
Appendix 1. Recodification of  characters from Nesbitt (2011) and Bittencourt et al. (2014) 
data matrix. 

Character 12. Maxilla, buccal emargination separated from the ventral margin of the 
antorbital fossa: 0, absent; 1, present.  

Comment. Because the antorbital margin in Pisanosaurus is not preserved, this condition is 
here regarded as uncertain, and is codified accordingly as “?”. 

Character 73. Dentary rostral extent of the Meckelian groove: 0, ends well short of the 
dentary symphysis; 1, present through the dentary symphysis.  

Comment. Nesbitt (2011) coded “0” for Pisanosaurus. However, the meckelian canal is very 
poorly preserved (and even is not clearly discernable), and ths dentary symphysis is also 
strongly distorted. As a result this character is here coded as “?”. 

Character 74. Extension of the dentary symphysis: 0, restrict to the rostral margin; 1, 
extending along the ventral border of the dentary.  

Comment. As explained above, the dentary symphysis is very distorted, and thus, its 
extension is here considered as uncertain (contra Nesbitt, 2011 whom considered it as “0”).  

Character 76. Dentary rostral portion: 0, rounded; 1, tapers to a sharp point.  

Comment. As explained above, the tip of dentary is very distorted, and thus, its morphology 
is uncertain (contra Nesbitt, 2011 whom considered it as “0”).  

Character 78. Dentary, extension of the caudoventral process (its caudal edge relative to that 
of the caudodorsal process): 0, elongated, the caudoventral process extends caudally to the 
caudodorsal process; 1, short, rostral to the caudodorsal process.  

Comment. As explained above, the dentary is distorted, and thus, the extension of caudal 
processes are here considered as uncertain (contra Nesbitt, 2011 whom considered it as “0”).  

Character 79. Dentary, coronoid process dorsally expanded: 0, absent; 1, present.  

Comment. A condition indistiguishable from Pisanosaurus and ornithischians is present in 
new specimens of Silesaurus (Dzik and Sulej, 2007). In this way, we codify this taxon as “1” 
(contra Nesbitt, 2011, whom coded it as “0”). 

Character 80. Mandibular buccal emargination: 0, absent, lateral dentary surface smooth; 1, 
present, lateral dentary surface with a caudal crest bordering an emargination which 
encompasses half of the dentary width.  

Comment. This character was coded as “?” for Sacisaurus by Nesbitt (2011). However, based 
on the detailed description of Langer and Ferigolo (2013) it should be coded as “1”. The same 
seems to be true for Silesaurus (Dzik, 2003; Dzik and Sulej, 2007), which was previously 
coded as “0”. 



Character 85. Articular, retroarticular process length: 0, shorter than the height of the 
mandible ventral to the glenoid; 1, longer than the height of the mandible ventral to the 
glenoid.  

Comment. In Pisanosaurus the retroarticular process is clearly shorter than the height of the 
mandible ventral to the glenoid, as a result here is recoded as “0” (contra Nesbitt, 2011, 
whom coded it as “1”). 

Character 87. Mandibular fenestra rostrocaudal length: 0, more than maximum depth of 
dentary ramus but less than half the length of the mandible; 1, greater than half the length 
of the mandible; 2, reduced, less than maximum depth of dentary ramus.  

Comment. We here recoded Silesaurus as having th state “2”, as illustrated by Dzik and Sulej 
(2007) (contra Bittencourt et al., 2014, whom coded it as “0”).  

Character 94. Extensive planar wear facets across multiple maxillary/dentary teeth: 0, 
absent; 1, present.  

Comment. We changed the codification of Pisanosaurus from “0” to “1”, as explained above. 

Character 95. Medial or lateral overlap of adjacent crowns in maxillary and dentary teeth: 0, 
absent; 1, present.  

Comment. Teeth overlaping is present in newly collected Silesaurus specimens (Dzik and 
Sulej, 2007), Sacisaurus (Langer and Ferigolo, 2013), and in a preserved maxilla of Asilisaurus, 
that, based on tooth-base position, the teeth were also overlapped. In this way, they are 
recoded as “1”. 

Character 96. Moderately developed lingual expansion of crown cingulum on 
maxillary/dentary teeth: 0, absent; 1, present.  

Comment. A basal cingulum is clearly present in Sacisaurus (Langer and Ferigolo, 2013), and 
thus, this taxon is recoded as “1”. 

Character 100. Dentition, rostral portion of the dentary: 0, teeth remain relatively same size 
throughout rostral portion of dentition; 1, teeth significantly decrease in size rostrally.  

Comment. Silesaurus and Pisanosaurus were coded as “0” but should be considered as “1” 
based on published data (see Dzik and Sulej, 2007). 

Characters 112, 114, 119, 121, 122, 123.  

Comment. Because these characters correspond to cervical vertebrae, based on the 
comments made on the text, they are considered as “?”. 

Character 131, 132, 133.  

Comment. Based on the new analyses of dorsal vertebrae of Pisanosaurus these characters 
are recoded from “?” to “0”. 

Character 134. Dorsal vertebrae, infradiapophyseal fossa: 0, absent; 1, present.  



Comment. As indicated in the text, a well developed infradiapophyseal fossa is present in 
Pisanosaurus, and thus, is recoded from “0” to “1”.  

Characters 139. Sacral ribs: 0, almost entirely restricted to a single sacral vertebra; 1, shared 
between two sacral vertebrae. 

Comment. As explained above, sacral ribs of Pisanosaurus are present and shared between 
two vertebrae. In this way, Pisanosaurus is recoded from “?” to “1”. 

Character 141. Sacral transverse process craniocaudally long, roofing the space between ribs: 
0, absent; 1, present. 

Comment. This character is recoded in Pisanosaurus from “?” to “0”.  

Character 214. Ischium proximal articular surfaces: 0, articular surfaces with the ilium and 
the pubis continuous; 1, articular surfaces with the ilium and the pubis continuous but 
separated by a fossa; 2, articular surfaces with the ilium and the pubis separated by a 
nonarticulating concave surface.  

Comment. Based on the description made on the text, Pisanosaurus should be considered as 
“1” (contra Nesbitt, 2011, whom coded it as “2”).  

Character 229. Femur "greater trochanter" shape: 0, rounded; 1, angled.  

Comment. Because of incompleteness it should be considered as “?” in Pisanosaurus. 

Character 230. Femur, extension of proximal articular surface of head: 0, extended distally; 
1, restricted to the proximalmost region.  

Comment. Because of incompleteness it should be considered as “?” in Pisanosaurus. 

Character 236. Femur, surface between the lateral condyle and crista tibiofibularis on the 
distal surface: 0, smooth; 1, deep groove.  

Comment. It was considered as “?” by Nesbitt (2011), but, as explained above, such a deep 
groove is absent in Pisanosaurus, and thus is considered as “0”.  

Character 237. Femur bone wall thickness at or near mid shaft: 0, thickness diameter > 0.3; 1, 
thin, thickness diameter >0.2, <0.3; 2, very thin, thickness diameter < 0.2.  

Comment. The femur of Pisanosaurus show relatively thick walls, and thus, should be coded 
as “0” (considered as “?” by Nesbitt, 2011).  

Character 245. Tibia proximal portion cnemial crest: 0, absent or just a slight bump; 1, 
present and straight; 2, present arcs craniolaterally.  

Comment. This character was coded as “?” in Pisanosaurus by Nesbitt (2011). However, the 
proximal end of tibia clearly indicates the morphology of the cnemial crest, which should be 
coded as “1” as we detailed in the main text. 



Character 248. Tibia lateral side of the proximal portion: 0, smooth; 1, dorsoventrally 
oriented crest present.  

Comment. This character was coded as “0” in Pisanosaurus by Nesbitt (2011), but should be 
coded as “1” as explained in the main text.. 

Character 269. Calcaneum, calcaneal tuber: 0, present; 1, absent.  

Comment. As indicated in the text, a tuber calcaneum is clearly present in Pisanosaurus, as 
demonstrated by Bonaparte (1976) and Novas (1989). Thus, its codification is changed from 
“0” to “1”. 

Character 271. Calcaneum articular surface for the fibula: 0, convex; 1, concave.  

Comment. Because of the complex concavo-convex articulation present in Pisanosaurus it 
was here coded as “0/1”. 

Character 272. Calcaneum shape: 0, proximodistally compressed with a short caudal 
projection and medial process; 1, transversely compressed with the reduction of these 
projections; 2, transversely compressed with a short caudal projection.  

Comment. We modify this character from Nesbitt (2011) and Bittencourt et al. (2014) adding 
the state 2 with the aim to include the condition of Pisanosaurus as described in the main 
text. 

Character 284. Metatarsal IV, proximal portion possesses an elongated lateral expansion 
that overlaps the cranial surface of metatarsal V: 0, absent; 1, present.  

Comment. Although Pisanosaurus was coded as “?” by Nesbitt (2011), based on the main 
text description it should be regarded as having the state “0”. 

Character 289. Pedal unguals: 0, weakly mediolaterally compressed rounded or triangular in 
cross section; 1, dorsoventrally compressed; 2, strongly mediolaterally compressed with a 
sharp dorsal keel.  

Comment. Nesbitt (2011) and Bittencourt et al. (2014) coded this trait in Pisanosaurus as “?”. 
However, because the ungual pedal phalanges of digit IV of Pisanosaurus is dorsoventrally 
compressed, it is here coded as “1”. 

 

 



Appendix 2. List of characters 

1. Skull length (Nesbitt 2011: 135): 0, longer than two thirds of the femoral length; 1, shorter 
than two thirds of the femoral length. 

 

2. Premaxilla rostrodorsal process length (Nesbitt 2011:1): 0, less than the craniocaudal 
length of the premaxilla; 1, greater than the craniocaudal length of the premaxilla. 

 

3. Premaxilla caudodorsal process length (Nesbitt 2011: 2): 0, less than or about the same as 
the craniocaudal length of the premaxilla; 1, greater than the craniocaudal length of the 
premaxilla. 

 

4. Premaxilla caudodorsal process shape (Nesbitt 2011: 3): 0, wide and plate-like; 1, 
dorsoventrally thin. 

 

5. Premaxilla narial fossa (Nesbitt 2011: 9): 0, absent or shallow; 1, expanded in the 
rostroventral corner of the naris. 

 

6. Premaxilla-maxilla alveolar margin articulation (Nesbitt 2011: 11): 0, both margins levelled 
(subnarial gap absent); 1, contact between margins forming an angle of less than 180°. 

 

7. Premaxilla-maxilla subnarial foramen between the elements (Nesbitt 2011: 12): 0, smooth 
(foramen absent); 1, present, and the border of the foramen is present on both the maxilla 
and the premaxilla; 2, present, and the border of the foramen is present on the maxilla but 
not on the premaxilla. 

 

8. Premaxilla, contact between the caudodorsal process of the premaxilla and the 
cranioventral process of the nasal (Modified from Yates 2003: 3): 0, broad sutured contact 
(long dorsocaudal premaxillary process; maxilla does not form the caudal portion of the 
internal narial fenestra); 1, point contact (caudodorsal process is short, maxilla does not 
contribute to the internal narial fenestra); 2, no contact (maxilla separates the nasal from 
premaxilla and forms part of the internal narial fenestra). 

 

9. Premaxilla caudal portion (Modified from Rauhut 2003: 4): 0, with the caudodorsal 
process only; 1, forming both the caudodorsal and the caudoventral processes. 



 

10. Maxilla, facial portion rostral to rostral edge of external antorbital fenestra (Nesbitt 
2011: 14): 0, shorter than caudal portion; 1, equal in length or longer than portion caudal to 
the rostral edge of fenestra. 

 

11. Maxilla interdental plates (Nesbitt 2011: 22): 0, separate; 1, fused. 

 

12. Maxilla, buccal emargination separated from the ventral margin of the antorbital fossa 
(Nesbitt 2011: 23): 0, absent; 1, present. 

 

13. Maxilla rostrodorsal margin shape (Modified from Yates 2003: 8): 0, slopes continuously 
from rostral to caudal portion; 1, with a strong inflection at the base of the ascending ramus. 

 

14. Maxilla lateral surface (Nesbitt 2011: 26): 0, smooth; 1, sharp longitudinal ridge present; 
2, bulbous longitudinal ridge present. 

 

15. Maxillary antorbital fossa, rostrocaudal extension of its medial wall (Modified from 
Langer 2004: 9): 0, extends onto the whole ventral border of the internal antorbital fenestra; 
1, does not reach the caudoventral edge of the internal antorbital fenestra. 

 

16. Maxillary antorbital fossa, lateral surface of its medial wall, close to the base of the 
ascending process (Modified from Rauhut 2003: 16): 0, smooth; 1, with subcircular or oval 
blind pockets; 2, with one or more foramen or fenestra sized perforations. 

 

17. Maxilla caudal portion ventral to the external antorbital fenestra (Nesbitt 2011: 27): 0, 
tapers caudally; 1, has a similar dorsoventral depth as the rostral portion ventral to the 
external antorbital fenestra; 2, expands dorsoventrally at the caudal margin of the maxilla. 

 

18. Maxillary number of lateral foramina (Modified from Upchurch et al. 2007: 15): 0, mostly 
smooth or with one visible foramen; 1, more than seven small foramina; 2, five or six large 
foramina. 

 



19. Nasal caudolateral process (Nesbitt 2011: 36): 0, does not envelop part of the rostral 
ramus of the lacrimal; 1, envelops part of the rostral ramus of the lacrimal. 

 

20. Nasal contribution to the antorbital fossa (Nesbitt 2011: 37): 0, nasal does not form part 
of the dorsal border of the antorbital fossa; 1, nasal forms part of the dorsal border of the 
antorbital fossa. 

 

21. Nasal rostroventral process width (Modified from Yates 2007: 21): 0, rostroventral 
process is equally broad or narrower than the rostrodorsal process at the basal portion; 1, 
rostroventral process is wider than the rostrodorsal process at the basal portion. 

 

22. Lacrimal shape (Nesbitt 2011: 38): 0, does not fold over the caudodorsal part of the 
antorbital fenestra; 1, fold over the caudodorsal part of the antorbital fenestra. 

 

23. Lacrimal height (Nesbitt 2011: 39): 0, significantly less than the height of the orbit and 
usually fails to reach the ventral margin of the orbit; 1, as high as the orbit and contacts the 
jugal at the level of the ventral margin of the orbit. 

 

24. Lacrimal dorsal exposure (Modified from Yates 2003: 18): 0, exposed in dorsal view; 1, 
dorsal portion of the lacrimal does not reach the skull dorsal surface. 

 

25. Lacrimal and jugal spatial relationship (Modified from Irmis et al. 2007:11): 0, lacrimal is 
adjacent to or overlaps the jugal; 1, jugal overlaps the lacrimal. 

 

26. Prefrontal contribution to the lateral surface of skull (Modified from Rauhut 2003: 34): 0, 
broad, with a ventral process along the caudomedial margin of the lacrimal; 1, restrict, 
prefrontal excluded from the rostral margin of the orbit, ventral process absent or not 
exposed. 

 

27. Frontal rostral portion (Nesbitt 2011: 43): 0, about as wide as the orbital margin or has a 
transversely aligned suture with the nasal; 1, tapers rostrally along the midline. 

 



28. Squamosal caudal end (Nesbitt 2011: 48): 0, does not extend caudal to the head of the 
quadrate; 1, extends caudal to the head of the quadrate. 

 

29. Squamosal ventral process (Nesbitt 2011: 56): 0, wider than one quarter of its length; 1, 
narrower than one quarter of its length. 

 

30. Squamosal ventral ramus contribution to laterotemporal fenestra : 0, more than half of 
the caudal margin of the laterotemporal fenestra; 1, less than half of the caudal margin of 
the laterotemporal fenestra. 

 

31. Parietals in presumed adults (Nesbitt 2011: 58): 0, separate; 1, interparietal suture 
partially or completely absent. 

 

32. Parietals dorsotemporal fenestrae separation (Nesbitt 2011: 59): 0, separated by a broad 
flat area; 1, separated by a mediolaterally thin strip of flat bone; 2, separated by a sagittal 
crest which may be divided by interparietal suture. 

 

33. Postorbital bar (Nesbitt 2011: 67): 0, composed both of the jugal and postorbital in 
nearly equal proportions; 1, composed by mostly the postorbital. 

 

34. Postorbital rostral process length (Modified from Ezcurra 2006: 66): 0, equal to or longer 
than the caudal process; 1, shorter than the caudal process. 

 

35. Jugal, long axis of the body (Nesbitt 2011: 74): 0, nearly horizontal; 1, craniodorsally 
inclined. 

 

36. Jugal rostral extent of the slot for the quadratojugal (Nesbitt 2011: 68): 0, caudal to the 
caudal edge of the dorsal ramus of the jugal; 1, rostral to the caudal edge of the dorsal 
ramus of the jugal. 

 

37. Jugal rostral process (Nesbitt 2011: 69): 0, participates in caudal edge of antorbital 
fenestra; 1, excluded from the antorbital fenestra by the lacrimal or maxilla. 

 



38. Jugal forked caudal process (Modified from Tykoski and Rowe 2004: 44): 0, ventral tine 
extends more caudally than the dorsal one; 1, dorsal tine extends more caudally than the 
ventral one; 2, dorsal and ventral tines flush caudally. 

 

39. Jugal-quadratojugal contact (Modified from Yates 2007: 65, Butler et al. 2008: 48): 0, 
tongue-and-groove shape; 1, jugal overlaps the quadratojugal; 2, quadratojugal overlaps the 
jugal. 

 

40. Jugal, longitudinal ridge on the lateral surface of the body (Nesbitt 2011: 75): 0, absent; 
1, present and sharp; 2, rounded and broad. 

 

41. Jugal, angle between caudal and dorsal processes (Modified from Ezcurra 2006: 57): 0, 
min 90°, max 180°; 1, lower than 90°. 

 

42. Quadratojugal caudoventral process (Modified from Yates 2004: 37): 0, absent; 1, short 
caudal process, formed by an embayment of the caudal portion of the quadratojugal; 2, 
elongated caudal process. 

 

43. Quadratojugal dorsal ramus length (Modified from Langer and Benton 2006: 15): 0, 
longer than the cranial ramus; 1, equal or shorter than the caudal ramus. 

 

44. Quadratojugal, angle between rostral and dorsal rami (Modified from Upchurch et al 
2007: 39): 0, about 90° or more; 1, about 60° or lower. 

 

45. Quadrate position (Modified from Rauhut 2003: 51): 0, its caudodorsal edge is rostral to 
its caudoventral edge; 1, its caudodorsal edge is caudal to its caudoventral edge. 

 

46. Ectopterygoid ventral recess (Nesbitt 2011: 86): 0, absent; 1, present. 

 

47. Ectopterygoid jugal process shape (Modified from Yates 2003: 28): 0, slightly curved; 1, 
strongly curved and hook-shaped. 

 



48. Parabasisphenoid, foramina for entrance of cerebral branches of internal carotid artery 
into the braincase positioned on the surface (Nesbitt 2011: 95): 0, ventral; 1, caudolateral; 2, 
craniolateral. 

 

49. Parabasisphenoid median recess (Nesbitt 2011: 100): 0, absent; 1, present. 

 

50. Parabasisphenoid rostral tympanic recess on the lateral side of the braincase (Nesbitt 
2011: 101): 0, absent; 1, present. This structure is herein considered topologically equivalent 
to the prootic-parabasisphenoid recess of L. admixtus (see Description). 

 

51. Parabasisphenoid length (between basal tubera and basipterygoid processes) (Nesbitt 
2011: 103): 0, approximately as wide as long or wider; 1, significantly elongated, at least 1.5 
times longer than wide. 

 

52. Parabasisphenoid, orientation of the basipterygoid processes (Modified from Butler et al. 
2008: 83): 0, cranioventral to ventral; 1, caudoventral. 

 

53. Basal tubera, recess (Modified from Yates 2003: 35): 0, absent, flat surface between 
tubera; 1, present, recessed surface between tubera. 

 

54. Shape of the floor of the braincase (Modified from Yates 2007: 78): 0 rough alignment of 
basal tubera, basipterygoid process and cultriform process, ventral to the basioccipital 
condyle; 1, rough alignment of basal tubera, basipterygoid process and cultriform process 
and the basioccipital condyle; 2, basipterygoid process significantly ventral to the basal 
tubera and the basioccipital condyle; 3, basal tubera and cultriform process respectively 
ventral and dorsal to the basioccipital condyle. 

 

55. Opisthotic paraoccipital processes (Nesbitt 2011: 110): 0, directed laterally or 
dorsolaterally; 1, directed ventrolaterally. 

 

56. Opisthotic ventral ramus (Nesbitt 2011: 111): 0, extends further laterally or about the 
same as lateralmost edge of exoccipital in caudal view; 1, covered by the lateralmost edge of 
exoccipital in caudal view. 

 



57. Paraoccipital processes divergence in ventral view (Modified from Ezcurra 2006: 101): 0, 
more than 110°; 1, equal to or lower than 110°. 

 

58. Neurovascular foramen on the caudal surface of the paraoccipital process (Norman et al 
2011): 0, absent; 1, present. 

 

59. Exoccipital, relative positions of the exits of the hypoglossal nerve XII (Nesbitt 2011: 113): 
0, aligned in a near rostrocaudally plane; 1, aligned sub vertically. 

 

60. Exoccipitals articulation to each other (Nesbitt 2011: 115): 0, present, meet along the 
midline on the floor of the endocranial cavity; 1, absent, do not meet along the midline on 
the floor of the endocranial cavity. 

 

61. Supraoccipital contribution to the foramen magnum (Nesbitt 2011: 126)  

0 excluded from dorsal border of foramen magnum by mediodorsal midline contact between 
opposite exoccipitals; 1, contributes to border of foramen magnum. 

 

62. Supraoccipital, rugose ridge on the craniolateral edges (Nesbitt 2011: 127): 0, absent; 1, 
present. 

 

63. Foramen for trigeminal nerve and middle cerebral vein (Nesbitt 2011: 131): 0, combined 
and undivided; 1, at least partially subdivided by prootic; 2, fully divided. 

 

64. External narial fenestra maximal length (Modified from Yates 2003: 5): 0, half or less than 
the orbit; 1, more than half of the orbit. 

 

65. External narial fenestra rostral edge (Modified from Yates 2007: 17): 0, rostral or close to 
the midlength of the premaxillary body; 1, closer to the maxilla articulation than to the 
rostral edge of the premaxilla. 

 

66. 27B. Antorbital fenestra length (Modified from Langer 2004: 13): 0, equal to or longer 
than the orbit; 1, shorter than the orbit. 



 

67. Orbit shape (Nesbitt 2011: 142): 0, circular or elliptical; 1, tall and narrow the keyhole 
shaped orbit maximum width is less than half the maximum height; 2, with distinct ventral 
point surrounded by V shaped dorsal processes of jugal. 

 

68. Laterotemporal fenestra rostral edge (Modified from Yates 2003: 23): 0, caudal to the 
caudal edge of the orbit; 1, rostral to the caudal edge of the orbit. 

 

69. Supratemporal fossa (Nesbitt 2011: 144): 0, absent rostral to the supratemporal fenestra; 
1, present rostral to the supratemporal fenestra. 

 

70. Palpebrals (Nesbitt 2011: 147): 0, absent; 1, present. 

 

71. Predentary (Nesbitt 2011: 151): 0, absent; 1, present. 

 

72. Dentary rostral half, position of the Meckelian groove (Nesbitt 2011: 152): 0, 
dorsoventral centre of the dentary; 1, restricted to the ventral border. 

 

73. Dentary rostral extent of the Meckelian groove (Nesbitt 2011: 153): 0, ends well short of 
the dentary symphysis; 1, present through the dentary symphysis. 

 

74. Extension of the dentary symphysis (Modified from Nesbitt et al. 2009b: 95): 0, restrict to 
the rostral margin; 1, extending along the ventral border of the dentary. 

 

75. Dentary, dorsal margin of the rostral portion compared to the dorsal margin of the 
caudal portion (Nesbitt 2011: 154): 0, horizontal, about in the same plane; 1, ventrally 
deflected; 2, dorsally expanded. 

 

76. Dentary rostral portion (Nesbitt 2011: 155): 0, rounded; 1, tapers to a sharp point. 

 



77. Dentary length versus height (Modified from Yates 2007: 95): 0, less than 0.2; 1, more 
than 0.2. 

 

78. Dentary, extension of the caudoventral process (its caudal edge relative to that of the 
caudodorsal process) (Modified from Smith et al. 2007: 123): 0, elongated, the caudoventral 
process extends caudally to the caudodorsal process; 1, short, rostral to the caudodorsal 
process. 

 

79. Dentary, coronoid process dorsally expanded (Nesbitt 2011: 161): 0, absent; 1, present. 

 

80. Mandibular buccal emargination (Modified from Langer and Benton 2006: 18): 0, absent, 
lateral dentary surface smooth; 1, present, lateral dentary surface with a caudal crest 
bordering an emargination which encompasses half of the dentary width. 

 

81. Splenial milohyoyd foramen (Nesbitt 2011: 165): 0, absent; 1, present. 

 

82. Lateral surface of the surangular (Modified from Tykoski and Rowe 2004: 60): 0, evenly 
convex; 1, bears a prominent horizontal shelf. 

 

83. Articular ventromedially directed process (Nesbitt 2011: 157): 0, absent; 1, present. 

 

84. Articular glenoid of the mandible location (Nesbitt 2011: 158): 0, at the dorsal margin of 
the dentary; 1, well ventral of the dorsal margin of the dentary. 

 

85. Articular, retroarticular process length (Modified from Yates 2003: 46): 0, shorter than 
the height of the mandible ventral to the glenoid; 1, longer than the height of the mandible 
ventral to the glenoid. 

 

86. Articular, retroarticular process shape (Modified from Yates 2007: 103): 0, evenly 
expanded lateromedially; 1, with a strong embayment in dorsal view. 

 



87. Mandibular fenestra rostrocaudal length (Nesbitt 2011: 162): 0, more than maximum 
depth of dentary ramus but less than half the length of the mandible; 1, greater than half the 
length of the mandible; 2, reduced, less than maximum depth of dentary ramus. 

 

88. Premaxillary teeth number (Nesbitt 2011: 6): 0, three; 1, four; 2, five or more. 

 

89. Premaxillary tooth row caudal extension (Modified from Tykoski and Rowe 2004: 63): 0, 
extends ventrally below the internal narial fenestra; 1, row does not extend caudally farther 
than the cranial edge of the internal narial fenestra. 

 

90. Maxillary teeth number (Modified from Nesbitt et al. 2009b: 17): 0, less than twelve; 1, 
more than twelve. 

 

91. Maxillary teeth caudal edge of caudal maxillary teeth (Nesbitt 2011: 15): 0, concave or 
straight; 1, convex. 

 

92. Maxillary tooth row caudal extension (Modified from Rauhut 2003: 70): 0, tooth row 
extends caudally farther than the rostral edge of the orbit; 1, caudalmost alveolus is rostral 
to the rostral edge of the orbit. 

 

93. Maxillary/dentary tooth serrations (Nesbitt 2011: 168): 0, present as low chisel-like 
serrations forming a right angle with the tooth margin ; 1, present as knife-like serration 
forming an angle of 45° with the margin of the tooth; 2, present, elongated coarser denticles; 
3, strongly reduced to absent. Modified, by the addition of character state 3. 

 

94. Extensive planar wear facets across multiple maxillary/dentary teeth (Nesbitt 2011: 169): 
0, absent; 1, present. 

 

95. Medial or lateral overlap of adjacent crowns in maxillary and dentary teeth (Nesbitt 
2011: 170): 0, absent; 1, present. 

 

96. Moderately developed lingual expansion of crown cingulum on maxillary/dentary teeth 
(Nesbitt 2011: 172): 0, absent; 1, present. 



 

97. Maxillary and dentary crowns shape (Nesbitt 2011: 173): 0, apicobasally tall and blade 
like; 1, apicobasally short and subtriangular. 

 

98. Tooth shape above root (Nesbitt 2011: 171): 0, not mesiodistally expanded; 1, 
mesiodistally expanded above root in mid-maxillary/dentary teeth. 

 

99. Dentary teeth number (Modified from Smith et al. 2007: 127): 0, maximal of 25; 1, more 
than 25. 

 

100. Dentition, rostral portion of the dentary (Kammerer et al. 2012: 291): 0, teeth remain 
relatively same size throughout rostral portion of dentition; 1, teeth significantly decrease in 
size rostrally. 

 

101. Dentition, rostral portion of the dentary, long axis of the teeth (Kammerer et al. 2012: 
292): 0, vertical; 1, inclined rostrally. 

 

102. Distribution of dentary teeth (Modified from Yates 2003: 40): 0, first tooth at the rostral 
edge of the dentary; 1, inset the width of at least one tooth. 

 

103. Pterygoid teeth on palatal process (Nesbitt 2011: 175): 0, present; 1, absent. 

 

104. Cervical vertebrae number (Modified from Yates 2007: 118): 0, 8 or less; 1, 9 or more. 

 

105. Atlantal articulation facet in axial intercentrum shape (Nesbitt 2011: 178): 0, saddle 
shaped; 1, concave with upturned lateral borders. 

 

106. Atlas intercentrum length relative to axis intercentrum (Modified from Yates 2003: 53): 
0, atlas intercentrum longer than axis intercentrum; 1, atlas intercentrum shorter than axis 
intercentrum. 

 



107. Axis dorsal margin of the neural spine (Nesbitt 2011: 179): 0, expanded caudodorsally; 
1, arcs dorsally where the cranial portion height is equivalent to the caudal height. 

 

108. Axial parapophysis development (Modified from Tykoski and Rowe 2004: 73): 0, well 
developed; 1, reduced. 

 

109. Axial postzygapophysis caudal margin (Modified from Yates 2007: 122): 0, overlaps 
centrum not reaching the caudal edge of the axial centrum; 1, flushes caudally with caudal 
edge of centrum; 2, extends further distally than the caudal edge of the centrum. 

 

110. Epipophysis on axial postzygapophysis (Modified from Rauhut 2003: 92): 0, absent; 1, 
present, low crests; 2, present, well-developed crests. 

 

111. Cervical vertebrae 3-5, centrum length (Nesbitt 2011: 181): 0, shorter or the same 
length as the mid dorsal; 1, longer than mid dorsal. 

 

112. Cervical vertebrae, deep recesses on the cranial face of the neural arch lateral to the 
neural canal (Nesbitt 2011: 182): 0, absent; 1, present. 

 

113. Third cervical vertebra centrum length (Nesbitt 2011: 183): 0, subequal to the axis 
centrum; 1, longer than the axis centrum. 

 

114. Cranial to middle cervical vertebrae diapophysis and parapophysis (Nesbitt 2011: 184): 
0, well separated; 1, nearly touching. 

 

115. Cervical neural spine shape (Modified from Yates 2007: 136): 0, neural spine 
craniocaudal length (at midheigth) is less than half of its height; 1, neural spine craniocaudal 
length (at midheigth) is more than half of its height. 

 

116. Cranial cervical vertebrae, neural spine caudal portion ventral to the postzygapophysis 
(Nesbitt 2011: 185): 0, smooth caudally or has a shallow fossa; 1, with a deep excavation 
with a thin lamina covering the rostral extent on the caudolateral surface. 

 



117. Epipophyses (Nesbitt 2011: 186): 0, absent in post axial cranial cervical vertebrae; 1, 
present in post axial cranial cervical vertebrae. 

 

118. Epipophyses (Nesbitt 2011: 187): 0, absent in caudal cervical 6-9; 1, present in cervical 
vertebrae 6-9. 

 

119. Cervical vertebrae pneumatic features pleurocoels in the cranial portion of the centrum 
(Nesbitt 2011: 188): 0, absent; 1, present as deep fossae; 2, present as foramina. 

 

120. Caudal cervical vertebrae, postzygodiapophyseal lamina (Modified from Yates 2007: 
139): 0, absent; 1, present. 

 

121. Cervical vertebrae rimmed depression on the caudal part of the centrum (Nesbitt 2011: 
189): 0, absent; 1, present. 

 

122. Cervical neural arch, height relative to centrum (Modified from Galton and Upchurch 
2004: 50, 51): 0 neural arch (from the base of neural canal to the top of postzygapophysis) 
higher than caudal articular facet of the centrum; 1, neural arch (from the base of neural 
canal to the top of postzygapophysis) lower than caudal articular facet of the centrum. 

 

123. Cervical vertebrae middle portion of the ventral keel (Nesbitt 2011: 190): 0, dorsal to 
the ventralmost extent of the centrum rim; 1, extends ventral to the centrum rims. 

 

124. Length of cervical rib relative to the centrum (Modified from Tykoski and Rowe 2004: 
89): 0, no more than twice longer; 1, at least twice longer. 

 

125. Presacral parapophysis and centrum (Modified from Langer and Benton 2006: 36): 0, 
parapophyses do not contact neural arch until the twelfth presacral vertebra; 1, 
parapophyses contact neural arch from twelfth presacral vertebra. 

 

126. Caudal cervical and/or dorsal vertebrae accessory intervertebral articulations 
(hyposphene-hypantrum) (Nesbitt 2011: 195): 0, absent; 1, present. 

 



127. Dorsal vertebrae neural spine distal expansion (Nesbitt 2011: 197): 0, absent; 1, 
present, with a flat dorsal margin; 2, present with a rounded dorsal margin. 

 

128. Dorsal neural spine, distal craniocaudal length relative to base (new): 0, at least twice 
longer; 1, less than twice longer. 

 

129. Dorsal vertebrae, crest onto the lateral wall of caudal infradiapophyseal fossa (Modified 
from Yates 2004: 98): 0, absent; 1, present. 

 

130. Caudal dorsal centra, shape (Modified from Rauhut 2003: 112): 0, short, centra are 
significantly shorter than high; 1, centra are approximately as long as high; 2, elongated, 
centra are significantly longer than high. 

 

131. Dorsal vertebrae transverse process shape (Modified from Carrano et al. 2005: 62): 0, 
subrectangular; 1, subtriangular. 

 

132. Dorsal neural arch height (Modified from Upchurch et al. 2007: 119): 0, neural arch 
(from the base of neural canal to the top of postzygapophysis) lower than caudal articular 
facet of the centrum; 1, neural arch (from the base of neural canal to the top of 
postzygapophysis) higher than caudal articular facet of the centrum. 

 

133. Middle dorsal vertebrae diapophyses and parapophyses (Nesbitt 2011: 199): 0, close to 
the midline; 1, expand laterally where both diapophyses and parapophyses originate on a 
transverse process. 

 

134. Dorsal vertebrae, infradiapophyseal fossa (Modified from Yates 2007: 157): 0, absent; 1, 
present. 

 

135. Sacral centra (Nesbitt 2011: 200): 0, separate; 1, co-ossified at the ventral edge. 

 

136. Sacral vertebrae, incorporation of trunk vertebrae (Nesbitt 2011: 205): 0, free from the 
sacrum; 1, incorporated into the sacrum with their ribs transverse processes articulating 
with the pelvis. 



 

137. Sacral vertebrae, incorporation of caudal vertebrae (Nesbitt 2011: 206): 0, free from the 
sacrum; 1, incorporated into the sacrum with their ribs transverse processes articulating 
with the pelvis. 

 

138. Insertion of a sacral vertebra between the first primordial sacral vertebra (Nesbitt 2011: 
207): 0, absent; 1, present. 

 

139. Sacral ribs (Nesbitt 2011: 208): 0, almost entirely restricted to a single sacral vertebra; 1, 
shared between two sacral vertebrae. 

 

140. First primordial sacral articular surface of sacral rib (Nesbitt 2011: 209): 0, circular; 1, C-
shaped in lateral view. 

 

141. Sacral transverse process craniocaudally long, roofing the space between ribs (Modified 
from Langer and Benton 2006: 43): 0, absent; 1, present. 

 

142. Sacral ribs deep (Modified from Langer and Benton 2006: 45): 0, as deep as half of the 
medial ilium depth; 1, deeper than half of the ilium depth. 

 

143. Sacral rib and transverse process, lateral notch between elements (Upchurch et al. 
2007): 0, absent; 1, present. 

 

144. Caudal vertebra ventral surface (Modified from Rauhut 2003: 120, 121): 0, smooth, 
without sulcus; 1, with a median sulcus. 

 

145. Caudal vertebrae, length of the neural spine at midheigth (Modified from Yates 2007: 
181): 0, longer than half of the centrum length; 1, shorter than half of the centrum length. 

 

146. First caudal vertebra, orientation of the neural spine (Modified from Langer and Benton 
2006: 46): 0, caudally inclined; 1, vertical. 

 



147. Middle caudal centra, length relative to the height of the cranial articular facet 
(Modified from Yates 2003: 73): 0, centra longer than twice the height; 1, centra shorter than 
twice the height. 

 

148. Distal caudal vertebrae prezygapophyses (Nesbitt 2011: 211): 0, length is less than a 
quarter of the adjacent centrum; 1, elongated, more than a quarter of the adjacent centrum. 

 

149. Scapula length (Nesbitt 2011: 216): 0, more than 75 percent of humerus length; 1, less 
than 75 percent of humerus length. 

 

150. Scapula cranial margin (Nesbitt 2011: 217): 0, straight convex or partially concave; 1, 
markedly concave. 

 

151. Scapula blade height versus distal width (Nesbitt 2011: 218): 0, less than 3 times distal 
width; 1, more than 3 times distal width. 

 

152. Scapulocoracoid, surface between the glenoid and the caudoventral process/corner of 
the coracoids (Modified from Yates 2007: 199): 0, continuous; 1, distinct flat surface, facing 
caudoventrally. 

 

153. Coracoid (Nesbitt 2011: 222): 0, subcircular in lateral view; 1, with post glenoid process 
notch ventral to glenoid. 

 

154. Forelimb-hindlimb length ratio (Nesbitt 2011: 212): 0, more than 0.55; 1, less than 0.55. 

 

155. Humerus, apex of deltopectoral crest situated at a point corresponding to (Nesbitt 
2011: 230): 0, less than 30% down the length of the humerus; 1, more than 30% down the 
length of the humerus. 

 

156. Humerus, shape of the deltopectoral crest (Modified from Yates 2007: 202): 0, low 
crest, proximodistally elongated; 1, subtriangular; 2, rounded. 

 



157. Humerus length (Nesbitt 2011: 231): 0, longer than or subequal to 0.6 of the length of 
the femur; 1, shorter than 0.6 of the length of the femur. 

 

158. Humerus proximal articular surface (Nesbitt 2011: 233): 0, continuous with the 
deltopectoral crest; 1, separated by a gap from the deltopectoral crest. 

 

159. Humerus distal end width (Nesbitt 2011: 235): 0, narrower or equal to 30% of humerus 
length; 1, greater than 30% of humerus length. 

 

160. Humerus shape in lateral view (Modified from Rauhut 2003: 143): 0, straight; 1, 
sigmoid. 

 

161. Radius length (Nesbitt 2011: 241): 0, longer than 80% of humerus length; 1, shorter than 
80% of humerus length. 

 

162. Distal carpal 1 (Modified from Rauhut 2003: 146): 0, articulates with metacarpal I only; 
1, articulates with metacarpal I and II. 

 

163. Distal carpal 5 (Nesbitt 2011: 249): 0, present; 1, absent. 

 

164. Medialmost distal carpal (Nesbitt 2011: 248): 0, subequal other distal carpals; 1, 
significantly larger than other distal carpals. 

 

165. Manual length measured as the average length of digits I-III (Nesbitt 2011: 247): 0, 
accounts for less than 0.3 of the total length of humerus plus radius; 1, more than 0.3 but 
less than 0.4 of the total length of humerus plus radius; 2, more than 0.4 of the total length 
of humerus plus radius. 

 

166. Metacarpals proximal ends (Nesbitt 2011: 246): 0, overlap one another; 1, abut one 
another without overlapping. 

 



167. Manual digits I-III (Nesbitt 2011: 257): 0, blunt unguals on at least digits II and III; 1, 
trenchant unguals on digits I III. 

 

168. Extensor pits on the proximodorsal portion of metacarpals I-III (Nesbitt 2011: 250): 0, 
absent or shallow and symmetrical; 1, deep and asymmetrical. 

 

169. Digit I with metacarpal (Nesbitt 2011: 252): 0, longer than the ungual; 1, subequal or 
shorter than the ungual. 

 

170. Metacarpal I width at the middle of the shaft accounts for (Nesbitt 2011: 251): 0, less 
than 0.35 of the total length of the bone; 1, more than 0.35 of the total length of the bone. 

 

171. Metacarpal I distal condyles (Nesbitt 2011: 254): 0, approximately aligned or slightly 
offset ; 1, lateral condyle strongly distally expanded relative to medial condyle. 

 

172. Manual digit I first phalanx (Nesbitt 2011: 253): 0, is not the longest non ungual phalanx 
of the manus; 1, is the longest non ungual phalanx of the manus. 

 

173. Ungual of digit II, length ratio to ungual of digit I (Modified from Yates 2007: 238): 0, 
ungual II longer than ungual I; 1, ungual II as long as or shorter than ungual I. 

 

174. Metacarpal II (Nesbitt 2011: 256): 0, shorter than metacarpal III; 1, equal to or longer 
than metacarpal III. 

 

175. Digit II, length of pre-ungual phalanx relative to phalanx 1 (Modified from Rauhut 2003: 
159): 0, equal or shorter; 1, longer. 

 

176. Metacarpal III width (at midlength) relative to metacarpal II (Modified from Rauhut 
2003: 151): 0, equal; 1, at least 30 percent narrower. 

 

177. Manual digit IV (Nesbitt 2011: 258): 0, at least two phalanges; 1, one phalanx. 



 

178. Metacarpal IV shaft width (Nesbitt 2011: 261): 0, about the same width as that of 
metacarpals I-III; 1, significantly narrower than that of metacarpals I-III. 

 

179. Manual digit V (Nesbitt 2011: 263): 0, possesses one or more phalanges; 1, reduced or 
absent. 

 

180. Metacarpal V shape (Modified from Yates 2007: 227): 0, longer than wide (width 
measured at its proximal portion); 1, as long as wide. 

 

181. Ilium preacetabular process shape (Modified from Rauhut 2003: 168): 0, subtriangular, 
with vertex projected cranially ; 1, rounded; 2, subquadrangular with ventrally projected 
vertex; 3, elongated stick-like. 

 

182. Ilium, preacetabular process (Nesbitt 2011: 169): 0, short and does not extend cranial to 
the acetabulum; 1, long and extends cranial to the acetabulum but shorter than the caudal 
process of the ilium; 2, sub equal or longer than the caudal process of the ilium. 

 

183. Ilium supraacetabular crest (Nesbitt 2011: 264): 0, projects laterally or ventrolaterally; 
1, projects ventrally. 

 

184. Ilium supraacetabular crest, thicker portion (Modified from Yates 2003: 119): 0, 
uniformly thick; 1, at the midlength of the crest (dorsal to the contact pubis-ischium); 2, 
closer to pubic peduncle; 3, closer to ischiadic peduncle. 

 

185. Ilium supraacetabular crest, extension on the pubis peduncle (Modified from Nesbitt et 
al. 2009: 190): 0, crest ends beyond 80% of pubic peduncle length; 1, crest ends before 80% 
of pubic peduncle length. 

 

186. Ilium, distinct fossa present for the attachment of the m caudifemoralis brevis (Nesbitt 
2011: 271): 0, absent; 1, present as an embankment on the lateral side of the caudal portion 
of the ilium; 2, present as a deep fossa on the ventral surface of postacetabular part of ilium. 

 



187. Ilium, ridge connecting the caudal portion of the supraacetabular crest to the caudal 
portion of the ilium (Nesbitt 2011: 272): 0, absent; 1, present. 

 

188. Ilium ventral margin of the acetabulum (Nesbitt 2011: 273): 0, convex; 1, straight; 2, 
concave. 

 

189. Ilium acetabular antitrochanter (Nesbitt 2011: 274): 0, absent; 1, present. 

 

190. Ilium dorsal margin dorsal to the supra acetabular rim (Nesbitt 2011: 275): 0, rounded 
or blade like; 1, flat. 

 

191. Ilium dorsal portion (Nesbitt 2011: 276): 0, height about the same or shorter than the 
distance from the dorsal portion of the supra acetabular rim to the pubis ischium contact; 1, 
expanded dorsally height markedly taller than the dorsal portion of the supra acetabular rim 
to the pubis-ischium contact. 

 

192. Ilium, height of lateral wall of bevis fossa relative to the medial wall (Modified from 
Smith et al. 2007: 271): 0, higher; 1, lower. 

 

193. Ilium, distal width (craniocaudal) of the pubic peduncle (not considering the acetabular 
wall) (Langer et al. 2011: #7): 0, subequal to, or less than half the total length of the 
peduncle; 1, more than half the total length of the peduncle. 

 

194. Ilium, distal articulation pubic peduncle (Modified from Smith et al. 2007: 267): 0, 
flattened, continuous; 1, divided surface, with a cranial and a caudal facet. 

 

195. Ilium ischiadic peduncle orientation (Nesbitt 2011: 277): 0, mainly vertical in lateral 
aspect; 1, well expanded caudally to the cranial margin of the postacetabular embayment. 

 

196. Ilium, caudal process on ischiadic peduncle (Modified from Yates 2007: 248): 0, absent; 
1, present. 

 



197. Pubis length (Nesbitt 2011: 278): 0, less than 70% of femoral length; 1, more than 70% 
or more of femoral length. 

 

198. Pubis orientation (Nesbitt 2011: 279): 0, cranioventral; 1, rotated caudoventrally to lie 
alongside the ischium (opisthopubic). 

 

199. Pubis prepubic process (Nesbitt 2011: 280): 0, absent, cranial margin unexpanded; 1, 
present, cranial margin expanded into a process. 

 

200. Pubis distal end (Nesbitt 2011: 283): 0, unexpanded; 1, expanded relative to the shaft 
pubis boot. 

 

201. Pubis, medial portion of the pubic blade (Modified from Tykoski 2005: 208): 0, 
complete, medial portion reaches the ventral edge of the pubis; 1, forms a medial hiatus on 
the ventral pubic bade. 

 

202. Pubis, proximal portion (Nesbitt 2011: 286): 0, articular surfaces with the ilium and the 
ischium continuous; 1, articular surfaces with the ilium and the ischium separated by a 
groove or gap. 

 

203. Ischio-pubis contact (Nesbitt 2011: 287): 0, present and extended ventrally; 1, present 
and reduced to a thin proximal contact; 2, absent. 

 

204. Pubis, cranial visibility of the obturator fenestra (Modified from Yates 2007: 258): 0, at 
last partially concealed by the pubic pedicel; 1, completely visible. 

 

205. Pubis distal pubis mediolateral width (Nesbitt 2011: 289): 0, nearly as broad as proximal 
width; 1, significantly narrower than proximal width; 2, mediolaterally compressed and not 
broader than craniocaudally deep. 

 

206. Pubis, conjoined pubic blade width relative to length (Modified from Yates 2007: 254): 
0, less than 75%; 1, more than 75%. 

 



207. Ischium medial contact with antimere (Nesbitt 2011: 291): 0, restricted to the medial 
edge; 1, extensive contact but the dorsal margins are separated; 2, extensive contact and the 
dorsal margins contact each other. 

 

208. Ischium, dorsolateral sulcus (Modified from Yates 2003: 126): 0, absent; 1, present. 

 

209. Ischium outline of the distal portion (Nesbitt 2011: 293): 0, thin, plate-like; 1, rounded 
or elliptical; 2, subtriangular. 

 

210. Ischium distal portion (Nesbitt 2011: 294): 0, unexpanded; 1, expanded relative to the 
ischial shaft ischial boot. 

 

211. Ischium obturator process (Nesbitt 2011: 295): 0, confluent with the pubic peduncle; 1, 
offset from the pubic peduncle by a notch. 

 

212. Ischium, extension of the obturator process (Modified from Novas 1996: 27): 0, 
extending proximodistally along the ischial shaft; 1, extension restricted to the proximal 
third of the shaft. 

 

213. Ischium ventral margin (Nesbitt 2011: 296): 0, continuous ventral margin; 1, notch 
present; 2, abrupt change in angle between the proximal end and the shaft. 

 

214. Ischium proximal articular surfaces (Nesbitt 2011: 297): 0, articular surfaces with the 
ilium and the pubis continuous; 1, articular surfaces with the ilium and the pubis continuous 
but separated by a fossa; 2, articular surfaces with the ilium and the pubis separated by a 
nonarticulating concave surface. 

 

215. Ischium length (Nesbitt 2011: 298): 0, about the same length or shorter than the dorsal 
margin of the iliac blade minus the cranial process; 1, markedly longer than the dorsal 
margin of iliac blade minus the cranial process. 

 



216. Femur proximal portion, craniomedial tuber (Nesbitt 2011: 300): 0, absent; 1, small and 
rounded; 2, offset medially or caudally relative to the caudomedial tuber; 3, large and 
hooked caudally. 

 

217. Femur proximal portion, caudomedial tuber (Nesbitt 2011: 301): 0, present and small; 1, 
present and largest of the proximal tubera; 2, absent. 

 

218. Femur proximal portion, craniolateral tuber (Nesbitt 2011: 302): 0, present as an 
expansion; 1, absent the craniolateral face is flat. 

 

219. Femur, medial articular surface of the head in dorsal view (Nesbitt 2011: 303): 0, 
rounded; 1, flat, straight. 

 

220. Femur ventral to the proximal head (Nesbitt 2011: 304): 0, smooth transition from the 
femoral shaft to the head; 1, notch; 2, concave emargination. 

 

221. Femur femoral head orientation angle with respect to the transverse axis through the 
femoral condyles (Nesbitt 2011: 305): 0, cranial, 60-90 degrees; 1, craniomedial, 20-60 
degrees; 2, medial, 0-20 degrees. 

 

222. Femur femoral head in medial and lateral views (Nesbitt 2011: 306): 0, rounded; 1, hook 
shaped. 

 

223. Femur dorsolateral margin of the proximal portion (Nesbitt 2011: 307): 0, smooth; 1, 
sharp ridge (dorsolateral trochanter); 2, rounded ridge dorsolateral trochanter of some. 

 

224. Femur cranial trochanter M. iliofemoralis cranialis insertion (Nesbitt 2011: 308): 0, 
absent; 1, present and forms a steep margin with the shaft but is completely connected to 
the shaft; 2, present and forms a steep margin with the shaft and separated from the shaft 
by a marked cleft. 

 

225. Femur medial articular facet of the proximal portion (Nesbitt 2011: 309): 0, rounded; 1, 
straight. 



 

226. Femur craniolateral side of the femoral head (Nesbitt 2011: 310): 0, smooth, 
featureless; 1, ventral emargination present. 

 

227. Femur cranial trochanter shelf proximal to the fourth trochanter insertion site for the 
M. iliofemoralis externus (Nesbitt 2011: 311): 0, absent; 1, present. 

 

228. Femur, facies articularis antitrochanterica of the head (Nesbitt 2011: 313): 0, level with 
"greater trochanter"; 1, ventrally descended. 

 

229. Femur "greater trochanter" shape (Modified from Sereno 1999: 11): 0, rounded; 1, 
angled. 

 

230. Femur, extension of proximal articular surface of head (Modified from Irmis et al. 2007: 
86): 0, extended distally; 1, restricted to the proximalmost region. 

 

231. Femur proximal surface (Nesbitt 2011: 314): 0, rounded and smooth; 1, transverse 
groove that is straight; 2, transverse groove that is curved. 

 

232. Femur, lateromedial position of the cranial trochanter (Modified from Yates 2007: 285): 
0, closer to the medial edge; 1, closer to the lateral margin. 

 

233. Femur, dorsoventral position of the fourth trochanter (Modified from Yates 2003: 139): 
0, distal end of fourth trochanter within proximal 30-40% of the femur length; 1, distal end 
of fourth trochanter close to 50% of femur length. 

 

234. Femur fourth trochanter shape (Nesbitt 2011: 316): 0, mound-like and rounded; 1, a 
sharp flange; 2, absent, no distinct ridge for the attachment of the M. caudifemoralis. 

 

235. Femur fourth trochanter symmetry (Nesbitt 2011: 317): 0, symmetrical with distal and 
proximal margins forming similar low angle slopes to the shaft; 1, asymmetrical with distal 
margin forming a steeper angle to the shaft. 



 

236. Femur, surface between the lateral condyle and crista tibiofibularis on the distal surface 
(Nesbitt 2011: 322): 0, smooth; 1, deep groove. 

 

237. Femur bone wall thickness at or near mid shaft (Nesbitt 2011: 232): 0, thickness 
diameter > 0.3; 1, thin, thickness diameter >0.2, <0.3; 2, very thin, thickness diameter < 0.2. 

 

238. Femur distal condyles of the femur divided caudally (Nesbitt 2011: 324): 0, less than 1/4 
the length of the shaft; 1, between 1/4 and 1/3 the length of the shaft. 

 

239. Femur cranial surface of the distal portion (Nesbitt 2011: 325): 0, smooth; 1, distinct 
scar orientated mediolaterally. 

 

240. Femur crista tibiofibularis (Nesbitt 2011: 326): 0, smaller or equal in size to the medial 
condyle; 1, larger than the medial condyle. 

 

241. Femur craniomedial corner of the distal end (Nesbitt 2011: 327): 0, rounded; 1, squared 
off near 90° or acute. 

 

242. Femur, tibiofibularis crest distal shape (New): 0, distally semicircular; 1, pointed. 

 

243. Tibia or fibula length relative to femur length (Nesbitt 2011: 299): 0, femur longer or 
about the same length as the tibia/fibula; 1, tibia longer than femur. 

 

244. Tibia, depth of the sulcus lateral to cnemial crest (Langer et al. 2011: #12): 0, no deeper 
than 10% of the length of proximal surface of tibia; 1, more than 10% of the length of 
proximal surface of tibia. 

 

245. Tibia proximal portion cnemial crest (Nesbitt 2011: 328): 0, absent or just a slight bump; 
1, present and straight; 2, present arcs craniolaterally. 

 



246. Tibia lateral fibular condyle of the proximal portion (Nesbitt 2011: 331): 0, offset 
cranially from the medial condyle; 1, level with the medial condyle at its caudal border. 

 

247. Tibia lateral margin of the lateral condyle of the proximal portion (Nesbitt 2011: 332): 0, 
rounded; 1, squared off. 

 

248. Tibia lateral side of the proximal portion (Nesbitt 2011: 333): 0, smooth; 1, 
dorsoventrally oriented crest present. 

 

249. Tibia, caudolateral flange of the distal portion (Nesbitt 2011: 334): 0, absent; 1, present 
and nearly contacts or contacts fibula; 2, present and extends well caudal to the fibula. 

 

250. Tibia, separation of the condyles of the proximal tibia (Modified from Rauhut 2003: 
205): 0, condyles separated by shallow notch; 1, condyles separated by deep sulcus. 

 

251. Tibia caudolateral margin of the distal end (Nesbitt 2011: 335): 0, straight or convex; 1, 
concave. 

 

252. Tibia, distal surface outline (Modified from Rauhut 2003: 208): 0, rounded or 
subquadrangular (approximately as wide as long); 1, mediolaterally expanded; 3, 
subtriangular (mediolaterally expanded). 

 

253. Tibia caudal face of the distal end (Nesbitt 2011: 336): 0, rounded surface; 1, distinct 
proximodistally oriented ridge present. 

 

254. Tibia lateral side of the distal portion (Nesbitt 2011: 338): 0, smooth rounded; 1, 
proximodistally oriented groove. 

 

255. Fibula cranial edge of the proximal portion (Nesbitt 2011: 342): 0, rounded; 1, tapers to 
a point and arched craniomedially. 

 



256. Fibula proximal portion in lateral view (Nesbitt 2011: 343): 0, symmetrical or nearly 
symmetrical; 1, caudal part expanded caudally. 

 

257. Fibula distal end in lateral view (Nesbitt 2011: 345): 0, angled craniodorsally 
asymmetrical; 1, rounded or flat symmetrical. 

 

258. Tibial-astragalar articulation (Modified from Novas 1996: 30): 0, tibia articulates with 
astragalus medially to the ascending process; 1, tibia covers the medial and caudal portion of 
the dorsal surface of astragalus. 

 

259. Astragalus dorsally expanded process on the caudolateral portion of the tibial facet 
(Nesbitt 2011: 355): 0, absent or poorly expanded; 1, expanded into a distinct raised process 
caudal ascending process. 

 

260. Astragalus cranial ascending process (Nesbitt 2011: 356): 0, absent; 1, present and less 
than the height of the dorsoventral height of the caudal side of the astragalus; 2, present 
and greater than the height of the dorsoventral height of the caudal side of astragalus. 

 

261. Astragalus cranial ascending process on medial corner (Modified from Yates 2003: 139): 
0, absent; 1, present. 

 

262. Astragalus proximal surface (Nesbitt 2011: 359): 0, lacks a marked rimmed and elliptical 
fossa caudal to the cranial ascending process; 1, possesses a marked rimmed and elliptical 
fossa caudal to the cranial ascending process. 

 

263. Astragalus proximal articular facet for fibula occupies (Nesbitt 2011: 362): 0, more than 
0.3 of the transverse width; 1, less than 0.3 of the transverse width. 

 

264. Astragalus caudal groove (Nesbitt 2011: 363): 0, present; 1, absent. 

 

265. Astragalus caudodorsal process (Modified from Langer 2004: 98): 0, absent; 1, present. 

 



266. Astragalus, shape of the craniomedial margin (Modified from Yates 2007: 311): 0, 
obtuse or forming a right angle; 1, acute. 

 

267. Astragalus tibial facet (Nesbitt 2011: 366): 0, concave or flat; 1, divided into 
caudomedial and craniolateral basins. 

 

268. Astragalus calcaneum articulation (Nesbitt 2011: 370): 0, free; 1, co-ossified. 

 

269. Calcaneum, calcaneal tuber (Nesbitt 2011: 373): 0, present; 1, absent. 

 

270. Calcaneum, tibial articulation (Langer et al. 2011: #13): 0, absent; 1, present. 

 

271. Calcaneum articular surface for the fibula (Nesbitt 2011: 378): 0, convex; 1, concave. 

 

272. Calcaneum shape (Nesbitt 2011: 379): 0, proximodistally compressed with a short 
caudal projection and medial process; 1, transversely compressed with the reduction of 
these projections. 

 

273. Distal tarsal 3, articulation with metatarsus (Modified from Butler et al. 2008: 209): 0, 
distal tarsal 3 articulates with metatarsal III only; 1, distal tarsal 3 articulates with metatarsal 
II and III; 2, distal tarsal 3 coossified to metatarsal III. 

 

274. Distal tarsal 4 caudal prong (Nesbitt 2011: 350): 0, blunt; 1, pointed. 

 

275. Distal tarsal 4 medial side (Nesbitt 2011: 351): 0, without a distinct medial process 
present in the craniocaudal middle of the element; 1, with a distinct medial process present 
in the craniocaudal middle of the element. 

 

276. Distal tarsal 4 proximal surface (Nesbitt 2011: 353): 0, flat; 1, distinct proximally raised 
region on the caudal portion. 

 



277. Longest metatarsal (Nesbitt 2011: 383): 0, shorter than 50% of tibial length; 1, longer 
than 50% of tibial length. 

 

278. Metatarsals midshaft diameters (Nesbitt 2011: 384): 0, I and V subequal or greater than 
II-IV; 1, I and V less than II-IV. 

 

279. Metatarsal I (Nesbitt 2011: 385): 0, reaches the proximal surface of metatarsal II; 1, 
does not reach the proximal surface of metatarsal II and attaches onto the medial side of 
metatarsal II. 

 

280. Pedal digit I, phalanx 1 relative to the ungual I (Modified from Yates 2007: 338): 0, equal 
or larger; 1, shorter. 

 

281. Metatarsal III proximal end (Nesbitt 2011: 389): 0, does not back to the ventral side of 
metatarsals II and IV; 1, backs metatarsals II and IV caudoventrally resulting in a T shaped 
proximal profile. 

 

282. Metatarsal IV length (Nesbitt 2011: 395): 0, longer than metatarsal II; 1, subequal or 
shorter than to metatarsal II. 

 

283. Metatarsal IV distal articulation surface (Nesbitt 2011: 391): 0, broader than deep to as 
broad as deep; 1, deeper than broad. 

 

284. Metatarsal IV, proximal portion possesses an elongated lateral expansion that overlaps 
the cranial surface of metatarsal V (Nesbitt 2011: 392): 0, absent; 1, present. 

 

285. Metatarsal IV, shape (Modified from Ezcurra 2006: 282): 0, straight; 1, sigmoid. 

 

286. Metatarsal V length (Modified from Carrano et al. 2002: 154): 0, equal to or longer than 
50% of the length of metatarsals III; 1, shorter than 50% of the length of metatarsals III. 

 



287. Metatarsal V, distal width relative to the length of the bone (Modified from Yates 2003: 
156): 0, width is less than 30% of the length of the bone; 1, width is more than 30% the 
length of the bone. 

 

288. Metatarsal V phalanges (Nesbitt 2011: 399): 0, present and fully developed first 
phalanx; 1, present and poorly developed first phalanx; 2, without phalanges and metatarsal 
tapers to a point. 

 

289. Pedal unguals (Nesbitt 2011: 400): 0, weakly mediolaterally compressed rounded or 
triangular in cross section; 1, flattened, dorsoventrally compressed; 2, strongly 
mediolaterally compressed with a sharp dorsal keel (modified from Bittencourt et al., 2014) 

 

290. Osteoderms dorsal to the vertebral column (Nesbitt 2011: 401): 0, absent; 1, present. 

 

291. Gastralia (Nesbitt 2011: 412): 0, forming extensive ventral basket with closely packed 
elements; 1, well separated; 2, absent. 

 

Newly Added Characters 

292. Acetabular wall: 0, strongly developed, almost closing the acetabulum; 1-broadly 
opened (Bakker and Galton, 1974; Bonaparte, 1976). 

 

293. Ankylothecondonty: 0, absent, teeth inserted in discrete alveoli; 1-present, teeth 
partially fused to dentary and maxillary bones (Langer and Ferigolo, 2006).   



Appendix 3. Data matrix 

Euparkeria_capensis             
00100?00000000?011000000?00101000000[01]?02110100000000120000001[01]0000000000
00000?0001000000010000000000000?0?002000001000000000?010010101000000000????0
0100000000000???0000010??0???0??00020000000?00000000?000010000000000100010000
000000?00000000[01]00000000000000?0000?0000?000000000000000000000001000 

Lagerpeton_chanarensis          
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????1?0?0000000000?00???????????????????
???????????????00001000000?00000000?0000100000?000111001100010?000?0100?001001
01?00000100011010001100111010000110000000010200?00 

Dromomeron_gregorii             
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????111001?010101000?00011011111010
00000?00???01???????1?????????????????????????? 

Dromomeron_romeri               
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????1110011000101000?02?11011111010
0000010001?0100001011?101??????????????????0?0? 

Marasuchus_lilloensis           
???????????????????????????????????????????????20001?001??1???????????????????????
????????0??00??0?????00011??0?00000000000?000002010000000000?0100001?0?0000?00
0???????????????????00001000100?010000000110000000000111000010010011000?0000?0
0000101000000?01010001000010100?001001100?00000002?0?00 

Eucoelophysis_baldwini          
???????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????0??????????????????????????????????????????????
?????????????????????10????????????????0?0???????12001??1110001111????11000???11
00????????????????????????????????????????????? 

Lewisuchus_admixtus             
?????????0?0001?00?????????0????1?00?0111100001201001111001?110???00???????????
??????????10??00000????001010101?1??00001000?0?100?0101???????????????11?1?00??
?0????????????????????1????????????????????????????????????????????????????????????
??01??????0?????????????????????????????????????1??0 

Silesaurus_opolensis            
0??0000000?000000?001?0???0110001?00?00200010??0010012010010?10???00000110210
01100010022001?1010110101101?10001010000000010101010100010001100010000001101



00000000???00?0????????????100001010001[01]100100011101011000101112011101110[0
1]011100000110001001101100001111101000100001010????110?0110100210?01 

Pseudolagosuchus_major          
????????????0??????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????10000?1010?????????100011???00?1011?000??0????1?10
??1?00???1?101000?01000?00???????????????????0? 

Sacisaurus_agudoensis           
?????????0?0000001???????????????0????????????????????????????????????0?1?01???1??
????????1?2011110111??????????????????????????????????????????00???1??????????????
??????????????????01?10?000??00?1000?1?0???????1???10011101110001010000??10001?
01101100?01???1??????0??????????????????????????01 

Saturnalia_tupiniquim           
1????????????????????11?????1????????????????????????1????????????????????0???????
???????????000010??????????????01??10000000101020101000001101??010010101110011
1???????????????????10011101100100001001?11001112101021100021021001110100111?0
0001002001101011111101111101?01010?110110?0111?00?00?00 

Efraasia_minor                  
1?0110110000101002??1110?0011????1100???????1?0201001100?00110??1?0?1?000?0011
0110?1?101??111000010001?11???1?10?010110100???101020?01000001101000100101011
101111010?010111?1111?0?0000110021001000110000111011121010211000210210001101
011110000010020001?10111111011?1101?01?10011001010111011100100 

Plateosaurus_engelhardti        
11011011000010101211111010011000111000200111[01]002010002001001?[01]2110?0100
1001011011001010200101010011001111011110010101101010011011100010010011010001
0010100110111101010101111110000?10001100210010001100101110111210102110002102
10001[01]0101111000001002000101111111101111101?01010111001010111001100?00 

Eoraptor_lunensis               
0010112100?001010211011000?1?1?01?001101100010??1?00??0????????000011000?0000
0?000010??10000[01]?0?0[01]????01??????0??0?01?00?1?0??21?2010?0?000?10?000??010
10111110111??110111100110?11000011112?00110111001??10001?10010?1??0??1?110?0?
10?0??1???000?10[12]10?110?01?111?1??1?1??0?01?111?1100011?010?00100 

Staurikosaurus_pricei           
0?????????????????????????????????????????????????????????????????????0000001?00??
00??0?????0000000010?1??????00?0001?01010?0?01?0000100100111000101?????????????
???????????????????00020002100??0001001111?10101?010?11000210110011101?0110?00
0001?21001000011111???????????????????????????????0?10 

Herrerasaurus_ischigualastensis 
00101010000000100100110010?101001000010101100?021100010000?111?00000100??100
1000000000010000000000001011110011?010001100011?0121?0000100000111000101?1??



?11111010110211100110010111000020002100?000010010110101020010211010210210011
10000111?00000002100100011111101111101?01010011011000111001100?10 

Tawa_hallae                     
010011?2001010?00????11??0010?000001???0?0100??21?01?300??0110010?0010000?0000
00??00??00?00?000000?000??1?1???111111111?0111?101???0010?000??0???0?1011??111
11010?00211?0011001?0110?00?1112000110101001??1?10?11????2?200022011000110200
1011000001?2110110001111101111111?010110110110?0110010200110 

Coelophysis_bauri               
010111?210?0010101100110100111000001101110?01012111?0?01??01?00100011000?0000
?00?0000001100000000010001111110111111111101101?10102100111110110?1000101100
11111011?1121110011111?111?2111121211101110100111101011111102120002102100111
020?101100001112111111111111101?01111?110112010111?11101102?0?10 

Dilophosaurus_wetherelli        
0101?1?[12]001??00101???11?11?101??010110?000100??2110003110001?02110101000000
010?01110?00111010000000000111001020111111120010?1101?110010111011001000?111
01111100111??2111001111?1011?211?12121010111110011?1?10111111121200021?12000
11020110110?001002111211111111101101111?011110010111?1110110200110 

Allosaurus_fragilis             
0101101101101002211101101101000001001020011001121101031110010021101010000000
1000111010020101000000000011110002101001112001001101100001011111101100010010
111211011111211101111111??1?210212021010101010011110201111111212000220020001
10001101100001012111211111111102101111?01112?0100110011011?200110 

Pisanosaurus_mertii             
?????????????0????????????????????????????????????????????????????????????0???11?0
01002???1?30111101????????????????????????????0?0001????1?0??????????????????????
?????????????????????????????0????00??????????????1?????????????????????000000??01
0011100011110010?11?1?000[01]1????1???0?101???10?01 

Heterodontosaurus_tucki         
00101100011100120?0000010?11000201000211120010?2011011010101?0000100111?01[02
]0111101011?2001102101100001111?0000000000100100000021?2001011110000?0100001
10011101001100011100000110000031?10002100??00011100010?0100001021?0??????20?0
11001?110?0000?1020011?0?1?1011?1???1???11???00001100?11011?200210 

Lesothosaurus_diagnosticus      
00100000010100000?0000010?1100[01]001000?100?0110120100010?010110000100111101
00001100011022001020101100001????1000000?0100?0?0??001????1??111?000?0????011?
?1110?001????0?0000??000?000310301021001000011100010?011000102110002101200011
0010110000000102000210?1111?101?0110??01?110??0110?011011??00?11 

Eocursor_parvus                 
0??????????????????????????????0???????????????2010??????????0?????????1010?11110
0011?0?????201?110????????????????0?00?0?1??0??0???1001?1?0?0??????011???12??01?



?????????????1?????3101010200010000?11??010?0110?0102?100021012000110110110?00
00010200?210111?111?1????0????0??????1???0????????0?10 

Scutellosaurus_lawleri          
???????????1?0??0?????????01??12??0????00??????????????????1??????????1101[02]001?
10?????????1?20101101?0?10?????00?0?0??0???0??0?10200000???00????0000?1?0000101
00???????0??????00?????10??102?10??00?111???10??01???1??11000?1?12000?100111100
0000010200021011??11101001101??1111????0??0????1???01?10 

Panphagia_protos                
????????????????????0????0????00??????????????????????????????????????01002010001
101000?????10?0010000?????????0??1111000000?1011?0??10????110?00010?10?????????
??????0???????????????0011011?110100??000???00?111?1011?????????????1???????????
???0200111?001???101111101?0??1?????0??????????????00 

Pampadromaeus_barberenai        
000?01?110?0111102??011?????100?1001?0?01???????????????????????1?????0???0000?0
??0?0001111110100100100????????????????????1?1011100010??001001???1?010?????0??
10???????????????????000??1121?0????0??0??1?????????????100?[12]1011?011??10011?1
??0??1?[12]000???????????????????????????????????????????00 

Guaibasaurus_candelariensis     
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????1?112100100001110?0[01]0??0?0??1111?010
???211111101111?1??100101021?0010001000?1??0011?1?1?11?????1?11?00?1??0011?1?0
00?0[01]21002000?1???101001011?01110111001000?1110120010? 

Chromogisaurus_novasi           
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????1???????????????????
????????????????0101121011??00??????????????????????????????1??????11?1??????0200
1101101???1?????????????????????????????????0? 

Sanjuansaurus_gordilloi         
?????????00000100?????????????????????????????????????????????????????????????????
???????00?000000?????1???0??11???011001110011100?0010000011?0001???0111????????
???????????????????????????????????0?0101?010?????????12002101?0011101?01?100?01
100200010000111?10100?001?11?10???????????????????10 

Eodromaeus_murphi               
0????0???000010201????????????????0?1??1?????????1?003????????????????0??0000100
????00?10[01]01000000000001?1000011??1?1110010?0?01?210010????????100000110???[
12]1?01110010?0001??0?101?0000201021?0?0100100111?020?1???1?11??0?21011001110?
0???0?000000121?1101??1???101101110?000100???111?1????????0[01]?0 

Diodorus_scytobrachion          
???????????????????????????????????????????????????????????????????????10??????????
?????????20?011?11?????????????????????????????????????????????????????00?000?????



??????????????????????????????????????????????????12111?01?10?01?110101?10001????
??????????????????????????????????????????????1 

Asilisaurus_kongwe              
??????????????????????????????????????????????????????????????????????000?11??????
00????????101?1110????1??0??1010100000000??101020001000010???????0?1?010000?00
?????????????????????003?001000?1100?000?110??1?010?01?10001101110111110?00?110
00??0100010000111??01?0000?000000??????????1?????10?01 

Tianyulong_confuciusi                      
?0??111??1??001?0?????????????????????????????????????????????????????1???00111???
????????1?2???10?00???????????????????????????????????????????????????????????????
011????10?10??????????????????????????????????????????????????????????????????????
????0???101???????????????????????????????????? 

Fruitadens_haagarorum                      
?????????111?0????????????????????????????????????????????????????????11??00???1??
?????00?1?2?0110?001????????????????0?0?00??????????1??10????01?00????????0100??
????????????????????????????????????????????????????????0211?200011001?110?0000?1
020011?0?111011?1???1???11???????????????????????? 

Echinodon_becklesii                       
?????????????0?????????????????????????????????????????????????????????101001111??
????????1?2?01100001??????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????? 



Appendix 4. Unambiguous synapomorphies of selected nodes 

Silesauridae 

76(1) Dentary rostral portion tapers to a sharp point. 

100(1) Teeth of rostral portion of the dentary significantly decrease in size rostrally 

111(1) Cervical vertebrae 3-5, centrum length longer than mid dorsal. 

139(1) Sacral ribs shared between two sacral vertebrae. 

153(1) Coracoid with post glenoid process notch ventral to glenoid. 

225(1) Tibia, distal surface outline mediolaterally expanded. 

248(1) Tibia lateral side of the proximal portion with a dorsoventrally oriented crest. 289(1) 
Pedal unguals flat, dorsoventrally compressed.  

293(1) Ankylothecondonty present, teeth partially fused to dentary and maxillary bone.   

 

Dinosauria 

40(0) Jugal, absence of a longitudinal ridge on the lateral surface of the body. 

45(1) Quadrate with its caudodorsal edge is caudal to its caudoventral edge. 

54(1) Braincase with rough alignment of basal tubera, basipterygoid process and cultriform 
process and the basioccipital condyle. 

60(1) Absence of exoccipitals articulation to each other. 

69(1) Supratemporal fossa present rostral to the supratemporal fenestra. 

104(1) 9 or more cervical vertebrae. 

117(1) Epipophyses present in post axial cranial cervical vertebrae. 

155(1) Humerus, apex of deltopectoral crest situated at a point corresponding to more than 
30% down the length of the humerus. 

156(1) Humerus, subtriangular shape of the deltopectoral crest. 

158(1) Humerus, proximal articular surface separated by a gap from the deltopectoral crest. 

234(1) Femur fourth trochanter forming a a sharp flange. 

235(1) Femur fourth trochanter asymmetrical with distal margin forming a steeper angle to 
the shaft. 

245(2) Tibia proximal portion cnemial crest present arcs craniolaterally. 



263(1) Astragalus proximal articular facet for fibula occupies less than 0.3 of the transverse 
width. 

269(1) Calcaneum, calcaneal tuber absent. 

 

Saurischia 

7(1) Premaxilla-maxilla subnarial foramen between the elements present, and the border of 
the foramen is present on both the maxilla and the premaxilla. 

19(1) Nasal caudolateral process envelops part of the rostral ramus of the lacrimal. 

22(1) Lacrimal fold over the caudodorsal part of the antorbital fenestra. 

23(1) Lacrimal as high as the orbit and contacts the jugal at the level of the ventral margin of 
the orbit. 

56(0) Opisthotic ventral ramus extends further laterally or about the same as lateralmost 
edge of exoccipital in caudal view. 

88(1) Four remaxillary teeth. 

110(1) Epipophysis on axial postzygapophysis present as low crests. 

118(1) Epipophyses present in cervical vertebrae 6-9. 

140(1) First primordial sacral articular surface of sacral rib C-shaped in lateral view. 

152(1) Scapulocoracoid, surface between the glenoid and the caudoventral process forming 
a distinct flat surface, facing caudoventrally. 

171(1) Metacarpal I with lateral condyle strongly distally expanded relative to medial 
condyle. 

209(1) Ischium outline of the distal portion rounded or elliptical. 

174(1) Distal tarsal 4 caudal prong, pointed. 

275(1) Distal tarsal 4 medial side with a distinct medial process present in the craniocaudal 
middle of the element. 

284(1) Metatarsal IV, with proximal portion possesses an elongated lateral expansion that 
overlaps the cranial surface of metatarsal V. 

 

Ornithischia 

74(1) Extension of the dentary symphysis extending along the ventral border of the dentary. 



78(1) Dentary, extension of the caudoventral process (its caudal edge relative to that of the 
caudodorsal process), short, rostral to the caudodorsal process. 

85(1) Articular, retroarticular process length longer than the height of the mandible ventral 
to the glenoid. 

93(2) Tooth serrations as elongated coarse denticles. 

136(1) Sacral vertebrae, incorporation of trunk vertebrae into the sacrum with their ribs 
transverse processes articulating with the pelvis. 

138(1) Insertion of a sacral vertebra between the first primordial sacral vertebra. 

181(3) Ilium preacetabular process elongated stick-like. 

182(1) Ilium, preacetabular process long and extends cranial to the acetabulum but shorter 
than the caudal process of the ilium. 

198(1) Pubis rotated caudoventrally to lie alongside the ischium (opisthopubic). 

199(1) Pubis with prepubic process. 

202(0) Proximal pubis with articular surfaces with the ilium and the ischium separated by a 
groove or gap. 

224(2) Femur cranial trochanter M. iliofemoralis cranialis insertion, present and forms a 
steep margin with the shaft and separated from the shaft by a marked cleft. 

232(1) Femur, lateromedial position of the cranial trochanter closer to the lateral margin. 

249(2) Tibia, caudolateral flange of the distal portion present and extends well caudal to the 
fibula. 

250(1) Tibia, separation of the condyles of the proximal tibia separated by deep sulcus. 

252(1) Tibia, distal surface outline subtriangular (mediolaterally expanded). 

253(1) Tibia caudal face of the distal end, with a distinct proximodistally oriented ridge 
present. 

292(1) Broadly opened acetabular wall of ilium. 

 


