                                           289 (Supraorbital caputegulae: c)      1   0.250  0 ==> 1
                                           291 (Nuchal caputegulae, number:)      1   0.231  0 ==> 3
                                           297 (Squamosal/postorbital horn:)      1   0.300  4 --> 1
                                           340 (Ossified epaxial tendons on)      1   0.200  0 ==> 1
node_134 --> node_133                      
           156 (Sacral rod vertebrae (i.e. )      1   0.294  3 ==> 5
                                           179 (Mid and posterior caudal ve)      1   0.200  0 ==> 1
                                           330 (Form of pelvic (sacral) ost)      1   0.286  2 ==> 1
node_133 --> node_132
                            160 (Sacral vertebrae, longitudi)      1   0.143  1 ==> 0
node_132 --> Dongyangopelta             
           156 (Sacral rod vertebrae (i.e. )      1   0.294  5 ==> 2
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 ==> 1
                                           252 (Femur, location of the four)      1   0.143  0 ==> 1
node_132 --> Zhejiangosaurus               
           164 (Caudosacrals (i.e. caudal v)      1   0.429  1 --> 0
                                           257 (Tibia, maximum distal width)      1   0.111  1 --> 0
node_133 --> Spearpoint ankylosaur                    
           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 1
                                           140 (Cervical ribs, fused to cer)      1   0.200  0 --> 1
                                           167 (Anterior caudal vertebrae, )      1   0.111  0 ==> 1
                                           246 (Ischium, posterior end of i)      1   0.143  1 --> 0
node_135 --> Borealopelta                  
            19 (Premaxilla, dorsoventral hei)      1   0.125  1 ==> 0
                                           268 (Cranial ornamentation: rugo)      1   0.125  0 --> 1
                                           271 (Skull roof, number of caput)      1   0.333  0 --> 3
                                           282 (Median nasal caputegulum: a)      1   0.143  0 ==> 1
                                           290 (A single large medial polyg)      1   0.200  0 ==> 1
                                           295 (Squamosal/ postorbital horn)      1   0.143  0 --> 1
                                           303 (Jugal/ quadratojugal horn: )      1   0.200  1 --> 0
node_135 --> Mymoorapelta                  
           142 (Dorsal vertebrae, centra: l)      1   0.143  0 ==> 2
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 ==> 0
                                           150 (Dorsal vertebrae, transvers)      1   0.143  1 ==> 0
                                           153 (Anterior dorsal vertebrae, )      1   0.167  1 ==> 0
                                           158 (Dorsal ribs, shape of the p)      1   0.250  1 --> 0
                                           167 (Anterior caudal vertebrae, )      1   0.111  0 ==> 1
                                           200 (Humerus, separation of hume)      1   0.111  1 --> 0
                                           221 (Ilium, anterior iliac proce)      1   0.200  2 ==> 1
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 ==> 1
                                           226 (Ilium, ratio of postacetabu)      1   0.125  1 ==> 0
                                           233 (Ilium, perforation of the a)      1   0.500  2 ==> 1
                                           234 (Ilium, anteroposteriorly ex)      1   0.143  1 ==> 0
                                           330 (Form of pelvic (sacral) ost)      1   0.286  2 ==> 1
node_135 --> Stegopelta                   
           131 (Cervical vertebrae, centra:)      1   0.143  1 ==> 0
                                           147 (Dorsal vertebrae, centrum h)      1   0.091  0 ==> 1
                                           158 (Dorsal ribs, shape of the p)      1   0.250  1 --> 0
                                           225 (Ilium, lateral edge in dors)      1   0.167  1 ==> 0
node_149 --> node_148                      
           13 (Premaxilla, shape of premaxi)      1   0.667  1 ==> 2
                                           66 (Quadrate, shape in lateral v)      1   0.125  1 --> 0
                                           76 (Occipital condyle, offset fr)      1   0.143  0 ==> 1
                                           86 (Pterygoid, orientation of pt)      1   0.333  0 ==> 1
                                           172 (Anterior caudal vertebrae, )      1   0.167  0 --> 1
                                           274 (Skull roof, anterior portio)      1   0.250  1 ==> 0
node_148 --> node_140                      
           127 (Contact between atlas and a)      1   0.333  0 ==> 1
node_140 --> node_139
                           19 (Premaxilla, dorsoventral hei)      1   0.125  1 --> 0
                                           33 (Narial embayment, defined as)      1   0.300  0 --> 1
                                           34 (External nares, in dorsal vi)      1   0.125  1 --> 0
                                           68 (Quadrate, anterior surface: )      1   0.167  1 --> 0
                                           78 (Occipital condyle, morpholog)      1   0.143  0 --> 1
                                           80 (Paroccipital processes, dire)      1   0.167  0 --> 1
                                           81 (Basal tubera: medially separ)      1   0.111  0 --> 1
                                           85 (Pterygoids: separate postero)      1   0.100  0 --> 1
                                           102 (Dentary, tooth alveoli face)      1   0.250  0 --> 1
                                           109 (Surangular, ridge on latera)      1   0.125  1 --> 0
                                           133 (Anterior cervical vertebrae)      1   0.200  1 --> 0
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  3 --> 4
                                           161 (Number of sacral vertebrae:)      1   0.143  2 ==> 1
                                           164 (Caudosacrals (i.e. caudal v)      1   0.429  1 ==> 2
                                           165 (Caudal vertebrae, attachmen)      1   0.143  0 ==> 1
                                           190 (Coracoid, ratio of coracoid)      1   0.286  1 --> 0
                                           215 (Number of manual digits: fi)      1   0.667  0 --> 2
                                           246 (Ischium, posterior end of i)      1   0.143  1 --> 2
                                           293 (Squamosal/ postorbital horn)      1   0.250  1 --> 0
node_139 --> node_136                      
           148 (Dorsal vertebrae, number (i)      1   0.750  4 --> 1
                                           159 (Dorsal ribs, attachment to )      1   0.083  0 --> 1
                                           167 (Anterior caudal vertebrae, )      1   0.111  0 ==> 1
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 --> 1
                                           225 (Ilium, lateral edge in dors)      1   0.167  1 ==> 0
                                           258 (Contact between tibia and a)      1   0.125  1 ==> 0
node_136 --> Anoplosaurus                 
           96 (Jaw, position of articulatio)      1   0.333  1 ==> 0
                                           161 (Number of sacral vertebrae:)      1   0.143  1 ==> 2
                                           188 (Coracoid, anteroventral (st)      1   0.143  1 --> 0
                                           189 (Coracoid, foramen in latera)      1   0.333  0 --> 1
                                           192 (Scapula, ventral process at)      1   0.125  1 --> 0
node_136 --> Dracopelta                    
            7 (Posterior margin of the skull)      1   0.182  2 ==> 0
                                           150 (Dorsal vertebrae, transvers)      1   0.143  1 ==> 0
                                           252 (Femur, location of the four)      1   0.143  0 --> 1
                                           315 (Basal surface of osteoderms)      1   0.182  0 --> 1
node_136 --> Edmontonia rugosidens        
           50 (Lacrimal incisure (transvers)      1   0.091  0 ==> 1
                                           82 (Basipterygoid processes, siz)      1   0.143  1 --> 0
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 1
                                           88 (Pterygoid, position of poste)      1   0.222  1 --> 2
                                           89 (Pterygoid, contact with basi)      1   0.143  1 --> 0
                                           95 (Palate, posterior foramen: a)      1   0.250  0 --> 1
                                           136 (Anterior cervical vertebrae)      1   0.500  0 --> 1
                                           141 (Dorsal vertebrae, centra: l)      1   0.222  0 ==> 2
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 --> 2
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 ==> 0
                                           153 (Anterior dorsal vertebrae, )      1   0.167  1 --> 0
                                           162 (Ilio?sacral block, posterio)      1   0.286  0 ==> 1
                                           173 (Anterior caudal vertebrae, )      1   0.333  2 ==> 1
                                           274 (Skull roof, anterior portio)      1   0.250  0 --> 2
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  1 --> 0
                                           299 (Jugal/ quadratojugal horn: )      1   0.250  1 --> 0
                                           306 (Mandibular caputegulum, len)      1   0.333  0 --> 1
                                           307 (Mandibular caputegulum, dor)      1   0.143  0 --> 1
                                           315 (Basal surface of osteoderms)      1   0.182  0 --> 1
                                           328 (Projection of pectoral spik)      1   1.000  2 --> 0
node_136 --> Nodosaurus                    
           142 (Dorsal vertebrae, centra: l)      1   0.143  0 ==> 1
                                           145 (Dorsal vertebrae, neural ar)      1   0.200  1 ==> 0
                                           226 (Ilium, ratio of postacetabu)      1   0.125  1 --> 0
                                           231 (Ilium, posterior iliac proc)      1   0.143  1 --> 0
                                           235 (Pubis: present as separate )      1   0.125  0 ==> 1
                                           251 (Femur, fourth trochanter: p)      1   0.250  1 ==> 2
node_139 --> node_138                     
           49 (Development of the postocula)      1   0.250  1 ==> 0
                                           67 (Quadrate, inclination in lat)      1   0.200  2 ==> 3
                                           104 (Lower jaw, sinuous ventral )      1   0.200  1 ==> 0
                                           141 (Dorsal vertebrae, centra: l)      1   0.222  0 ==> 2
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 --> 2
                                           268 (Cranial ornamentation: rugo)      1   0.125  0 --> 1
                                           269 (Skull roof, distribution of)      1   0.333  0 --> 1
                                           271 (Skull roof, number of caput)      1   0.333  0 --> 1
                                           283 (Lateral skull caputegulae, )      1   0.375  0 ==> 2
                                           290 (A single large medial polyg)      1   0.200  0 ==> 1
                                           291 (Nuchal caputegulae, number:)      1   0.231  0 ==> 1
                                           306 (Mandibular caputegulum, len)      1   0.333  0 --> 2
node_138 --> node_137                     
           26 (Maxilla, transverse distance)      1   0.200  0 ==> 2
                                           50 (Lacrimal incisure (transvers)      1   0.091  0 ==> 1
                                           66 (Quadrate, shape in lateral v)      1   0.125  0 ==> 1
                                           93 (Vomer, oval-shaped prevomer )      1   0.500  0 ==> 1
                                           279 (Supranarial caputegulae: ab)      1   0.250  0 ==> 1
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  1 --> 0
node_137 --> Denversaurus                  
           11 (Posterior displacement of or)      1   0.143  1 ==> 0
                                           19 (Premaxilla, dorsoventral hei)      1   0.125  0 ==> 1
                                           47 (Angle of orbital axis: less )      1   0.167  0 ==> 1
                                           64 (Quadratojugal, orientation o)      1   0.400  0 --> 1
                                           85 (Pterygoids: separate postero)      1   0.100  1 ==> 0
                                           277 (Premaxillary beak, caputegu)      1   0.200  0 ==> 1
                                           278 (Premaxillary beak, caputegu)      1   0.500  0 --> 1
                                           281 (Internarial caputegulae, nu)      1   0.286  0 --> 1
                                           282 (Median nasal caputegulum: a)      1   0.143  0 --> 1
                                           283 (Lateral skull caputegulae, )      1   0.375  2 ==> 3
                                           292 (Nuchal caputegulae, posteri)      1   0.167  0 --> 1
node_137 --> Edmontonia longiceps          
            9 (Skull dorsal surface, antorbi)      1   0.167  0 --> 1
                                           76 (Occipital condyle, offset fr)      1   0.143  1 ==> 0
                                           78 (Occipital condyle, morpholog)      1   0.143  1 ==> 0
                                           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 2
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 --> 0
                                           146 (Dorsal vertebrae, centrum h)      1   0.167  0 --> 1
                                           147 (Dorsal vertebrae, centrum h)      1   0.091  0 --> 1
                                           148 (Dorsal vertebrae, number (i)      1   0.750  4 --> 2
                                           159 (Dorsal ribs, attachment to )      1   0.083  0 --> 1
                                           172 (Anterior caudal vertebrae, )      1   0.167  1 --> 0
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 --> 1
                                           204 (Humerus, ratio of width of )      1   0.100  1 --> 0
                                           209 (Ulna, ratio of length to hu)      1   0.143  1 --> 0
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 --> 1
                                           248 (Femur, separation of femora)      1   0.143  1 --> 0
                                           274 (Skull roof, anterior portio)      1   0.250  0 ==> 1
node_138 --> Panoplosaurus                 
           3 (Lateral temporal fenestra, an)      1   0.250  1 ==> 0
                                           9 (Skull dorsal surface, antorbi)      1   0.167  0 --> 1
                                           10 (Skull roof, highest point: p)      1   0.118  0 ==> 1
                                           12 (Posterior margin of skull, t)      1   0.182  0 ==> 2
                                           37 (Shape of respiratory passage)      1   0.500  0 --> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 1
                                           88 (Pterygoid, position of poste)      1   0.222  1 --> 2
                                           94 (Vomer, groove on ventral mar)      1   0.250  0 ==> 1
                                           97 (Jaw, position of articulatio)      1   0.200  0 ==> 1
                                           170 (Anterior caudal vertebrae, )      1   0.500  0 ==> 1
                                           216 (Metacarpal II to humerus le)      1   0.333  0 --> 1
                                           281 (Internarial caputegulae, nu)      1   0.286  0 --> 1
                                           282 (Median nasal caputegulum: a)      1   0.143  0 --> 1
                                           292 (Nuchal caputegulae, posteri)      1   0.167  0 --> 1
                                           299 (Jugal/ quadratojugal horn: )      1   0.250  1 --> 0
                                           307 (Mandibular caputegulum, dor)      1   0.143  0 --> 1
node_140 --> Tianchisaurus                 
           135 (Anterior cervical vertebrae)      1   0.100  1 ==> 0
                                           147 (Dorsal vertebrae, centrum h)      1   0.091  0 ==> 1
                                           155 (Posterior dorsal vertebrae,)      1   0.125  1 ==> 0
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  3 --> 2
                                           173 (Anterior caudal vertebrae, )      1   0.333  2 ==> 0
                                           260 (Metatarsal arrangement: com)      1   0.200  0 ==> 1
                                           317 (Cervical half rings, number)      1   0.333  2 ==> 1
                                           318 (Cervical half rings, forms:)      1   0.500  0 ==> 1
node_148 --> node_147                      
           14 (Premaxillary palate, ratio o)      1   0.600  2 ==> 1
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  3 --> 5
                                           319 (Cervical half rings, compos)      1   1.000  1 ==> 0
                                           320 (Cervical half rings, distal)      1   0.200  0 --> 1
node_147 --> node_145                      
           50 (Lacrimal incisure (transvers)      1   0.091  0 ==> 1
                                           81 (Basal tubera: medially separ)      1   0.111  0 --> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 --> 2
                                           114 (Maxillary/ dentary tooth, c)      1   0.100  1 ==> 0
                                           118 (Maxillary/ dentary tooth, t)      1   0.111  0 ==> 1
                                           169 (Anterior caudal vertebrae, )      1   0.143  0 ==> 1
                                           203 (Humerus, orientation of del)      1   0.143  1 --> 0
                                           242 (Ischium, distinct angle at )      1   0.250  1 --> 0
                                           243 (Ischium, shape of the proxi)      1   0.167  0 --> 1
                                           290 (A single large medial polyg)      1   0.200  0 ==> 1
node_145 --> Europelta                    
            132 (Cervical vertebrae, anterio)      1   0.125  0 --> 2
                                           153 (Anterior dorsal vertebrae, )      1   0.167  1 ==> 0
                                           159 (Dorsal ribs, attachment to )      1   0.083  0 --> 1
                                           167 (Anterior caudal vertebrae, )      1   0.111  0 --> 1
                                           186 (Coracoid, size: subequal in)      1   0.143  1 --> 0
                                           221 (Ilium, anterior iliac proce)      1   0.200  2 --> 1
                                           231 (Ilium, posterior iliac proc)      1   0.143  1 ==> 0
                                           235 (Pubis: present as separate )      1   0.125  0 ==> 1
                                           255 (Femur, length to tibia leng)      1   0.333  1 --> 0
                                           257 (Tibia, maximum distal width)      1   0.111  1 --> 0
                                           295 (Squamosal/ postorbital horn)      1   0.143  0 --> 1
                                           298 (Squamosal/postorbital horn,)      1   0.167  0 ==> 1
                                           328 (Projection of pectoral spik)      1   1.000  2 --> 1
node_145 --> node_144                      
           12 (Posterior margin of skull, t)      1   0.182  0 ==> 1
                                           66 (Quadrate, shape in lateral v)      1   0.125  0 ==> 1
                                           76 (Occipital condyle, offset fr)      1   0.143  1 ==> 0
                                           80 (Paroccipital processes, dire)      1   0.167  0 --> 1
                                           150 (Dorsal vertebrae, transvers)      1   0.143  1 ==> 0
                                           173 (Anterior caudal vertebrae, )      1   0.333  2 ==> 1
                                           195 (Scapulacoracoid, medial but)      1   0.167  1 --> 0
                                           291 (Nuchal caputegulae, number:)      1   0.231  0 ==> 2
node_143 --> node_142                      
            147 (Dorsal vertebrae, centrum h)      1   0.091  0 --> 1
node_142 --> node_141 
                           204 (Humerus, ratio of width of )      1   0.100  1 --> 0
                                           205 (Humerus, ratio of transvers)      1   0.143  1 --> 0
                                           225 (Ilium, lateral edge in dors)      1   0.167  1 --> 0
node_141 --> Hungarosaurus                 
           16 (Premaxilla, broad ?V? or ?U?)      1   0.111  0 --> 1
                                           17 (Premaxillary tomium (=subnar)      1   0.250  1 --> 0
                                           34 (External nares, in dorsal vi)      1   0.125  1 --> 0
                                           60 (Jugal, anterior process, rel)      1   0.167  1 --> 0
                                           64 (Quadratojugal, orientation o)      1   0.400  0 --> 1
                                           67 (Quadrate, inclination in lat)      1   0.200  2 --> 1
                                           69 (Quadrate, axis extending thr)      1   0.167  1 ==> 0
                                           94 (Vomer, groove on ventral mar)      1   0.250  0 --> 1
                                           98 (Dentary, depth of the symphy)      1   0.200  1 --> 0
                                           103 (Dentary, ventral profile: t)      1   0.200  1 --> 0
                                           116 (Maxillary/ dentary tooth, c)      1   0.111  0 ==> 1
                                           118 (Maxillary/ dentary tooth, t)      1   0.111  1 ==> 0
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 ==> 1
                                           125 (Maxilla or dentary, shape o)      1   0.111  1 ==> 0
                                           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 2
                                           138 (Posterior cervical vertebra)      1   0.200  1 --> 0
                                           141 (Dorsal vertebrae, centra: l)      1   0.222  0 --> 2
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 --> 2
                                           149 (Dorsal vertebrae, anterior )      1   0.500  0 --> 2
                                           155 (Posterior dorsal vertebrae,)      1   0.125  1 --> 0
                                           159 (Dorsal ribs, attachment to )      1   0.083  0 --> 1
                                           161 (Number of sacral vertebrae:)      1   0.143  2 --> 1
                                           167 (Anterior caudal vertebrae, )      1   0.111  0 --> 1
                                           215 (Number of manual digits: fi)      1   0.667  0 --> 1
                                           254 (Femur, maximum length to hu)      1   0.200  1 --> 0
                                           277 (Premaxillary beak, caputegu)      1   0.200  0 --> 1
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  1 --> 0
                                           317 (Cervical half rings, number)      1   0.333  2 --> 1
node_141 --> Paw Paw juvenile             
           76 (Occipital condyle, offset fr)      1   0.143  0 ==> 1
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  2 --> 1
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 --> 0
                                           186 (Coracoid, size: subequal in)      1   0.143  1 --> 0
                                           188 (Coracoid, anteroventral (st)      1   0.143  1 ==> 0
                                           200 (Humerus, separation of hume)      1   0.111  1 ==> 0
                                           201 (Humerus, separation of hume)      1   0.125  1 --> 0
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 ==> 1
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 ==> 1
                                           228 (Ilium, ratio of maximum tra)      1   0.667  2 --> 1
                                           233 (Ilium, perforation of the a)      1   0.500  2 --> 1
node_142 --> Struthiosaurus austriacus     
           79 (Foramen magnum, cross-sectio)      1   0.333  0 --> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  2 ==> 1
                                           102 (Dentary, tooth alveoli face)      1   0.250  0 ==> 1
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  2 --> 1
                                           117 (Maxillary/ dentary tooth, t)      1   0.250  1 ==> 0
                                           131 (Cervical vertebrae, centra:)      1   0.143  1 --> 0
                                           132 (Cervical vertebrae, anterio)      1   0.125  0 ==> 1
                                           135 (Anterior cervical vertebrae)      1   0.100  1 --> 0
                                           141 (Dorsal vertebrae, centra: l)      1   0.222  0 ==> 1
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 ==> 1
                                           146 (Dorsal vertebrae, centrum h)      1   0.167  0 ==> 1
                                           149 (Dorsal vertebrae, anterior )      1   0.500  0 --> 2
                                           167 (Anterior caudal vertebrae, )      1   0.111  0 --> 1
                                           179 (Mid and posterior caudal ve)      1   0.200  0 ==> 1
                                           256 (Femur, fibula epicondyle me)      1   0.333  0 ==> 1
                                           305 (Mandibular caputegulum : ab)      1   0.250  1 ==> 0
                                           315 (Basal surface of osteoderms)      1   0.182  0 ==> 1
                                           318 (Cervical half rings, forms:)      1   0.500  0 ==> 2
                                           321 (Cervical half rings, distal)      1   0.333  0 ==> 1
node_143 --> Struthiosaurus languedocensis 
           141 (Dorsal vertebrae, centra: l)      1   0.222  0 --> 2
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 --> 2
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 --> 0
                                           159 (Dorsal ribs, attachment to )      1   0.083  0 --> 1
                                           221 (Ilium, anterior iliac proce)      1   0.200  2 --> 1
                                           234 (Ilium, anteroposteriorly ex)      1   0.143  1 --> 0
node_144 --> Struthiosaurus transylvanicus 
           131 (Cervical vertebrae, centra:)      1   0.143  1 --> 0
                                           135 (Anterior cervical vertebrae)      1   0.100  1 --> 0
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 --> 0
                                           155 (Posterior dorsal vertebrae,)      1   0.125  1 ==> 0
node_147 --> node_146                      
          174 (Anterior caudal vertebrae, )      1   0.200  0 ==> 1
node_146 --> Silvisaurus
                           10 (Skull roof, highest point: p)      1   0.118  0 --> 1
                                           12 (Posterior margin of skull, t)      1   0.182  0 --> 2
                                           28 (Maxilla, anteroventral secon)      1   0.500  1 --> 0
                                           35 (External nares, in anterior )      1   0.333  1 --> 0
                                           78 (Occipital condyle, morpholog)      1   0.143  0 --> 1
                                           85 (Pterygoids: separate postero)      1   0.100  0 --> 1
                                           92 (Vomerine septum, position of)      1   0.333  1 --> 0
                                           97 (Jaw, position of articulatio)      1   0.200  0 --> 1
                                           119 (Maxillary and/ or dentary t)      1   0.091  0 --> 1
                                           121 (Dentary teeth, number in ad)      1   0.300  0 --> 1
                                           122 (Premaxillary teeth, number:)      1   0.500  6 --> 0
                                           123 (Maxilla or dentary, tooth r)      1   0.200  1 --> 0
                                           160 (Sacral vertebrae, longitudi)      1   0.143  1 --> 0
                                           164 (Caudosacrals (i.e. caudal v)      1   0.429  1 --> 2
                                           268 (Cranial ornamentation: rugo)      1   0.125  0 --> 1
                                           279 (Supranarial caputegulae: ab)      1   0.250  0 --> 1
                                           293 (Squamosal/ postorbital horn)      1   0.250  1 --> 0
                                           302 (Jugal/ quadratojugal horn, )      1   0.333  0 --> 1
                                           315 (Basal surface of osteoderms)      1   0.182  0 --> 1
node_149 --> Invictarx                     
          144 (Dorsal vertebrae, deep exca)      1   0.500  0 ==> 1
node_151 --> node_150
                           58 (Parietal, dorsal surface: co)      1   0.286  0 ==> 2
                                           66 (Quadrate, shape in lateral v)      1   0.125  1 --> 0
                                           67 (Quadrate, inclination in lat)      1   0.200  2 ==> 3
node_150 --> Sauropelta 
                           109 (Surangular, ridge on latera)      1   0.125  1 --> 0
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 --> 1
                                           121 (Dentary teeth, number in ad)      1   0.300  0 --> 1
                                           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 1
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 --> 2
                                           161 (Number of sacral vertebrae:)      1   0.143  2 --> 1
                                           173 (Anterior caudal vertebrae, )      1   0.333  2 --> 0
                                           190 (Coracoid, ratio of coracoid)      1   0.286  1 --> 2
                                           205 (Humerus, ratio of transvers)      1   0.143  1 --> 0
                                           213 (Radius, ratio of transverse)      1   0.250  1 --> 0
                                           216 (Metacarpal II to humerus le)      1   0.333  0 --> 1
                                           217 (Metacarpal I, ratio of leng)      1   0.500  0 --> 1
                                           226 (Ilium, ratio of postacetabu)      1   0.125  1 --> 0
                                           246 (Ischium, posterior end of i)      1   0.143  1 --> 0
                                           306 (Mandibular caputegulum, len)      1   0.333  0 --> 2
                                           307 (Mandibular caputegulum, dor)      1   0.143  0 --> 1
                                           329 (Form of pectoral spikes: so)      1   0.500  1 --> 0
node_150 --> Tatankacephalus              
           10 (Skull roof, highest point: p)      1   0.118  0 --> 1
                                           12 (Posterior margin of skull, t)      1   0.182  0 --> 2
                                           45 (Number of palpebral/supraorb)      1   0.286  2 --> 0
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  2 ==> 1
                                           114 (Maxillary/ dentary tooth, c)      1   0.100  0 --> 1
node_158 --> node_157                     
           167 (Anterior caudal vertebrae, )      1   0.111  0 ==> 1
                                           192 (Scapula, ventral process at)      1   0.125  1 ==> 0
                                           193 (Scapula, form of the acromi)      1   0.556  3 ==> 2
                                           324 (Triangular osteoderms that )      1   1.000  0 ==> 1
node_157 --> node_156                     
           156 (Sacral rod vertebrae (i.e. )      1   0.294  3 --> 4
                                           330 (Form of pelvic (sacral) ost)      1   0.286  0 ==> 1
node_156 --> node_154
                           132 (Cervical vertebrae, anterio)      1   0.125  0 --> 1
                                           250 (Femur, oblique ridge on lat)      1   0.500  0 ==> 1
node_154 --> node_153
                            5 (Antorbital, lateral temporal )      1   0.500  1 --> 0
                                           16 (Premaxilla, broad ?V? or ?U?)      1   0.111  0 --> 1
                                           68 (Quadrate, anterior surface: )      1   0.167  1 --> 0
                                           69 (Quadrate, axis extending thr)      1   0.167  1 --> 0
                                           72 (Quadrate: fossa/fenestra abs)      1   0.250  0 --> 1
                                           190 (Coracoid, ratio of coracoid)      1   0.286  1 --> 0
                                           193 (Scapula, form of the acromi)      1   0.556  2 ==> 1
                                           252 (Femur, location of the four)      1   0.143  0 ==> 1
node_153 --> Gastonia burgei               
            9 (Skull dorsal surface, antorbi)      1   0.167  0 --> 1
                                           10 (Skull roof, highest point: p)      1   0.118  0 ==> 1
                                           26 (Maxilla, transverse distance)      1   0.200  0 --> 2
                                           29 (Maxilla, anterior tooth rows)      1   0.250  0 --> 1
                                           32 (Internal nares, bone borderi)      1   0.333  0 --> 1
                                           33 (Narial embayment, defined as)      1   0.300  0 --> 2
                                           34 (External nares, in dorsal vi)      1   0.125  1 --> 0
                                           59 (Jugal, proportions of anteri)      1   0.167  1 --> 0
                                           64 (Quadratojugal, orientation o)      1   0.400  0 --> 2
                                           70 (Quadrate, dorsoventral heigh)      1   0.333  1 ==> 0
                                           76 (Occipital condyle, offset fr)      1   0.143  0 --> 1
                                           84 (Form of cranial nerve XII: t)      1   0.400  0 --> 1
                                           87 (Pterygoid, anterior margin a)      1   0.200  0 --> 1
                                           88 (Pterygoid, position of poste)      1   0.222  1 --> 2
                                           89 (Pterygoid, contact with basi)      1   0.143  1 --> 0
                                           90 (Pterygoid foramen: absent (0)      1   0.250  0 --> 1
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  2 --> 1
                                           118 (Maxillary/ dentary tooth, t)      1   0.111  0 --> 1
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 --> 1
                                           125 (Maxilla or dentary, shape o)      1   0.111  1 --> 0
                                           141 (Dorsal vertebrae, centra: l)      1   0.222  0 ==> 1
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 ==> 1
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 --> 0
                                           155 (Posterior dorsal vertebrae,)      1   0.125  1 ==> 0
                                           165 (Caudal vertebrae, attachmen)      1   0.143  0 --> 1
                                           169 (Anterior caudal vertebrae, )      1   0.143  0 --> 1
                                           175 (Anterior and mid caudal ver)      1   0.250  1 ==> 0
                                           191 (Scapula, glenoid orientatio)      1   0.125  1 --> 0
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 --> 1
                                           218 (Metacarpal V, ratio of leng)      1   0.500  1 ==> 0
                                           226 (Ilium, ratio of postacetabu)      1   0.125  1 ==> 0
                                           235 (Pubis: present as separate )      1   0.125  0 --> 1
                                           246 (Ischium, posterior end of i)      1   0.143  1 ==> 2
                                           248 (Femur, separation of femora)      1   0.143  1 --> 0
                                           257 (Tibia, maximum distal width)      1   0.111  1 --> 0
                                           300 (Jugal/ quadratojugal horn, )      1   0.250  0 --> 1
                                           301 (Jugal/quadratojugal horn: l)      1   0.250  0 --> 1
                                           332 (Caudal osteoderms, morpholo)      1   0.500  0 --> 1
node_153 --> node_152                      
           119 (Maxillary and/ or dentary t)      1   0.091  0 ==> 1
                                           200 (Humerus, separation of hume)      1   0.111  1 ==> 0
                                           201 (Humerus, separation of hume)      1   0.125  1 ==> 0
                                           209 (Ulna, ratio of length to hu)      1   0.143  1 ==> 0
                                           210 (Ulna, proximal width to len)      1   1.000  0 ==> 1
                                           254 (Femur, maximum length to hu)      1   0.200  1 ==> 0
node_152 --> Gastonia lorriemcwhinnyae     
           58 (Parietal, dorsal surface: co)      1   0.286  0 ==> 1
                                           71 (Quadrate: contact with paroc)      1   0.111  1 ==> 0
                                           82 (Basipterygoid processes, siz)      1   0.143  1 --> 0
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 ==> 1
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  2 --> 1
                                           116 (Maxillary/ dentary tooth, c)      1   0.111  1 --> 0
                                           128 (Axis, neural spine in later)      1   0.333  0 --> 1
                                           191 (Scapula, glenoid orientatio)      1   0.125  1 --> 0
                                           221 (Ilium, anterior iliac proce)      1   0.200  1 ==> 2
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 ==> 1
                                           248 (Femur, separation of femora)      1   0.143  1 --> 0
                                           291 (Nuchal caputegulae, number:)      1   0.231  0 --> 1
node_152 --> Peloroplites                  
           50 (Lacrimal incisure (transvers)      1   0.091  0 --> 1
                                           51 (Lacrimal: contacts prefronta)      1   0.250  0 --> 1
                                           67 (Quadrate, inclination in lat)      1   0.200  2 --> 1
                                           80 (Paroccipital processes, dire)      1   0.167  0 ==> 1
                                           104 (Lower jaw, sinuous ventral )      1   0.200  1 --> 0
                                           132 (Cervical vertebrae, anterio)      1   0.125  1 ==> 0
                                           146 (Dorsal vertebrae, centrum h)      1   0.167  0 --> 1
                                           147 (Dorsal vertebrae, centrum h)      1   0.091  0 --> 1
                                           159 (Dorsal ribs, attachment to )      1   0.083  0 ==> 1
                                           160 (Sacral vertebrae, longitudi)      1   0.143  1 ==> 0
                                           161 (Number of sacral vertebrae:)      1   0.143  2 ==> 1
                                           165 (Caudal vertebrae, attachmen)      1   0.143  0 --> 1
                                           187 (Coracoid, form of the anter)      1   0.333  0 --> 1
                                           188 (Coracoid, anteroventral (st)      1   0.143  1 --> 0
                                           192 (Scapula, ventral process at)      1   0.125  0 ==> 1
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 --> 1
                                           213 (Radius, ratio of transverse)      1   0.250  1 --> 0
                                           223 (Ilium, anterior iliac proce)      1   0.333  1 --> 0
                                           242 (Ischium, distinct angle at )      1   0.250  1 ==> 0
                                           243 (Ischium, shape of the proxi)      1   0.167  0 --> 1
                                           257 (Tibia, maximum distal width)      1   0.111  1 --> 0
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  1 --> 0
                                           329 (Form of pectoral spikes: so)      1   0.500  1 --> 0
node_154 --> Hylaeosaurus                  
           131 (Cervical vertebrae, centra:)      1   0.143  1 ==> 0
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  1 --> 0
                                           190 (Coracoid, ratio of coracoid)      1   0.286  1 --> 0
node_154 --> Texasetes                     
           161 (Number of sacral vertebrae:)      1   0.143  2 ==> 1
                                           192 (Scapula, ventral process at)      1   0.125  0 ==> 1
node_156 --> node_155                      
           169 (Anterior caudal vertebrae, )      1   0.143  0 --> 1
                                           315 (Basal surface of osteoderms)      1   0.182  0 ==> 1
node_155 --> Niobrarasaurus 
                           76 (Occipital condyle, offset fr)      1   0.143  0 --> 1
                                           77 (Occipital condyle, direction)      1   0.111  1 --> 0
                                           78 (Occipital condyle, morpholog)      1   0.143  0 --> 1
                                           116 (Maxillary/ dentary tooth, c)      1   0.111  1 --> 0
                                           161 (Number of sacral vertebrae:)      1   0.143  2 ==> 1
                                           260 (Metatarsal arrangement: com)      1   0.200  0 --> 1
                                           268 (Cranial ornamentation: rugo)      1   0.125  0 --> 1
                                           323 (Osteoderms on proximal limb)      1   0.250  0 --> 1
node_155 --> Polacanthus                   
           156 (Sacral rod vertebrae (i.e. )      1   0.294  4 ==> 5
                                           157 (Sacral rod vertebrae (i.e. )      1   0.333  1 --> 0
                                           172 (Anterior caudal vertebrae, )      1   0.167  0 --> 1
                                           183 (Posterior caudal vertebrae,)      1   0.333  1 --> 0
                                           227 (Ilium, ratio of acetabular )      1   0.167  0 --> 1
                                           234 (Ilium, anteroposteriorly ex)      1   0.143  1 --> 0
                                           235 (Pubis: present as separate )      1   0.125  0 --> 1
                                           251 (Femur, fourth trochanter: p)      1   0.250  1 ==> 0
                                           252 (Femur, location of the four)      1   0.143  0 ==> 1
                                           258 (Contact between tibia and a)      1   0.125  0 ==> 1
node_157 --> Hoplitosaurus                 
          315 (Basal surface of osteoderms)      1   0.182  0 ==> 2
node_159 --> Gargoyleosaurus              
           14 (Premaxillary palate, ratio o)      1   0.600  2 --> 1
                                           16 (Premaxilla, broad ?V? or ?U?)      1   0.111  0 --> 1
                                           19 (Premaxilla, dorsoventral hei)      1   0.125  1 ==> 0
                                           38 (Posterior nasal passage (air)      1   0.500  0 ==> 1
                                           58 (Parietal, dorsal surface: co)      1   0.286  0 ==> 1
                                           67 (Quadrate, inclination in lat)      1   0.200  2 ==> 1
                                           81 (Basal tubera: medially separ)      1   0.111  0 ==> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 ==> 2
                                           106 (Lower jaw, retroarticular p)      1   0.250  0 ==> 1
                                           111 (Surangular, foramen ventral)      1   0.143  0 --> 1
                                           117 (Maxillary/ dentary tooth, t)      1   0.250  1 ==> 0
                                           119 (Maxillary and/ or dentary t)      1   0.091  0 --> 1
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 ==> 1
                                           121 (Dentary teeth, number in ad)      1   0.300  0 ==> 2
                                           135 (Anterior cervical vertebrae)      1   0.100  1 ==> 0
                                           169 (Anterior caudal vertebrae, )      1   0.143  0 --> 1
                                           172 (Anterior caudal vertebrae, )      1   0.167  0 --> 1
                                           219 (Phalanges, shape of manual )      1   0.500  1 ==> 0
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 --> 1
                                           237 (Pubis, postpubis to acetabu)      1   0.400  1 --> 0
                                           252 (Femur, location of the four)      1   0.143  0 ==> 1
                                           253 (Femur, shape in medial/late)      1   0.500  1 ==> 0
                                           268 (Cranial ornamentation: rugo)      1   0.125  0 --> 1
                                           271 (Skull roof, number of caput)      1   0.333  0 ==> 2
                                           274 (Skull roof, anterior portio)      1   0.250  1 ==> 0
                                           279 (Supranarial caputegulae: ab)      1   0.250  0 ==> 1
                                           291 (Nuchal caputegulae, number:)      1   0.231  0 ==> 3
                                           292 (Nuchal caputegulae, posteri)      1   0.167  0 --> 1
                                           295 (Squamosal/ postorbital horn)      1   0.143  0 --> 1
                                           307 (Mandibular caputegulum, dor)      1   0.143  0 --> 1
                                           330 (Form of pelvic (sacral) ost)      1   0.286  0 ==> 1
node_160 --> Cedarpelta                   
           11 (Posterior displacement of or)      1   0.143  1 ==> 0
                                           25 (Maxilla, dorsoventral depth )      1   0.200  0 ==> 1
                                           29 (Maxilla, anterior tooth rows)      1   0.250  0 ==> 1
                                           76 (Occipital condyle, offset fr)      1   0.143  0 ==> 1
                                           77 (Occipital condyle, direction)      1   0.111  1 ==> 0
                                           109 (Surangular, ridge on latera)      1   0.125  1 --> 0
                                           123 (Maxilla or dentary, tooth r)      1   0.200  1 ==> 0
                                           142 (Dorsal vertebrae, centra: l)      1   0.143  0 ==> 1
                                           162 (Ilio?sacral block, posterio)      1   0.286  0 ==> 1
                                           246 (Ischium, posterior end of i)      1   0.143  1 ==> 0
                                           247 (Ischium, large knob on medi)      1   1.000  0 ==> 1
                                           277 (Premaxillary beak, caputegu)      1   0.200  0 ==> 1
                                           278 (Premaxillary beak, caputegu)      1   0.500  0 --> 1
node_161 --> Animantarx                    
           59 (Jugal, proportions of anteri)      1   0.167  1 ==> 0
                                           68 (Quadrate, anterior surface: )      1   0.167  1 --> 0
                                           69 (Quadrate, axis extending thr)      1   0.167  1 --> 0
                                           72 (Quadrate: fossa/fenestra abs)      1   0.250  0 --> 1
                                           119 (Maxillary and/ or dentary t)      1   0.091  0 --> 1
                                           139 (Posterior cervical vertebra)      1   1.000  0 ==> 1
                                           159 (Dorsal ribs, attachment to )      1   0.083  0 ==> 1
                                           188 (Coracoid, anteroventral (st)      1   0.143  0 --> 1
                                           196 (Scapular blade: distally ex)      1   0.143  0 ==> 1
                                           202 (Humerus, ratio of deltopect)      1   0.083  0 ==> 1
                                           222 (Ilium, anterior iliac proce)      1   0.071  0 --> 1
                                           226 (Ilium, ratio of postacetabu)      1   0.125  1 ==> 0
                                           227 (Ilium, ratio of acetabular )      1   0.167  0 --> 1
                                           228 (Ilium, ratio of maximum tra)      1   0.667  2 ==> 1
                                           235 (Pubis: present as separate )      1   0.125  0 ==> 1
                                           250 (Femur, oblique ridge on lat)      1   0.500  0 ==> 1
                                           290 (A single large medial polyg)      1   0.200  0 --> 1
node_162 --> Pawpawsaurus                
           7 (Posterior margin of the skull)      1   0.182  0 ==> 2
                                           13 (Premaxilla, shape of premaxi)      1   0.667  0 --> 2
                                           14 (Premaxillary palate, ratio o)      1   0.600  0 --> 1
                                           17 (Premaxillary tomium (=subnar)      1   0.250  0 --> 1
                                           18 (Premaxillary tomium, postero)      1   0.500  0 --> 1
                                           23 (Premaxillary foramina, conne)      1   0.500  0 ==> 1
                                           39 (Respiratory passage, nasal s)      1   0.500  0 --> 1
                                           49 (Development of the postocula)      1   0.250  0 ==> 1
                                           50 (Lacrimal incisure (transvers)      1   0.091  0 ==> 1
                                           66 (Quadrate, shape in lateral v)      1   0.125  1 ==> 0
                                           67 (Quadrate, inclination in lat)      1   0.200  0 --> 3
                                           79 (Foramen magnum, cross-sectio)      1   0.333  0 ==> 1
                                           80 (Paroccipital processes, dire)      1   0.167  0 ==> 1
                                           81 (Basal tubera: medially separ)      1   0.111  0 ==> 1
                                           83 (Basioccipital-basisphenoid, )      1   0.105  0 ==> 2
                                           84 (Form of cranial nerve XII: t)      1   0.400  0 ==> 2
                                           85 (Pterygoids: separate postero)      1   0.100  0 ==> 1
                                           86 (Pterygoid, orientation of pt)      1   0.333  0 ==> 1
                                           90 (Pterygoid foramen: absent (0)      1   0.250  0 --> 1
                                           93 (Vomer, oval-shaped prevomer )      1   0.500  0 ==> 1
                                           94 (Vomer, groove on ventral mar)      1   0.250  0 ==> 1
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  1 --> 2
                                           122 (Premaxillary teeth, number:)      1   0.500  0 ==> 3
                                           268 (Cranial ornamentation: rugo)      1   0.125  0 ==> 1
                                           271 (Skull roof, number of caput)      1   0.333  0 ==> 3
                                           282 (Median nasal caputegulum: a)      1   0.143  0 ==> 1
                                           283 (Lateral skull caputegulae, )      1   0.375  0 ==> 2
                                           284 (Orbit, enclosed by ring-lik)      1   0.091  0 ==> 1
                                           285 (Ciliary osteoderm (eyelid o)      1   0.500  0 ==> 1
                                           288 (Supraorbital caputegulae: a)      1   0.500  0 --> 1
                                           290 (A single large medial polyg)      1   0.200  0 --> 1
                                           291 (Nuchal caputegulae, number:)      1   0.231  0 ==> 1
                                           295 (Squamosal/ postorbital horn)      1   0.143  0 --> 1
                                           299 (Jugal/ quadratojugal horn: )      1   0.250  0 --> 1
node_163 --> Sarcolestes                  
           103 (Dentary, ventral profile: t)      1   0.200  0 --> 1
                                           109 (Surangular, ridge on latera)      1   0.125  1 --> 0
                                           111 (Surangular, foramen ventral)      1   0.143  0 --> 1
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 ==> 1
                                           307 (Mandibular caputegulum, dor)      1   0.143  0 --> 1
node_165 --> Minmi                         
           143 (Dorsal vertebrae, longitudi)      1   0.063  0 ==> 1
                                           147 (Dorsal vertebrae, centrum h)      1   0.091  1 ==> 0
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  0 ==> 2
                                           325 (Ossicles: absent (0), prese)      1   0.200  0 --> 1
node_166 --> Scelidosaurus                 
            3 (Lateral temporal fenestra, an)      1   0.250  0 ==> 1
                                           45 (Number of palpebral/supraorb)      1   0.286  0 --> 1
                                           58 (Parietal, dorsal surface: co)      1   0.286  0 --> 1
                                           67 (Quadrate, inclination in lat)      1   0.200  0 ==> 1
                                           111 (Surangular, foramen ventral)      1   0.143  0 --> 1
                                           118 (Maxillary/ dentary tooth, t)      1   0.111  0 --> 1
                                           120 (Maxillary and/ or dentary t)      1   0.077  0 ==> 1
                                           122 (Premaxillary teeth, number:)      1   0.500  0 ==> 1
                                           135 (Anterior cervical vertebrae)      1   0.100  1 ==> 0
                                           168 (Anterior caudal vertebrae, )      1   0.500  0 --> 1
                                           204 (Humerus, ratio of width of )      1   0.100  0 --> 1
                                           226 (Ilium, ratio of postacetabu)      1   0.125  1 ==> 0
                                           229 (Ilium, supra?acetabular fla)      1   0.500  0 ==> 1
                                           231 (Ilium, posterior iliac proc)      1   0.143  0 --> 1
                                           252 (Femur, location of the four)      1   0.143  0 ==> 1
                                           265 (Pedal digit I: metatarsal I)      1   1.000  0 --> 1
                                           305 (Mandibular caputegulum : ab)      1   0.250  0 --> 1
                                           323 (Osteoderms on proximal limb)      1   0.250  0 ==> 1
                                           331 (Caudal osteoderms: absent ()      1   0.500  0 --> 1
node_167 --> Scutellosaurus               
           115 (Maxillary/ dentary tooth, c)      1   0.167  0 ==> 1
                                           143 (Dorsal vertebrae, longitudi)      1   0.063  0 ==> 1
                                           154 (Anterior dorsal vertebrae, )      1   0.500  1 ==> 0
                                           161 (Number of sacral vertebrae:)      1   0.143  1 --> 3
                                           201 (Humerus, separation of hume)      1   0.125  0 ==> 1
                                           214 (Radius, ratio of transverse)      1   0.667  2 ==> 0
                                           216 (Metacarpal II to humerus le)      1   0.333  0 --> 1
                                           240 (Pubis, acetabular portion e)      1   0.500  0 ==> 1
                                           243 (Ischium, shape of the proxi)      1   0.167  1 ==> 2
                                           246 (Ischium, posterior end of i)      1   0.143  1 ==> 0
                                           254 (Femur, maximum length to hu)      1   0.200  1 ==> 0
                                           262 (Number of pedal digits: fiv)      1   0.667  1 ==> 0
node_168 --> Emausaurus                    
            7 (Posterior margin of the skull)      1   0.182  0 --> 1
                                           11 (Posterior displacement of or)      1   0.143  0 ==> 1
                                           21 (Premaxilla, posterodorsally-)      1   0.250  0 ==> 1
                                           33 (Narial embayment, defined as)      1   0.300  0 ==> 1
                                           98 (Dentary, depth of the symphy)      1   0.200  0 ==> 1
                                           104 (Lower jaw, sinuous ventral )      1   0.200  0 ==> 1
                                           111 (Surangular, foramen ventral)      1   0.143  0 --> 1
                                           113 (Maxillary/ dentary teeth, a)      1   0.091  1 ==> 2
                                           121 (Dentary teeth, number in ad)      1   0.300  0 ==> 1
                                           122 (Premaxillary teeth, number:)      1   0.500  0 ==> 1
node_169 --> Laquintasaura                
           243 (Ischium, shape of the proxi)      1   0.167  1 ==> 0
                                           246 (Ischium, posterior end of i)      1   0.143  1 ==> 2
                                           256 (Femur, fibula epicondyle me)      1   0.333  0 ==> 1
node_170 --> Lesothosaurus                 
           7 (Posterior margin of the skull)      1   0.182  0 --> 2
                                           8 (Skull, overall shape in poste)      1   0.333  0 --> 1
                                           25 (Maxilla, dorsoventral depth )      1   0.200  0 --> 1
                                           87 (Pterygoid, anterior margin a)      1   0.200  0 --> 2
                                           156 (Sacral rod vertebrae (i.e. )      1   0.294  0 --> 1
                                           164 (Caudosacrals (i.e. caudal v)      1   0.429  0 --> 1
                                           180 (Posterior caudal vertebrae,)      1   0.333  0 --> 1
                                           191 (Scapula, glenoid orientatio)      1   0.125  0 --> 1
                                           192 (Scapula, ventral process at)      1   0.125  0 --> 1
                                           237 (Pubis, postpubis to acetabu)      1   0.400  1 --> 2








ACCTRAN Apomorphy lists:

       Branch                              Character                                                  Steps      CI   Change
----------------------------------------------------------------------------------------------------------------------------
node_170 --> node_169                      
           31 (Maxilla: does not contact prefrontal (0), does conta)      1   0.250  0 --> 1
                                           34 (External nares, in dorsal view: visible (0), not vis)      1   0.125  0 --> 1
                                           40 (Nasal, transverse curvature of dorsal surface: flat )      1   0.500  0 --> 1
                                           59 (Jugal, proportions of anterior process: dorsoventral)      1   0.167  0 --> 1
                                           66 (Quadrate, shape in lateral view: curved i.e. anterio)      1   0.125  0 --> 1
                                           69 (Quadrate, axis extending through condyles in posteri)      1   0.167  0 --> 1
                                           91 (Vomerine septum, length:  equal to or less than 50% )      1   1.000  0 --> 1
                                           99 (Dentary, tooth row in lateral view: straight (0), si)      1   0.500  0 --> 1
                                           109 (Surangular, ridge on lateral surface, anterior to j)      1   0.125  0 --> 1
                                           111 (Surangular, foramen ventral to ridge: absent (0), p)      1   0.143  0 --> 1
                                           138 (Posterior cervical vertebrae, postzygapophyses: not)      1   0.200  0 --> 1
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  1 --> 2
                                           209 (Ulna, ratio of length to humerus length, less than )      1   0.143  0 --> 1
                                           211 (Ulna, development of anterior process in proximal v)      1   0.500  0 --> 1
                                           213 (Radius, ratio of transverse width of distal end to )      1   0.250  0 --> 1
                                           216 (Metacarpal II to humerus length ratio, 0.2 or below)      1   0.333  0 --> 1
                                           228 (Ilium, ratio of maximum transverse width in dorsal )      1   0.667  0 --> 2
                                           231 (Ilium, posterior iliac process distal shape: tapers)      1   0.143  0 --> 1
                                           233 (Ilium, perforation of the acetabulum: open acetabul)      1   0.500  0 --> 1
                                           266 (Skull roof, cortical remodelling: absent (0), prese)      1   1.000  0 --> 1
node_169 --> node_168                      
           124 (Maxilla or dentary, tooth row inset medially from t)      1   0.500  0 ==> 1
                                           129 (Axis, ventral margin: in lateral view flat (0), upw)      1   0.200  1 --> 0
                                           309 (Postcranial osteoderms: absent (0), present (1).)         1   1.000  0 ==> 1
node_168 --> node_167                      
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  1 ==> 0
                                           19 (Premaxilla, dorsoventral height to anteroposterior l)      1   0.125  0 ==> 1
                                           44 (Palpebral: free and rod-like (0), incorporated into )      1   1.000  0 --> 1
                                           45 (Number of palpebral/supraorbitals: one (0), two (1),)      1   0.286  0 --> 1
                                           60 (Jugal, anterior process, relative to orbit height: j)      1   0.167  0 --> 1
                                           64 (Quadratojugal, orientation of external surface: late)      1   0.400  1 --> 0
                                           110 (Surangular, medial inflection of dorsal margin form)      1   0.500  1 --> 0
                                           116 (Maxillary/ dentary tooth, central apical ridge: abs)      1   0.111  0 ==> 1
                                           168 (Anterior caudal vertebrae, centra:  anteroposterior)      1   0.500  0 --> 1
node_167 --> node_166                      
           23 (Premaxillary foramina, connected by anteroventrally-)      1   0.500  1 ==> 0
                                           58 (Parietal, dorsal surface: convex (0), flat (1), conc)      1   0.286  0 --> 1
                                           118 (Maxillary/ dentary tooth, tooth crown striations: e)      1   0.111  0 --> 1
                                           125 (Maxilla or dentary, shape of the tooth row in dorsa)      1   0.111  0 ==> 1
                                           126 (Atlas, type of contact between the neural arches: n)      1   0.500  0 --> 1
                                           130 (Cervical vertebrae, number: seven (0), eight (1), n)      1   0.750  2 ==> 1
                                           148 (Dorsal vertebrae, number (including sacral rod vert)      1   0.750  3 ==> 4
                                           172 (Anterior caudal vertebrae, neural spine height: les)      1   0.167  0 --> 1
                                           190 (Coracoid, ratio of coracoid glenoid length relative)      1   0.286  0 --> 1
                                           192 (Scapula, ventral process at the posteroventral marg)      1   0.125  0 --> 1
                                           204 (Humerus, ratio of width of distal end to minimum sh)      1   0.100  0 --> 1
                                           206 (Humerus, anterior iliac process length to humerus l)      1   0.500  1 --> 0
                                           219 (Phalanges, shape of manual and pedal unguals in dor)      1   0.500  0 ==> 1
                                           257 (Tibia, maximum distal width compared to the maximum)      1   0.111  0 ==> 1
                                           259 (Astralagus, deep, broad U-shaped notch in anterior )      1   1.000  1 --> 0
                                           261 (Metatarsal IV: ratio of maximum length to maximum w)      1   0.500  0 ==> 1
                                           305 (Mandibular caputegulum : absent (0), present (1).)        1   0.250  0 --> 1
                                           314 (Maximum length of largest osteoderm (excluding plat)      1   1.000  0 --> 1
                                           316 (Gular osteoderms: absent (0), present (1 ).)              1   1.000  0 --> 1
                                           331 (Caudal osteoderms: absent (0), present (1 ).)             1   0.500  0 --> 1
node_166 --> node_165                      
           8 (Skull, overall shape in posterior view: dorsoventrall)      1   0.333  0 --> 1
                                           11 (Posterior displacement of orbit, ratio of antorbital)      1   0.143  0 --> 1
                                           12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  2 --> 0
                                           27 (Maxilla, anteroventral secondary palate: absent (0),)      1   0.500  0 --> 1
                                           45 (Number of palpebral/supraorbitals: one (0), two (1),)      1   0.286  1 --> 2
                                           61 (Jugal, posterior ramus, forked: absent (0), present )      1   1.000  1 --> 0
                                           65 (Quadrate, lateral ramus: present (0), absent (1).)         1   1.000  0 --> 1
                                           72 (Quadrate: fossa/fenestra absent (0), present (1).)         1   0.250  0 --> 1
                                           74 (Quadrate-squamosal-paroccipital process articulation)      1   0.500  0 --> 1
                                           77 (Occipital condyle, direction relative to tooth rows:)      1   0.111  0 --> 1
                                           82 (Basipterygoid processes, size: twice as long as wide)      1   0.143  0 --> 1
                                           89 (Pterygoid, contact with basipyerygoid processes: sut)      1   0.143  0 --> 1
                                           90 (Pterygoid foramen: absent (0), present (1).)               1   0.250  0 --> 1
                                           98 (Dentary, depth of the symphysial ramus relative to h)      1   0.200  0 --> 1
                                           103 (Dentary, ventral profile: tapers to a V-shaped apex)      1   0.200  0 --> 1
                                           107 (Predentary, contact with dentary: dorsoventrally ta)      1   1.000  0 --> 1
                                           109 (Surangular, ridge on lateral surface, anterior to j)      1   0.125  1 --> 0
                                           111 (Surangular, foramen ventral to ridge: absent (0), p)      1   0.143  1 --> 0
                                           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  1 --> 2
                                           123 (Maxilla or dentary, tooth row: starts level with pr)      1   0.200  0 --> 1
                                           145 (Dorsal vertebrae, neural arch pedicle to neural can)      1   0.200  0 ==> 1
                                           146 (Dorsal vertebrae, centrum height to neural arch ped)      1   0.167  1 ==> 0
                                           150 (Dorsal vertebrae, transverse processes project: app)      1   0.143  0 ==> 1
                                           153 (Anterior dorsal vertebrae, prezygapophyses: are sep)      1   0.167  0 ==> 1
                                           155 (Posterior dorsal vertebrae, cross-sectional shape o)      1   0.125  0 ==> 1
                                           158 (Dorsal ribs, shape of the proximal cross-section : )      1   0.250  0 ==> 1
                                           168 (Anterior caudal vertebrae, centra:  anteroposterior)      1   0.500  1 --> 2
                                           173 (Anterior caudal vertebrae, direction of the transve)      1   0.333  0 --> 2
                                           188 (Coracoid, anteroventral (sternal) process : absent )      1   0.143  0 --> 1
                                           191 (Scapula, glenoid orientation: ventrolateral (0), ve)      1   0.125  0 --> 1
                                           193 (Scapula, form of the acromial process: not develope)      1   0.556  0 --> 3
                                           195 (Scapulacoracoid, medial buttress: absent (0), prese)      1   0.167  0 --> 1
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 --> 1
                                           223 (Ilium, anterior iliac process: tranversely compress)      1   0.333  0 --> 1
                                           227 (Ilium, ratio of acetabular length to dorsoventral h)      1   0.167  0 --> 1
                                           236 (Pubis, prepubis to postpubis length ratio: less tha)      1   0.500  0 --> 1
                                           248 (Femur, separation of femoral head from greater troc)      1   0.143  0 --> 1
                                           249 (Femur, anterior trochanter fusion to greater trocha)      1   0.500  0 --> 1
                                           251 (Femur, fourth trochanter: prominent and pendant (0))      1   0.250  0 --> 1
                                           253 (Femur, shape in medial/lateral view: bowed anterior)      1   0.500  0 --> 1
                                           255 (Femur, length to tibia length ratio: 1.2 or below ()      1   0.333  0 --> 1
                                           263 (Pedal digit IV: has five phalanges (0), has four ph)      1   0.667  0 --> 2
                                           307 (Mandibular caputegulum, dorsoventral depth: does no)      1   0.143  0 --> 1
                                           325 (Ossicles: absent (0), present (1).)                       1   0.200  0 --> 1
                                           326 (Pectoral osteoderms: absent (0), present (1 ).)           1   0.250  0 --> 1
node_165 --> node_164                      
           220 (Ilium, anterior iliac process to acetabular length:)      1   1.000  0 ==> 1
node_164 --> node_106
                           20 (Premaxilla, maxillary process projecting posterodors)      1   0.500  0 ==> 1
                                           73 (Quadrate: proximal head strongly transversely compre)      1   1.000  0 --> 1
                                           87 (Pterygoid, anterior margin angle: posteroventral (0))      1   0.200  0 --> 1
                                           108 (Predentary, size of ventral process: rudimentary em)      1   1.000  0 --> 1
                                           114 (Maxillary/ dentary tooth, crown shape: subtriangula)      1   0.100  0 ==> 1
                                           116 (Maxillary/ dentary tooth, central apical ridge: abs)      1   0.111  1 ==> 0
                                           118 (Maxillary/ dentary tooth, tooth crown striations: e)      1   0.111  1 --> 0
                                           121 (Dentary teeth, number in adult individuals: less th)      1   0.300  0 --> 1
                                           193 (Scapula, form of the acromial process: not develope)      1   0.556  3 --> 4
                                           207 (Humerus, triceps tubercle and descending ridge post)      1   1.000  0 ==> 1
                                           218 (Metacarpal V, ratio of length to metacarpal III: le)      1   0.500  1 ==> 0
                                           221 (Ilium, anterior iliac process: projects roughly par)      1   0.200  0 ==> 2
                                           231 (Ilium, posterior iliac process distal shape: tapers)      1   0.143  1 --> 0
                                           238 (Pubis, anterior end of prepubis expanded dorsally: )      1   0.500  0 --> 1
                                           239 (Pubis, obturator notch is backed medially by poster)      1   0.333  0 --> 1
                                           240 (Pubis, acetabular portion enlarged into transversel)      1   0.500  0 --> 1
                                           244 (Ischium, anterior and posterior surfaces of shaft: )      1   0.500  0 --> 1
                                           262 (Number of pedal digits: five (0), four (1), three ()      1   0.667  1 --> 2
                                           264 (Pedal digit III: has four or more phalanges (0), ha)      1   1.000  0 --> 2
                                           305 (Mandibular caputegulum : absent (0), present (1).)        1   0.250  1 --> 0
                                           310 (Postcranial osteoderm distribution: arranged in mul)      1   1.000  0 ==> 1
                                           325 (Ossicles: absent (0), present (1).)                       1   0.200  1 --> 0
                                           327 (Form of pectoral osteoderms: pectoral spikes (0), p)      1   0.333  0 --> 1
                                           331 (Caudal osteoderms: absent (0), present (1 ).)             1   0.500  1 --> 0
                                           336 (Tail spikes: absent (0), present (1).)                    1   1.000  0 ==> 1
node_106 --> node_104                     
           27 (Maxilla, anteroventral secondary palate: absent (0),)      1   0.500  1 --> 0
                                           102 (Dentary, tooth alveoli face: dorsally (0), dorsomed)      1   0.250  0 --> 1
                                           128 (Axis, neural spine in lateral view: triangular (0),)      1   0.333  0 --> 1
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  0 ==> 1
                                           162 (Ilio?sacral block, posterior sacral rib angle: late)      1   0.286  0 ==> 1
                                           188 (Coracoid, anteroventral (sternal) process : absent )      1   0.143  1 --> 0
                                           195 (Scapulacoracoid, medial buttress: absent (0), prese)      1   0.167  1 --> 0
                                           196 (Scapular blade: distally expanded (0), parallel sid)      1   0.143  0 --> 1
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  1 --> 0
                                           229 (Ilium, supra?acetabular flange diverges from the an)      1   0.500  0 ==> 1
                                           234 (Ilium, anteroposteriorly extending ridge on ventral)      1   0.143  0 --> 1
                                           248 (Femur, separation of femoral head from greater troc)      1   0.143  1 --> 0
node_104 --> node_103                    
          150 (Dorsal vertebrae, transverse processes project: app)      1   0.143  1 --> 0
                                           174 (Anterior caudal vertebrae, direction of the transve)      1   0.200  0 ==> 1
                                           227 (Ilium, ratio of acetabular length to dorsoventral h)      1   0.167  1 --> 0
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 --> 0
node_103 --> node_102
                           103 (Dentary, ventral profile: tapers to a V-shaped apex)      1   0.200  1 --> 0
                                           130 (Cervical vertebrae, number: seven (0), eight (1), n)      1   0.750  1 --> 2
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  0 ==> 1
                                           170 (Anterior caudal vertebrae, dorsal process on transv)      1   0.500  0 --> 1
                                           175 (Anterior and mid caudal vertebrae, bulbous swelling)      1   0.250  0 --> 1
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  0 --> 2
                                           311 (Parasagittal rows of dorsal plates : have a thick c)      1   0.333  0 ==> 1
                                           326 (Pectoral osteoderms: absent (0), present (1 ).)           1   0.250  1 --> 0
node_102 --> node_100                      
           59 (Jugal, proportions of anterior process: dorsoventral)      1   0.167  1 --> 0
                                           63 (Quadratojugal: possesses dorsal process that extends)      1   0.500  0 --> 1
                                           66 (Quadrate, shape in lateral view: curved i.e. anterio)      1   0.125  1 ==> 0
                                           82 (Basipterygoid processes, size: twice as long as wide)      1   0.143  1 --> 0
                                           85 (Pterygoids: separate posteromedially, forming an int)      1   0.100  0 ==> 1
                                           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  0 --> 1
                                           122 (Premaxillary teeth, number: six or more (0), five ()      1   0.500  0 ==> 6
                                           130 (Cervical vertebrae, number: seven (0), eight (1), n)      1   0.750  2 --> 4
                                           150 (Dorsal vertebrae, transverse processes project: app)      1   0.143  0 --> 1
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  1 ==> 2
                                           160 (Sacral vertebrae, longitudinal groove in ventral su)      1   0.143  0 ==> 1
                                           181 (Posterior caudal vertebrae: centra are elongate (0))      1   0.667  0 --> 2
                                           193 (Scapula, form of the acromial process: not develope)      1   0.556  4 --> 5
                                           194 (Scapulocoracoid, lateral buttress: absent (0), pres)      1   0.500  0 --> 1
                                           197 (Scapula, proximal plate area to coracoid area ratio)      1   1.000  0 --> 1
                                           241 (Pubis, kink on dorsal edge of postpubis: absent (0))      1   0.500  0 ==> 1
                                           251 (Femur, fourth trochanter: prominent and pendant (0))      1   0.250  1 ==> 2
                                           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  0 --> 1
                                           340 (Ossified epaxial tendons on dorsal and/or sacral ve)      1   0.200  0 --> 1
node_100 --> node_98                       
            7 (Posterior margin of the skull, transverse width (incl)      1   0.182  0 --> 2
                                           98 (Dentary, depth of the symphysial ramus relative to h)      1   0.200  1 --> 0
                                           101 (Dentary, thin lateral lamina obscuring tooth row in)      1   1.000  0 ==> 1
                                           103 (Dentary, ventral profile: tapers to a V-shaped apex)      1   0.200  0 --> 1
                                           128 (Axis, neural spine in lateral view: triangular (0),)      1   0.333  1 --> 0
                                           135 (Anterior cervical vertebrae: centrum ventral margin)      1   0.100  1 --> 0
                                           148 (Dorsal vertebrae, number (including sacral rod vert)      1   0.750  4 --> 1
                                           162 (Ilio?sacral block, posterior sacral rib angle: late)      1   0.286  1 --> 0
                                           163 (Ilio?sacral block: dorsal shield of sacrum is perfo)      1   0.333  0 --> 1
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  0 --> 1
                                           204 (Humerus, ratio of width of distal end to minimum sh)      1   0.100  1 --> 0
                                           230 (Ilium, supra?acetabular flange projects at 90 degre)      1   1.000  0 ==> 1
                                           231 (Ilium, posterior iliac process distal shape: tapers)      1   0.143  0 --> 1
                                           234 (Ilium, anteroposteriorly extending ridge on ventral)      1   0.143  1 --> 0
                                           258 (Contact between tibia and astragalus in adults: art)      1   0.125  0 ==> 1
 node_98 --> node_95                       
           102 (Dentary, tooth alveoli face: dorsally (0), dorsomed)      1   0.250  1 --> 0
                                           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  1 --> 0
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 1
                                           137 (Mid-cervical vertebrae, notch at base of neural spi)      1   1.000  0 --> 1
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  1 ==> 0
                                           212 (Radius, ratio of length to humerus length, less tha)      1   0.333  1 --> 0
                                           223 (Ilium, anterior iliac process: tranversely compress)      1   0.333  1 --> 0
                                           227 (Ilium, ratio of acetabular length to dorsoventral h)      1   0.167  0 --> 1
                                           239 (Pubis, obturator notch is backed medially by poster)      1   0.333  1 ==> 0
                                           337 (Tail spikes: are wider transversely than axially wi)      1   1.000  1 ==> 0
 node_95 --> node_93                      
           160 (Sacral vertebrae, longitudinal groove in ventral su)      1   0.143  1 --> 0
                                           177 (Mid-caudal vertebrae, neural spines hook-shaped wit)      1   1.000  0 ==> 1
                                           179 (Mid and posterior caudal vertebrae, longitudinal ri)      1   0.200  0 --> 1
                                           231 (Ilium, posterior iliac process distal shape: tapers)      1   0.143  1 --> 0
 node_93 --> node_92  
                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  1 --> 0
                                           141 (Dorsal vertebrae, centra: longer than tall (0), equ)      1   0.222  0 ==> 2
                                           174 (Anterior caudal vertebrae, direction of the transve)      1   0.200  1 --> 0
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  1 --> 0
                                           203 (Humerus, orientation of deltopectoral crest project)      1   0.143  0 ==> 1
                                           209 (Ulna, ratio of length to humerus length, less than )      1   0.143  1 --> 0
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 --> 1
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  1 --> 2
                                           251 (Femur, fourth trochanter: prominent and pendant (0))      1   0.250  2 --> 1
                                           257 (Tibia, maximum distal width compared to the maximum)      1   0.111  1 --> 0
                                           340 (Ossified epaxial tendons on dorsal and/or sacral ve)      1   0.200  1 --> 0
 node_92 --> Adratiklit                   
            135 (Anterior cervical vertebrae: centrum ventral margin)      1   0.100  0 ==> 1
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  0 ==> 2
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  0 ==> 1
                                           149 (Dorsal vertebrae, anterior articular facet on centr)      1   0.500  0 ==> 2
                                           151 (Dorsal vertebrae, small, triangular, rugose protube)      1   1.000  0 ==> 1
                                           152 (Dorsal vertebrae, anterior centraparapophyseal lami)      1   1.000  0 ==> 1
 node_92 --> Miragaia                
           133 (Anterior cervical vertebrae, position of neural spi)      1   0.200  0 ==> 1
                                           136 (Anterior cervical vertebrae, epipophyses : present )      1   0.500  0 ==> 1
                                           140 (Cervical ribs, fused to cervical vertebrae: absent )      1   0.200  0 ==> 1
                                           200 (Humerus, separation of humeral head and deltopector)      1   0.111  0 ==> 1
 node_93 --> Kentrosaurus                  
           145 (Dorsal vertebrae, neural arch pedicle to neural can)      1   0.200  1 ==> 0
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  1 ==> 0
                                           186 (Coracoid, size: subequal in dorsoventral height and)      1   0.143  0 ==> 1
                                           193 (Scapula, form of the acromial process: not develope)      1   0.556  5 --> 4
                                           204 (Humerus, ratio of width of distal end to minimum sh)      1   0.100  0 --> 1
                                           205 (Humerus, ratio of transverse width of distal end to)      1   0.143  0 ==> 1
                                           258 (Contact between tibia and astragalus in adults: art)      1   0.125  1 ==> 0
                                           311 (Parasagittal rows of dorsal plates : have a thick c)      1   0.333  1 ==> 0
                                           326 (Pectoral osteoderms: absent (0), present (1 ).)           1   0.250  0 --> 1
 node_95 --> node_94                       
           153 (Anterior dorsal vertebrae, prezygapophyses: are sep)      1   0.167  1 --> 0
                                           162 (Ilio?sacral block, posterior sacral rib angle: late)      1   0.286  0 --> 1
                                           163 (Ilio?sacral block: dorsal shield of sacrum is perfo)      1   0.333  1 --> 0
                                           166 (First or second caudal vertebrae, bifurcated transv)      1   1.000  0 --> 1
                                           171 (Anterior caudal vertebrae, dorsal process on transv)      1   1.000  0 ==> 1
                                           183 (Posterior caudal vertebrae, transverse processes on)      1   0.333  1 --> 0
                                           200 (Humerus, separation of humeral head and deltopector)      1   0.111  0 --> 1
                                           201 (Humerus, separation of humeral head and medial tube)      1   0.125  0 --> 1
                                           338 (Tail spikes length, relative to femur: less than 50)      1   1.000  0 --> 1
 node_94 --> Alcovasaurus                  
            176 (Anterior and mid- caudal vertebrae, neural spines: )      1   0.500  0 ==> 1
                                           244 (Ischium, anterior and posterior surfaces of shaft: )      1   0.500  1 ==> 0
                                           327 (Form of pectoral osteoderms: pectoral spikes (0), p)      1   0.333  1 --> 0
 node_94 --> Loricatosaurus               
           174 (Anterior caudal vertebrae, direction of the transve)      1   0.200  1 ==> 0
                                           178 (Mid-caudal vertebrae, anterior and posterior chevro)      1   1.000  0 ==> 1
 node_98 --> node_97                     
           16 (Premaxilla, broad ?V? or ?U? shaped notch between pr)      1   0.111  0 --> 1
                                           19 (Premaxilla, dorsoventral height to anteroposterior l)      1   0.125  1 --> 0
                                           34 (External nares, in dorsal view: visible (0), not vis)      1   0.125  1 --> 0
                                           84 (Form of cranial nerve XII: two foramina (0), three ()      1   0.400  0 --> 1
                                           126 (Atlas, type of contact between the neural arches: n)      1   0.500  1 --> 0
                                           155 (Posterior dorsal vertebrae, cross-sectional shape o)      1   0.125  1 --> 0
                                           189 (Coracoid, foramen in lateral view: present (0), not)      1   0.333  0 --> 1
                                           203 (Humerus, orientation of deltopectoral crest project)      1   0.143  0 ==> 1
                                           232 (Ilium, medial processes on posterior iliac processe)      1   0.500  0 ==> 1
                                           238 (Pubis, anterior end of prepubis expanded dorsally: )      1   0.500  1 ==> 0
                                           256 (Femur, fibula epicondyle medially inset: absent (0))      1   0.333  0 --> 1
                                           260 (Metatarsal arrangement: compact, closely appressed )      1   0.200  0 --> 1
                                           313 (Parasagittal rows of dorsal plates: paired (0), alt)      1   1.000  0 ==> 1
                                           327 (Form of pectoral osteoderms: pectoral spikes (0), p)      1   0.333  1 --> 0
 node_97 --> node_96                      
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  0 --> 1
                                           31 (Maxilla: does not contact prefrontal (0), does conta)      1   0.250  1 --> 0
                                           51 (Lacrimal: contacts prefrontal (0), does not contact )      1   0.250  0 --> 1
                                           52 (Lacrimal: long axis of main body orientated posterov)      1   0.333  0 --> 1
                                           79 (Foramen magnum, cross-sectional area, relative to oc)      1   0.333  0 --> 1
                                           81 (Basal tubera: medially separated rounded rugose stub)      1   0.111  0 --> 1
                                           99 (Dentary, tooth row in lateral view: straight (0), si)      1   0.500  1 --> 0
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 --> 1
                                           129 (Axis, ventral margin: in lateral view flat (0), upw)      1   0.200  0 --> 1
                                           135 (Anterior cervical vertebrae: centrum ventral margin)      1   0.100  0 --> 1
                                           186 (Coracoid, size: subequal in dorsoventral height and)      1   0.143  0 --> 1
                                           190 (Coracoid, ratio of coracoid glenoid length relative)      1   0.286  1 --> 0
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  1 --> 0
                                           204 (Humerus, ratio of width of distal end to minimum sh)      1   0.100  0 --> 1
                                           205 (Humerus, ratio of transverse width of distal end to)      1   0.143  0 --> 1
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  2 --> 1
                                           312 (Parasagittal rows of dorsal plates: taller dorsoven)      1   1.000  0 ==> 1
                                           340 (Ossified epaxial tendons on dorsal and/or sacral ve)      1   0.200  1 --> 0
 node_96 --> Hesperosaurus                 
           145 (Dorsal vertebrae, neural arch pedicle to neural can)      1   0.200  1 ==> 0
                                           146 (Dorsal vertebrae, centrum height to neural arch ped)      1   0.167  0 ==> 1
                                           155 (Posterior dorsal vertebrae, cross-sectional shape o)      1   0.125  0 --> 1
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  2 ==> 1
                                           189 (Coracoid, foramen in lateral view: present (0), not)      1   0.333  1 --> 0
                                           226 (Ilium, ratio of postacetabular length, relative to )      1   0.125  1 ==> 0
                                           231 (Ilium, posterior iliac process distal shape: tapers)      1   0.143  1 --> 0
                                           241 (Pubis, kink on dorsal edge of postpubis: absent (0))      1   0.500  1 ==> 0
 node_96 --> Wuerhosaurus homheni          
           144 (Dorsal vertebrae, deep excavations between neural a)      1   0.500  0 ==> 1
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 ==> 1
                                           224 (Ilium, anterior iliac process: has a blunt rounded )      1   0.143  0 ==> 1
                                           237 (Pubis, postpubis to acetabular length ratio: less t)      1   0.400  1 ==> 2
                                           239 (Pubis, obturator notch is backed medially by poster)      1   0.333  1 ==> 0
 node_97 --> Stegosaurus stenops          
           1 (Antorbital fenestra: present (0), absent (1).)              1   0.500  0 ==> 1
                                           8 (Skull, overall shape in posterior view: dorsoventrall)      1   0.333  1 ==> 0
                                           12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  0 ==> 2
                                           29 (Maxilla, anterior tooth rows in ventral view: nearly)      1   0.250  0 ==> 1
                                           60 (Jugal, anterior process, relative to orbit height: j)      1   0.167  1 ==> 0
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  0 ==> 3
                                           82 (Basipterygoid processes, size: twice as long as wide)      1   0.143  0 --> 1
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  0 ==> 1
                                           125 (Maxilla or dentary, shape of the tooth row in dorsa)      1   0.111  1 ==> 0
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  1 ==> 0
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  2 ==> 1
                                           167 (Anterior caudal vertebrae, centra in anterior/poste)      1   0.111  0 ==> 1
                                           169 (Anterior caudal vertebrae, prezygapophyses in later)      1   0.143  0 ==> 1
                                           176 (Anterior and mid- caudal vertebrae, neural spines: )      1   0.500  0 ==> 1
                                           179 (Mid and posterior caudal vertebrae, longitudinal ri)      1   0.200  0 ==> 1
                                           192 (Scapula, ventral process at the posteroventral marg)      1   0.125  1 ==> 0
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  1 ==> 0
                                           257 (Tibia, maximum distal width compared to the maximum)      1   0.111  1 ==> 0
node_100 --> node_99                      
           77 (Occipital condyle, direction relative to tooth rows:)      1   0.111  1 --> 0
                                           81 (Basal tubera: medially separated rounded rugose stub)      1   0.111  0 --> 1
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  0 --> 2
                                           88 (Pterygoid, position of posterior margin relative to )      1   0.222  0 --> 1
                                           117 (Maxillary/ dentary tooth, tooth crown striations: n)      1   0.250  0 --> 1
                                           118 (Maxillary/ dentary tooth, tooth crown striations: e)      1   0.111  0 --> 1
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 --> 1
                                           129 (Axis, ventral margin: in lateral view flat (0), upw)      1   0.200  0 --> 1
                                           133 (Anterior cervical vertebrae, position of neural spi)      1   0.200  0 ==> 1
                                           141 (Dorsal vertebrae, centra: longer than tall (0), equ)      1   0.222  0 --> 2
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  0 --> 2
                                           167 (Anterior caudal vertebrae, centra in anterior/poste)      1   0.111  0 --> 1
                                           200 (Humerus, separation of humeral head and deltopector)      1   0.111  0 --> 1
                                           206 (Humerus, anterior iliac process length to humerus l)      1   0.500  0 --> 1
                                           209 (Ulna, ratio of length to humerus length, less than )      1   0.143  1 --> 0
                                           225 (Ilium, lateral edge in dorsal view: straight (0), s)      1   0.167  0 --> 1
                                           237 (Pubis, postpubis to acetabular length ratio: less t)      1   0.400  1 --> 2
 node_99 --> Dacentrurus                  
            131 (Cervical vertebrae, centra: longer anteroposteriorl)      1   0.143  0 ==> 1
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 ==> 2
                                           311 (Parasagittal rows of dorsal plates : have a thick c)      1   0.333  1 ==> 0
node_102 --> node_101                     
           24 (Premaxilla-maxilla suture, oval depression: absent ()      1   1.000  0 ==> 1
                                           74 (Quadrate-squamosal-paroccipital process articulation)      1   0.500  1 --> 0
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  0 --> 1
                                           97 (Jaw, position of articulation relative to dentary to)      1   0.200  0 --> 1
                                           109 (Surangular, ridge on lateral surface, anterior to j)      1   0.125  0 --> 1
                                           111 (Surangular, foramen ventral to ridge: absent (0), p)      1   0.143  0 --> 1
                                           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  2 ==> 1
                                           114 (Maxillary/ dentary tooth, crown shape: subtriangula)      1   0.100  1 ==> 0
                                           121 (Dentary teeth, number in adult individuals: less th)      1   0.300  1 --> 2
                                           123 (Maxilla or dentary, tooth row: starts level with pr)      1   0.200  1 ==> 0
                                           125 (Maxilla or dentary, shape of the tooth row in dorsa)      1   0.111  1 --> 0
                                           127 (Contact between atlas and axis: articulated (0), fu)      1   0.333  0 --> 1
                                           145 (Dorsal vertebrae, neural arch pedicle to neural can)      1   0.200  1 --> 0
                                           146 (Dorsal vertebrae, centrum height to neural arch ped)      1   0.167  0 --> 1
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  1 --> 0
                                           153 (Anterior dorsal vertebrae, prezygapophyses: are sep)      1   0.167  1 --> 0
                                           155 (Posterior dorsal vertebrae, cross-sectional shape o)      1   0.125  1 --> 0
                                           157 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.333  1 --> 0
                                           182 (Posterior caudal vertebrae, shape of postzygapophys)      1   0.333  1 --> 0
                                           203 (Humerus, orientation of deltopectoral crest project)      1   0.143  0 --> 1
                                           205 (Humerus, ratio of transverse width of distal end to)      1   0.143  0 --> 1
                                           221 (Ilium, anterior iliac process: projects roughly par)      1   0.200  2 --> 1
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 --> 1
                                           261 (Metatarsal IV: ratio of maximum length to maximum w)      1   0.500  1 --> 0
                                           263 (Pedal digit IV: has five phalanges (0), has four ph)      1   0.667  2 --> 1
node_101 --> Huayangosaurus                
            3 (Lateral temporal fenestra, anteroposterior length: mo)      1   0.250  0 ==> 1
                                           25 (Maxilla, dorsoventral depth to anteroposterior lengt)      1   0.200  0 ==> 1
                                           57 (Postorbital, small projection on dorsal surface: abs)      1   1.000  0 ==> 1
                                           118 (Maxillary/ dentary tooth, tooth crown striations: e)      1   0.111  0 ==> 1
node_101 --> Isaberrysaura                 
           20 (Premaxilla, maxillary process projecting posterodors)      1   0.500  1 ==> 0
                                           31 (Maxilla: does not contact prefrontal (0), does conta)      1   0.250  1 ==> 0
                                           45 (Number of palpebral/supraorbitals: one (0), two (1),)      1   0.286  2 ==> 1
                                           51 (Lacrimal: contacts prefrontal (0), does not contact )      1   0.250  0 ==> 1
                                           60 (Jugal, anterior process, relative to orbit height: j)      1   0.167  1 ==> 0
                                           62 (Jugal, posterior process, length relative to anterio)      1   1.000  0 ==> 1
                                           64 (Quadratojugal, orientation of external surface: late)      1   0.400  0 ==> 1
node_103 --> Gigantspinosaurus             
            121 (Dentary teeth, number in adult individuals: less th)      1   0.300  1 --> 3
                                           154 (Anterior dorsal vertebrae, prezygapophyses: face do)      1   0.500  1 ==> 0
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  0 ==> 1
node_104 --> Chungkingosaurus              
            141 (Dorsal vertebrae, centra: longer than tall (0), equ)      1   0.222  0 ==> 2
                                           149 (Dorsal vertebrae, anterior articular facet on centr)      1   0.500  0 ==> 1
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  2 ==> 1
                                           164 (Caudosacrals (i.e. caudal vertebrae fused to the sa)      1   0.429  0 ==> 1
                                           169 (Anterior caudal vertebrae, prezygapophyses in later)      1   0.143  0 ==> 1
                                           221 (Ilium, anterior iliac process: projects roughly par)      1   0.200  2 ==> 1
                                           232 (Ilium, medial processes on posterior iliac processe)      1   0.500  0 ==> 1
node_106 --> node_105                     
           25 (Maxilla, dorsoventral depth to anteroposterior lengt)      1   0.200  0 --> 1
                                           81 (Basal tubera: medially separated rounded rugose stub)      1   0.111  0 --> 1
                                           124 (Maxilla or dentary, tooth row inset medially from t)      1   0.500  1 ==> 0
                                           175 (Anterior and mid caudal vertebrae, bulbous swelling)      1   0.250  0 --> 1
                                           191 (Scapula, glenoid orientation: ventrolateral (0), ve)      1   0.125  1 --> 0
                                           201 (Humerus, separation of humeral head and medial tube)      1   0.125  0 --> 1
node_105 --> Paranthodon                  
           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  0 ==> 1
node_105 --> Tuojiangosaurus             
           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 ==> 1
                                           125 (Maxilla or dentary, shape of the tooth row in dorsa)      1   0.111  1 ==> 0
node_164 --> node_163                     
            4 (Supratemporal fenestra, in dorsal view: open (0), clo)      1   1.000  0 --> 1
                                           13 (Premaxilla, shape of premaxillary palate in ventral )      1   0.667  0 --> 1
                                           14 (Premaxillary palate, ratio of transverse width to an)      1   0.600  0 --> 1
                                           17 (Premaxillary tomium (=subnarial portion of the prema)      1   0.250  0 --> 1
                                           22 (Premaxilla, ventral margin in lateral view: flat (0))      1   1.000  0 --> 1
                                           28 (Maxilla, anteroventral secondary palate: incomplete/)      1   0.500  0 --> 1
                                           39 (Respiratory passage, nasal septum dividing the respi)      1   0.500  0 --> 1
                                           40 (Nasal, transverse curvature of dorsal surface: flat )      1   0.500  1 --> 0
                                           48 (Orbit, completely separated from the antorbital cavi)      1   0.500  0 --> 1
                                           58 (Parietal, dorsal surface: convex (0), flat (1), conc)      1   0.286  1 --> 0
                                           63 (Quadratojugal: possesses dorsal process that extends)      1   0.500  0 --> 1
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  0 --> 2
                                           68 (Quadrate, anterior surface: transversely concave (0))      1   0.167  1 --> 0
                                           71 (Quadrate: contact with paroccipital process unfused )      1   0.111  0 --> 1
                                           88 (Pterygoid, position of posterior margin relative to )      1   0.222  0 --> 1
                                           92 (Vomerine septum, position of ventral margin relative)      1   0.333  0 --> 1
                                           96 (Jaw, position of articulation  relative to adductor )      1   0.333  0 ==> 1
                                           131 (Cervical vertebrae, centra: longer anteroposteriorl)      1   0.143  0 --> 1
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  0 --> 3
                                           160 (Sacral vertebrae, longitudinal groove in ventral su)      1   0.143  0 --> 1
                                           164 (Caudosacrals (i.e. caudal vertebrae fused to the sa)      1   0.429  0 --> 1
                                           186 (Coracoid, size: subequal in dorsoventral height and)      1   0.143  0 --> 1
                                           198 (Scapula, blade: dorsal surface straight (0), dorsal)      1   0.500  0 --> 1
                                           203 (Humerus, orientation of deltopectoral crest project)      1   0.143  0 --> 1
                                           204 (Humerus, ratio of width of distal end to minimum sh)      1   0.100  1 --> 0
                                           224 (Ilium, anterior iliac process: has a blunt rounded )      1   0.143  0 --> 1
                                           233 (Ilium, perforation of the acetabulum: open acetabul)      1   0.500  1 --> 2
                                           237 (Pubis, postpubis to acetabular length ratio: less t)      1   0.400  1 --> 0
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  1 --> 2
                                           267 (Skull roof, cortical remodelling: present in only s)      1   1.000  0 ==> 1
                                           288 (Supraorbital caputegulae: absent (0), present (1).)       1   0.500  0 --> 1
                                           290 (A single large medial polygon of ornamentation in t)      1   0.200  0 --> 1
                                           293 (Squamosal/ postorbital horn: absent (0), present (1)      1   0.250  0 --> 1
                                           299 (Jugal/ quadratojugal horn: absent (0), present (1 ))      1   0.250  0 --> 1
                                           317 (Cervical half rings, number: none (0), one (1), two)      1   0.333  0 --> 2
                                           339 (Ossified tendons in distal region of tail: absent ()      1   0.500  0 --> 1
node_163 --> node_162                      
           104 (Lower jaw, sinuous ventral margin, which parallels )      1   0.200  0 --> 1
                                           105 (Coronoid process: low and rounded, projecting only )      1   0.200  0 --> 1
                                           109 (Surangular, ridge on lateral surface, anterior to j)      1   0.125  0 --> 1
                                           117 (Maxillary/ dentary tooth, tooth crown striations: n)      1   0.250  0 ==> 1
node_162 --> node_161                      
           14 (Premaxillary palate, ratio of transverse width to an)      1   0.600  1 --> 2
                                           69 (Quadrate, axis extending through condyles in posteri)      1   0.167  1 --> 0
                                           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  0 --> 1
                                           292 (Nuchal caputegulae, posterior projection: does not )      1   0.167  0 --> 1
                                           297 (Squamosal/postorbital horn: directed dorsally (0), )      1   0.300  3 --> 4
node_161 --> node_160                     
           112 (Predentary, foramina on lateral side: absent (0), p)      1   1.000  0 --> 1
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  0 ==> 1
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  1 --> 0
                                           205 (Humerus, ratio of transverse width of distal end to)      1   0.143  0 ==> 1
                                           221 (Ilium, anterior iliac process: projects roughly par)      1   0.200  0 --> 1
                                           227 (Ilium, ratio of acetabular length to dorsoventral h)      1   0.167  1 --> 0
                                           234 (Ilium, anteroposteriorly extending ridge on ventral)      1   0.143  0 --> 1
                                           290 (A single large medial polygon of ornamentation in t)      1   0.200  1 --> 0
node_160 --> node_159                      
            7 (Posterior margin of the skull, transverse width (incl)      1   0.182  0 ==> 2
                                           16 (Premaxilla, broad ?V? or ?U? shaped notch between pr)      1   0.111  0 --> 1
                                           133 (Anterior cervical vertebrae, position of neural spi)      1   0.200  0 --> 1
                                           169 (Anterior caudal vertebrae, prezygapophyses in later)      1   0.143  0 --> 1
                                           204 (Humerus, ratio of width of distal end to minimum sh)      1   0.100  0 --> 1
                                           242 (Ischium, distinct angle at approximately midlength:)      1   0.250  0 --> 1
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  2 --> 0
                                           268 (Cranial ornamentation: rugose, not differentiated i)      1   0.125  0 --> 1
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  0 ==> 1
node_159 --> node_158                     
           3 (Lateral temporal fenestra, anteroposterior length: mo)      1   0.250  0 ==> 1
                                           34 (External nares, in dorsal view: visible (0), not vis)      1   0.125  1 --> 0
                                           37 (Shape of respiratory passage: straight or arched (0))      1   0.500  0 --> 1
                                           45 (Number of palpebral/supraorbitals: one (0), two (1),)      1   0.286  2 --> 0
                                           116 (Maxillary/ dentary tooth, central apical ridge: abs)      1   0.111  1 --> 0
                                           118 (Maxillary/ dentary tooth, tooth crown striations: e)      1   0.111  1 ==> 0
                                           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  1 --> 0
                                           122 (Premaxillary teeth, number: six or more (0), five ()      1   0.500  0 ==> 6
                                           129 (Axis, ventral margin: in lateral view flat (0), upw)      1   0.200  0 ==> 1
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 1
                                           175 (Anterior and mid caudal vertebrae, bulbous swelling)      1   0.250  0 ==> 1
                                           200 (Humerus, separation of humeral head and deltopector)      1   0.111  0 ==> 1
                                           201 (Humerus, separation of humeral head and medial tube)      1   0.125  0 ==> 1
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  1 --> 0
                                           320 (Cervical half rings, distal spines : absent (0), pr)      1   0.200  0 --> 1
                                           322 (Cervical half rings, median osteoderms of the cervi)      1   0.200  0 --> 1
node_158 --> node_151                      
           16 (Premaxilla, broad ?V? or ?U? shaped notch between pr)      1   0.111  1 --> 0
                                           18 (Premaxillary tomium, posteroventral extension in lat)      1   0.500  0 --> 1
                                           25 (Maxilla, dorsoventral depth to anteroposterior lengt)      1   0.200  0 --> 1
                                           49 (Development of the postocular shelf: not developed ()      1   0.250  0 ==> 1
                                           66 (Quadrate, shape in lateral view: curved i.e. anterio)      1   0.125  1 --> 0
                                           68 (Quadrate, anterior surface: transversely concave (0))      1   0.167  0 --> 1
                                           69 (Quadrate, axis extending through condyles in posteri)      1   0.167  0 --> 1
                                           72 (Quadrate: fossa/fenestra absent (0), present (1).)         1   0.250  1 --> 0
                                           90 (Pterygoid foramen: absent (0), present (1).)               1   0.250  1 --> 0
                                           114 (Maxillary/ dentary tooth, crown shape: subtriangula)      1   0.100  0 --> 1
                                           130 (Cervical vertebrae, number: seven (0), eight (1), n)      1   0.750  1 --> 0
                                           169 (Anterior caudal vertebrae, prezygapophyses in later)      1   0.143  1 --> 0
                                           221 (Ilium, anterior iliac process: projects roughly par)      1   0.200  1 ==> 2
                                           224 (Ilium, anterior iliac process: has a blunt rounded )      1   0.143  1 --> 0
                                           225 (Ilium, lateral edge in dorsal view: straight (0), s)      1   0.167  0 ==> 1
                                           236 (Pubis, prepubis to postpubis length ratio: less tha)      1   0.500  1 --> 0
                                           304 (Jugal/ quadratojugal horn, maximum length relative )      1   1.000  0 --> 1
node_151 --> node_149                    
           80 (Paroccipital processes, direction of extension: post)      1   0.167  0 --> 1
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  0 --> 1
                                           115 (Maxillary/ dentary tooth, crown size: taller than w)      1   0.167  0 ==> 1
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  1 --> 0
                                           134 (Anterior cervical vertebrae, ratio of maximum neura)      1   1.000  0 ==> 1
                                           186 (Coracoid, size: subequal in dorsoventral height and)      1   0.143  1 --> 0
                                           196 (Scapular blade: distally expanded (0), parallel sid)      1   0.143  0 ==> 1
                                           212 (Radius, ratio of length to humerus length, less tha)      1   0.333  1 ==> 0
                                           215 (Number of manual digits: five (0), four (1), three )      1   0.667  0 --> 1
                                           254 (Femur, maximum length to humerus length ratio: 1.3 )      1   0.200  1 --> 0
                                           258 (Contact between tibia and astragalus in adults: art)      1   0.125  0 ==> 1
                                           262 (Number of pedal digits: five (0), four (1), three ()      1   0.667  1 ==> 2
                                           271 (Skull roof, number of caputegulae: no caputegulae ()      1   0.333  0 --> 1
                                           307 (Mandibular caputegulum, dorsoventral depth: does no)      1   0.143  1 --> 0
                                           330 (Form of pelvic (sacral) osteoderms: unfused (0), co)      1   0.286  0 ==> 2
node_149 --> node_135                     
           2 (Lateral temporal fenestra: present (0), absent (1).)        1   1.000  0 --> 1
                                           7 (Posterior margin of the skull, transverse width (incl)      1   0.182  2 ==> 0
                                           34 (External nares, in dorsal view: visible (0), not vis)      1   0.125  0 --> 1
                                           52 (Lacrimal: long axis of main body orientated posterov)      1   0.333  0 --> 1
                                           66 (Quadrate, shape in lateral view: curved i.e. anterio)      1   0.125  0 --> 1
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  2 --> 0
                                           87 (Pterygoid, anterior margin angle: posteroventral (0))      1   0.200  0 --> 1
                                           96 (Jaw, position of articulation  relative to adductor )      1   0.333  1 --> 0
                                           138 (Posterior cervical vertebrae, postzygapophyses: not)      1   0.200  1 --> 0
                                           140 (Cervical ribs, fused to cervical vertebrae: absent )      1   0.200  0 --> 1
                                           158 (Dorsal ribs, shape of the proximal cross-section : )      1   0.250  1 --> 0
                                           165 (Caudal vertebrae, attachment of haemal arches to th)      1   0.143  0 ==> 1
                                           182 (Posterior caudal vertebrae, shape of postzygapophys)      1   0.333  1 --> 0
                                           184 (Posterior caudal vertebrae, shape of the haemal arc)      1   1.000  0 ==> 1
                                           193 (Scapula, form of the acromial process: not develope)      1   0.556  3 ==> 2
                                           200 (Humerus, separation of humeral head and deltopector)      1   0.111  1 --> 0
                                           201 (Humerus, separation of humeral head and medial tube)      1   0.125  1 ==> 0
                                           209 (Ulna, ratio of length to humerus length, less than )      1   0.143  1 --> 0
                                           216 (Metacarpal II to humerus length ratio, 0.2 or below)      1   0.333  1 --> 0
                                           227 (Ilium, ratio of acetabular length to dorsoventral h)      1   0.167  0 --> 1
                                           235 (Pubis: present as separate ossification (0), fused )      1   0.125  0 --> 1
                                           302 (Jugal/ quadratojugal horn, size relative to orbit s)      1   0.333  0 ==> 1
                                           303 (Jugal/ quadratojugal horn: obscures ventral-most po)      1   0.200  1 --> 0
                                           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  0 ==> 1
node_135 --> node_134                      
           9 (Skull dorsal surface, antorbital region: sloping cont)      1   0.167  0 --> 1
                                           16 (Premaxilla, broad ?V? or ?U? shaped notch between pr)      1   0.111  0 --> 1
                                           33 (Narial embayment, defined as the outermost rim of th)      1   0.300  0 --> 1
                                           58 (Parietal, dorsal surface: convex (0), flat (1), conc)      1   0.286  0 --> 2
                                           104 (Lower jaw, sinuous ventral margin, which parallels )      1   0.200  1 --> 0
                                           158 (Dorsal ribs, shape of the proximal cross-section : )      1   0.250  0 --> 1
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  2 ==> 1
                                           180 (Posterior caudal vertebrae, extent of pre- and post)      1   0.333  0 --> 1
                                           297 (Squamosal/postorbital horn: directed dorsally (0), )      1   0.300  4 --> 1
                                           326 (Pectoral osteoderms: absent (0), present (1 ).)           1   0.250  1 --> 0
                                           332 (Caudal osteoderms, morphology in dorsal view: trian)      1   0.500  0 ==> 1
node_134 --> node_131                     
           193 (Scapula, form of the acromial process: not develope)      1   0.556  2 ==> 1
                                           225 (Ilium, lateral edge in dorsal view: straight (0), s)      1   0.167  1 --> 0
                                           242 (Ischium, distinct angle at approximately midlength:)      1   0.250  1 --> 0
                                           248 (Femur, separation of femoral head from greater troc)      1   0.143  1 --> 0
node_131 --> Ahshislepelta                
           195 (Scapulacoracoid, medial buttress: absent (0), prese)      1   0.167  1 ==> 0
                                           323 (Osteoderms on proximal limb segments: absent (0), p)      1   0.250  0 ==> 1
node_131 --> node_130                      
           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  1 ==> 0
                                           325 (Ossicles: absent (0), present (1).)                       1   0.200  1 ==> 0
node_130 --> node_129                      
 	           50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  0 --> 1
                                           84 (Form of cranial nerve XII: two foramina (0), three ()      1   0.400  0 ==> 1
                                           135 (Anterior cervical vertebrae: centrum ventral margin)      1   0.100  1 --> 0
                                           140 (Cervical ribs, fused to cervical vertebrae: absent )      1   0.200  1 --> 0
                                           190 (Coracoid, ratio of coracoid glenoid length relative)      1   0.286  1 ==> 0
                                           196 (Scapular blade: distally expanded (0), parallel sid)      1   0.143  1 --> 0
                                           198 (Scapula, blade: dorsal surface straight (0), dorsal)      1   0.500  1 ==> 0
                                           252 (Femur, location of the fourth trochanter on the fem)      1   0.143  0 ==> 1
                                           258 (Contact between tibia and astragalus in adults: art)      1   0.125  1 ==> 0
                                           265 (Pedal digit I: metatarsal I robust and well-develop)      1   1.000  0 ==> 2
                                           268 (Cranial ornamentation: rugose, not differentiated i)      1   0.125  1 --> 0
node_129 --> node_125                      
           26 (Maxilla, transverse distance between posterior-most )      1   0.200  0 --> 2
                                           45 (Number of palpebral/supraorbitals: one (0), two (1),)      1   0.286  0 --> 1
                                           77 (Occipital condyle, direction relative to tooth rows:)      1   0.111  1 --> 0
                                           89 (Pterygoid, contact with basipyerygoid processes: sut)      1   0.143  1 --> 0
                                           92 (Vomerine septum, position of ventral margin relative)      1   0.333  1 --> 0
                                           105 (Coronoid process: low and rounded, projecting only )      1   0.200  1 --> 0
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  1 --> 0
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  0 --> 1
                                           160 (Sacral vertebrae, longitudinal groove in ventral su)      1   0.143  1 --> 0
                                           182 (Posterior caudal vertebrae, shape of postzygapophys)      1   0.333  0 --> 1
                                           199 (Sternal plates: separate (0), fused (1).)                 1   1.000  0 --> 1
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  0 ==> 1
                                           209 (Ulna, ratio of length to humerus length, less than )      1   0.143  0 --> 1
                                           215 (Number of manual digits: five (0), four (1), three )      1   0.667  1 --> 0
                                           234 (Ilium, anteroposteriorly extending ridge on ventral)      1   0.143  1 --> 0
                                           251 (Femur, fourth trochanter: prominent and pendant (0))      1   0.250  1 --> 2
                                           263 (Pedal digit IV: has five phalanges (0), has four ph)      1   0.667  2 --> 1
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  0 --> 2
                                           297 (Squamosal/postorbital horn: directed dorsally (0), )      1   0.300  1 --> 4
                                           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  0 --> 1
                                           322 (Cervical half rings, median osteoderms of the cervi)      1   0.200  1 --> 0
                                           333 (Tail club knob: absent (0), present (1).)                 1   1.000  0 ==> 1
node_125 --> node_124                     
           11 (Posterior displacement of orbit, ratio of antorbital)      1   0.143  1 ==> 0
                                           16 (Premaxilla, broad ?V? or ?U? shaped notch between pr)      1   0.111  1 --> 0
                                           19 (Premaxilla, dorsoventral height to anteroposterior l)      1   0.125  1 ==> 0
                                           31 (Maxilla: does not contact prefrontal (0), does conta)      1   0.250  1 --> 0
                                           45 (Number of palpebral/supraorbitals: one (0), two (1),)      1   0.286  1 --> 2
                                           46 (Form of supraorbitals: boss-like, rounded laterally )      1   1.000  0 --> 1
                                           52 (Lacrimal: long axis of main body orientated posterov)      1   0.333  1 --> 0
                                           54 (Frontal: anteroposteriorly longer than wide transver)      1   1.000  0 --> 1
                                           217 (Metacarpal I, ratio of length to metacarpal III: le)      1   0.500  0 --> 1
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 --> 1
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  0 --> 1
                                           268 (Cranial ornamentation: rugose, not differentiated i)      1   0.125  0 --> 1
                                           279 (Supranarial caputegulae: absent (0), present (1 ).)       1   0.250  0 ==> 1
                                           283 (Lateral skull caputegulae, number on one side: no c)      1   0.375  0 ==> 2
                                           289 (Supraorbital caputegulae: combine to form continuou)      1   0.250  0 ==> 1
                                           300 (Jugal/ quadratojugal horn, shape in dorsal view: U-)      1   0.250  0 ==> 1
                                           307 (Mandibular caputegulum, dorsoventral depth: does no)      1   0.143  0 --> 1
node_124 --> node_121                      
           6 (Maximum skull dimensions, including ornamentation: an)      1   0.200  0 ==> 1
                                           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  0 --> 2
                                           21 (Premaxilla, posterodorsally-projecting nasal process)      1   0.250  0 ==> 1
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  0 --> 2
                                           87 (Pterygoid, anterior margin angle: posteroventral (0))      1   0.200  1 --> 2
                                           271 (Skull roof, number of caputegulae: no caputegulae ()      1   0.333  1 --> 3
                                           273 (Skull roof caputegulae: rounded cones with circular)      1   1.000  0 ==> 1
                                           280 (Supranarial caputegulae , notch or embayment dorsal)      1   0.500  0 ==> 1
node_121 --> Akainacephalus               
           29 (Maxilla, anterior tooth rows in ventral view: nearly)      1   0.250  0 ==> 1
                                           33 (Narial embayment, defined as the outermost rim of th)      1   0.300  1 ==> 0
                                           35 (External nares, in anterior view: not visible (0), v)      1   0.333  1 ==> 0
                                           68 (Quadrate, anterior surface: transversely concave (0))      1   0.167  1 ==> 0
                                           71 (Quadrate: contact with paroccipital process unfused )      1   0.111  1 ==> 0
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  1 --> 0
                                           86 (Pterygoid, orientation of pterygoid wing in ventral )      1   0.333  0 ==> 1
                                           105 (Coronoid process: low and rounded, projecting only )      1   0.200  0 --> 1
                                           131 (Cervical vertebrae, centra: longer anteroposteriorl)      1   0.143  1 ==> 0
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 2
                                           138 (Posterior cervical vertebrae, postzygapophyses: not)      1   0.200  0 ==> 1
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  3 ==> 4
                                           191 (Scapula, glenoid orientation: ventrolateral (0), ve)      1   0.125  1 ==> 0
                                           195 (Scapulacoracoid, medial buttress: absent (0), prese)      1   0.167  1 ==> 0
                                           196 (Scapular blade: distally expanded (0), parallel sid)      1   0.143  0 --> 1
                                           204 (Humerus, ratio of width of distal end to minimum sh)      1   0.100  1 ==> 0
                                           224 (Ilium, anterior iliac process: has a blunt rounded )      1   0.143  0 ==> 1
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 ==> 2
                                           254 (Femur, maximum length to humerus length ratio: 1.3 )      1   0.200  0 --> 1
                                           257 (Tibia, maximum distal width compared to the maximum)      1   0.111  1 ==> 0
                                           269 (Skull roof, distribution of caputegulae: random (0))      1   0.333  0 ==> 1
                                           270 (Skull roof, form of caputegulae: flat (0), raised ()      1   0.500  0 ==> 2
                                           276 (Skull roof caputugulae, large, flat and centrally p)      1   1.000  0 ==> 1
                                           283 (Lateral skull caputegulae, number on one side: no c)      1   0.375  2 ==> 1
                                           297 (Squamosal/postorbital horn: directed dorsally (0), )      1   0.300  4 ==> 2
                                           303 (Jugal/ quadratojugal horn: obscures ventral-most po)      1   0.200  0 --> 1
                                           320 (Cervical half rings, distal spines : absent (0), pr)      1   0.200  1 ==> 0
                                           335 (Tail club knob proportions: anteroposterior length )      1   0.500  0 ==> 2
node_121 --> node_120                     
            7 (Posterior margin of the skull, transverse width (incl)      1   0.182  0 --> 2
                                           12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  0 --> 2
                                           34 (External nares, in dorsal view: visible (0), not vis)      1   0.125  1 --> 0
                                           36 (Paranasal apertures/fossae: no fossae or apertures p)      1   0.200  0 --> 1
                                           81 (Basal tubera: medially separated rounded rugose stub)      1   0.111  0 --> 1
                                           85 (Pterygoids: separate posteromedially, forming an int)      1   0.100  0 --> 1
                                           88 (Pterygoid, position of posterior margin relative to )      1   0.222  1 --> 0
                                           89 (Pterygoid, contact with basipyerygoid processes: sut)      1   0.143  0 --> 1
                                           92 (Vomerine septum, position of ventral margin relative)      1   0.333  0 --> 1
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  0 --> 1
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  0 --> 1
                                           165 (Caudal vertebrae, attachment of haemal arches to th)      1   0.143  1 ==> 0
                                           208 (Humerus, circular bulge on posterior surface of del)      1   1.000  0 --> 1
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  1 --> 2
                                           258 (Contact between tibia and astragalus in adults: art)      1   0.125  0 --> 1
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  1 --> 0
                                           298 (Squamosal/postorbital horn, projection relative to )      1   0.167  0 ==> 1
                                           318 (Cervical half rings, forms: composed of osteoderms )      1   0.500  0 --> 2
node_120 --> node_119                      
           164 (Caudosacrals (i.e. caudal vertebrae fused to the sa)      1   0.429  1 --> 3
                                           181 (Posterior caudal vertebrae: centra are elongate (0))      1   0.667  0 ==> 1
                                           183 (Posterior caudal vertebrae, transverse processes on)      1   0.333  1 --> 0
                                           322 (Cervical half rings, median osteoderms of the cervi)      1   0.200  0 --> 1
node_119 --> node_118                      
            7 (Posterior margin of the skull, transverse width (incl)      1   0.182  2 --> 0
                                           14 (Premaxillary palate, ratio of transverse width to an)      1   0.600  2 ==> 3
                                           21 (Premaxilla, posterodorsally-projecting nasal process)      1   0.250  1 --> 0
                                           33 (Narial embayment, defined as the outermost rim of th)      1   0.300  1 ==> 2
                                           34 (External nares, in dorsal view: visible (0), not vis)      1   0.125  0 --> 1
                                           36 (Paranasal apertures/fossae: no fossae or apertures p)      1   0.200  1 --> 0
                                           38 (Posterior nasal passage (airway), vascular impressio)      1   0.500  0 --> 1
                                           45 (Number of palpebral/supraorbitals: one (0), two (1),)      1   0.286  2 --> 1
                                           87 (Pterygoid, anterior margin angle: posteroventral (0))      1   0.200  2 --> 1
                                           115 (Maxillary/ dentary tooth, crown size: taller than w)      1   0.167  1 --> 0
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 --> 1
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  0 --> 1
                                           186 (Coracoid, size: subequal in dorsoventral height and)      1   0.143  0 --> 1
                                           191 (Scapula, glenoid orientation: ventrolateral (0), ve)      1   0.125  1 --> 0
                                           194 (Scapulocoracoid, lateral buttress: absent (0), pres)      1   0.500  0 ==> 1
                                           200 (Humerus, separation of humeral head and deltopector)      1   0.111  0 --> 1
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  1 --> 0
                                           274 (Skull roof, anterior portion, caputegulae: separate)      1   0.250  1 ==> 0
                                           282 (Median nasal caputegulum: absent (0), present (1 ).)      1   0.143  0 --> 1
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  0 --> 1
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  2 ==> 3
                                           297 (Squamosal/postorbital horn: directed dorsally (0), )      1   0.300  4 ==> 3
node_118 --> node_116                      
           16 (Premaxilla, broad ?V? or ?U? shaped notch between pr)      1   0.111  0 --> 1
                                           77 (Occipital condyle, direction relative to tooth rows:)      1   0.111  0 --> 1
                                           280 (Supranarial caputegulae , notch or embayment dorsal)      1   0.500  1 ==> 0
                                           289 (Supraorbital caputegulae: combine to form continuou)      1   0.250  1 ==> 0
node_116 --> node_111                     
            21 (Premaxilla, posterodorsally-projecting nasal process)      1   0.250  0 --> 1
                                           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  0 ==> 1
                                           127 (Contact between atlas and axis: articulated (0), fu)      1   0.333  0 --> 1
                                           129 (Axis, ventral margin: in lateral view flat (0), upw)      1   0.200  1 --> 0
                                           165 (Caudal vertebrae, attachment of haemal arches to th)      1   0.143  0 ==> 1
                                           185 (Tail club handle vertebrae, shape of each interlock)      1   0.500  0 --> 1
                                           187 (Coracoid, form of the anterior margin: convex (0), )      1   0.333  0 --> 1
                                           251 (Femur, fourth trochanter: prominent and pendant (0))      1   0.250  2 --> 1
                                           295 (Squamosal/ postorbital horn, continuous  keel with )      1   0.143  0 --> 1
                                           320 (Cervical half rings, distal spines : absent (0), pr)      1   0.200  1 --> 0
                                           334 (Tail club knob shape: major knob osteoderms semicir)      1   1.000  0 ==> 1
node_111 --> Ankylosaurus                 
           32 (Internal nares, bone bordering anterior margin: prem)      1   0.333  0 ==> 1
                                           33 (Narial embayment, defined as the outermost rim of th)      1   0.300  2 ==> 3
                                           35 (External nares, in anterior view: not visible (0), v)      1   0.333  1 ==> 0
                                           47 (Angle of orbital axis: less than 40? (0), greater th)      1   0.167  0 ==> 1
                                           50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  1 ==> 0
                                           59 (Jugal, proportions of anterior process: dorsoventral)      1   0.167  1 ==> 0
                                           70 (Quadrate, dorsoventral height of the pterygoid proce)      1   0.333  1 ==> 0
                                           78 (Occipital condyle, morphology in posterior  view: re)      1   0.143  0 ==> 1
                                           88 (Pterygoid, position of posterior margin relative to )      1   0.222  0 ==> 1
                                           92 (Vomerine septum, position of ventral margin relative)      1   0.333  1 ==> 0
                                           106 (Lower jaw, retroarticular process, size and project)      1   0.250  0 ==> 1
                                           114 (Maxillary/ dentary tooth, crown shape: subtriangula)      1   0.100  1 ==> 0
                                           121 (Dentary teeth, number in adult individuals: less th)      1   0.300  0 ==> 3
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  1 ==> 0
                                           196 (Scapular blade: distally expanded (0), parallel sid)      1   0.143  0 ==> 1
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  1 ==> 0
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  3 ==> 2
                                           306 (Mandibular caputegulum, length with respects to the)      1   0.333  0 ==> 1
node_111 --> node_110                      
            67 (Quadrate, inclination in lateral view: less than or )      1   0.200  2 --> 0
                                           77 (Occipital condyle, direction relative to tooth rows:)      1   0.111  1 --> 0
                                           115 (Maxillary/ dentary tooth, crown size: taller than w)      1   0.167  0 --> 1
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  1 --> 0
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 2
                                           140 (Cervical ribs, fused to cervical vertebrae: absent )      1   0.200  0 --> 1
                                           282 (Median nasal caputegulum: absent (0), present (1 ).)      1   0.143  1 --> 0
                                           317 (Cervical half rings, number: none (0), one (1), two)      1   0.333  2 --> 1
                                           319 (Cervical half rings, composition of first cervical )      1   1.000  1 ==> 2
                                           335 (Tail club knob proportions: anteroposterior length )      1   0.500  0 --> 2
node_110 --> Anodontosaurus                
           6 (Maximum skull dimensions, including ornamentation: an)      1   0.200  1 ==> 0
                                           95 (Palate, posterior foramen: absent (0), present (1).)       1   0.250  0 ==> 1
                                           97 (Jaw, position of articulation relative to dentary to)      1   0.200  0 ==> 1
                                           287 (Postocular caputegulae: absent (0), present (1).)         1   0.333  0 ==> 1
                                           297 (Squamosal/postorbital horn: directed dorsally (0), )      1   0.300  3 ==> 1
                                           298 (Squamosal/postorbital horn, projection relative to )      1   0.167  1 ==> 0
                                           322 (Cervical half rings, median osteoderms of the cervi)      1   0.200  1 ==> 0
node_110 --> node_109                      
          26 (Maxilla, transverse distance between posterior-most )      1   0.200  2 --> 0
                                           36 (Paranasal apertures/fossae: no fossae or apertures p)      1   0.200  0 --> 1
                                           85 (Pterygoids: separate posteromedially, forming an int)      1   0.100  1 --> 0
                                           105 (Coronoid process: low and rounded, projecting only )      1   0.200  0 --> 1
                                           270 (Skull roof, form of caputegulae: flat (0), raised ()      1   0.500  0 ==> 2
                                           271 (Skull roof, number of caputegulae: no caputegulae ()      1   0.333  3 --> 1
                                           281 (Internarial caputegulae, number: none (0), one (1),)      1   0.286  0 --> 1
                                           294 (Squamosal/ postorbital horn, overall shape: pyramid)      1   1.000  0 ==> 1
                                           295 (Squamosal/ postorbital horn, continuous  keel with )      1   0.143  1 --> 0
                                           320 (Cervical half rings, distal spines : absent (0), pr)      1   0.200  0 --> 1
node_109 --> node_108                      
            291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  3 ==> 2
node_108 --> node_107                    
           33 (Narial embayment, defined as the outermost rim of th)      1   0.300  2 ==> 1
                                           68 (Quadrate, anterior surface: transversely concave (0))      1   0.167  1 ==> 0
                                           71 (Quadrate: contact with paroccipital process unfused )      1   0.111  1 --> 0
                                           77 (Occipital condyle, direction relative to tooth rows:)      1   0.111  0 --> 1
                                           89 (Pterygoid, contact with basipyerygoid processes: sut)      1   0.143  1 --> 0
                                           90 (Pterygoid foramen: absent (0), present (1).)               1   0.250  0 --> 1
                                           94 (Vomer, groove on ventral margin: absent (0), present)      1   0.250  0 --> 1
                                           271 (Skull roof, number of caputegulae: no caputegulae ()      1   0.333  1 --> 2
                                           283 (Lateral skull caputegulae, number on one side: no c)      1   0.375  2 --> 1
                                           292 (Nuchal caputegulae, posterior projection: does not )      1   0.167  1 ==> 0
                                           301 (Jugal/quadratojugal horn: lacks distinct neck at ba)      1   0.250  0 ==> 1
node_107 --> Minotaurasaurus               
           16 (Premaxilla, broad ?V? or ?U? shaped notch between pr)      1   0.111  1 ==> 0
                                           19 (Premaxilla, dorsoventral height to anteroposterior l)      1   0.125  0 ==> 1
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  1 ==> 0
                                           87 (Pterygoid, anterior margin angle: posteroventral (0))      1   0.200  1 ==> 2
                                           97 (Jaw, position of articulation relative to dentary to)      1   0.200  0 ==> 1
                                           105 (Coronoid process: low and rounded, projecting only )      1   0.200  1 --> 0
                                           109 (Surangular, ridge on lateral surface, anterior to j)      1   0.125  1 ==> 0
                                           281 (Internarial caputegulae, number: none (0), one (1),)      1   0.286  1 ==> 2
                                           286 (Accessory postorbital osteoderm: absent (0), presen)      1   1.000  0 ==> 1
                                           306 (Mandibular caputegulum, length with respects to the)      1   0.333  0 ==> 2
node_107 --> Tarchia teresae               
           11 (Posterior displacement of orbit, ratio of antorbital)      1   0.143  0 ==> 1
                                           36 (Paranasal apertures/fossae: no fossae or apertures p)      1   0.200  1 --> 0
                                           47 (Angle of orbital axis: less than 40? (0), greater th)      1   0.167  0 ==> 1
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  0 ==> 1
                                           106 (Lower jaw, retroarticular process, size and project)      1   0.250  0 ==> 1
                                           116 (Maxillary/ dentary tooth, central apical ridge: abs)      1   0.111  0 ==> 1
                                           123 (Maxilla or dentary, tooth row: starts level with pr)      1   0.200  1 ==> 0
                                           297 (Squamosal/postorbital horn: directed dorsally (0), )      1   0.300  3 ==> 1
                                           307 (Mandibular caputegulum, dorsoventral depth: does no)      1   0.143  1 ==> 0
node_108 --> Saichania                     
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  2 ==> 1
                                           50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  1 ==> 0
                                           82 (Basipterygoid processes, size: twice as long as wide)      1   0.143  1 ==> 0
                                           125 (Maxilla or dentary, shape of the tooth row in dorsa)      1   0.111  1 ==> 0
                                           297 (Squamosal/postorbital horn: directed dorsally (0), )      1   0.300  3 ==> 4
node_109 --> Tarchia kielanae             
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  2 ==> 0
                                           48 (Orbit, completely separated from the antorbital cavi)      1   0.500  1 ==> 0
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  1 ==> 2
node_116 --> node_115                      
           34 (External nares, in dorsal view: visible (0), not vis)      1   0.125  1 --> 0
                                           71 (Quadrate: contact with paroccipital process unfused )      1   0.111  1 --> 0
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  1 --> 0
                                           84 (Form of cranial nerve XII: two foramina (0), three ()      1   0.400  1 --> 0
                                           95 (Palate, posterior foramen: absent (0), present (1).)       1   0.250  0 --> 1
                                           121 (Dentary teeth, number in adult individuals: less th)      1   0.300  0 --> 1
                                           133 (Anterior cervical vertebrae, position of neural spi)      1   0.200  1 ==> 0
                                           195 (Scapulacoracoid, medial buttress: absent (0), prese)      1   0.167  1 --> 0
                                           201 (Humerus, separation of humeral head and medial tube)      1   0.125  0 --> 1
                                           285 (Ciliary osteoderm (eyelid ossification): absent (0))      1   0.500  0 --> 1
                                           297 (Squamosal/postorbital horn: directed dorsally (0), )      1   0.300  3 --> 1
                                           323 (Osteoderms on proximal limb segments: absent (0), p)      1   0.250  0 --> 1
node_115 --> Antarctopelta               
           118 (Maxillary/ dentary tooth, tooth crown striations: e)      1   0.111  0 ==> 1
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 1
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  3 ==> 2
                                           181 (Posterior caudal vertebrae: centra are elongate (0))      1   0.667  1 ==> 2
                                           325 (Ossicles: absent (0), present (1).)                       1   0.200  0 ==> 1
node_115 --> node_114                    
           114 (Maxillary/ dentary tooth, crown shape: subtriangula)      1   0.100  1 --> 0
                                           116 (Maxillary/ dentary tooth, central apical ridge: abs)      1   0.111  0 ==> 1
                                           135 (Anterior cervical vertebrae: centrum ventral margin)      1   0.100  0 --> 1
                                           138 (Posterior cervical vertebrae, postzygapophyses: not)      1   0.200  0 --> 1
                                           173 (Anterior caudal vertebrae, direction of the transve)      1   0.333  2 --> 0
                                           330 (Form of pelvic (sacral) osteoderms: unfused (0), co)      1   0.286  2 --> 0
node_114 --> node_113                      
            6 (Maximum skull dimensions, including ornamentation: an)      1   0.200  1 --> 0
                                           33 (Narial embayment, defined as the outermost rim of th)      1   0.300  2 --> 1
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  2 ==> 3
                                           85 (Pterygoids: separate posteromedially, forming an int)      1   0.100  1 --> 0
                                           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  0 ==> 1
                                           277 (Premaxillary beak, caputegulae: absent (0), present)      1   0.200  0 --> 1
                                           281 (Internarial caputegulae, number: none (0), one (1),)      1   0.286  0 --> 1
                                           300 (Jugal/ quadratojugal horn, shape in dorsal view: U-)      1   0.250  1 ==> 0
node_113 --> node_112                      
            7 (Posterior margin of the skull, transverse width (incl)      1   0.182  0 --> 1
                                           114 (Maxillary/ dentary tooth, crown shape: subtriangula)      1   0.100  0 --> 1
                                           115 (Maxillary/ dentary tooth, crown size: taller than w)      1   0.167  0 ==> 1
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  1 --> 0
                                           140 (Cervical ribs, fused to cervical vertebrae: absent )      1   0.200  0 --> 1
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  1 --> 0
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  3 --> 0
                                           158 (Dorsal ribs, shape of the proximal cross-section : )      1   0.250  1 --> 0
                                           219 (Phalanges, shape of manual and pedal unguals in dor)      1   0.500  1 --> 2
                                           224 (Ilium, anterior iliac process: has a blunt rounded )      1   0.143  0 --> 1
                                           301 (Jugal/quadratojugal horn: lacks distinct neck at ba)      1   0.250  0 --> 1
                                           322 (Cervical half rings, median osteoderms of the cervi)      1   0.200  1 --> 0
node_112 --> Dyoplosaurus                  
            12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  2 ==> 0
                                           162 (Ilio?sacral block, posterior sacral rib angle: late)      1   0.286  0 ==> 2
                                           179 (Mid and posterior caudal vertebrae, longitudinal ri)      1   0.200  0 ==> 1
node_112 --> Scolosaurus                   
           165 (Caudal vertebrae, attachment of haemal arches to th)      1   0.143  0 ==> 1
                                           260 (Metatarsal arrangement: compact, closely appressed )      1   0.200  0 ==> 1
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  3 ==> 2
node_113 --> Euoplocephalus               
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  2 ==> 1
                                           157 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.333  1 ==> 0
                                           221 (Ilium, anterior iliac process: projects roughly par)      1   0.200  2 ==> 1
                                           298 (Squamosal/postorbital horn, projection relative to )      1   0.167  1 ==> 0
                                           303 (Jugal/ quadratojugal horn: obscures ventral-most po)      1   0.200  0 ==> 1
node_114 --> Zuul                          
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  2 ==> 0
                                           16 (Premaxilla, broad ?V? or ?U? shaped notch between pr)      1   0.111  1 --> 0
                                           47 (Angle of orbital axis: less than 40? (0), greater th)      1   0.167  0 ==> 1
                                           87 (Pterygoid, anterior margin angle: posteroventral (0))      1   0.200  1 --> 2
                                           88 (Pterygoid, position of posterior margin relative to )      1   0.222  0 ==> 1
                                           89 (Pterygoid, contact with basipyerygoid processes: sut)      1   0.143  1 ==> 0
                                           111 (Surangular, foramen ventral to ridge: absent (0), p)      1   0.143  0 ==> 1
                                           272 (Skull roof caputegulae: directed dorsally (0), imbr)      1   1.000  0 ==> 1
                                           282 (Median nasal caputegulum: absent (0), present (1 ).)      1   0.143  1 --> 0
                                           287 (Postocular caputegulae: absent (0), present (1).)         1   0.333  0 ==> 1
                                           296 (Squamosal/ postorbital horn, longitudinal furrows o)      1   1.000  0 ==> 1
                                           306 (Mandibular caputegulum, length with respects to the)      1   0.333  0 ==> 1
node_118 --> node_117                     
           6 (Maximum skull dimensions, including ornamentation: an)      1   0.200  1 ==> 0
                                           17 (Premaxillary tomium (=subnarial portion of the prema)      1   0.250  1 --> 0
                                           26 (Maxilla, transverse distance between posterior-most )      1   0.200  2 --> 0
                                           29 (Maxilla, anterior tooth rows in ventral view: nearly)      1   0.250  0 --> 1
                                           50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  1 ==> 0
                                           60 (Jugal, anterior process, relative to orbit height: j)      1   0.167  1 --> 0
                                           125 (Maxilla or dentary, shape of the tooth row in dorsa)      1   0.111  1 --> 0
                                           258 (Contact between tibia and astragalus in adults: art)      1   0.125  1 --> 0
                                           301 (Jugal/quadratojugal horn: lacks distinct neck at ba)      1   0.250  0 --> 1
                                           303 (Jugal/ quadratojugal horn: obscures ventral-most po)      1   0.200  0 --> 1
                                           321 (Cervical half rings, distal spines projection direc)      1   0.333  0 --> 1
node_117 --> Crichtonpelta                 
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  2 ==> 0
                                           85 (Pterygoids: separate posteromedially, forming an int)      1   0.100  1 ==> 0
                                           274 (Skull roof, anterior portion, caputegulae: separate)      1   0.250  0 ==> 2
node_117 --> Ziapelta                      
           49 (Development of the postocular shelf: not developed ()      1   0.250  1 ==> 0
                                           66 (Quadrate, shape in lateral view: curved i.e. anterio)      1   0.125  1 ==> 0
                                           71 (Quadrate: contact with paroccipital process unfused )      1   0.111  1 ==> 0
                                           86 (Pterygoid, orientation of pterygoid wing in ventral )      1   0.333  0 ==> 1
                                           87 (Pterygoid, anterior margin angle: posteroventral (0))      1   0.200  1 --> 2
                                           270 (Skull roof, form of caputegulae: flat (0), raised ()      1   0.500  0 ==> 1
node_119 --> Pinacosaurus grangeri         
            67 (Quadrate, inclination in lateral view: less than or )      1   0.200  2 ==> 3
                                           78 (Occipital condyle, morphology in posterior  view: re)      1   0.143  0 ==> 1
                                           82 (Basipterygoid processes, size: twice as long as wide)      1   0.143  1 ==> 0
                                           95 (Palate, posterior foramen: absent (0), present (1).)       1   0.250  0 ==> 1
                                           110 (Surangular, medial inflection of dorsal margin form)      1   0.500  0 ==> 1
                                           111 (Surangular, foramen ventral to ridge: absent (0), p)      1   0.143  0 ==> 1
                                           116 (Maxillary/ dentary tooth, central apical ridge: abs)      1   0.111  0 ==> 1
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 1
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  1 ==> 0
                                           168 (Anterior caudal vertebrae, centra:  anteroposterior)      1   0.500  2 ==> 1
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 ==> 0
                                           281 (Internarial caputegulae, number: none (0), one (1),)      1   0.286  0 ==> 2
                                           283 (Lateral skull caputegulae, number on one side: no c)      1   0.375  2 ==> 3
                                           300 (Jugal/ quadratojugal horn, shape in dorsal view: U-)      1   0.250  1 ==> 0
node_120 --> Pinacosaurus mephistocephalus 
            10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  2 --> 0
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  1 ==> 2
                                           162 (Ilio?sacral block, posterior sacral rib angle: late)      1   0.286  0 ==> 2
                                           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  1 --> 0
node_124 --> node_123                      
            60 (Jugal, anterior process, relative to orbit height: j)      1   0.167  1 ==> 0
                                           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  0 --> 1
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 --> 1
                                           281 (Internarial caputegulae, number: none (0), one (1),)      1   0.286  0 --> 1
node_123 --> node_122                      
            29 (Maxilla, anterior tooth rows in ventral view: nearly)      1   0.250  0 --> 1
                                           32 (Internal nares, bone bordering anterior margin: prem)      1   0.333  0 --> 1
                                           53 (Frontal, scroll-like descending process in ventral v)      1   1.000  0 --> 1
                                           68 (Quadrate, anterior surface: transversely concave (0))      1   0.167  1 --> 0
                                           86 (Pterygoid, orientation of pterygoid wing in ventral )      1   0.333  0 --> 1
                                           125 (Maxilla or dentary, shape of the tooth row in dorsa)      1   0.111  1 ==> 0
                                           270 (Skull roof, form of caputegulae: flat (0), raised ()      1   0.500  0 ==> 2
                                           274 (Skull roof, anterior portion, caputegulae: separate)      1   0.250  1 --> 0
                                           292 (Nuchal caputegulae, posterior projection: does not )      1   0.167  1 --> 0
                                           297 (Squamosal/postorbital horn: directed dorsally (0), )      1   0.300  4 ==> 3
node_122 --> Nodocephalosaurus             
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  0 ==> 1
                                           274 (Skull roof, anterior portion, caputegulae: separate)      1   0.250  0 --> 2
                                           283 (Lateral skull caputegulae, number on one side: no c)      1   0.375  2 ==> 1
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  1 ==> 0
                                           289 (Supraorbital caputegulae: combine to form continuou)      1   0.250  1 ==> 0
                                           298 (Squamosal/postorbital horn, projection relative to )      1   0.167  0 ==> 1
node_122 --> Zaraapelta                    
           287 (Postocular caputegulae: absent (0), present (1).)         1   0.333  0 ==> 1
node_123 --> Tsagantegia                   
           33 (Narial embayment, defined as the outermost rim of th)      1   0.300  1 ==> 2
                                           50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  1 --> 0
                                           69 (Quadrate, axis extending through condyles in posteri)      1   0.167  1 ==> 0
                                           71 (Quadrate: contact with paroccipital process unfused )      1   0.111  1 ==> 0
                                           81 (Basal tubera: medially separated rounded rugose stub)      1   0.111  0 ==> 1
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  1 --> 2
                                           87 (Pterygoid, anterior margin angle: posteroventral (0))      1   0.200  1 --> 0
                                           269 (Skull roof, distribution of caputegulae: random (0))      1   0.333  0 ==> 1
                                           271 (Skull roof, number of caputegulae: no caputegulae ()      1   0.333  1 --> 2
                                           275 (Skull roof caputegulae, rhomboidal and trapezoidal )      1   1.000  0 ==> 1
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  2 ==> 1
node_125 --> Jinyunpelta                 
            9 (Skull dorsal surface, antorbital region: sloping cont)      1   0.167  1 ==> 0
                                           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  0 ==> 1
                                           30 (Maxilla, triangular fossa on anterodorsal edge: abse)      1   1.000  0 ==> 1
                                           36 (Paranasal apertures/fossae: no fossae or apertures p)      1   0.200  0 ==> 1
                                           50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  1 --> 0
                                           56 (Postorbital, forms posterior rim of orbit: present ()      1   1.000  0 ==> 1
                                           98 (Dentary, depth of the symphysial ramus relative to h)      1   0.200  1 ==> 0
                                           150 (Dorsal vertebrae, transverse processes project: app)      1   0.143  1 ==> 0
                                           185 (Tail club handle vertebrae, shape of each interlock)      1   0.500  0 ==> 1
                                           203 (Humerus, orientation of deltopectoral crest project)      1   0.143  1 ==> 0
                                           218 (Metacarpal V, ratio of length to metacarpal III: le)      1   0.500  1 ==> 0
                                           277 (Premaxillary beak, caputegulae: absent (0), present)      1   0.200  0 ==> 1
                                           302 (Jugal/ quadratojugal horn, size relative to orbit s)      1   0.333  1 ==> 0
node_129 --> node_128                      
           12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  0 --> 2
                                           15 (Premaxilla, deep longitudinal furrow on anterior por)      1   1.000  0 ==> 1
                                           29 (Maxilla, anterior tooth rows in ventral view: nearly)      1   0.250  0 ==> 2
                                           41 (Nasal: contributes to lateral surface of skull (0), )      1   1.000  0 --> 1
                                           51 (Lacrimal: contacts prefrontal (0), does not contact )      1   0.250  0 --> 1
                                           58 (Parietal, dorsal surface: convex (0), flat (1), conc)      1   0.286  2 ==> 1
                                           70 (Quadrate, dorsoventral height of the pterygoid proce)      1   0.333  1 --> 0
                                           72 (Quadrate: fossa/fenestra absent (0), present (1).)         1   0.250  0 --> 1
                                           88 (Pterygoid, position of posterior margin relative to )      1   0.222  1 ==> 0
                                           90 (Pterygoid foramen: absent (0), present (1).)               1   0.250  0 --> 1
                                           106 (Lower jaw, retroarticular process, size and project)      1   0.250  0 --> 1
                                           114 (Maxillary/ dentary tooth, crown shape: subtriangula)      1   0.100  1 --> 0
                                           121 (Dentary teeth, number in adult individuals: less th)      1   0.300  0 ==> 1
                                           163 (Ilio?sacral block: dorsal shield of sacrum is perfo)      1   0.333  0 --> 1
                                           169 (Anterior caudal vertebrae, prezygapophyses in later)      1   0.143  0 --> 1
                                           188 (Coracoid, anteroventral (sternal) process : absent )      1   0.143  1 --> 0
                                           192 (Scapula, ventral process at the posteroventral marg)      1   0.125  1 --> 0
                                           212 (Radius, ratio of length to humerus length, less tha)      1   0.333  0 --> 1
                                           213 (Radius, ratio of transverse width of distal end to )      1   0.250  1 --> 0
                                           214 (Radius, ratio of transverse width at proximal end t)      1   0.667  2 --> 0
                                           218 (Metacarpal V, ratio of length to metacarpal III: le)      1   0.500  1 --> 2
                                           235 (Pubis: present as separate ossification (0), fused )      1   0.125  1 ==> 0
                                           249 (Femur, anterior trochanter fusion to greater trocha)      1   0.500  1 ==> 0
                                           255 (Femur, length to tibia length ratio: 1.2 or below ()      1   0.333  1 --> 0
                                           298 (Squamosal/postorbital horn, projection relative to )      1   0.167  0 ==> 1
                                           303 (Jugal/ quadratojugal horn: obscures ventral-most po)      1   0.200  0 --> 1
                                           305 (Mandibular caputegulum : absent (0), present (1).)        1   0.250  1 ==> 0
                                           321 (Cervical half rings, distal spines projection direc)      1   0.333  0 --> 1
                                           330 (Form of pelvic (sacral) osteoderms: unfused (0), co)      1   0.286  2 --> 1
node_128 --> node_127                      
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  0 --> 2
                                           47 (Angle of orbital axis: less than 40? (0), greater th)      1   0.167  0 --> 1
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  1 --> 0
                                           219 (Phalanges, shape of manual and pedal unguals in dor)      1   0.500  1 ==> 2
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  0 --> 1
                                           295 (Squamosal/ postorbital horn, continuous  keel with )      1   0.143  0 --> 1
node_127 --> node_126                      
            6 (Maximum skull dimensions, including ornamentation: an)      1   0.200  0 --> 1
                                           11 (Posterior displacement of orbit, ratio of antorbital)      1   0.143  1 --> 0
                                           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  2 --> 1
                                           180 (Posterior caudal vertebrae, extent of pre- and post)      1   0.333  1 --> 0
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  0 --> 1
                                           214 (Radius, ratio of transverse width at proximal end t)      1   0.667  0 --> 1
                                           235 (Pubis: present as separate ossification (0), fused )      1   0.125  0 --> 1
                                           245 (Ischium, constriction at midlength: absent (0), pre)      1   1.000  0 --> 1
                                           318 (Cervical half rings, forms: composed of osteoderms )      1   0.500  0 ==> 2
node_126 --> Chuanqilong                   
           317 (Cervical half rings, number: none (0), one (1), two)      1   0.333  2 ==> 1
node_127 --> Liaoningosaurus               
           114 (Maxillary/ dentary tooth, crown shape: subtriangula)      1   0.100  0 --> 1
                                           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  0 ==> 1
                                           191 (Scapula, glenoid orientation: ventrolateral (0), ve)      1   0.125  1 ==> 0
                                           193 (Scapula, form of the acromial process: not develope)      1   0.556  1 ==> 0
                                           196 (Scapular blade: distally expanded (0), parallel sid)      1   0.143  0 --> 1
                                           205 (Humerus, ratio of transverse width of distal end to)      1   0.143  1 ==> 0
                                           224 (Ilium, anterior iliac process: has a blunt rounded )      1   0.143  0 ==> 1
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 ==> 0
                                           257 (Tibia, maximum distal width compared to the maximum)      1   0.111  1 ==> 0
                                           339 (Ossified tendons in distal region of tail: absent ()      1   0.500  1 ==> 0
                                           340 (Ossified epaxial tendons on dorsal and/or sacral ve)      1   0.200  0 ==> 1
node_128 --> Gobisaurus                    
           29 (Maxilla, anterior tooth rows in ventral view: nearly)      1   0.250  2 ==> 1
                                           59 (Jugal, proportions of anterior process: dorsoventral)      1   0.167  1 ==> 0
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  1 --> 2
                                           85 (Pterygoids: separate posteromedially, forming an int)      1   0.100  0 ==> 1
                                           92 (Vomerine septum, position of ventral margin relative)      1   0.333  1 ==> 2
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  0 ==> 1
node_128 --> Kunbarrasaurus                
           1 (Antorbital fenestra: present (0), absent (1).)              1   0.500  0 ==> 1
                                           5 (Antorbital, lateral temporal and supratemporal fenest)      1   0.500  1 ==> 0
                                           7 (Posterior margin of the skull, transverse width (incl)      1   0.182  0 ==> 2
                                           9 (Skull dorsal surface, antorbital region: sloping cont)      1   0.167  1 ==> 0
                                           12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  2 --> 0
                                           69 (Quadrate, axis extending through condyles in posteri)      1   0.167  1 ==> 0
                                           71 (Quadrate: contact with paroccipital process unfused )      1   0.111  1 ==> 0
                                           77 (Occipital condyle, direction relative to tooth rows:)      1   0.111  1 ==> 0
                                           78 (Occipital condyle, morphology in posterior  view: re)      1   0.143  0 ==> 1
                                           80 (Paroccipital processes, direction of extension: post)      1   0.167  1 ==> 0
                                           86 (Pterygoid, orientation of pterygoid wing in ventral )      1   0.333  0 ==> 2
                                           115 (Maxillary/ dentary tooth, crown size: taller than w)      1   0.167  1 ==> 0
                                           203 (Humerus, orientation of deltopectoral crest project)      1   0.143  1 ==> 0
                                           226 (Ilium, ratio of postacetabular length, relative to )      1   0.125  1 ==> 0
                                           248 (Femur, separation of femoral head from greater troc)      1   0.143  0 ==> 1
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  1 ==> 0
                                           293 (Squamosal/ postorbital horn: absent (0), present (1)      1   0.250  1 ==> 0
                                           317 (Cervical half rings, number: none (0), one (1), two)      1   0.333  2 ==> 1
                                           325 (Ossicles: absent (0), present (1).)                       1   0.200  0 ==> 1
node_130 --> Aletopelta                   
           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  3 ==> 2
                                           204 (Humerus, ratio of width of distal end to minimum sh)      1   0.100  1 ==> 0
                                           224 (Ilium, anterior iliac process: has a blunt rounded )      1   0.143  0 ==> 1
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 ==> 2
node_130 --> Talarurus                     
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  0 ==> 1
                                           47 (Angle of orbital axis: less than 40? (0), greater th)      1   0.167  0 ==> 1
                                           55 (Frontal, V-shaped upraised area: absent (0), present)      1   1.000  0 ==> 1
                                           71 (Quadrate: contact with paroccipital process unfused )      1   0.111  1 ==> 0
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  1 --> 2
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 2
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  0 ==> 1
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  1 ==> 2
                                           168 (Anterior caudal vertebrae, centra:  anteroposterior)      1   0.500  2 ==> 0
                                           174 (Anterior caudal vertebrae, direction of the transve)      1   0.200  0 ==> 1
                                           187 (Coracoid, form of the anterior margin: convex (0), )      1   0.333  0 ==> 1
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  0 ==> 1
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 ==> 1
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  0 ==> 2
                                           251 (Femur, fourth trochanter: prominent and pendant (0))      1   0.250  1 ==> 2
                                           260 (Metatarsal arrangement: compact, closely appressed )      1   0.200  0 ==> 1
                                           289 (Supraorbital caputegulae: combine to form continuou)      1   0.250  0 ==> 1
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  0 ==> 3
                                           340 (Ossified epaxial tendons on dorsal and/or sacral ve)      1   0.200  0 ==> 1
node_134 --> node_133                     
           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 1
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  3 ==> 5
                                           179 (Mid and posterior caudal vertebrae, longitudinal ri)      1   0.200  0 ==> 1
                                           200 (Humerus, separation of humeral head and deltopector)      1   0.111  0 --> 1
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 --> 0
                                           257 (Tibia, maximum distal width compared to the maximum)      1   0.111  1 --> 0
                                           330 (Form of pelvic (sacral) osteoderms: unfused (0), co)      1   0.286  2 ==> 1
node_133 --> node_132                     
           160 (Sacral vertebrae, longitudinal groove in ventral su)      1   0.143  1 ==> 0
                                           164 (Caudosacrals (i.e. caudal vertebrae fused to the sa)      1   0.429  1 --> 0
node_132 --> Dongyangopelta                
           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  5 ==> 2
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 ==> 1
                                           252 (Femur, location of the fourth trochanter on the fem)      1   0.143  0 ==> 1
node_133 --> Spearpoint ankylosaur                 
            167 (Anterior caudal vertebrae, centra in anterior/poste)      1   0.111  0 ==> 1
node_135 --> Borealopelta                  
            19 (Premaxilla, dorsoventral height to anteroposterior l)      1   0.125  1 ==> 0
                                           271 (Skull roof, number of caputegulae: no caputegulae ()      1   0.333  1 --> 3
                                           282 (Median nasal caputegulum: absent (0), present (1 ).)      1   0.143  0 ==> 1
                                           290 (A single large medial polygon of ornamentation in t)      1   0.200  0 ==> 1
                                           295 (Squamosal/ postorbital horn, continuous  keel with )      1   0.143  0 --> 1
node_135 --> Mymoorapelta                  
           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  0 ==> 2
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  1 ==> 0
                                           150 (Dorsal vertebrae, transverse processes project: app)      1   0.143  1 ==> 0
                                           153 (Anterior dorsal vertebrae, prezygapophyses: are sep)      1   0.167  1 ==> 0
                                           167 (Anterior caudal vertebrae, centra in anterior/poste)      1   0.111  0 ==> 1
                                           172 (Anterior caudal vertebrae, neural spine height: les)      1   0.167  1 --> 0
                                           221 (Ilium, anterior iliac process: projects roughly par)      1   0.200  2 ==> 1
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 ==> 1
                                           226 (Ilium, ratio of postacetabular length, relative to )      1   0.125  1 ==> 0
                                           233 (Ilium, perforation of the acetabulum: open acetabul)      1   0.500  2 ==> 1
                                           234 (Ilium, anteroposteriorly extending ridge on ventral)      1   0.143  1 ==> 0
                                           330 (Form of pelvic (sacral) osteoderms: unfused (0), co)      1   0.286  2 ==> 1
node_135 --> Stegopelta                
           131 (Cervical vertebrae, centra: longer anteroposteriorl)      1   0.143  1 ==> 0
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  0 ==> 1
                                           225 (Ilium, lateral edge in dorsal view: straight (0), s)      1   0.167  1 ==> 0
node_149 --> node_148                     
           13 (Premaxilla, shape of premaxillary palate in ventral )      1   0.667  1 ==> 2
                                           64 (Quadratojugal, orientation of external surface: late)      1   0.400  0 --> 1
                                           76 (Occipital condyle, offset from the ventral braincase)      1   0.143  0 ==> 1
                                           78 (Occipital condyle, morphology in posterior  view: re)      1   0.143  0 --> 1
                                           81 (Basal tubera: medially separated rounded rugose stub)      1   0.111  0 --> 1
                                           85 (Pterygoids: separate posteromedially, forming an int)      1   0.100  0 --> 1
                                           86 (Pterygoid, orientation of pterygoid wing in ventral )      1   0.333  0 ==> 1
                                           148 (Dorsal vertebrae, number (including sacral rod vert)      1   0.750  4 --> 1
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  3 --> 2
                                           274 (Skull roof, anterior portion, caputegulae: separate)      1   0.250  1 ==> 0
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  1 --> 0
                                           293 (Squamosal/ postorbital horn: absent (0), present (1)      1   0.250  1 --> 0
                                           328 (Projection of pectoral spikes: anterolaterally (0),)      1   1.000  2 --> 0
node_148 --> node_140                  
           19 (Premaxilla, dorsoventral height to anteroposterior l)      1   0.125  1 --> 0
                                           33 (Narial embayment, defined as the outermost rim of th)      1   0.300  0 --> 1
                                           68 (Quadrate, anterior surface: transversely concave (0))      1   0.167  1 --> 0
                                           88 (Pterygoid, position of posterior margin relative to )      1   0.222  1 --> 2
                                           102 (Dentary, tooth alveoli face: dorsally (0), dorsomed)      1   0.250  0 --> 1
                                           109 (Surangular, ridge on lateral surface, anterior to j)      1   0.125  1 --> 0
                                           127 (Contact between atlas and axis: articulated (0), fu)      1   0.333  0 ==> 1
                                           133 (Anterior cervical vertebrae, position of neural spi)      1   0.200  1 --> 0
                                           136 (Anterior cervical vertebrae, epipophyses : present )      1   0.500  0 --> 1
                                           186 (Coracoid, size: subequal in dorsoventral height and)      1   0.143  0 --> 1
                                           190 (Coracoid, ratio of coracoid glenoid length relative)      1   0.286  1 --> 0
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  0 --> 1
                                           215 (Number of manual digits: five (0), four (1), three )      1   0.667  1 --> 2
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 --> 2
                                           254 (Femur, maximum length to humerus length ratio: 1.3 )      1   0.200  0 --> 1
                                           269 (Skull roof, distribution of caputegulae: random (0))      1   0.333  0 --> 1
                                           299 (Jugal/ quadratojugal horn: absent (0), present (1 ))      1   0.250  1 --> 0
                                           306 (Mandibular caputegulum, length with respects to the)      1   0.333  0 --> 1
                                           307 (Mandibular caputegulum, dorsoventral depth: does no)      1   0.143  0 --> 1
                                           320 (Cervical half rings, distal spines : absent (0), pr)      1   0.200  1 --> 0
node_140 --> node_139                  
           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  0 --> 2
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  2 --> 4
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  0 --> 1
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  2 ==> 1
                                           164 (Caudosacrals (i.e. caudal vertebrae fused to the sa)      1   0.429  1 ==> 2
                                           165 (Caudal vertebrae, attachment of haemal arches to th)      1   0.143  0 ==> 1
node_139 --> node_136                   
           37 (Shape of respiratory passage: straight or arched (0))      1   0.500  1 --> 0
                                           64 (Quadratojugal, orientation of external surface: late)      1   0.400  1 --> 0
                                           82 (Basipterygoid processes, size: twice as long as wide)      1   0.143  1 --> 0
                                           89 (Pterygoid, contact with basipyerygoid processes: sut)      1   0.143  1 --> 0
                                           95 (Palate, posterior foramen: absent (0), present (1).)       1   0.250  0 --> 1
                                           153 (Anterior dorsal vertebrae, prezygapophyses: are sep)      1   0.167  1 --> 0
                                           167 (Anterior caudal vertebrae, centra in anterior/poste)      1   0.111  0 ==> 1
                                           188 (Coracoid, anteroventral (sternal) process : absent )      1   0.143  1 --> 0
                                           189 (Coracoid, foramen in lateral view: present (0), not)      1   0.333  0 --> 1
                                           192 (Scapula, ventral process at the posteroventral marg)      1   0.125  1 --> 0
                                           225 (Ilium, lateral edge in dorsal view: straight (0), s)      1   0.167  1 ==> 0
                                           226 (Ilium, ratio of postacetabular length, relative to )      1   0.125  1 --> 0
                                           231 (Ilium, posterior iliac process distal shape: tapers)      1   0.143  1 --> 0
                                           252 (Femur, location of the fourth trochanter on the fem)      1   0.143  0 --> 1
                                           258 (Contact between tibia and astragalus in adults: art)      1   0.125  1 ==> 0
                                           268 (Cranial ornamentation: rugose, not differentiated i)      1   0.125  1 --> 0
                                           271 (Skull roof, number of caputegulae: no caputegulae ()      1   0.333  1 --> 0
                                           274 (Skull roof, anterior portion, caputegulae: separate)      1   0.250  0 --> 2
                                           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  0 --> 1
node_136 --> Anoplosaurus                 
            96 (Jaw, position of articulation  relative to adductor )      1   0.333  1 ==> 0
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  2 --> 0
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  1 ==> 2
node_136 --> Dracopelta                    
             7 (Posterior margin of the skull, transverse width (incl)      1   0.182  2 ==> 0
                                           150 (Dorsal vertebrae, transverse processes project: app)      1   0.143  1 ==> 0
node_136 --> Edmontonia rugosidens         
            50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  0 ==> 1
                                           141 (Dorsal vertebrae, centra: longer than tall (0), equ)      1   0.222  0 ==> 2
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  1 ==> 0
                                           162 (Ilio?sacral block, posterior sacral rib angle: late)      1   0.286  0 ==> 1
                                           173 (Anterior caudal vertebrae, direction of the transve)      1   0.333  2 ==> 1
node_136 --> Nodosaurus                  
           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  2 ==> 1
                                           145 (Dorsal vertebrae, neural arch pedicle to neural can)      1   0.200  1 ==> 0
                                           235 (Pubis: present as separate ossification (0), fused )      1   0.125  0 ==> 1
                                           251 (Femur, fourth trochanter: prominent and pendant (0))      1   0.250  1 ==> 2
                                           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  1 --> 0
node_139 --> node_138                      
           9 (Skull dorsal surface, antorbital region: sloping cont)      1   0.167  0 --> 1
                                           49 (Development of the postocular shelf: not developed ()      1   0.250  1 ==> 0
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  2 ==> 3
                                           104 (Lower jaw, sinuous ventral margin, which parallels )      1   0.200  1 ==> 0
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 2
                                           141 (Dorsal vertebrae, centra: longer than tall (0), equ)      1   0.222  0 ==> 2
                                           148 (Dorsal vertebrae, number (including sacral rod vert)      1   0.750  1 --> 2
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 --> 1
                                           248 (Femur, separation of femoral head from greater troc)      1   0.143  1 --> 0
                                           281 (Internarial caputegulae, number: none (0), one (1),)      1   0.286  0 --> 1
                                           282 (Median nasal caputegulum: absent (0), present (1 ).)      1   0.143  0 --> 1
                                           283 (Lateral skull caputegulae, number on one side: no c)      1   0.375  0 ==> 2
                                           290 (A single large medial polygon of ornamentation in t)      1   0.200  0 ==> 1
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  0 ==> 1
                                           306 (Mandibular caputegulum, length with respects to the)      1   0.333  1 --> 2
node_138 --> node_137                      
           26 (Maxilla, transverse distance between posterior-most )      1   0.200  0 ==> 2
                                           50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  0 ==> 1
                                           66 (Quadrate, shape in lateral view: curved i.e. anterio)      1   0.125  0 ==> 1
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  1 --> 0
                                           88 (Pterygoid, position of posterior margin relative to )      1   0.222  2 --> 1
                                           93 (Vomer, oval-shaped prevomer foramen: absent (0), pre)      1   0.500  0 ==> 1
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  1 --> 0
                                           146 (Dorsal vertebrae, centrum height to neural arch ped)      1   0.167  0 --> 1
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  0 --> 1
                                           172 (Anterior caudal vertebrae, neural spine height: les)      1   0.167  1 --> 0
                                           204 (Humerus, ratio of width of distal end to minimum sh)      1   0.100  1 --> 0
                                           209 (Ulna, ratio of length to humerus length, less than )      1   0.143  1 --> 0
                                           278 (Premaxillary beak, caputegulae protrudes to form ho)      1   0.500  0 --> 1
                                           279 (Supranarial caputegulae: absent (0), present (1 ).)       1   0.250  0 ==> 1
                                           299 (Jugal/ quadratojugal horn: absent (0), present (1 ))      1   0.250  0 --> 1
                                           307 (Mandibular caputegulum, dorsoventral depth: does no)      1   0.143  1 --> 0
node_137 --> Denversaurus                  
            9 (Skull dorsal surface, antorbital region: sloping cont)      1   0.167  1 --> 0
                                           11 (Posterior displacement of orbit, ratio of antorbital)      1   0.143  1 ==> 0
                                           19 (Premaxilla, dorsoventral height to anteroposterior l)      1   0.125  0 ==> 1
                                           47 (Angle of orbital axis: less than 40? (0), greater th)      1   0.167  0 ==> 1
                                           85 (Pterygoids: separate posteromedially, forming an int)      1   0.100  1 ==> 0
                                           277 (Premaxillary beak, caputegulae: absent (0), present)      1   0.200  0 ==> 1
                                           283 (Lateral skull caputegulae, number on one side: no c)      1   0.375  2 ==> 3
node_137 --> Edmontonia longiceps          
           76 (Occipital condyle, offset from the ventral braincase)      1   0.143  1 ==> 0
                                           78 (Occipital condyle, morphology in posterior  view: re)      1   0.143  1 ==> 0
                                           274 (Skull roof, anterior portion, caputegulae: separate)      1   0.250  0 ==> 1
                                           281 (Internarial caputegulae, number: none (0), one (1),)      1   0.286  1 --> 0
                                           282 (Median nasal caputegulum: absent (0), present (1 ).)      1   0.143  1 --> 0
                                           292 (Nuchal caputegulae, posterior projection: does not )      1   0.167  1 --> 0
node_138 --> Panoplosaurus                 
           3 (Lateral temporal fenestra, anteroposterior length: mo)      1   0.250  1 ==> 0
                                           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  0 ==> 1
                                           12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  0 ==> 2
                                           94 (Vomer, groove on ventral margin: absent (0), present)      1   0.250  0 ==> 1
                                           97 (Jaw, position of articulation relative to dentary to)      1   0.200  0 ==> 1
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  1 --> 0
                                           170 (Anterior caudal vertebrae, dorsal process on transv)      1   0.500  0 ==> 1
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  1 --> 0
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  0 --> 1
node_140 --> Tianchisaurus                
           135 (Anterior cervical vertebrae: centrum ventral margin)      1   0.100  1 ==> 0
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  0 ==> 1
                                           155 (Posterior dorsal vertebrae, cross-sectional shape o)      1   0.125  1 ==> 0
                                           173 (Anterior caudal vertebrae, direction of the transve)      1   0.333  2 ==> 0
                                           260 (Metatarsal arrangement: compact, closely appressed )      1   0.200  0 ==> 1
                                           317 (Cervical half rings, number: none (0), one (1), two)      1   0.333  2 ==> 1
                                           318 (Cervical half rings, forms: composed of osteoderms )      1   0.500  0 ==> 1
node_148 --> node_147                      
           14 (Premaxillary palate, ratio of transverse width to an)      1   0.600  2 ==> 1
                                           28 (Maxilla, anteroventral secondary palate: incomplete/)      1   0.500  1 --> 0
                                           60 (Jugal, anterior process, relative to orbit height: j)      1   0.167  1 --> 0
                                           80 (Paroccipital processes, direction of extension: post)      1   0.167  1 --> 0
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  1 --> 0
                                           92 (Vomerine septum, position of ventral margin relative)      1   0.333  1 --> 0
                                           121 (Dentary teeth, number in adult individuals: less th)      1   0.300  0 --> 1
                                           122 (Premaxillary teeth, number: six or more (0), five ()      1   0.500  6 --> 0
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  2 --> 5
                                           195 (Scapulacoracoid, medial buttress: absent (0), prese)      1   0.167  1 --> 0
                                           203 (Humerus, orientation of deltopectoral crest project)      1   0.143  1 --> 0
                                           204 (Humerus, ratio of width of distal end to minimum sh)      1   0.100  1 --> 0
                                           205 (Humerus, ratio of transverse width of distal end to)      1   0.143  1 --> 0
                                           242 (Ischium, distinct angle at approximately midlength:)      1   0.250  1 --> 0
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  0 --> 1
                                           255 (Femur, length to tibia length ratio: 1.2 or below ()      1   0.333  1 --> 0
                                           257 (Tibia, maximum distal width compared to the maximum)      1   0.111  1 --> 0
                                           279 (Supranarial caputegulae: absent (0), present (1 ).)       1   0.250  0 --> 1
                                           292 (Nuchal caputegulae, posterior projection: does not )      1   0.167  1 --> 0
                                           319 (Cervical half rings, composition of first cervical )      1   1.000  1 ==> 0
                                           328 (Projection of pectoral spikes: anterolaterally (0),)      1   1.000  0 --> 1
node_147 --> node_145                      
           16 (Premaxilla, broad ?V? or ?U? shaped notch between pr)      1   0.111  0 --> 1
                                           17 (Premaxillary tomium (=subnarial portion of the prema)      1   0.250  1 --> 0
                                           50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  0 ==> 1
                                           78 (Occipital condyle, morphology in posterior  view: re)      1   0.143  1 --> 0
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  0 --> 2
                                           85 (Pterygoids: separate posteromedially, forming an int)      1   0.100  1 --> 0
                                           94 (Vomer, groove on ventral margin: absent (0), present)      1   0.250  0 --> 1
                                           114 (Maxillary/ dentary tooth, crown shape: subtriangula)      1   0.100  1 ==> 0
                                           118 (Maxillary/ dentary tooth, tooth crown striations: e)      1   0.111  0 ==> 1
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  0 --> 1
                                           167 (Anterior caudal vertebrae, centra in anterior/poste)      1   0.111  0 --> 1
                                           169 (Anterior caudal vertebrae, prezygapophyses in later)      1   0.143  0 ==> 1
                                           221 (Ilium, anterior iliac process: projects roughly par)      1   0.200  2 --> 1
                                           234 (Ilium, anteroposteriorly extending ridge on ventral)      1   0.143  1 --> 0
                                           268 (Cranial ornamentation: rugose, not differentiated i)      1   0.125  1 --> 0
                                           277 (Premaxillary beak, caputegulae: absent (0), present)      1   0.200  0 --> 1
                                           290 (A single large medial polygon of ornamentation in t)      1   0.200  0 ==> 1
                                           293 (Squamosal/ postorbital horn: absent (0), present (1)      1   0.250  0 --> 1
                                           317 (Cervical half rings, number: none (0), one (1), two)      1   0.333  2 --> 1
node_145 --> Europelta                     
           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 2
                                           153 (Anterior dorsal vertebrae, prezygapophyses: are sep)      1   0.167  1 ==> 0
                                           231 (Ilium, posterior iliac process distal shape: tapers)      1   0.143  1 ==> 0
                                           235 (Pubis: present as separate ossification (0), fused )      1   0.125  0 ==> 1
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  0 --> 1
                                           295 (Squamosal/ postorbital horn, continuous  keel with )      1   0.143  0 --> 1
                                           298 (Squamosal/postorbital horn, projection relative to )      1   0.167  0 ==> 1
node_145 --> node_144                      
            12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  0 ==> 1
                                           66 (Quadrate, shape in lateral view: curved i.e. anterio)      1   0.125  0 ==> 1
                                           76 (Occipital condyle, offset from the ventral braincase)      1   0.143  1 ==> 0
                                           80 (Paroccipital processes, direction of extension: post)      1   0.167  0 --> 1
                                           98 (Dentary, depth of the symphysial ramus relative to h)      1   0.200  1 --> 0
                                           103 (Dentary, ventral profile: tapers to a V-shaped apex)      1   0.200  1 --> 0
                                           131 (Cervical vertebrae, centra: longer anteroposteriorl)      1   0.143  1 --> 0
                                           135 (Anterior cervical vertebrae: centrum ventral margin)      1   0.100  1 --> 0
                                           138 (Posterior cervical vertebrae, postzygapophyses: not)      1   0.200  1 --> 0
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  1 --> 0
                                           150 (Dorsal vertebrae, transverse processes project: app)      1   0.143  1 ==> 0
                                           173 (Anterior caudal vertebrae, direction of the transve)      1   0.333  2 ==> 1
                                           201 (Humerus, separation of humeral head and medial tube)      1   0.125  1 --> 0
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  0 ==> 2
node_144 --> node_143                     
            67 (Quadrate, inclination in lateral view: less than or )      1   0.200  2 --> 1
                                           79 (Foramen magnum, cross-sectional area, relative to oc)      1   0.333  0 --> 1
                                           141 (Dorsal vertebrae, centra: longer than tall (0), equ)      1   0.222  0 --> 2
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  0 --> 2
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  0 --> 1
node_143 --> node_142                 
           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  2 --> 1
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  0 --> 1
                                           149 (Dorsal vertebrae, anterior articular facet on centr)      1   0.500  0 --> 2
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  2 --> 1
                                           221 (Ilium, anterior iliac process: projects roughly par)      1   0.200  1 --> 2
                                           225 (Ilium, lateral edge in dorsal view: straight (0), s)      1   0.167  1 --> 0
                                           228 (Ilium, ratio of maximum transverse width in dorsal )      1   0.667  2 --> 1
node_142 --> node_141                    
           131 (Cervical vertebrae, centra: longer anteroposteriorl)      1   0.143  0 --> 1
                                           135 (Anterior cervical vertebrae: centrum ventral margin)      1   0.100  0 --> 1
                                           155 (Posterior dorsal vertebrae, cross-sectional shape o)      1   0.125  1 --> 0
                                           233 (Ilium, perforation of the acetabulum: open acetabul)      1   0.500  2 --> 1
node_141 --> Hungarosaurus               
            69 (Quadrate, axis extending through condyles in posteri)      1   0.167  1 ==> 0
                                           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  1 --> 2
                                           116 (Maxillary/ dentary tooth, central apical ridge: abs)      1   0.111  0 ==> 1
                                           118 (Maxillary/ dentary tooth, tooth crown striations: e)      1   0.111  1 ==> 0
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 ==> 1
                                           125 (Maxilla or dentary, shape of the tooth row in dorsa)      1   0.111  1 ==> 0
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 --> 2
                                           186 (Coracoid, size: subequal in dorsoventral height and)      1   0.143  0 --> 1
node_141 --> Paw Paw juvenile              
           76 (Occipital condyle, offset from the ventral braincase)      1   0.143  0 ==> 1
                                           141 (Dorsal vertebrae, centra: longer than tall (0), equ)      1   0.222  2 --> 0
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  2 --> 0
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  1 --> 0
                                           149 (Dorsal vertebrae, anterior articular facet on centr)      1   0.500  2 --> 0
                                           167 (Anterior caudal vertebrae, centra in anterior/poste)      1   0.111  1 --> 0
                                           188 (Coracoid, anteroventral (sternal) process : absent )      1   0.143  1 ==> 0
                                           200 (Humerus, separation of humeral head and deltopector)      1   0.111  1 ==> 0
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  0 ==> 1
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 ==> 1
node_142 --> Struthiosaurus austriacus    
            83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  2 ==> 1
                                           102 (Dentary, tooth alveoli face: dorsally (0), dorsomed)      1   0.250  0 ==> 1
                                           117 (Maxillary/ dentary tooth, tooth crown striations: n)      1   0.250  1 ==> 0
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  0 ==> 1
                                           141 (Dorsal vertebrae, centra: longer than tall (0), equ)      1   0.222  2 ==> 1
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  2 ==> 1
                                           146 (Dorsal vertebrae, centrum height to neural arch ped)      1   0.167  0 ==> 1
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  1 --> 0
                                           179 (Mid and posterior caudal vertebrae, longitudinal ri)      1   0.200  0 ==> 1
                                           256 (Femur, fibula epicondyle medially inset: absent (0))      1   0.333  0 ==> 1
                                           305 (Mandibular caputegulum : absent (0), present (1).)        1   0.250  1 ==> 0
                                           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  0 ==> 1
                                           318 (Cervical half rings, forms: composed of osteoderms )      1   0.500  0 ==> 2
                                           321 (Cervical half rings, distal spines projection direc)      1   0.333  0 ==> 1
node_144 --> Struthiosaurus transylvanicus 
           155 (Posterior dorsal vertebrae, cross-sectional shape o)      1   0.125  1 ==> 0
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  1 --> 0
                                           167 (Anterior caudal vertebrae, centra in anterior/poste)      1   0.111  1 --> 0
node_147 --> node_146                      
          10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  0 --> 1
                                           12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  0 --> 2
                                           34 (External nares, in dorsal view: visible (0), not vis)      1   0.125  0 --> 1
                                           35 (External nares, in anterior view: not visible (0), v)      1   0.333  1 --> 0
                                           81 (Basal tubera: medially separated rounded rugose stub)      1   0.111  1 --> 0
                                           97 (Jaw, position of articulation relative to dentary to)      1   0.200  0 --> 1
                                           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  0 --> 1
                                           123 (Maxilla or dentary, tooth row: starts level with pr)      1   0.200  1 --> 0
                                           160 (Sacral vertebrae, longitudinal groove in ventral su)      1   0.143  1 --> 0
                                           164 (Caudosacrals (i.e. caudal vertebrae fused to the sa)      1   0.429  1 --> 2
                                           174 (Anterior caudal vertebrae, direction of the transve)      1   0.200  0 ==> 1
                                           302 (Jugal/ quadratojugal horn, size relative to orbit s)      1   0.333  0 --> 1
                                           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  0 --> 1
node_149 --> Invictarx                     
           144 (Dorsal vertebrae, deep excavations between neural a)      1   0.500  0 ==> 1
node_151 --> node_150                     
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  0 --> 1
                                           12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  0 --> 2
                                           58 (Parietal, dorsal surface: convex (0), flat (1), conc)      1   0.286  0 ==> 2
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  2 ==> 3
                                           109 (Surangular, ridge on lateral surface, anterior to j)      1   0.125  1 --> 0
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 --> 1
                                           121 (Dentary teeth, number in adult individuals: less th)      1   0.300  0 --> 1
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  0 --> 2
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  2 --> 1
                                           172 (Anterior caudal vertebrae, neural spine height: les)      1   0.167  1 --> 0
                                           173 (Anterior caudal vertebrae, direction of the transve)      1   0.333  2 --> 0
                                           190 (Coracoid, ratio of coracoid glenoid length relative)      1   0.286  1 --> 2
                                           205 (Humerus, ratio of transverse width of distal end to)      1   0.143  1 --> 0
                                           213 (Radius, ratio of transverse width of distal end to )      1   0.250  1 --> 0
                                           217 (Metacarpal I, ratio of length to metacarpal III: le)      1   0.500  0 --> 1
                                           226 (Ilium, ratio of postacetabular length, relative to )      1   0.125  1 --> 0
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 --> 0
                                           268 (Cranial ornamentation: rugose, not differentiated i)      1   0.125  1 --> 0
                                           306 (Mandibular caputegulum, length with respects to the)      1   0.333  0 --> 2
                                           329 (Form of pectoral spikes: solid base (0), hollow bas)      1   0.500  1 --> 0
node_150 --> Sauropelta                    
           114 (Maxillary/ dentary tooth, crown shape: subtriangula)      1   0.100  1 --> 0
node_150 --> Tatankacephalus               
 		           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  2 ==> 1
node_158 --> node_157                      
          5 (Antorbital, lateral temporal and supratemporal fenest)      1   0.500  1 --> 0
                                           9 (Skull dorsal surface, antorbital region: sloping cont)      1   0.167  0 --> 1
                                           26 (Maxilla, transverse distance between posterior-most )      1   0.200  0 --> 2
                                           32 (Internal nares, bone bordering anterior margin: prem)      1   0.333  0 --> 1
                                           33 (Narial embayment, defined as the outermost rim of th)      1   0.300  0 --> 2
                                           51 (Lacrimal: contacts prefrontal (0), does not contact )      1   0.250  0 --> 1
                                           59 (Jugal, proportions of anterior process: dorsoventral)      1   0.167  1 --> 0
                                           64 (Quadratojugal, orientation of external surface: late)      1   0.400  0 --> 2
                                           76 (Occipital condyle, offset from the ventral braincase)      1   0.143  0 --> 1
                                           84 (Form of cranial nerve XII: two foramina (0), three ()      1   0.400  0 --> 1
                                           87 (Pterygoid, anterior margin angle: posteroventral (0))      1   0.200  0 --> 1
                                           88 (Pterygoid, position of posterior margin relative to )      1   0.222  1 --> 2
                                           89 (Pterygoid, contact with basipyerygoid processes: sut)      1   0.143  1 --> 0
                                           104 (Lower jaw, sinuous ventral margin, which parallels )      1   0.200  1 --> 0
                                           128 (Axis, neural spine in lateral view: triangular (0),)      1   0.333  0 --> 1
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  3 --> 4
                                           157 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.333  1 --> 0
                                           167 (Anterior caudal vertebrae, centra in anterior/poste)      1   0.111  0 ==> 1
                                           190 (Coracoid, ratio of coracoid glenoid length relative)      1   0.286  1 --> 0
                                           192 (Scapula, ventral process at the posteroventral marg)      1   0.125  1 ==> 0
                                           193 (Scapula, form of the acromial process: not develope)      1   0.556  3 ==> 2
                                           216 (Metacarpal II to humerus length ratio, 0.2 or below)      1   0.333  1 --> 0
                                           235 (Pubis: present as separate ossification (0), fused )      1   0.125  0 --> 1
                                           237 (Pubis, postpubis to acetabular length ratio: less t)      1   0.400  0 --> 1
                                           260 (Metatarsal arrangement: compact, closely appressed )      1   0.200  0 --> 1
                                           292 (Nuchal caputegulae, posterior projection: does not )      1   0.167  1 --> 0
                                           300 (Jugal/ quadratojugal horn, shape in dorsal view: U-)      1   0.250  0 --> 1
                                           301 (Jugal/quadratojugal horn: lacks distinct neck at ba)      1   0.250  0 --> 1
                                           323 (Osteoderms on proximal limb segments: absent (0), p)      1   0.250  0 --> 1
                                           324 (Triangular osteoderms that abruptly narrow distally)      1   1.000  0 ==> 1
                                           332 (Caudal osteoderms, morphology in dorsal view: trian)      1   0.500  0 --> 1
node_157 --> node_156                      
           330 (Form of pelvic (sacral) osteoderms: unfused (0), co)      1   0.286  0 ==> 1
node_156 --> node_154                      
           29 (Maxilla, anterior tooth rows in ventral view: nearly)      1   0.250  0 --> 1
                                           116 (Maxillary/ dentary tooth, central apical ridge: abs)      1   0.111  0 --> 1
                                           125 (Maxilla or dentary, shape of the tooth row in dorsa)      1   0.111  1 --> 0
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  1 --> 0
                                           172 (Anterior caudal vertebrae, neural spine height: les)      1   0.167  1 --> 0
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  0 --> 1
                                           250 (Femur, oblique ridge on lateral femoral shaft dista)      1   0.500  0 ==> 1
                                           268 (Cranial ornamentation: rugose, not differentiated i)      1   0.125  1 --> 0
node_154 --> node_153                      
           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  2 --> 1
                                           118 (Maxillary/ dentary tooth, tooth crown striations: e)      1   0.111  0 --> 1
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 --> 1
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  0 --> 1
                                           165 (Caudal vertebrae, attachment of haemal arches to th)      1   0.143  0 --> 1
                                           191 (Scapula, glenoid orientation: ventrolateral (0), ve)      1   0.125  1 --> 0
                                           193 (Scapula, form of the acromial process: not develope)      1   0.556  2 ==> 1
                                           248 (Femur, separation of femoral head from greater troc)      1   0.143  1 --> 0
                                           252 (Femur, location of the fourth trochanter on the fem)      1   0.143  0 ==> 1
                                           257 (Tibia, maximum distal width compared to the maximum)      1   0.111  1 --> 0
node_153 --> Gastonia burgei               
           10 (Skull roof, highest point: posterior to orbits (0), )      1   0.118  0 ==> 1
                                           70 (Quadrate, dorsoventral height of the pterygoid proce)      1   0.333  1 ==> 0
                                           141 (Dorsal vertebrae, centra: longer than tall (0), equ)      1   0.222  0 ==> 1
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  0 ==> 1
                                           155 (Posterior dorsal vertebrae, cross-sectional shape o)      1   0.125  1 ==> 0
                                           175 (Anterior and mid caudal vertebrae, bulbous swelling)      1   0.250  1 ==> 0
                                           218 (Metacarpal V, ratio of length to metacarpal III: le)      1   0.500  1 ==> 0
                                           226 (Ilium, ratio of postacetabular length, relative to )      1   0.125  1 ==> 0
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 ==> 2
node_153 --> node_152                     
           50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  0 --> 1
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  2 --> 1
                                           76 (Occipital condyle, offset from the ventral braincase)      1   0.143  1 --> 0
                                           82 (Basipterygoid processes, size: twice as long as wide)      1   0.143  1 --> 0
                                           116 (Maxillary/ dentary tooth, central apical ridge: abs)      1   0.111  1 --> 0
                                           119 (Maxillary and/ or dentary tooth crowns in labial or)      1   0.091  0 ==> 1
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  0 --> 1
                                           146 (Dorsal vertebrae, centrum height to neural arch ped)      1   0.167  0 --> 1
                                           169 (Anterior caudal vertebrae, prezygapophyses in later)      1   0.143  1 --> 0
                                           187 (Coracoid, form of the anterior margin: convex (0), )      1   0.333  0 --> 1
                                           188 (Coracoid, anteroventral (sternal) process : absent )      1   0.143  1 --> 0
                                           200 (Humerus, separation of humeral head and deltopector)      1   0.111  1 ==> 0
                                           201 (Humerus, separation of humeral head and medial tube)      1   0.125  1 ==> 0
                                           209 (Ulna, ratio of length to humerus length, less than )      1   0.143  1 ==> 0
                                           210 (Ulna, proximal width to length ratio: less than 0.4)      1   1.000  0 ==> 1
                                           213 (Radius, ratio of transverse width of distal end to )      1   0.250  1 --> 0
                                           223 (Ilium, anterior iliac process: tranversely compress)      1   0.333  1 --> 0
                                           235 (Pubis: present as separate ossification (0), fused )      1   0.125  1 --> 0
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  0 --> 1
                                           254 (Femur, maximum length to humerus length ratio: 1.3 )      1   0.200  1 ==> 0
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  1 --> 0
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  0 --> 1
                                           329 (Form of pectoral spikes: solid base (0), hollow bas)      1   0.500  1 --> 0
node_152 --> Gastonia lorriemcwhinnyae   
           58 (Parietal, dorsal surface: convex (0), flat (1), conc)      1   0.286  0 ==> 1
                                           71 (Quadrate: contact with paroccipital process unfused )      1   0.111  1 ==> 0
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  0 ==> 1
                                           165 (Caudal vertebrae, attachment of haemal arches to th)      1   0.143  1 --> 0
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  1 --> 0
                                           221 (Ilium, anterior iliac process: projects roughly par)      1   0.200  1 ==> 2
                                           222 (Ilium, anterior iliac process in lateral or medial )      1   0.071  0 ==> 1
                                           257 (Tibia, maximum distal width compared to the maximum)      1   0.111  0 --> 1
node_152 --> Peloroplites                  
           80 (Paroccipital processes, direction of extension: post)      1   0.167  0 ==> 1
                                           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  1 --> 2
                                           132 (Cervical vertebrae, anterior and posterior facets o)      1   0.125  1 ==> 0
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  0 ==> 1
                                           160 (Sacral vertebrae, longitudinal groove in ventral su)      1   0.143  1 ==> 0
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  2 ==> 1
                                           191 (Scapula, glenoid orientation: ventrolateral (0), ve)      1   0.125  0 --> 1
                                           192 (Scapula, ventral process at the posteroventral marg)      1   0.125  0 ==> 1
                                           242 (Ischium, distinct angle at approximately midlength:)      1   0.250  1 ==> 0
                                           248 (Femur, separation of femoral head from greater troc)      1   0.143  0 --> 1
node_154 --> Hylaeosaurus                  
            131 (Cervical vertebrae, centra: longer anteroposteriorl)      1   0.143  1 ==> 0
node_154 --> Texasetes                     
           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  2 ==> 1
                                           190 (Coracoid, ratio of coracoid glenoid length relative)      1   0.286  0 --> 1
                                           192 (Scapula, ventral process at the posteroventral marg)      1   0.125  0 ==> 1
node_156 --> node_155                    
           77 (Occipital condyle, direction relative to tooth rows:)      1   0.111  1 --> 0
                                           78 (Occipital condyle, morphology in posterior  view: re)      1   0.143  0 --> 1
                                           183 (Posterior caudal vertebrae, transverse processes on)      1   0.333  1 --> 0
                                           227 (Ilium, ratio of acetabular length to dorsoventral h)      1   0.167  0 --> 1
                                           234 (Ilium, anteroposteriorly extending ridge on ventral)      1   0.143  1 --> 0
                                           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  0 ==> 1
node_155 --> Niobrarasaurus                
           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  2 ==> 1
node_155 --> Polacanthus                  
           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  4 ==> 5
                                           251 (Femur, fourth trochanter: prominent and pendant (0))      1   0.250  1 ==> 0
                                           252 (Femur, location of the fourth trochanter on the fem)      1   0.143  0 ==> 1
                                           258 (Contact between tibia and astragalus in adults: art)      1   0.125  0 ==> 1
node_157 --> Hoplitosaurus                 
           315 (Basal surface of osteoderms : flat or gently concav)      1   0.182  0 ==> 2
node_159 --> Gargoyleosaurus               
           14 (Premaxillary palate, ratio of transverse width to an)      1   0.600  2 --> 1
                                           19 (Premaxilla, dorsoventral height to anteroposterior l)      1   0.125  1 ==> 0
                                           38 (Posterior nasal passage (airway), vascular impressio)      1   0.500  0 ==> 1
                                           39 (Respiratory passage, nasal septum dividing the respi)      1   0.500  1 --> 0
                                           58 (Parietal, dorsal surface: convex (0), flat (1), conc)      1   0.286  0 ==> 1
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  2 ==> 1
                                           81 (Basal tubera: medially separated rounded rugose stub)      1   0.111  0 ==> 1
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  0 ==> 2
                                           103 (Dentary, ventral profile: tapers to a V-shaped apex)      1   0.200  1 --> 0
                                           106 (Lower jaw, retroarticular process, size and project)      1   0.250  0 ==> 1
                                           111 (Surangular, foramen ventral to ridge: absent (0), p)      1   0.143  0 --> 1
                                           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  2 --> 1
                                           117 (Maxillary/ dentary tooth, tooth crown striations: n)      1   0.250  1 ==> 0
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 ==> 1
                                           121 (Dentary teeth, number in adult individuals: less th)      1   0.300  0 ==> 2
                                           135 (Anterior cervical vertebrae: centrum ventral margin)      1   0.100  1 ==> 0
                                           219 (Phalanges, shape of manual and pedal unguals in dor)      1   0.500  1 ==> 0
                                           252 (Femur, location of the fourth trochanter on the fem)      1   0.143  0 ==> 1
                                           253 (Femur, shape in medial/lateral view: bowed anterior)      1   0.500  1 ==> 0
                                           271 (Skull roof, number of caputegulae: no caputegulae ()      1   0.333  0 ==> 2
                                           274 (Skull roof, anterior portion, caputegulae: separate)      1   0.250  1 ==> 0
                                           279 (Supranarial caputegulae: absent (0), present (1 ).)       1   0.250  0 ==> 1
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  0 ==> 3
                                           295 (Squamosal/ postorbital horn, continuous  keel with )      1   0.143  0 --> 1
                                           330 (Form of pelvic (sacral) osteoderms: unfused (0), co)      1   0.286  0 ==> 1
node_160 --> Cedarpelta                 
           11 (Posterior displacement of orbit, ratio of antorbital)      1   0.143  1 ==> 0
                                           17 (Premaxillary tomium (=subnarial portion of the prema)      1   0.250  1 --> 0
                                           25 (Maxilla, dorsoventral depth to anteroposterior lengt)      1   0.200  0 ==> 1
                                           29 (Maxilla, anterior tooth rows in ventral view: nearly)      1   0.250  0 ==> 1
                                           76 (Occipital condyle, offset from the ventral braincase)      1   0.143  0 ==> 1
                                           77 (Occipital condyle, direction relative to tooth rows:)      1   0.111  1 ==> 0
                                           109 (Surangular, ridge on lateral surface, anterior to j)      1   0.125  1 --> 0
                                           123 (Maxilla or dentary, tooth row: starts level with pr)      1   0.200  1 ==> 0
                                           142 (Dorsal vertebrae, centra: longer than wide (0), equ)      1   0.143  0 ==> 1
                                           162 (Ilio?sacral block, posterior sacral rib angle: late)      1   0.286  0 ==> 1
                                           172 (Anterior caudal vertebrae, neural spine height: les)      1   0.167  1 --> 0
                                           188 (Coracoid, anteroventral (sternal) process : absent )      1   0.143  1 --> 0
                                           211 (Ulna, development of anterior process in proximal v)      1   0.500  1 --> 0
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 ==> 0
                                           247 (Ischium, large knob on medial side near pubic pedun)      1   1.000  0 ==> 1
                                           277 (Premaxillary beak, caputegulae: absent (0), present)      1   0.200  0 ==> 1
                                           278 (Premaxillary beak, caputegulae protrudes to form ho)      1   0.500  0 --> 1
node_161 --> Animantarx                  
            59 (Jugal, proportions of anterior process: dorsoventral)      1   0.167  1 ==> 0
                                           139 (Posterior cervical vertebrae, opening on lateral su)      1   1.000  0 ==> 1
                                           159 (Dorsal ribs, attachment to posterior dorsal vertebr)      1   0.083  0 ==> 1
                                           196 (Scapular blade: distally expanded (0), parallel sid)      1   0.143  0 ==> 1
                                           202 (Humerus, ratio of deltopectoral crest length to hum)      1   0.083  0 ==> 1
                                           226 (Ilium, ratio of postacetabular length, relative to )      1   0.125  1 ==> 0
                                           228 (Ilium, ratio of maximum transverse width in dorsal )      1   0.667  2 ==> 1
                                           235 (Pubis: present as separate ossification (0), fused )      1   0.125  0 ==> 1
                                           250 (Femur, oblique ridge on lateral femoral shaft dista)      1   0.500  0 ==> 1
                                           288 (Supraorbital caputegulae: absent (0), present (1).)       1   0.500  1 --> 0
                                           299 (Jugal/ quadratojugal horn: absent (0), present (1 ))      1   0.250  1 --> 0
                                           307 (Mandibular caputegulum, dorsoventral depth: does no)      1   0.143  1 --> 0
node_162 --> Pawpawsaurus                  
            7 (Posterior margin of the skull, transverse width (incl)      1   0.182  0 ==> 2
                                           12 (Posterior margin of skull, texture of surface dorsal)      1   0.182  0 --> 2
                                           13 (Premaxilla, shape of premaxillary palate in ventral )      1   0.667  1 --> 2
                                           18 (Premaxillary tomium, posteroventral extension in lat)      1   0.500  0 --> 1
                                           23 (Premaxillary foramina, connected by anteroventrally-)      1   0.500  0 ==> 1
                                           49 (Development of the postocular shelf: not developed ()      1   0.250  0 ==> 1
                                           50 (Lacrimal incisure (transverse constriction behind th)      1   0.091  0 ==> 1
                                           66 (Quadrate, shape in lateral view: curved i.e. anterio)      1   0.125  1 ==> 0
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  2 --> 3
                                           72 (Quadrate: fossa/fenestra absent (0), present (1).)         1   0.250  1 --> 0
                                           79 (Foramen magnum, cross-sectional area, relative to oc)      1   0.333  0 ==> 1
                                           80 (Paroccipital processes, direction of extension: post)      1   0.167  0 ==> 1
                                           81 (Basal tubera: medially separated rounded rugose stub)      1   0.111  0 ==> 1
                                           83 (Basioccipital-basisphenoid, form of the ventral surf)      1   0.105  0 ==> 2
                                           84 (Form of cranial nerve XII: two foramina (0), three ()      1   0.400  0 ==> 2
                                           85 (Pterygoids: separate posteromedially, forming an int)      1   0.100  0 ==> 1
                                           86 (Pterygoid, orientation of pterygoid wing in ventral )      1   0.333  0 ==> 1
                                           93 (Vomer, oval-shaped prevomer foramen: absent (0), pre)      1   0.500  0 ==> 1
                                           94 (Vomer, groove on ventral margin: absent (0), present)      1   0.250  0 ==> 1
                                           122 (Premaxillary teeth, number: six or more (0), five ()      1   0.500  0 ==> 3
                                           268 (Cranial ornamentation: rugose, not differentiated i)      1   0.125  0 ==> 1
                                           271 (Skull roof, number of caputegulae: no caputegulae ()      1   0.333  0 ==> 3
                                           282 (Median nasal caputegulum: absent (0), present (1 ).)      1   0.143  0 ==> 1
                                           283 (Lateral skull caputegulae, number on one side: no c)      1   0.375  0 ==> 2
                                           284 (Orbit, enclosed by ring-like furrow: absent (0), pr)      1   0.091  0 ==> 1
                                           285 (Ciliary osteoderm (eyelid ossification): absent (0))      1   0.500  0 ==> 1
                                           291 (Nuchal caputegulae, number: none (0), one (1), two )      1   0.231  0 ==> 1
                                           295 (Squamosal/ postorbital horn, continuous  keel with )      1   0.143  0 --> 1
node_163 --> Sarcolestes                   
           111 (Surangular, foramen ventral to ridge: absent (0), p)      1   0.143  0 --> 1
                                           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  2 --> 1
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 ==> 1
node_165 --> Minmi                         
           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  0 ==> 1
                                           147 (Dorsal vertebrae, centrum height to neural canal he)      1   0.091  1 ==> 0
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  0 ==> 2
node_166 --> Scelidosaurus                
            3 (Lateral temporal fenestra, anteroposterior length: mo)      1   0.250  0 ==> 1
                                           67 (Quadrate, inclination in lateral view: less than or )      1   0.200  0 ==> 1
                                           120 (Maxillary and/ or dentary teeth, number of denticle)      1   0.077  0 ==> 1
                                           122 (Premaxillary teeth, number: six or more (0), five ()      1   0.500  0 ==> 1
                                           135 (Anterior cervical vertebrae: centrum ventral margin)      1   0.100  1 ==> 0
                                           226 (Ilium, ratio of postacetabular length, relative to )      1   0.125  1 ==> 0
                                           229 (Ilium, supra?acetabular flange diverges from the an)      1   0.500  0 ==> 1
                                           252 (Femur, location of the fourth trochanter on the fem)      1   0.143  0 ==> 1
                                           265 (Pedal digit I: metatarsal I robust and well-develop)      1   1.000  0 --> 1
                                           323 (Osteoderms on proximal limb segments: absent (0), p)      1   0.250  0 ==> 1
node_167 --> Scutellosaurus                
            115 (Maxillary/ dentary tooth, crown size: taller than w)      1   0.167  0 ==> 1
                                           143 (Dorsal vertebrae, longitudinal keel on ventral surf)      1   0.063  0 ==> 1
                                           154 (Anterior dorsal vertebrae, prezygapophyses: face do)      1   0.500  1 ==> 0
                                           161 (Number of sacral vertebrae: two (0), three (1), fou)      1   0.143  2 --> 3
                                           201 (Humerus, separation of humeral head and medial tube)      1   0.125  0 ==> 1
                                           214 (Radius, ratio of transverse width at proximal end t)      1   0.667  2 ==> 0
                                           240 (Pubis, acetabular portion enlarged into transversel)      1   0.500  0 ==> 1
                                           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  1 ==> 2
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 ==> 0
                                           254 (Femur, maximum length to humerus length ratio: 1.3 )      1   0.200  1 ==> 0
                                           262 (Number of pedal digits: five (0), four (1), three ()      1   0.667  1 ==> 0
node_168 --> Emausaurus                    
            7 (Posterior margin of the skull, transverse width (incl)      1   0.182  0 --> 1
                                           11 (Posterior displacement of orbit, ratio of antorbital)      1   0.143  0 ==> 1
                                           21 (Premaxilla, posterodorsally-projecting nasal process)      1   0.250  0 ==> 1
                                           33 (Narial embayment, defined as the outermost rim of th)      1   0.300  0 ==> 1
                                           98 (Dentary, depth of the symphysial ramus relative to h)      1   0.200  0 ==> 1
                                           104 (Lower jaw, sinuous ventral margin, which parallels )      1   0.200  0 ==> 1
                                           113 (Maxillary/ dentary teeth, apicobasal swelling: abse)      1   0.091  1 ==> 2
                                           121 (Dentary teeth, number in adult individuals: less th)      1   0.300  0 ==> 1
                                           122 (Premaxillary teeth, number: six or more (0), five ()      1   0.500  0 ==> 1
node_169 --> Laquintasaura                
           243 (Ischium, shape of the proximal margin: straight (0))      1   0.167  1 ==> 0
                                           246 (Ischium, posterior end of ischium: expanded relativ)      1   0.143  1 ==> 2
                                           256 (Femur, fibula epicondyle medially inset: absent (0))      1   0.333  0 ==> 1
node_170 --> Lesothosaurus                 
           7 (Posterior margin of the skull, transverse width (incl)      1   0.182  0 --> 2
                                           8 (Skull, overall shape in posterior view: dorsoventrall)      1   0.333  0 --> 1
                                           25 (Maxilla, dorsoventral depth to anteroposterior lengt)      1   0.200  0 --> 1
                                           87 (Pterygoid, anterior margin angle: posteroventral (0))      1   0.200  0 --> 2
                                           156 (Sacral rod vertebrae (i.e. dorsal vertebrae fused t)      1   0.294  0 --> 1
                                           164 (Caudosacrals (i.e. caudal vertebrae fused to the sa)      1   0.429  0 --> 1
                                           180 (Posterior caudal vertebrae, extent of pre- and post)      1   0.333  0 --> 1
                                           191 (Scapula, glenoid orientation: ventrolateral (0), ve)      1   0.125  0 --> 1
                                           192 (Scapula, ventral process at the posteroventral marg)      1   0.125  0 --> 1
                                           237 (Pubis, postpubis to acetabular length ratio: less t)      1   0.400  1 --> 2
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