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Part 1: Specimens and references for taxa discussed in this study.

Institutional abbreviations: AMNH – American Museum of Natural History, New York, New York, USA; BXGM – Benxi Geological Museum, Liaoning, China; CMN – Canadian Museum of Nature, Ottawa, Ontario, Canada; CEUM – College of Eastern Utah Prehistoric Museum, Price, Utah, USA; CYGYB – Chaoyang Bird Fossil National Geopark, Chaoyang, Liaoning, China; DMNH – Denver Museum of Nature and Science, Denver, Colorado, USA; FMNH – Field Museum of Natural History, Chicago, Illinois, USA; FWSHM – Fort Worth Museum of Science and History, Fort Worth, Texas, USA; IVPP – Institute for Vertebrate Paleontology and Paleoanthropology, Beijing, China; MLP – Museo de La Plata, La Plata, Argentina; MOR – Museum of the Rockies, Bozeman, Montana, USA; MPC – Paleontological Center, Mongolian Academy of Sciences, Ulaanbaatar, Mongolia (MPC KID refers to Korea-Mongolia Dinosaur Project field numbers); MWC – Museum of Western Colorado Dinosaur Journey, Fruita, Colorado, USA; NHMUK – Natural History Museum, London, United Kingdom; NMMNH – New Mexico Museum of Natural History and Science, Albuquerque, New Mexico, USA; PIN – Palaeontological Institute, Russian Academy of Sciences, Moscow, Russia; ROM – Royal Ontario Museum, Toronto, Ontario, Canada; SDNHM – San Diego Natural History Museum, San Diego, California, USA; SMP – State Museum of Pennsylvania, Harrisburg, Pennsylvania, USA; SMU – Shuler Museum of Paleontology, Southern Methodist University, Dallas, Texas, USA; TMP – Royal Tyrrell Museum of Palaeontology, Drumheller, Alberta, Canada; UALVP – University of Alberta Laboratory for Vertebrate Paleontology, Edmonton, Alberta, Canada; USNM – Smithsonian Museum of Natural History, Washington, DC, USA; ZPAL – Zaklad Paleobiologii, Polish Academy of Sciences, Warsaw, Poland.


Ahshislepelta minor: SMP VP-1930; Burns and Sullivan (2011).
Aletopelta coombsi: SDNHM 33909; Coombs and Deméré (1996), Ford and Kirkland (2001), Arbour and Currie (2016).
Animantarx ramaljonesi: CEUM 6218, CEUM 6268, CEUM 8070, CEUM 8277, CEUM 8279, CEUM 8281, CEUM 9173; Carpenter et al. (1999).
Ankylosaurus magniventris: AMNH 5895, AMNH 5214 (and skull cast UALVP 54722), CMN 8880.
Anodontosaurus lambei: AMNH 5216, AMNH 5223, AMNH 5245, CMN 8530, NHMUK R4947, ROM 832, TMP 1982.9.3, TMP 1994.168.1, TMP 1996.75.01, TMP 1997.59.1, TMP 1997.132.01, USNM 10753; Arbour and Currie (2013).
Argentinian ankylosaur: MPCA-Pv 77, MPCA-Pv 68/69/70, MPCA-Pv 71, MPCA-Pv 72/73, MPCA-SM 1, MPCA-Pv 78, MPCA-Pv 41-43, 74-76; Coria and Salgado (2001).
Bissektipelta archibaldi: Averianov (2002), Parish and Barrett (2004).
Cedarpelta bilbeyhallorum: CEUM 1026, CEUM 10258, CEUM 10261, CEUM 10372, CEUM 10405, CEUM 10412, CEUM 10417, CEUM 10425, CEUM 10525, CEUM 10560, CEUM 10574, CEUM 12360, CEUM reconstructed cast skull; Carpenter et al. (2001).
Chuanqilong chaoyangensis: Han et al. (2014).
Crichtonpelta benxiensis: UALVP 52015 (cast of BXGMV0012), mounted skeleton on display at Sihetun Fossil Centre; Lü et al. (2007a), Arbour and Currie (2016).
"Denversaurus" schlessmani: TMP 1993.145.0001; Bakker (1988), Carpenter (1990). 
Dongyangopelta yangyanensis: Chen et al. (2013).
Dyoplosaurus acutosquameus: ROM 784, UALVP 47273; Arbour and Currie (2013).
Edmontonia longiceps: CMN 8531; Sternberg (1928), Carpenter (1990).
Edmontonia rugosidens: Gilmore (1930), Carpenter (1990).
Euoplocephalus tutus: CMN 210, AMNH 5337, AMNH 5403, AMNH 5404, AMNH 5405, AMNH 5406, CMN 842, CMN 8876, ROM 1930, TMP 1979.14.74, UALVP 31, UALVP 47977; Arbour and Currie (2013).
Europelta carbonensis: Kirkland et al. (2013).
Gastonia burgei: CEUM 10293, CEUM cast pelvic shield, UALVP 54755 (cast of holotype skull), bonebed material, mostly caudals, at DMNH; Kirkland (1998).
Gargoyleosaurus parkpinorum: DMNH 27726; Carpenter et al. (1998), Killbourne and Carpenter (2005).
Gobisaurus domoculus: TMP 1990.000.4 (cast of holotype skull); Vickaryous et al. (2001), Arbour and Currie (2016).
Hoplitosaurus marshi: USNM 4752; Lucas (1901), Carpenter and Kirkland (1998).
Hungarosaurus tormai: Ősi (2005), Ősi and Makádi (2009), Ősi and Prondvai (2013), Ősi, Pereda Suberbiola, and Földes (2014).
Hylaeosaurus armatus: NHMUK R3773, NHMUK R3782, NHMUK R3789, NHMUK R28936; Mantell (1833), Pereda-Suberbiola (1993).
Kunbarrasaurus ieversi: USNM 508490; Molnar (1996), Molnar (2001), Leahey et al. (2015). 
Liaoningosaurus paradoxus: IVPP V12560, CYGYB 208, CYGYB 237; Xu et al. (2001), Arbour and Currie (2016).
Mymoorapelta maysi: MWC holotype ilium, MWC 5819, MWC 1806, MWC 5820, MWC 5643, MWC 876, MWC 4027, MWC 3763, MWC 2610 block A4, MWC 5641, MWC 1801, MWC 1907, MWC 3744, MWC 5320, MWC 5435, MWC 5438; Kirkland and Carpenter (1994), Kirkland et al. (1998).
Niobrarasaurus coleii: Mehl (1936), Carpenter et al. (1995); Everhart and Hamm (2005), Carpenter and Everhart (2007). 
Nodocephalosaurus kirtlandensis: SMP VP-900, Sullivan (1999), Arbour and Currie (2016).
Nodosaurus textilis: Marsh (1889); Lull (1921), Carpenter and Kirkland (1998). 
Panoplosaurus mirus: CMN 2759; Lambe (1919), Carpenter (1990). 
Pawpawsaurus campbelli: FWMSH 93B.00026 (previously SMU 73203); Lee (1996), Carpenter and Kirkland (1998). 
Paw Paw scuteling: FWMSH 93B.00025 (in part), SMU 72444 (in part); Jacobs et al. (1994).
Peloroplites cedrimontanus: Carpenter et al. (2008).
Polacanthus foxii: NHMUK R185, NHMUK R1926, NHMUK R4592, NHMUK R9293, cast of putative 'tail club' at CEUM; Blows (1987); Blows and Honeysett (2014).
Pinacosaurus grangeri: AMNH 6523, MPC 100/1305, PIN 614, PIN 3780/3, ZPAL MgD II/1, ZPAL MgD II/9, ZPAL MgD II/31, MPC 100/1307, MPC 100/1308, MPC 100/1309, MPC 100/1310, MPC 100/1311, MPC 100/1312, MPC 100/1313, MPC 100/1315, MPC 100/1316, MPC 100/1317, manual elements; MPC 100/1318, MPC 100/1319, MPC 100/1320, MPC 100/1321, MPC 100/1322, MPC 100/1323, MPC 100/1324, MPC 100/1325, MPC 100/1326, MPC 100/1327, MPC 100/1328, MPC 100/1329, MPC 100/1330, MPC 100/1331, MPC 100/1332, MPC 100/1333, MPC 100/1334, MPC 100/1335, MPC 100/1335, MPC 100/1337, MPC 100/1338, MPC 100/1339, MPC 100/1340, MPC 100/1341, MPC 100/1342, MPC 100/1343, MPC 100/1344, MPC 100/1345, MPC 100/1346, MPC 100/1347, IVPP V16853, IVPP V16283, IVPP V16854, IVPP V16346, IVPP V16855; Arbour and Currie (2016).
Pinacosaurus mephistocephalus: Godefroit et al. (1999).
Saichania chulsanensis: Cast of holotype skull mounted with MPC 100/1305,cast of in situ holotype skeleton at ZPAL Museum of Evolution, PIN 3142/250; Maryańska (1977), Arbour and Currie (2016).
Sauropelta edwardsorum: AMNH 3036; Ostrom (1970), Carpenter and Kirkland (1998)
Sauroplites scutiger: AMNH 2074; Bohlin (1953).
Scolosaurus cutleri: MOR 433, NHMUK R5161, TMP 2001.42.19, USNM 7943; Arbour and Currie (2013).
Shamosaurus scutatus: PIN 3779/2; Tumanova (1983), Arbour and Currie (2016).
Silvisaurus condrayi: Eaton (1960), Carpenter and Kirkland (1998).
Stegopelta landerensis: FMNH UR88; Williston (1905), Moodie (1910), Carpenter and Kirkland (1998).
Struthiosaurus austriacus: Pereda-Suberbiola and Galton (1994); Pereda Suberbiola and Galton (2001).
Struthiosaurus languedocensis: Garcia and Pereda Suberbiola (2003).
Struthiosaurus transylvanicus: NHMUK R4966; Nopcsa (1915). 
Talarurus plicatospineus: PIN 557; Maleev (1952).
Taohelong jinchengensis: Yang et al. (2013).
Tarchia kielanae: UALVP 49402 (cast of INBR 21004); Maryańska (1977), Arbour et al. (2014a).
Tatankacephalus cooneyorum: Parsons and Parsons (2009).
Texasetes pleurohalio: Coombs (1995), Carpenter and Kirkland (1998).
"Tianchiasaurus nedegoapeferima": Dong (1993). (Not included in phylogenetic analysis)
Tsagantegia longicranialis: MPC 700/17; Tumanova (1993), Arbour and Currie (2016).
Zaraapelta nomadis: MPC D100/1388, Arbour et al. (2014a).
"Zhejiangosaurus lishuiensis": Lü et al. (2007b), Arbour and Currie (2016).
Ziapelta sanjuanensis: NMMNH P-64484, Arbour et al. (2014c).
Zuul cruravastator: ROM 75860













Part 2: Character statements used in the phylogenetic analysis.
The character statements used in this analysis are identical to those published with Arbour and Currie (2016) and Arbour et al. (2016).
Cranium
1. Antorbital fenestra: present (0), absent (1). (Sereno 1999: 8, Thompson et al. 2012: 1).
2. Lateral temporal fenestra, visible in lateral view: visible (0), not visible (1). (Carpenter et al. 1998: 6; Thompson et al. 2012: 2).
3. Supratemporal fenestra: open (0), closed (1). (Lee 1996: 2, Thompson et al. 2012: 3)
4. Skull dimensions, including ornamentation: longer than wide (0), as wide, or wider than long (1). (Carpenter et al. 1998: 1, Thompson et al. 2012: 4)
5. Width of the posterior margin of the skull (including squamosal horns where applicable) relative to the maximum width across the orbits: greater or equal (0), less (1). (Vickaryous et al. 2004: 6, Thompson et al. 2012: 5). 
6. Antorbital region of the dorsal skull surface: flat (0), arched (1). (Sereno 1999: 99; Thompson et al. 2012: 14, Arbour et al. 2014a: 10)
7. Deep longitudinal furrow on premaxilla: absent (0), present (1). 
8. Ornamentation on premaxillary beak: absent (0), present (1). 
9. Premaxillary sinus: absent (0), present (1). 
10. Dimensions of premaxillary palate: longer than wide (0), wider than long (1). (Vickaryous et al. 2001: 13; Thompson et al. 2012: 18, Arbour et al. 2014a: 13).
11. Shape of the premaxillary palate: sub-triangular (0), sub-quadrate (1), sub-oval (2). (Sereno 1999: 80; Thompson et al. 2012: 19, Arbour et al. 2014a: 14) 
12.  ‘V’ or ‘U’-shaped median indentation of the anterior margin of the premaxilla: absent (0), present (1). (Sereno 1999: 91; Thompson et al. 2012: 20, Arbour et al. 2014a: 15).
13. Caudoventral extension of premaxillary tomium in lateral view: ends anteriorly to the maxillary teeth (0), obscures anteriormost maxillary teeth (1). (Sereno 1999: 100; Thompson et al. 2012: 21, Arbour et al. 2014a: 16).
14. Bone bordering anterior margin of internal nares: premaxilla (0), maxilla (1). (Thompson et al. 2012: 22, Arbour et al. 2014a: 17).
15. External nares, defined as the outermost rim of the nasal vestibule, opening faces: laterally to anterolaterally (0) anteriorly (1) ventrolaterally (2). (Carpenter et al. 1998: 10; Thompson et al. 2012: 7, Arbour et al. 2014a: 7)
16. External nares, visible in dorsal view: visible (0), hidden (1). (Thompson et al. 2012: 8, Arbour et al. 2014a: 8)
17. Paranasal apertures/fossae: no fossae or apertures present besides primary opening for nasal airway (0), paranasal apertures/fossae present (1). (After Hill et al. 2003, Sereno 1986, Coombs and Maryanska 1990).
18. Shape of respiratory passage: straight or arched (0), with anterior (rostral) and posterior (caudal) loops (sensu Witmer and Ridgely 2008; Arbour et al. 2014a: 148).
19. Vascular impressions on dorsal surface of posterior nasal passage (airway): absent (0) present (1). [After observations of vascular impressions in Euoplocephalus by Miyashita et al. 2011.]
20.  Frontonasal and/or frontoparietal cranial ornamentation: absent (0) rugose, not differentiated into discrete polygons (caputegulae) (1), differentiated into discrete polygons (caputegulae) (2). (after Carpenter et al. 1999; Thompson et al. 2012: 78, Arbour et al. 2014a: 64).  
21. Number of caputegulae in frontonasal and prefrontal region: no caputegulae (0), 10 or fewer (1), 11 to 30 (2) more than 30 (3). (Arbour et al. 2014c: 154)
22. Majority of frontonasal and/or frontoparietal caputegulum relief: caputegulae absent (0), caputegulae concave or flat (1), caputegulae strongly bulbous (2). (after Sullivan 1999 ; Thompson et al. 2012: 82, Arbour et al. 2014a: 67).  
23. Domed frontonasal caputegulae: domed caputegulae absent (0), rounded cones with circular bases (1) pyramidal with sharp edges (2). (Arbour et al. 2014a: 150)
24. Supranarial caputegulae, notch or embayment dorsal to nasal vestibule: no supranarial caputegulae (0), notch absent (1), notch present (2). 
25. Number of internarial caputegulae: none (0), 1 (1), more than 1 (2). (Arbour et al. 2014a: 151)
26. Median nasal caputegulum (located posterior to the supranarial ornamentation, on the midline of the skull), which is at least twice as large as the other frontonasal caputegulae: absent (0), present (1). (Vickaryous et al. 2004: 9, Thompson et al. 2012: 81, Arbour et al. 2014a: 66) 
27. Loreal caputegulum in lateral view: no caputegulum (0) 1 caputegulum (1), more than 1 caputegulum (2). (Arbour et al. 2014a: 153)
28. Shape of the maxillary tooth row: straight (0), medially convex (1). (Vickaryous et al. 2001: 18; Thompson et al. 2012: 24, Arbour et al. 2014a: 18).
29. Maxillary tooth row position: lateral margin of skull (0), inset (1). (Lee 1996: 4; Thompson et al. 2012: 25, Arbour et al. 2014a: 20) 
30. Distance between posteriormost extent of maxillary tooth rows relative to the width of the premaxillary beak: wider (0), narrower (1). [The width of the premaxillary beak is measured where the lateral edges of the beak are most parallel, which is usually close to the posterior of the premaxilla.] (Sereno 1999: 102; Thompson et al. 2012: 26, Arbour et al. 2014a: 21). 
31. Caudoventral secondary palate: absent (0), present (1) (Vickaryous et al. 2004:21, Thompson et al. 2012: 49, Arbour et al. 2014a: 41)
32. Posterior palatal foramen: absent (0), present (1). (Lee 1996: 17; Thompson et al. 2012: 50, Arbour et al. 2014a: 42)
33. Gap between palate and braincase: open (0), closed by a dorsal projection of the pterygoid (1). (Sereno 1999: 61; Thompson et al. 2012: 16, Arbour et al. 2014a: 12).
34. Lacrimal incisure (mediolateral constriction behind the nares/at the prefrontals, giving the skull an hourglass-shaped outline in dorsal view): absent (0) present (1). (Arbour et al. 2014a: 149)
35. Lacrimal caputegulum in lateral view: no caputegulum (0) 1 caputegulum (1), more than 1 caputegulum (2). (Arbour et al. 2014a: 154)
36. Prefrontal caputegulum: no caputegulum (0) flat (1), sharply pointed and pyramidal (2). (Arbour et al. 2014a: 155)
37. Scroll-like descending process of the frontal: absent (0) present (1). [After observations of this feature in Euoplocephalus by Miyashita et al. 2011.]
38.  Form of supraorbitals (including ornamentation): absent (0), boss-like, rounded laterally (1), sharp lateral rim, forming a ridge (2). (Vickaryous et al. 2001: 5; Thompson et al. 2012: 30, Arbour et al. 2014a: 23).  
39. Supraorbitals, when viewed dorsally: no supraorbitals (0), combine to form continuous edge (1), have distinct apices (2). (Arbour et al. 2014a: 157)
40. Orbits, angle of orbital axis: <40º (0), >40º (1). (Thompson et al. 2012: 13, Arbour et al. 2014a: 9).
41. Ciliary osteoderm (eyelid ossification): absent (0) present (1)
42. Development of the postocular shelf: not developed (0), completely separating orbit from temporal space (1). (Sereno 1999: 104; Thompson et al. 2012: 15, Arbour et al. 2014a: 11)
43. Proportions of jugal orbital ramus: depth greater than transverse breadth (0), transverse breadth greater than depth (1). (Sereno 1999: 1; Thompson et al. 2012: 32, Arbour et al. 2014a: 24).
44. Depth of jugal ramus relative to orbit height: jugal height is less than 15% orbit height (0), jugal height is more than 15% orbit height (1). 
45. Accessory postorbital ossification: absent (0), present (1) (Arbour et al. 2014a: 158)
46. Squamosal/postorbital horn: no horn (0) base has broad triangular cross-section and overall shape is pyramidal (1), base is oval in cross-section and overall shape is narrow, tapered cylinder (2). (Arbour et al. 2014a: 160)
47. Shape of jugal/quadratojugal horn in dorsal view: quadratojugal horn absent (0), horn U-shaped, with round distal edge (1), horn triangular, with pointed distal edge (2) (Thompson et al. 2012: 85, Arbour et al. 2014a: 71). 
48. Jugal/quadratojugal horn: no horn (0) lacks distinct neck at base (1), has distinct neck at base (2). 
49. Jugal or quadratojugal horn size relative to orbit size: no horn (0), length of base of jugal/quadratojugal horn equal to or less than the length of the orbit (1), length of base of jugal/quadratojugal horn is 110% or greater length of orbit (2). 
50. Small (<2 cm diameter), circular caputegulae posterolateral to orbit (postocular caputegulae), along ventral edge of squamosal horn and/or along dorsal edge of quadratojugal horns: absent (0), present (1). (Arbour et al. 2014a: 142)
51. Form of the parietal surface: parietals flat to slightly convex (0), parietals concave, forming a trough-like surface posterior to the supraorbitals and anterior to the posterior edge of the skull (1). (Inverted from character 31 from Thompson et al. 2012)
52. A single large medial polygon of ornamentation in the parietal region: absent (0), present (1) (Thompson et al. 2012: 80, Arbour et al. 2014a: 65) 
53. Number of discrete nuchal caputegulae: none (0), 2 (1), greater than 2(2)
54. Posterior projection of the nuchal shelf: does not obscure occiput in dorsal view (0), obscures occiput in dorsal view (1). (Vickaryous et al. 2004: 12, Thompson et al. 2012: 89, Arbour et al. 2014a: 73).
55. Shape of quadrate in lateral aspect: curved (anteriorly convex, posteriorly concave) (0), straight (1). (Vickaryous et al. 2001: 38; Thompson et al. 2012: 33, Arbour et al. 2014a: 25).
56. Inclination of quadrate in lateral aspect: near vertical (0), almost 45º anterolaterally (1). (Lee 1996: 10; Thompson et al. 2012: 34, Arbour et al. 2014a: 26).
57. Form of the anterior surface of the quadrate: transversely concave (0), not concave (1). (Lee 1996: 12; Thompson et al. 2012: 35, Arbour et al. 2014a: 27).
58. Ventral projection of the mandibular process of the quadrate in lateral view: projects beyond the quadratojugal ornamentation (0), hidden by quadratojugal ornamentation (1). (Vickaryous et al. 2004 : 40; Thompson et al. 2012: 36, Arbour et al. 2014a: 28).
59. Form of quadrate mandibular extremity: symmetrical (0), medial condyle larger than lateral condyle (1). (Sereno 1999: 10; Thompson et al. 2012: 37, Arbour et al. 2014a: 29).
60. Inclination of the articular surface of the quadrate condyle in posterior view: horizontal (0), ventromedially inclined at approximately 45° to horizontal (1). (Sereno 1999: 14; Thompson et al. 2012: 38, Arbour et al. 2014a: 30).
61. Lateral ramus of the quadrate: present (0), absent (1). (Sereno 1999: 15; Thompson et al. 2012: 39, Arbour et al. 2014a: 31).  
62. Dorsoventral depth of the pterygoid process of the quadrate: deep (0), shallow (1). (Lee 1996: 7; Sereno 1999: 60; Thompson et al. 2012: 40, Arbour et al. 2014a: 32).
63. Contact between paroccipital process and quadrate: sutural (0), fused (1). (Carpenter et al. 1998: 13; Thompson et al. 2012: 41, Arbour et al. 2014a: 33).
64. Contact between pterygoids: pterygoids separate caudomedially, forming an interpterygoid vacuity (0), pterygoids joined medially forming a pterygoid shield (1). (Thompson et al. 2012: 42, Arbour et al. 2014a: 34).
65. Direction of the pterygoid flange: anterolateral (0), anterior/parasagittal (1). (Vickaryous et al. 2001: 29; Thompson et al. 2012: 43, Arbour et al. 2014a: 35).
66. Contact between basipterygoid processes and pterygoid: sutural (0), fused (1). (Vickaryous et al. 2001: 30; Thompson et al. 2012: 44, Arbour et al. 2014a: 36).
67. Position of ventral margin of the pterygovomerine keel relative to alveolar ridge: dorsal (0), level (1). (Sereno 1999: 59; Thompson et al. 2012: 45, Arbour et al. 2014a: 37).
68. Dorsal extent of median vomer lamina: does not meet skull roof (0), meets skull roof (1). (Lee 1996: 14; Thompson et al. 2012: 46, Arbour et al. 2014a: 38).
69. Pterygoid foramen: absent (0), present (1). (Hill et al. 2003: 21; Thompson et al. 2012: 47, Arbour et al. 2014a: 39).
70. Position of posterior margin of pterygoid body relative to the anterior margin of the quadrate condyle: anteriorly positioned (0), in transverse alignment (1). (Vickaryous et al. 2004: 28, Thompson et al. 2012: 48, Arbour et al. 2014a: 40).
71. Size of occiput: higher than wide (0), wider than high (1). (Sereno 1999: 99, Thompson et al. 2012: 6, Arbour et al. 2014a: 6).
72. Direction of paroccipital process extension: caudolateral (0), lateral (1). (Carpenter et al. 1998: 11; Vickaryous et al. 2004: 33 ; Thompson et al. 2012: 51, Arbour et al. 2014a: 43).  
73. Bones forming the occipital condyle: basioccipital and exoccipital (0), basioccipital only (1). (Lee 1996: 9; Thompson et al. 2012: 54, Arbour et al. 2014a: 44). 
74. Length of basisphenoid relative to the basioccipital: longer (0), shorter or equal (1). (Sereno 1999: 12; Thompson et al. 2012: 56, Arbour et al. 2014a: 45).
75. Form of basisphenoidal tuberosities: medially separated rounded rugose stubs (0), continuous transverse rugose ridge (1). (Vickaryous et al. 2001: 32; Thompson et al. 2012: 57, Arbour et al. 2014a: 46).
76. Size of basipterygoid processes: twice as long as wide or over (0), less than twice as long as wide (1). (Thompson et al. 2012: 58, Arbour et al. 2014a: 47).
77. Form of the cranial nerve foramina IX-XII: separate foramina (0), single foramen shared with the jugular vein (1). (Thompson et al. 2012: 59, Arbour et al. 2014a: 48).  


Mandibles
78. Position of mandible articulation relative to mandibular adductor fossa: posterior (0), posteromedial (1). (Sereno 1999: 64; Thompson et al. 2012: 67, Arbour et al. 2014a: 55).
79. Mandibular fenestra: present (0), absent (1). (Thompson et al. 2012: 68).
80. Depth of the dentary symphysial ramus relative to half the maximum depth of the mandibular ramus in lateral view: deeper (0), shallower (1). (Sereno 1999: 17; Thompson et al. 2012: 69, Arbour et al. 2014a: 57).  
81. Shape of dorsal margin of the dentary in lateral view: straight (0), sinuous (1). (Sereno 1999: 4; Thompson et al. 2012:70, Arbour et al. 2014a: 58).
82. Development of the coronoid process: not developed (0), distinct (1). (Sereno 1999: 108; Thompson et al. 2012: 73, Arbour et al. 2014a: 59).
83. Position of glenoid for quadrate relative to mandibular axis: medially offset (0), in line (1). (after Carpenter et al. 1999; Thompson et al. 2012: 74, Arbour et al. 2014a: 60).
84. Size and projection of the retroarticular process: small with no dorsal projection (0), well developed with a dorsal projection (1). (Thompson et al. 2012: 75, Arbour et al. 2014a: 61).
85. Size of predentary ventral process: distinct, prong shaped process (0), rudimentary eminence (1). (Sereno 1999: 66; Thompson et al. 2012:76, Arbour et al. 2014a: 62).
86. Length of mandibular caputegulum with respect to the length of the mandible: no caputegulum (0), less than or equal to half the length (1), over three quarters the length (2). (after Carpenter et al. 1999; Thompson et al. 2012: 90, Arbour et al. 2014a: 74).

Teeth
87. Premaxillary teeth: present (0), absent (1). (Sereno 1999: 18; Thompson et al. 2012: 63, Arbour et al. 2014a: 51).
88. Cingula on maxillary and/or dentary teeth: absent (0), present (1). (Carpenter et al. 1998: 21; Thompson et al. 2012: 64, Arbour et al. 2014a: 52).
89. Maxillary and/or dentary tooth crown shape: pointed (0), rounded (1). (Thompson et al. 2012: 65, in part; Arbour et al. 2014a: 53)
90. Maxillary and/or dentary tooth denticles: < 13 denticles (0), ≥13 denticles (1) (Thompson et al. 2012: 65, in part; Arbour et al. 2014a: 53).
91. Number of dentary teeth: <25 (0), ≥25 (1). (Thompson et al. 2012: 66, Arbour et al. 2014a: 54).

Axial Skeleton
92. Type of articulation between the atlantal neural arch and intercentrum: open (0), fused in adult (1). (Sereno 1999: 19; Thompson et al. 2012: 92, Arbour et al. 2014a: 76).
93. Type of contact between the atlantal neural arches: no median contact (0), median contact (1). (Sereno 1999: 68; Thompson et al. 2012: 93, Arbour et al. 2014a: 77).
94. Contact between atlas and axis: articulated (0), fused (1). (Vickaryous et al. 2004: 46; Thompson et al. 2012: 94, Arbour et al. 2014a: 78).
95. Dimensions of cervical vertebrae centra: anteroposteriorly longer than transverse width (0), anteroposteriorly shorter than transverse width (1). (after Kirkland et al. 1998; Thompson et al. 2012: 95, Arbour et al. 2014a: 79).
96. Ratio of maximum neural spine width to height in anterior cervicals:  <0.25 (0), ≥0.25 (1). (after Carpenter et al. 1999; Thompson et al. 2012: 96, Arbour et al. 2014a: 80).
97. Ratio of anteroposterior dorsal centrum length to posterior centrum height: >1.1 (0), <1.1 (1). (Thompson et al. 2012: 98, Arbour et al. 2014a: 82).
98. Longitudinal keel on ventral surface of dorsal centra: present (0), absent (1). (Thompson et al. 2012: 99, Arbour et al. 2014a: 83).
99. Cross sectional shape of neural canal in posterior dorsals: circular (0) elliptical, with long axis running dorsoventrally (1). (after Carpenter 1990; Thompson et al. 2012: 100, Arbour et al. 2014a: 84). 
100. Shape of the proximal cross-section of the dorsal ribs: triangular (0), ‘L’- or ‘T’-shaped (1). (Thompson et al. 2012: 101, Arbour et al. 2014a: 85)
101. Attachment of dorsal ribs to posterior dorsal vertebrae: articulated (0), fused (1). (Thompson et al. 2012: 102, Arbour et al. 2014a: 86).
102. Contact between posteriormost dorsal vertebrae: articulated (0), fused to form a presacral rod (1). (Thompson et al. 2012: 103, Arbour et al. 2014a: 87).
103. Longitudinal groove in ventral surface of the sacrum: absent (0), present (1). (Thompson et al. 2012: 105, Arbour et al. 2014a: 89).
104. Longitudinal ridge at approximate mid-height of centrum of mid and distal caudals: absent (0) present (1). 
105. Ratio of maximum distal width to height of the neural spines of proximal caudals: ≤0.2 (0), >0.2 (1). (after Carpenter 2001, Thompson et al. 2012: 107). 
106. Direction of the transverse processes of proximal caudals: craniolaterally projecting (0), caudolaterally projecting (1), laterally projecting (2). (after Carpenter 2001; Thompson et al. 2012: 107, Arbour et al. 2014a: 90).
107. Persistence of transverse processes down the length of the caudal series: not present beyond the mid-length of the series (0), present beyond the mid-length of the series (1). (Thompson et al. 2012: 110, Arbour et al. 2014a: 92).
108. Attachment of haemal arches to their respective centra: articulated (0), fused (1). (Thompson et al. 2012: 111, Arbour et al. 2014a: 93).
109. Extent of pre- and postzygapophyses over their adjacent centra in posterior vertebrae: extend over less than half the length of the adjacent centrum (0), extend over more than half the length of the adjacent centrum (1). (Sereno 1999: 109; Thompson et al. 2012:113, Arbour et al. 2014a: 95).
110. In tail club handle vertebrae, shape of each interlocking neural arch in dorsal view: distal 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).
111. Shape of the posterior haemal arches: rounded haemal spine in lateral view with no contact between haemal arches (0), inverted ‘T’-shaped haemal spine in lateral view, with contact between the ends of adjacent spines (1). (Sereno 1999: 71; Thompson et al. 2012: 114, Arbour et al. 2014a: 96).
112. Ossified tendons in distal region of tail: absent (0), present (1). (Sereno 1999: 97; Thompson et al. 2012: 115, Arbour et al. 2014a: 97).

Pectoral Girdle
113. Dimensions of coracoid: longer than wide (0), wider than long or equal width and length (1). (Thompson et al. 2012: 116, Arbour et al. 2014a: 98).
114. Form of the anterior margin of the coracoid: convex (0), straight (1). (Thompson et al. 2012: 117, Arbour et al. 2014a: 99).
115. Cranioventral process of coracoid: absent (0), present (1). (Thompson et al. 2012: 118, Arbour et al. 2014a: 100).
116. Size of coracoid glenoid relative to scapula glenoid: sub-equal (0), half the size (1). (Sereno 1999: 89; Thompson et al. 2012: 119, Arbour et al. 2014a: 101).
117. Contact between scapula and coracoid: articulated (0), fused (1). (Thompson et al. 2012: 120, Arbour et al. 2014a: 102).
118. Scapula glenoid orientation: ventrolateral (0), ventral (1). (Sereno 1999: 87; Thompson et al. 2012: 121, Arbour et al. 2014a: 103).
119. Ventral process of scapula at the caudoventral margin of glenoid: absent (0), present (1). (Thompson et al. 2012: 122, Arbour et al. 2014a: 104).
120. Form of the scapula acromion process: not developed or ridge-like along the dorsal border of the scapula (0) flange-like and folded over towards the scapula glenoid (1) ridge terminating in a knob-like eminence (2). (Vickaryous et al. 2004: 52, Thompson et al. 2012: 123, Arbour et al. 2014a: 105)
121. Orientation of the acromion process of scapula: directed away from the glenoid (0), directed towards scapula glenoid (1). (after Kirkland 1998; Thompson et al. 2012: 124, Arbour et al. 2014a: 106)
122. Scapulocoracoid buttress: absent (0), present (1). (Thompson et al. 2012: 125, Arbour et al. 2014a: 107).
123. Distal end of scapula shaft: narrow (0), expanded (1). (Sereno 1999: 20; Thompson et al. 2012: 126, Arbour et al. 2014a: 108).
124. Contact between sternal plates: separate (0), fused (1). (Sereno 1999: 112; Vickaryous et al. 2004: 60; Thompson et al. 2012: 127, Arbour et al. 2014a: 109).

Pelvic Girdle
125. Length of the preacetabular process of ilium as a percentage of total ilium length: ≤ 50% (0), > 50 % (1).(Thompson et al. 2012: 136, Arbour et al. 2014a: 118).
126. Angle of lateral deflection of the preacetabular process of the ilium: 10º–20º (0), 45º (1). (Sereno 1999: 21; Thompson et al. 2012: 137, Arbour et al. 2014a: 119).
127. Orientation of the preacetabular portion of the ilium: near vertical (0), near horizontal (1). (Kirkland 1998: 45; Thompson et al. 2012: 138, Arbour et al. 2014a: 120).
128. Form of the preacetabular portion of the ilium: straight process (0), pronounced ventral curvature (1). (Thompson et al. 2012: 139, Arbour et al. 2014a: 121).
129. Lateral edge of ilium in dorsal view: straight (0), sinuous (1). 
130. Lateral exposure of the acetabulum: exposed (0) acetabulum partially obscured as it is partially encircled by the distal margin of the ilium (1). (Thompson et al. 2012: 140, Arbour et al. 2014a: 122)
131. Perforation of the acetabulum: present, open acetabulum (0), absent, closed acetabulum (1). (Sereno 1999: 74; Thompson et al. 2012: 141, Arbour et al. 2014a: 123).
132. Postacetabular ilium length, relative to diameter of acetabulum: greater (0), smaller (1). (Sereno 1999: 114; Thompson et al. 2012: 142, Arbour et al. 2014a: 124).
133.  Pubis: present (0), indistinct from ilium/ischium (1) (Kirkland 1998: 46, Thompson et al. 2012: 143)
134. Shape of ischium: straight (0), ventrally flexed at mid-length (1). (Kirkland 1998: 37; Thompson et al. 2012: 147, Arbour et al. 2014a: 125).
135. Shape of the dorsal margin of ischium: straight or concave (0), convex (1). (Sereno 1999: 115; Thompson et al. 2012: 148, Arbour et al. 2014a: 126).

Limbs
136. Separation of humeral head and deltopectoral crest in anterior view: continuous (0), separated by a distinct notch (1). (Thompson et al. 2012: 128, Arbour et al. 2014a: 110).
137. Separation of humeral head and medial tubercle in anterior view: continuous (0), separated by a distinct notch (1) (Thompson et al. 2012: 129, Arbour et al. 2014a: 111).
138. Ratio of deltopectoral crest length to humeral length: ≤0.5 (0), >0.5 (1). (Thompson et al. 2012: 130, Arbour et al. 2014a: 112).
139. Orientation of deltopectoral crest projection: lateral (0), anterolateral (1). (Sereno 1999: 113; Thompson et al. 2012: 131, Arbour et al. 2014a: 113).
140. Shape of the radial condyle of humerus round / proximal end of radius in end-on view: non-circular (0), circular (1). (Thompson et al. 2012: 132, Arbour et al. 2014a: 114).
141. Ratio of the length of metacarpal V to metacarpal III: ≤0.5 (0), >0.5 (1). (Sereno 1999: 6; Thompson et al. 2012: 133, Arbour et al. 2014a: 115).
142. Manual digit number: 5 (0), 4 (1), 3 (2). (Thompson et al. 2012: 134, Arbour et al. 2014a: 116).
143.  Shape of manual and pedal ungual phalanges: narrow, claw-shaped (0) wide, hoof-shaped, U-shaped in dorsal view (1), wide, hoof-shaped, triangular in dorsal view (2) (Sereno 1999: 7; Thompson et al. 2012: 135, Arbour et al. 2014a: 117).
144. Angle between long axis of femoral head and long axis of shaft: <100º (0), 100º to 120º (1), >120º (2). (Thompson et al. 2012: 149, Arbour et al. 2014a: 127).
145. Separation of femoral head from greater trochanter: continuous (0), separated by a distinct notch or change in slope (1). (Thompson et al. 2012: 150, Arbour et al. 2014a: 128).
146. Differentiation of the anterior trochanter of the femur: separated from femoral shaft by a deep groove laterally and dorsally (0), fused to femoral shaft (1). (Kirkland 1998: 36; Thompson et al. 2012: 151, Arbour et al. 2014a: 129).
147. Oblique ridge on lateral femoral shaft, distal to anterior trochanter: absent (0), present (1). (Thompson et al. 2012: 152, Arbour et al. 2014a: 130).
148. Form of the fourth trochanter: pendant (0), ridge-like (1). (Sereno 1999: 24; Thompson et al. 2012: 153, Arbour et al. 2014a: 131).
149. Location of the fourth trochanter on the femoral shaft: proximal (0) distal, over half-way down the femoral shaft (1). (Thompson et al. 2012: 154, Arbour et al. 2014a: 132).
150. Maximum distal width of the tibia, compared to the maximum proximal width: narrower (0), wider (1). (Sereno 1999: 188; Thompson et al. 2012: 155, Arbour et al. 2014a: 133).
151. Contact between tibia and astragalus: articulated (0), fused, with suture obliterated (1). (Thompson et al. 2012: 156, Arbour et al. 2014a: 134).
152. Number of pedal digits: 5 (0), 4 (1), 3 (2). (Thompson et al. 2012: 157, Arbour et al. 2014a: 135).
153. Phalangeal number in pedal digit IV: 5 (0), ≤4 (1). (Sereno 1999: 26; Thompson et al. 2012: 158, Arbour et al. 2014a: 136).

Postcranial osteoderms and integument
154. Postcranial osteoderm distribution: no postcranial osteoderms (0); postcranial osteoderms arranged in multiple transverse rows (1); postcranial osteoderms primarily present in two rows along midline (2). (Modified from Thompson et al. (2012) characters 159-161, and Burns and Currie 2014: 69). 
155. Dimensions of largest osteoderm: no osteoderms (0) smaller than a dorsal centrum (1), equal to or larger than a dorsal centrum (2). (Lee 1997: 125, Hill 2005: 309, Burns and Currie 2014: 68) 
156. Basal surface of osteoderms: no osteoderms (0) flat or gently concave (1), deeply excavated (2), strongly convex (3). (Carpenter 2001:34, Hill 2005:331, Burns and Currie 2014:72).
157. External cortical histology of skeletally mature osteoderms: no osteoderms (0) lamellar bone (1), ISFB (2). (Burns and Currie 2014: 80)
158. 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). (Burns and Currie 2014: 81) 
159. Basal cortex of skeletally mature osteoderms: no osteoderms (0) present (1), absent or poorly developed (2). (Burns and Currie 2014: 82) 
160. Structrural fiber arrangement in osteoderms: no osteoderms (0) structural fibres absent (1), reaches orthoganal arrangment near osteoderm surfaces (2), diffuse throughout (3), highly ordered sets of orthogonally arranged fibers in the superficial cortex (4). (Burns and Currie 2014: 91) 
161. Gular osteoderms: absent (0), present (1). (Hill 2005:305; Burns and Currie 2014: 65)
162. Number of distinct cervical pectoral bands: none (0), one (1), two (2). (Kirkland 1998: 38; Thompson et al. 2012: 162, Arbour et al. 2014a: 138)
163. Form of cervical half rings: cervical half rings absent (0), composed of osteoderms that are either tightly adjacent to one another or coossified at the edges, forming arc over the cervical region (1), composed of osteoderms and underlying bony band segments, osteoderms may or may not cossify to the band, forming arc over the cervical region (2). (Arbour et al. 2014a: 143)
164. Composition of first cervical half ring with band: no cervical half ring with band (0), first cervical half ring has 4 to 6 primary osteoderms only (1), first cervical half ring has 4 to 6 primary osteoderms surrounded by small (<2 cm diameter) circular secondary osteoderms (2). (Arbour et al. 2014a: 144)
165. Distal spines on cervical half ring: absent (0), present, projecting dorsoposteriorly (1), present, projecting anteriorly (2). (Carpenter 2001: 83, Burns and Currie 2014: 85)
166. Osteoderms on proximal limb segments: absent (0), present (1). (deBraga and Rieppel 1997:167, Lee 1997: 127, Heckert and Lucas 1999:60, Hill 2005: 306, Burns and Currie 2014: 66)
167. Millimeter-sized ossicles abundant in spaces between osteoderms in thoracic or caudal regions (excluding pelvic region), absent (0), present (1). [Based on observations presented in Arbour et al. (2014b)]
168. Deeply excavated, dorsoventrally flattened triangular osteoderms: absent (0), right or obtuse-angled triangles (1), right or obtuse-angled triangles that abruptly narrow distally into a spike ('splates' of Blows 2001) (2).
169. On deeply excavated triangular osteoderms, furrows perpendicular to basal edge: no deeply excavated triangular osteoderms (0), furrows absent (1), furrows present (2)
170. Lateralmost osteoderms in thoracic region: absent (0), ovoid or sub-ovoid with a longitudinal keel (1) triangular, dorsoventrally flattened elements (2), solid, conical spikes (3). (Carpenter 2001:36, Hill 2005: 336, Burns and Currie 2014: 73)
171. Thoracic osteoderms coossified to dorsal ribs: no osteoderms coossified to ribs (0), at least some osteoderms coossified to ribs (1)
172. Form of pelvic osteoderms: no osteoderms (0) unfused (1), coossified osteoderm rosettes (2), coossified evenly-sized polygons (3). (Arbour et al. 2014a: 140)
173. Caudal osteoderms: absent (0), present on dorsal or dorsolateral surfaces of tail only (1), completely surrounding tail (2). (Hill 2005:307, Burns and Currie 2014: 67)
174. Morphology of proximal, lateral caudal osteoderms: osteoderms absent (0), triangular with round/blunt apex (1) triangular with pointed apex (2). (Hill 2005:342, Burns and Currie 2014: 75)
175. Keel height of caudal osteoderms relative to thoracic osteoderms: osteoderms absent (0), keels equal in external-basal height (1), keels taller in caudal osteoderms (2). (Hill 2005: 343, Burns and Currie 2014: 76)
176. Tail club knob shape: knob absent (0), major knob osteoderms semicircular in dorsal view (1), triangular in dorsal view (2). (Arbour & Currie 2013:175)
177. Tail club knob proportions: knob absent (0), tail club knob length > width (1), length = width (2), width > length (3) (Arbour & Currie 2013:176)
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